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Abstract

Background

The evaluation of the credibility of results from a meta-analysis has become an important

part of the evidence synthesis process. We present a methodological framework to evaluate

confidence in the results from network meta-analyses, Confidence in Network Meta-Analy-

sis (CINeMA), when multiple interventions are compared.

Methodology

CINeMA considers 6 domains: (i) within-study bias, (ii) reporting bias, (iii) indirectness, (iv)

imprecision, (v) heterogeneity, and (vi) incoherence. Key to judgments about within-study

bias and indirectness is the percentage contribution matrix, which shows how much informa-

tion each study contributes to the results from network meta-analysis. The contribution

matrix can easily be computed using a freely available web application. In evaluating impre-

cision, heterogeneity, and incoherence, we consider the impact of these components of vari-

ability in forming clinical decisions.

Conclusions

Via 3 examples, we show that CINeMA improves transparency and avoids the selective use

of evidence when forming judgments, thus limiting subjectivity in the process. CINeMA is

easy to apply even in large and complicated networks.

Introduction
Networkmeta-analysishasbecomeanincreasinglypopulartool for developingtreatment
guidelinesandmakingrecommendationson clinicaleffectivenessandcost-effectiveness.
However,fewerthan1%of publishednetworkmeta-analysesassessthecredibility of their
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conclusions[1]. TheGradingof RecommendationsAssessment,DevelopmentandEvaluation
(GRADE)approachprovidesanassessmentof theconfidencein theresultsfrom systematic
reviewsandmeta-analyses,andmanyorganisations,including theWorld HealthOrganiza-
tion, haveadoptedtheGRADEapproach[2,3].Basedon GRADE,2systemshavebeenpro-
posedto evaluatethecredibility of resultsfrom networkmeta-analyses[4,5],but the
complexityof themethodsandlackof suitablesoftwarehavelimited their uptake.

HereweintroducetheConfidencein NetworkMeta-Analysis(CINeMA) approach.CIN-
eMA isbroadlybasedon theGRADEframework,with severalconceptualandsemanticdiffer-
ences[5]. It covers6 domains:(i) within-studybias(referringto theimpactof risk of biasin
theincludedstudies),(ii) reportingbias(referringto publicationandotherreportingbias),
(iii) indirectness,(iv) imprecision,(v) heterogeneity,and(vi) incoherence.Thereviewer's
input is requiredat thestudylevelfor within-studybiasandindirectness.Then,applyinguser-
definedrules,CINeMA assignsjudgmentsat3 levels(no concerns,someconcerns,or major
concerns)to eachdomain.Judgmentsacrossdomainscanbesummarisedto obtain4 levelsof
confidencefor eachrelativetreatmenteffect,correspondingto theusualGRADEassessments
of verylow, low,moderate,or high.

Wewill focuson randomisedcontrolledtrials,andon relativetreatmenteffects.Weassume
thatevaluationof thecredibility of resultstakesplaceonceall primary analysesandsensitivity
analyseshavebeenundertaken.Wefurther assumethat reviewershaveimplementedpre-spec-
ified inclusioncriteria for studiesandhaveobtainedthebestpossibleestimatesof relative
treatmenteffectsusingappropriatestatisticalmethods[6±9].

Weillustratethemethodsusing3examplesthathighlightdifferentaspectsof theprocess
andrepresentnetworksof differentcomplexities.Twoexamplesareintroducedin Box1:a
networkof trials thatcompareoutcomesof diagnosticstrategiesin patientspresentingwith
symptomssuggestiveof acutecoronarysyndrome[10] andanetworkcomparingadverse
eventsof statins[11]. A third network,comparingtheeffectivenessof 18antidepressantsfor
majordepression[12], isevaluatedfor all domainsandispresentedin S1Text.All analyses
weredonein Rsoftwareusingthe������� packageandtheCINeMA webapplication(Box2)
[13,14].

Box 1. Description of 2 network meta-analyses used to illustrate the
CINeMA approach to assess confidence in network meta-analysis.

Diagnostic strategies for patients presenting with symptoms
suggestive of acute coronary syndrome
Siontisetal.performedanetworkmeta-analysisof randomisedtrialsto evaluatethedif-
ferencesbetweenthenon-invasivediagnosticmodalitiesusedto detectcoronaryartery
diseasein patientspresentingwith symptomssuggestiveof acutecoronarysyndrome
[10]. Differencesbetweenthediagnosticmodalitieswereevaluatedwith respectto the
numberof downstreamreferralsfor invasivecoronaryangiographyandotherclinical
outcomes.For theoutcomereferrals,18studieswereincluded.Thenetworkispresented
in Fig1A,andthedatain S1Data.Theresultsfrom thenetworkmeta-analysisarepre-
sentedin Table1.

Comparative tolerability and harms of statins
Theaimof thesystematicreviewbyNacietal.[11] wasto determinethecomparative
tolerabilityandharmsof 8statins.Theoutcomeconsideredherewasthenumberof
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Methodology
Theframeworkwasinitially developedbyaCochraneMethodsGroup(ComparingMultiple
InterventionsMethodsGroup;https://methods.cochrane.org/cmi/about-us),basedon previous
work [4,16,17].A preliminaryversionof theframeworkwaspublished[5], andrecentadvances
weresubsequentlyimplementedin afreelyavailablewebapplication[13]. Herewepresentthe
latest,refinedversionof theframework,whichwasdevelopedin regularmeetingsbetweenthe
authors,basedon feedbackbyusersof theCINeMA webapplicationandparticipantsatseveral
workshops,includingCochranewebinarsandworkshopsatCochraneColloquia(CapeTown,
2017;Edinburgh,2018)andworkshopsat theWorld HealthOrganization(November2017)
andtheNationalInstitutefor HealthandCareExcellence(NICE) (February2018).

Within-study bias
Backgroundanddefinitions. Within-study biasrefersto shortcomingsin thedesignor

conductof astudythatcanleadto anestimatedrelativetreatmenteffectthatsystematicallydif-
fersfrom thetruth. In our frameworkweassumethatstudieshavebeenassessedfor risk of
bias.Themajority of publishedsystematicreviewsof randomisedcontrolledtrialscurrently
useatool developedbyCochraneto evaluaterisk of bias[18]. This tool classifiesstudiesas
havinglow,unclear,or high risk of biasfor variousdomains(suchasallocationconcealment,
attrition, andblinding), with judgmentssummarisedacrossdomains.A recentrevisionof the
tool takesasimilarapproach[19].

TheCINeMA approach. While it is straightforwardto gaugetheimpactof within-study
biasesin pairwisemeta-analysis[20], this ismorecomplexin networkmeta-analysis.The
treatmentcomparisonof interestmight not havebeentesteddirectly in anytrial, or testedin
only afewsmalltrialsathigh risk of bias.Thus,evenwhendirectevidenceispresent,judg-
mentsabouttherelativetreatmenteffectcannotignoretherisk of biasin thestudiesproviding
indirect evidence.In complexnetworks,indirect evidenceisoftenobtainedviaseveralroutes,
including1-steploopsandloopsinvolvingseveralsteps.It maythenbeinsufficientto consider
only therisk of biasin studiesin asingleprominent1-steploop,ashaspreviouslybeenadvo-
cated[4,21].This isbecausemoststudiesin anetworkcontributemorewhentheir resultsare
precise(e.g.,largestudies),whentheyprovidedirectevidence,or whentheindirect evidence
doesnot involvemanysteps.Forexample,studiesin a1-stepindirect comparisoncontribute
morethanstudiesof thesameprecisionin a2-stepindirect comparison.Wecanquantifythe
contribution madebyeachstudyto eachrelativetreatmenteffectandpresentcontributionsin
apercentagecontribution matrix [22].

CINeMA combinesthestudies'contributionswith therisk of biasjudgmentsto evaluate
within-studybiasfor eachestimatefrom anetworkmeta-analysis.It usesthepercentagecon-
tribution matrix to approximatethecontribution of eachstudyandthencomputestheper-
centagecontribution from studiesjudgedto beat low,moderate,andhigh risk of bias.Using
differentcolours,studylimitations in directcomparisonscanbeshowngraphicallyin the

patientswhodiscontinuedtherapydueto adverseeffects,measuredasanoddsratio.
Thisoutcomewasevaluatedin 101studies.Thenetworkispresentedin Fig1B,andthe
outcomedataaregivenin S2Data.Theresultsof thenetworkmeta-analysisarepre-
sentedin S1Table,andtheresultsfrom SeparatingIndirect from Direct Evidence
(SIDE)in S2Table.
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networkplot,whilestudylimitations in theestimatesfrom anetworkmeta-analysisarepre-
sentedfor eachcomparisonin barcharts.

Fig 1. Network plots of 2 network meta-analyses.(A) Networkof randomised controlledtrialscomparingnon-
invasivediagnosticstrategiesfor thedetectionof coronaryarterydiseasein patientspresentingwith symptoms
suggestiveof acutecoronarysyndrome.Thewidth of theedgesisproportionalto thenumberof patientsrandomised
in eachcomparison. Thecoloursof edgesandnodesreferto therisk of bias:low (green),moderate(yellow),andhigh
(red).(B) Networkof randomisedcontrolledtrialscomparingstatinswith respectto adverseeffects.CCTA,coronary
computedtomographyangiography;CMR,cardiovascularmagneticresonance;ECG,electrocardiogram;echo,
echocardiography;SPECT-MPI,singlephotonemissioncomputedtomography±myocardialperfusionimaging.

https://doi.org/10.1371/journal.pmed.1003082.g001
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Table1. Resultsfrom pairwise(upper triangle) andnetwork (lower triangle) meta-analysisfrom the network of non-invasivediagnosticstrategiesfor the detection
of coronaryartery diseasein Fig 1A.

CCTA Ð 2.25 1.04 1.23 Ð

(1.04±4.90) (0.70±1.55) (1.00±1.50)

3.07 CMR Ð Ð 0.38 Ð

(1.46±6.45) (0.18±0.78)

2.24 0.73 ExerciseECG Ð 0.42 1.93

(1.22±4.11) (0.28±1.88) (0.14±1.30) (1.39±2.67)

1.27 0.42 0.57 SPECT-MPI 0.87 Ð

(1.01±1.60) (0.20±0.87) (0.30±1.07) (0.71±1.06)

1.17 0.38 0.52 0.92 Standardcare 2.95

(0.97±1.40) (0.18±0.78) (0.28±0.96) (0.76±1.10) (0.97±8.98)

4.31 1.40 1.93 3.38 3.69 Stressecho

(2.23±8.32) (0.53±3.74) (1.39±2.66) (1.71±6.68) (1.90±7.17)

Oddsratiosandtheir 95%confidenceintervalsarepresentedfor referralsfor invasivecoronaryangiography. Oddsratiosin thelowertrianglelessthan1 favourthe

strategyin thecolumn;oddsratiosin theuppertrianglelessthan1 favourthestrategyin therow.Cellswith adashindicatethatno directstudiesexaminedthat

particularcomparison.

CCTA,coronarycomputedtomography angiography;CMR,cardiovascular magnetic resonance;ECG,electrocardiogram;echo,echocardiography;SPECT-MPI, single

photonemissioncomputedtomography±myocardial perfusionimaging.

https://doi.org/10.1371/journal.pmed.1003082.t001

Box 2. The CINeMA web application.

TheCINeMA frameworkhasbeenimplementedin afreelyavailable,user-friendlyweb
applicationaimingto facilitatetheevaluationof confidencein theresultsfrom network
meta-analysis[13]. Thewebapplicationisprogrammedin JavaScript,usesDocker,and
is linked with R;in particular,packages���� and������� areused,andanRpackageto
calculatethecontribution of studiesin networkmeta-analysistreatmenteffects[14,15].
Knowledgeof theselanguagesandtechnologiesisnot requiredto useCINeMA. The
sourcecodeisavailableathttps://github.com/esm-ispm-unibe-ch/cinema.

Loading the data
In the`MyProjects'tab,CINeMA usersareableto uploadacomma-separatedvalues
(csv)file with theby-treatmentoutcomestudydataandstudy-levelrisk of biasandindi-
rectnessjudgments.TheCINeMA webapplicationcanhandleall theformatsusedin
networkmeta-analysis(longor wideformat,binaryor continuous,arm-levelor study-
leveldata)andprovidesflexibility in labellingvariablesasdesiredby theuser.A demo
datasetisavailableunderthe`MyProjects'tab.

Evaluating the confidence in the results from network meta-analysis
A previewof theevidence(networkplot andoutcomedata)andoptionsconcerningthe
analysis(fixedor randomeffects,effectmeasure,etc.)areavailableunderthe`Configura-
tion' tab.Thenext6 tabsguideusersto makeinformedassessmentsof thequalityof evi-
dencebasedon within-studybias,reportingbias,indirectness,imprecision,
heterogeneity,andincoherence.Featuresincludethepercentagecontribution matrix,
relativetreatmenteffectsfor eachcomparison,estimationof theheterogeneityvariance,
predictionintervals,andtestsfor theevaluationof theassumptionof coherence.
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It canbeusefulto assignjudgmentsof `noconcerns',̀someconcerns',or `majorconcerns'
aboutwithin-studybiasaccordingto therelativecontributionsfrom studiesathighor moder-
aterisk of bias.Thecontributionsdefiningdifferentlevelsof concernshouldbeinformedby
sensitivityanalysis.If thesummaryestimatesfrom studiesathigh/moderaterisk of biasare
similar to thoseobtainedfrom studiesat low risk of bias,thenevenalargecontribution from
studiesathigh risk of biaswill raisefewconcerns.Thesensitivityanalysesshouldbepre-speci-
fied in thestudyprotocolto avoiddata-drivenconclusions.

Example:Comparing diagnosticstrategiesto detectcoronaryartery disease. Consider
thecomparisonof exerciseECGversusstandardcarein thenetworkmeta-analysisdescribed
in Box1,Fig1A,andS1Data.Thedirectevidencefrom asinglestudyisat low risk of bias
(study12),sothereisno within-studybiaswheninterpretingthedirectoddsratio of 0.42.
However,indirect information from 7 studiesthatcomparestandardcareandCCTA,from 1
studycomparingexerciseECGandCCTA,andfrom 3 studiesof stressechocontributeaddi-
tional information to theoddsratio of 0.52from thenetworkmeta-analysis.Therisk of biasin
the11studiesproviding indirect evidencevaries(Fig1A).Everystudyin the2 1-steploops
contributesinformation proportionalto its precision(theinverseof thesquaredstandard
error, largelydrivenbysamplesize).Consequently,thewithin-studybiasof theindirect evi-
dencecanbejudgedbyconsideringthat thereismuchinformation both from studiesathigh
risk of bias(2,162participantsrandomised)andfrom studiesat low risk of bias(2,355partici-
pants)andrelativelylittle information from studiesatmoderaterisk of bias(60participants).
Direct evidencefrom studynumber12(basedon 130participants),at low risk of bias,iscon-
sideredseparately,asit hasgreaterinfluencethantheindirect evidence.

Studiesin theindirect comparisonscontributeinformation not only proportionalto their
studyprecisionbut alsoaccordingto their locationin thenetwork.Indirect evidenceabout
exerciseECGversusSPECT-MPIcomesfrom 2 1-steploops(viaCCTAor viastandardcare)
and3 2-steploops(viaCCTA±standardcare,stressecho±standardcare,standardcare±CCTA)
(Fig1A). In eachloopof evidence,adifferentsubgroupof studiescontributesindirect infor-
mation,andthestudies'sizeandrisk of biasvary.For theoddsratio from thenetworkmeta-
analysiscomparingexerciseECGandSPECT-MPI,study2 (with samplesize400)ismore
influential thanstudy8 (with samplesize1,392)becausestudy2contributes1-stepindirect
evidence(viastandardcare)whereasstudy8 contributesvia2 steps.

Table2 showsthepercentagecontribution matrix for thenetwork,with columnsrepresent-
ing studiesgroupedbycomparison.Therowsrepresentall relativetreatmenteffectsfrom net-
work meta-analysis.Thematrix entriesshowhowmucheachstudycontributesto the
estimationof eachrelativetreatmenteffect.Combinedwith therisk of biasjudgments,this
information canbepresentedasabarchart,asshownin Fig2.Thelargerthecontribution
from studiesathighor moderaterisk of bias,thegreatertheconcernaboutstudylimitations.
Forexample,studiesat low risk biascontribute44%to theestimationof theindirect evidence
for thecomparisonof exerciseECGwith SPECT-MPI,with thecontributionsfrom studies
with moderateandhigh risk of biasbeing32%and24%,respectively.

Summarising judgments
The`Report'tabincludesasummaryof theevaluationsmadein the6 domainsandgives
usersthepossibilityto eithernot downgrade,or downgradeby1 or 2 levelseachrelative
treatmenteffect.Userscandownloadareportwith thesummaryof their evaluations
alongwith their final judgments.CINeMA isaccompaniedbydocumentationdescribing
eachstepin detail(`Documentation'tab).
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CCTA,coronarycomputedtomographyangiography;CMR,cardiovascularmagneticreso-
nance;ECG,electrocardiogram; echo,echocardiography;SPECT-MPI,singlephotonemission
computedtomography±myocardialperfusionimaging.

TheCINeMA softwarefacilitatesjudgments,basedon thedatapresentedin thebargraphs
combinedwith specificrules.Forexample,aweightedaverageof therisk of biascanbecom-
putedbyassigningscoresof �1, 0,and1 to low,moderate,andhigh risk of bias,respectively.
For thecomparisonexerciseECGversusSPECT-MPI,thiswouldproduceaweightedscoreof
0.44� �1 + 0.32� 0 + 0.24� 1 = �0.20, whichcorrespondsto `someconcerns'.

Reportingbias
Backgroundanddefinitions. Reportingbiasoccurswhentheresultsincludedin thesys-

tematicreviewarenot arepresentativesampleof theresultsgeneratedbystudiesundertaken.
Thisphenomenoncanbetheresultof thesuppressionof statisticallynon-significant(or `nega-
tive') findings(publicationbias),their delayedpublication(time-lagbias),or omissionof unfa-
vourablestudyresultsfrom studyreports(outcomereportingbias).Thepresenceandthe
impactof suchbiaseshasbeenwelldocumented[23±30].Reportingbiasisamissingdata
problem,andhenceit isdifficult to concludewith certaintyfor or againstits presencein a
givendataset.Consequently,andin agreementwith theGRADEsystem,CINeMA assumes2
possibledescriptionsfor reportingbias:suspectedandundetected.

Fig 2. Riskof biasbar chart for the comparison of non-invasivediagnosticstrategiesfor the detectionof coronaryartery disease.Eachbarrepresentsa
relativetreatmenteffectestimatedfrom thenetworkshownin Fig1A.White verticallinesseparatethepercentagecontribution of differentstudies.Eachbar
showsthepercentagecontribution from studiesjudgedto beat low (green),moderate(yellow), andhigh(red) risk of bias.

https://doi.org/10.1371/journal.pmed.1003082.g002
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TheCINeMA approach. Conditionsassociatedwith suspectedreportingbiasincludethe
following:

· Thereisafailureto includeunpublisheddataanddatafrom greyliterature.

· Themeta-analysisisbasedon asmallnumberof positiveearlyfindings,for examplefor a
drugnewlyintroducedon themarket(asearlyevidenceis likely to overestimateits efficacy
andsafety)[31].

· Thetreatmentcomparisonisstudiedexclusivelyor primarily in industry-fundedtrials
[32,33].

· Thereispreviousevidencedocumentingthepresenceof reportingbias;for example,the
studybyTurner etal.documentedpublicationbiasin placebo-controlledantidepressanttri-
als[34].

Reportingbiasisconsideredundetectedunderthefollowingconditions:

· Datafrom unpublishedstudieshavebeenidentified,andtheir findingsagreewith thosein
publishedstudies.

· Thereisatradition of prospectivetrial registrationin thefield,andprotocolsor clinical trial
registriesdo not indicateimportant discrepancieswith publishedreports.

· Empiricalexaminationof patternsof resultsbetweensmallandlargestudies,usingcompari-
son-adjusted[35,36],regression[37], or selection[38] models,do not indicatethat results
from smallstudiesdiffer from thosein publishedstudies.

SeeS1Textfor aworkedexamplebasedon theantidepressantsnetwork.

Indirectness
Backgroundanddefinitions. Systematicreviewsarebasedon afocusedresearchques-

tion, with aclearlydefinedpopulation,intervention,andsettingof interest.In theGRADE
frameworkfor pairwisemeta-analysis,indirectnessrefersto therelevanceof theincludedstud-
iesto theresearchquestion[39]. Studypopulations,interventions,outcomes,andstudyset-
tingsmight not berepresentativeof thesettings,populations,or outcomesaboutwhich
reviewerswantto makeinferences.Forexample,asystematicreviewabouttreatingthegeneral
adultpopulationmight identify studiesonly in elderlymen;thesestudieswill haveanindirect
relevance[40].

TheCINeMA approach. Eachstudyincludedin thenetworkisevaluatedaccordingto its
relevanceto theresearchquestion,classifiedinto low,moderate,or high indirectness.Note
thatonly participant,intervention,andoutcomecharacteristicsthatarelikely associatedwith
therelativeeffectof anintervention(i.e.,effect-modifyingvariables)shouldbeconsidered.
Then,thestudy-leveljudgmentscanbecombinedwith thepercentagecontribution matrix to
produceabarchartsimilar to theonepresentedin Fig2,andthecontribution from studiesof
highor moderateindirectnessassessed.

Indirectnessaddressestheissueof transitivity in networkmeta-analysis.Transitivitymeans
thatwecanlearnabouttherelativetreatmenteffectof treatmentA versustreatmentB from an
indirect comparisonviatreatmentC.Thisholdswhenthedistributionsof all effectmodifiers
arecomparablein studiesof A versusC andstudiesof BversusC.Differentdistributionsof
effectmodifiersacrosscomparisonsindicateintransitivity.Evaluationof thedistribution of
effectmodifiersisonly possiblewhenenoughstudiesareavailablepercomparison.Also,
assessmentof transitivity will bechallengingor impossiblefor interventionsthatarepoorly
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connectedto thenetwork.A further potentialobstacleis thatdetailsof important effectmodi-
fiersmight not bereported.For thesereasons,werecommendthat thenetworkstructureand
theamountof availabledataareconsidered,andthat judgmentsareon thesideof caution,as
highlightedin theworkedexamplefor theantidepressantsnetworkprovidedin S1Text.

Imprecision
Backgroundanddefinitions. A keyadvantageof networkmeta-analysiscomparedwith

pairwisemeta-analysisis thegainin precision[41] byaddingindirect evidenceto directevi-
dence.To evaluateimprecisiontherelativetreatmenteffectthat representsaclinicallyimpor-
tant differenceneedsto bedefined.At its simplest,this treatmenteffectcorrespondsto any
beneficialeffect.In thiscaseevenasmalldifferenceisconsideredimportant, leadingto one
treatmentbeingpreferredoveranother.Alternatively,rangesmaybedefinedthatdividerela-
tive treatmenteffectsinto 3 categories:̀favoursX', `noimportant differencebetweenX andY',
and`favoursY'. Themiddlerangeis the`rangeof equivalence',whichcorrespondsto clinically
unimportantdifferencesbetweeninterventions.Therangeof equivalenceshouldbedefined
with referenceto absoluterisk differencesthatmatterto patients.Therangeof equivalencecan
besymmetrical(whenaclinicallyimportant benefitis thereciprocalof aclinicallyimportant
harm,on arelativescale)or asymmetrical(whenclinicallyimportant differencesvarybydirec-
tion of effect).Forsimplicity,wewill assumesymmetricalrangesof equivalence.

TheCINeMA approach. CINeMA comparesthetreatmenteffectsincludedin the95%
confidenceintervalwith therangeof equivalence,asillustratedin theupperpartof Fig3.A
ratingof `majorconcerns'isassignedto atreatmenteffectif the95%confidenceinterval
extendsbeyondtheareaof equivalenceon theoppositesideof theno effectline asthepoint
estimate,sothat theestimatedtreatmenteffectiscompatiblewith clinicallyimportant effects
in bothdirections(imprecisionscenario1 in Fig3).A ratingof `someconcerns'isassignedif
theconfidenceintervalextendsinto but not beyondtheareaof equivalenceon theopposite
sideof theno effectline (imprecisionscenario2 in Fig3).Thereare`noconcerns'if theconfi-
denceintervalisentirelyon onesideof theno effectline (imprecisionscenario3 in Fig3),or if
it isentirelywithin theareaof equivalence(imprecisionscenario4).

Example:Adverseeventsof statins. Considerthenetworkcomparingadverseeventsof
differentstatins,introducedin Box1andshownin Fig1B[11]. Letusassumearangeof equiv-
alencethat translatesinto anoddsratio greaterthan1.05or below0.95(ˆ 1

1:05) representinga
clinicallyimportant effect.Foroddsratiosgreaterthan1,wecomparethe95%confidence
intervalwith theoppositehalfof therangeof equivalence(0.95,1).The95%confidenceinter-
valof rosuvastatinversuspravastatinisquitewide(1.09to 1.82;Fig4),but anytreatmenteffect
in this rangewould leadto theconclusionthatpravastatinissaferthanrosuvastatin.Thus,
imprecisiondoesnot reducetheconfidencethatcanbeplacedin thecomparisonof prava-
statinwith rosuvastatin(`noconcerns').The95%confidenceintervalof simvastatinversus
pravastatiniswider (0.84to 1.42)andcoversall 3 areas,extendingbelow0.95,thusfavouring
pravastatin,andabove1,thusfavouringsimvastatin,andincludingno important difference.
`Majorconcerns'on imprecisionthereforeapplies.Thecomparisonof placeboversussimva-
statinismorecertain,but it isunclearwhichdrughasfeweradverseeffects:mostestimates
within the95%confidenceintervalfavoursimvastatin,but theintervalcrossesinto the(0.95,
1) range.A ratingof `someconcerns'isappropriate.

Heterogeneity
Backgroundanddefinitions. Variability in theresultsof studiesinfluencesour confidence

in thepoint estimateof arelativetreatmenteffect.If thisvariabilityreflectsgenuinedifferences
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Fig 3. CINeMA rulesto assessimprecision, heterogeneity, and incoherenceof network treatment effects.Blacklinesshow
confidenceintervals,andredlinespredictionintervals.Theshadedgreyarearepresentsvaluesthat favourneither of thecompeting
interventions:therangeof equivalence,from 0.8to 1.25.Thehatchedareashowstheintervalbetweentheno effectline anda
clinically importanteffectin theoppositedirectionto theobservedeffect.For incoherence,dashedlinesrepresentdirecteffects,and
dottedlinesindirect effects.

https://doi.org/10.1371/journal.pmed.1003082.g003
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betweenstudies,ratherthanrandomvariation,it iscalledheterogeneity.GRADEusestheterm
inconsistency[42] ratherthanheterogeneity.In networkmeta-analysis,theremaybevariation
in treatmenteffectsbetweenstudies,i.e.,heterogeneity,but alsovariationbetweendirectand
indirect sourcesof evidence.Thelatteriscalledincoherence[43±46]andisdiscussedbelow.
The2conceptsarerelated;incoherencecanbeseenasaspecialform of heterogeneity.

Thereareseveralwaysof measuringheterogeneityin asetof trials.Thevarianceof thedis-
tribution of theunderlyingtreatmenteffects(� 2) isameasureof themagnitudeof heterogene-
ity. Thisvariancecanbeestimatedfor eachpairwisemeta-analysis,and,undertheassumption
of asinglevarianceacrosscomparisons,acommonheterogeneityvariancecanbeobtainedfor
thewholenetwork.Themagnitudeof � 2 isusefullyexpressedasapredictioninterval,which
showswherethetrueeffectof anewstudysimilar to theexistingstudiesisexpectedto lie [47].

TheCINeMA approach. Asfor imprecision,theCINeMA approachto heterogeneity
involvescomparisonsof resultswith thepre-specifiedrangeof clinicalequivalence.Specifi-
cally,weexamineboth theconfidenceintervals(whichdo not captureheterogeneity)andpre-
diction intervals(whichdo captureheterogeneity)in relationto therangeof equivalence.
Heterogeneityis important if apredictionintervalincludesvaluesthat leadto adifferentcon-
clusionthananassessmentbasedon theconfidenceinterval.Themiddlepartof Fig3 illus-
tratestheCINeMA rulesfor arangeof equivalenceof 0.8to 1.25.Whenconfidenceand
predictionintervalsleadto thesameconclusions(heterogeneityscenarios1,2,5,and7 in the
middlepartof Fig3), thenthereare`noconcerns'aboutheterogeneity.Whentheconfidence
intervalsandthepredictionintervalsleadto conclusionsthataresomewhatdifferentbut of
lesserimpactfor decision-making,CINeMA concludesthat thereare`someconcerns'about
heterogeneity(heterogeneityscenarios3and6 in Fig3).

If thereareveryfewtrials,theamountof heterogeneityispoorlyestimatedandprediction
intervalsareunreliable.Turner etal.andRhodesetal.analysedmanymeta-analysesof binary
andcontinuousoutcomes,categorisedthemaccordingto theoutcomeandtypeof interven-
tion andcomparison,andderivedempiricaldistributionsof heterogeneityvalues[48,49].
Theseempiricaldistributionscanhelpto interpret themagnitudeof heterogeneity,comple-
mentingconsiderationsbasedon predictionintervals.

Example:Adverseeventsof statins. In thestatinsexample,weassumedarangeof equiv-
alenceof 0.95to 1.05.Thepredictionintervalfor simvastatinversuspravastatiniswide(Fig4).
However,theconfidenceintervalfor thiscomparisonalreadyextendedto bothsidesof the
(0.95,1) range;thus,theheterogeneitydoesnot changetheconclusion.Theconfidenceinter-
valfor rosuvastatinversuspravastatinliesentirelyabovethe(0.95,1) range,andthereare`no
concerns'regardingimprecision.However,thepredictionintervalcrossesbothboundaries
(0.95and1),andwethereforehavè majorconcerns'abouttheimpactof heterogeneity.

Fig 4. Oddsratios for treatment discontinuation dueto adverseeffectsfrom the network of statinswith their 95%CIs andtheir 95%PrIs. Blacklines
represent95%CIs,andredlinesrepresent95%PrIs.Therangeof equivalenceis from 0.95to 1.05.CI, confidenceinterval;PrI, predictioninterval;vs,versus.

https://doi.org/10.1371/journal.pmed.1003082.g004
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Similarconsiderationsresultin `someconcerns'regardingheterogeneityfor thecomparison
of placeboversussimvastatin.

Incoherence
Backgroundanddefinitions. Transitivitystipulatesthatwecancompare2 treatments

indirectly viaanintermediatetreatmentnode.Incoherenceis thestatisticalmanifestationof
intransitivity; if transitivity holds,thedirectandindirect evidenceshouldbein agreementand
coherent[50,51].Conversely,if estimatesfrom directandindirect evidencedisagree,wecon-
cludethat transitivity doesnot hold andthat thereis incoherence.

To quantifyincoherencetheagreementbetweendirectandindirect evidencecanbeexam-
inedfor specificcomparisonsin thenetwork,oftenreferredto asalocalapproach.Forexam-
ple,SIDEor `nodesplitting' [43] comparesthedirectandindirect evidencefor each
comparisonto estimateaninconsistencyfactorwith aconfidenceinterval.Theinconsistency
factoriscalculatedasthedifferenceor ratio of the2 estimates.Thismethodcanonly be
appliedto comparisonsthatareinformedbybothdirectandindirect evidence.Considerthe
incoherencescenario1 in thelowerpartof Fig3:Thestudiesdirectlycomparingthe2 treat-
mentsresultin adirectoddsratio of 0.48(0.42to 0.54),while thestudiesthatprovideindirect
evidenceproduceanoddsratio of 0.61(0.52to 0.70).Theinconsistencyfactorin thisexample
(theratio of indirect to directoddsratio) is1.28,with aconfidenceintervalof 1.05to 1.55and
a�-value of 0.07.A simplerversionof SIDEconsidersasingleloop in thenetwork(loop-spe-
cific approach[52]).

Theglobalapproachisanalternativeapproachto quantifyingincoherence.It modelsall
treatmenteffectsandall possibleinconsistencyfactorssimultaneously,resultingin an`omni-
bustest'of incoherencein thewholenetwork.Thedesign-by-treatmentinteractiontestissuch
aglobaltest[45,46].An overviewof othermethodsfor testingincoherencecanbefoundelse-
where[44,53].

TheCINeMA approach. Bothglobalandlocalincoherencetestshavelow power[54,55],
andit is thereforeimportant to considertheinconsistencyfactorsaswellastheir uncertainty.
A largeinconsistencyfactormayindicateabiaseddirector indirect estimate.Asfor impreci-
sionandheterogeneity,theCINeMA approachto incoherenceconsiderstheimpacton clinical
implications,basedon visualinspectionof the95%confidenceintervalsof directandindirect
oddsratiosandtherangeof equivalence.Therulesimplementedin CINeMA areillustratedin
thelowerpartof Fig3.TheinconsistencyfactorusingtheSIDEapproachis thesamefor the
first 3 incoherencescenariosin Fig3 (ratio of oddsratios1.28with confidenceinterval1.05to
1.55),but their positionrelativeto therangeof equivalencediffersandaffectstheinterpreta-
tion of incoherence.In incoherencescenario1,the95%confidenceintervalsfor bothdirect
andindirect oddsratioslie belowtherangeof equivalence:treatmentX isclearlyfavoured,
andthereare`noconcerns'regardingincoherence.In incoherencescenario2,the95%confi-
denceintervalof theindirect oddsratio straddlestherangeof equivalence,whilefor thedirect
oddsratio the95%confidenceintervalliesentirelybelow0.8.In thissituation,ajudgmentof
`someconcerns'isappropriate.In incoherencescenario3,the95%confidenceintervalsof the
oddsratiosfrom directandindirect comparisonsshareonly theareabelow0.8,whereasonly
the95%confidenceintervalof theindirect oddsratio lieswithin andabovetherangeof equiv-
alence.Therefore,thedisagreementleadsto aratingof `majorconcerns'.

Notethat in thescenariosdescribedabove,the�-value from SIDEis0.07.Asageneralrule,
thereare`noconcerns'if the�-value isgreaterthan0.10,independentof thepositionof the
95%confidenceintervalswith respectto therangeof equivalence,becausetheevidencefor
incoherenceisweak(� > 0.10).Thisrulecanbeoverwrittenon acasebycasebasis.
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Incoherencecanonly beevaluatedusinglocalapproacheswhenbothdirectandindirect
estimatesareavailablefor thecomparison,aswasthecasefor theincoherencescenariosin Fig
3.If thereisonly director only indirect evidence,wecanneitherestimateaninconsistencyfac-
tor nor judgepotentialimplicationswith respectto therangeof equivalence.In thissituation,
CINeMA considersthat thereare`majorconcerns'if the�-value of theglobaldesign-by-treat-
mentinteractiontestis<0.05,`someconcerns'if it isbetween0.05and0.10,and`noconcerns'
if it is>0.10.Therearealso`majorconcerns'if thedesign-by-treatmentinteractionteststatis-
tic cannotbecomputeddueto theabsenceof closedloopsin thenetwork.

In S1Textweprovideaworkedexamplefor theantidepressantsnetwork.

Summarisingjudgmentsacrossthe 6 domains
�he final outputof CINeMA isatablewith thelevelof concernfor eachof the6domains.
Reviewersmaythenchooseto summarisejudgmentsacrossdomainsusingthe4 levelsof con-
fidenceof theGRADEapproach:verylow, low,moderate,or high [4]. For thispurpose,one
maystartathighconfidenceanddrop thelevelof confidenceby1 stepfor eachdomainwith
someconcerns,andby2 levelsfor eachdomainwith majorconcerns.However,it is important
to notethatdomainsareinterconnected:factorsthatmayreducetheconfidencein atreatment
effectmayaffectmorethan1 domain.Indirectnessincludesconsiderationson intransitivity,
whichmanifestsitselfin thedataasstatisticalincoherence.Heterogeneitywill increaseimpre-
cisionin treatmenteffectsandmayberelatedto variabilityin within-studybiasor thepresence
of reportingbias.Furthermore,in thepresenceof heterogeneity,theability to detectimportant
incoherencewill decrease[54]. The6CINeMA domainsshouldthereforebeconsideredjointly
ratherthanin isolation,avoidingdowngradingtheoveralllevelof confidencemorethanonce
for relatedconcerns.Forexample,for thecitalopramversusvenlafaxinecomparisonin the
antidepressantsexample,wehavè someconcerns'for imprecisionandheterogeneityand
`majorconcerns'for incoherence(seeS1Text).However,downgradingby2 levelsissufficient
in thissituation,becauseimprecision,heterogeneity,andincoherenceareinterconnected.

Discussion
WehaveoutlinedandillustratedtheCINeMA approachfor evaluatingconfidencein treat-
menteffectestimatesfrom networkmeta-analysis,coveringthe6 domainsof within-study
bias,reportingbias,indirectness,imprecision,heterogeneity,andincoherence.Wedifferenti-
atebetweenthe3 sourcesof variability in anetwork,namely,imprecision,heterogeneity,and
incoherence,andweconsidertheimpactthateachsourcemight haveon decisionsfor treat-
ment.Our approachavoidstheselectiveuseof indirect evidence,whileconsideringthecharac-
teristicsof all studiesincludedin thenetwork.In otherwords,wearenot usingassessmentsof
confidenceto decidewhetherto presentdirector indirect (or combined)evidence,ashasbeen
suggestedbyothers[4,5].Thewebapplicationgreatlyfacilitatestheimplementationof all
stepsinvolvedin theapplicationof CINeMA [13] andmakestheapproacheasyto implement
evenfor verylargenetworks.Researchersshouldnot, however,naivelyrelyon thesoftware's
programmedrules.TheCINeMA applicationsafeguardsagainsttranscriptionerrorsandthus
will enhancereproducibility,but judgmentsshouldberevisitedandreconsidered,takinginto
accounttheparticularitiesof eachnetworkmeta-analysis.ThispaperandtheCINeMA tool
extendtheframeworkpreviouslydescribedbySalantiandcolleagues[5]. Our original frame-
work alsoaddressedthecredibility of atreatmenthierarchy,whichweplanto developfurther
andimplementin CINeMA in thefuture.

Any evaluationof theconfidencein evidencesynthesisresultswill inevitablyinvolvesome
subjectivity.Our approachisno exception.While theuseof barchartsto gaugetheimpactof
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within-studybiasandindirectnessprovidesaconsistentassessmentacrossall comparisonsin
thenetwork,their summaryisdifficult. Defining therangeof equivalencewill oftenbesubjec-
tive,andmight beinfluencedby thedata.Furtherlimitationsof theframeworkareassociated
with thefactthatpublishedarticlesareusedto makejudgments,andthesereportsdo not nec-
essarilyreflectthewaystudieswereundertaken.For instance,judgingindirectnessrequires
studydatato becollectedon pre-specifiedeffectmodifiers,andincompletereportingwill inev-
itably impacton thereliability of judgments.

A consequenceof theinherentsubjectivityof thesystemis that interrateragreementmay
bemodest.Studiesof thereproducibilityof assessmentsmadeby researchersusingCINeMA
will berequiredin thiscontext.However,webelievethat transparencyiskey:althoughin CIN-
eMA judgmentsmaydiffer acrossreviewers,theyaremadeusingexplicitcriteria.These
shouldbespecifiedin thereviewprotocolsothatdata-drivendecisionsareavoided.

A GRADEworkinggroupdeveloped[4] andsubsequentlyrefined[21] anapproachfor rat-
ing thequalityof treatmenteffectestimatesfrom networkmeta-analysis.Therearemanysimi-
laritiesbut alsosomenotabledifferencesbetweenCINeMA andtheGRADEapproach.For
example,Puhanetal.[4] suggestaprocessof decidingwhetherindirect estimatesareof suffi-
cientcertaintyto combinethemwith thedirectestimates.In contrast,CINeMA evaluatesrela-
tivetreatmenteffectswithout consideringseparatelythedirectandindirect sources.Evaluation
of theimpactof within-studybiasalsodifferssubstantiallybetweenthe2approaches.The
GRADEapproachconsiderswithin-studybiasof themostinfluential1-steploopfor eachtreat-
menteffect[4,21],whichdiscardsalargeamountof information andmakestheapproachdiffi-
cult to applyto largenetworks.Webelievethat theCINeMA approach,whichisbasedon the
percentagecontribution matrix andconsiderstheimpactof everystudyincludedin thenet-
work, ispreferable.In contrastto theGRADEapproach,CINeMA doesnot relyon metricsfor
judgingheterogeneityandincoherence.Insteadit considersthelikely impactof theseissueson
clinicaldecisions.Yetanotherapproachto assessingthecredibility of conclusionsfrom network
meta-analysisexploreshowrobusttreatmentrecommendationsareto potentialdegreesof bias
in theevidence[56]. Themethodiseasyto applybut exclusivelyfocuseson theimpactof bias
anddoesnot explicitlyaddressheterogeneity,indirectness,andincoherence.

Evidencesynthesisis increasinglyusedbynationalandinternationalmedicalsocietiesand
agencies[57,58]to inform decisionsabouttheclinicaleffectivenessandcost-effectivenessof
medicalinterventions,byclinicalguidelinepanelsto recommendonedrugoveranother,and
bycliniciansto prescribeatreatmentor recommendadiagnosticprocedurefor individual
patients.However,publishednetworkmeta-analysesseldomevaluateconfidencein relative
treatmenteffects[1]. Throughthefree,open-sourceCINeMA software(seeBox2),our
approachcanberoutinelyappliedto anynetworkmeta-analysis[13,59].Thesuggestedframe-
work operationalises,simplifies,andacceleratestheprocessof evaluationof resultsfrom large
andcomplexnetworkswithout compromisingstatisticalandmethodologicalrigor. In conclu-
sion,webelievetheCINeMA frameworkisatransparent,rigorous,andcomprehensivesystem
for evaluatingtheconfidenceof treatmenteffectestimatesfrom networkmeta-analysis.
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