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Abstract

Objective: To assess the characteristics and core statistietiodology specific to network

meta-analyses (NMAS) in clinical research articles.

Study Design and Setting: We searched Medline, Embase and the Cochrane Bataba
Systematic Reviews from inception until April 1415 for NMAs of randomized controlled
trials (RCTSs) including at least four differenténtentions. Two reviewers independently
screened potential studies, while data abstragtemperformed by a single reviewer and

verified by a second.

Results: A total of 456 NMAs, which included a median (irgeartile range) of 21 (13 to 40)
studies and 7 (5 to 9) treatment nodes were askessetal of 125 NMAs (27%) were star
networks; this proportion declined from 100% in 3@06 19% in 2015 (p=0.01 by test of
trend). An increasing number of NMAs discussedditanty or inconsistency (0% in 2005,
86% in 2015, p<0.01) and 150 (45 %) and used apiatepmethods to test for inconsistency
(14% in 2006, 74% in 2015, p<0.01). Heterogeneidg wxplored in 256 NMAs (56%), with
no change over time (p=0.10). All pairwise effastse reported in 234 NMAs (51%), with
some increase over time (p=0.02). The hierarchyeatments was presented in 195 NMAs
(43%), the probability of being best was most comiypoeported (137 NMAs, 70%) but use
of SUCRA (surface under the cumulative ranking eshincreased steeply (0% in 2005, 33%
in 2015, p<0.01).

Conclusion: Many NMAs published in the medical literature basignificant limitations in
both the conduct and reporting of the statisticalygsis and numerical results. The situation
has however improved in recent years, in partiowitr respect to the evaluation of the

underlying assumptions, but considerable roomdahé&r improvements remains.
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What is new?

Key findings
Although the amount of evidence (the number oftineats and studies) included in

published NMAs remains stable, the undertakingraparting of statistical methods havg
significantly improved over the years. The assuamgiunderlying NMA are increasingly
discussed and evaluated using appropriate metheds.than 10% of NMAs published in
2014 and 2015 failed to evaluate the assumptiotisegbint synthesis.

U

What this adds to what is known

This meta-epidemiological study presents the largaigection of published NMAs over
the past 16 years. It provides an overview of thectural characteristics and statistical
methodology of 456 published networks of intervemsi. It shows that the statistical
methods in NMA have considerably improved in afiexds and some, such as the use @
appropriate methods to evaluate the plausibilitthefassumptions, are now routinely
performed. We conclude that the increasingly papsitommunity of NMA
methodologists is quickly advancing through therlew curve of statistical methods
employed in NMA.

What is the implication, what should change now

The updated description of the structural charésties of the published NMAs can be
used to inform pragmatic simulations studies areddigvelopment of methods that are
relevant to the type of networks typically foundive medical literature.

Future tutorials and training should be focusedhgoroving the methodology and
reporting on items that, although they have impdo¥keir prevalence remains low, such
as the formal exploration of heterogeneity and msesiency and the presentation of all
pairwise treatment effects.




1 Introduction

Network meta-analysis (NMA) is becoming increasyngbpular for evidence synthesis [1-4]
with enthusiasts considering NMA as the ‘new nofon’comparative effectiveness research
[5]. However, empirical studies exploring the cluaeaistics of published NMAs of
interventions have raised the need for improvirggbality of the application of NMA
methods [1,2,6-9]. Concerns about inappropriatéicgtipns of NMA methods and
inadequate and non-transparent reporting of metandgsesults have been identified as
major issues [10-12]. For instance, Nikolakopowdbal. found that 68% of the NMAs
published by the end of 2012 used either inappatgor unspecified methods to assess
inconsistency, while Bafeta et al. concluded tkeabrting guidelines are necessary to reduce

heterogeneity in presentation of NMA results [1,6].

The importance of empirical evidence in a novedjdly evolving methodological field is
illustrated by the role such studies played in sigathe methodology for conventional
pairwise meta-analysis. The assessment of riskagfib the included studies [13-15], the
magnitude and determinants of heterogeneity [16-tfh8]relative advantages of different
methods to evaluate publication bias and smallyséiitects, [19—21] and the importance of a
comprehensive search for relevant studies [22¢raenples of meta-epidemiological studies
that have guided the choice of optimal methods.avéeaware of only three such meta-
epidemiological studies in NMA: Song et al. evafubthe prevalence of inconsistency in
networks with three treatments [23,24], Veronikaktstudied the prevalence of inconsistency
in complex NMAs that included at least four treattseusing two alternative methods [25]
while Chaimani et al. have provided empirical evicie about the impact of risk of bias and

small study effects [26].

In recent years, the methodology of NMA has beethéu refined and many tutorials and
guidance papers have been published [12,27-34inkftu et al., in a recent review of
methodological articles published until March 20[B2] found a steep increase after 2011 in
the number of relevant publications. In 2012 anti®3 methodological articles were
published compared to 58 articles between 2005-ZBdrlexample, until recently most
networks were fitted within a Bayesian frameworkasarchical models [1], but new NMA
methods include publications by White et al. sugggdNMAs can be viewed as a specific
case of multivariate meta-regression, and by Higginal. presenting a new test for
inconsistency [33,34]. Their work enables reseascteefit models using frequentist
software. Stata routines were made available byté\étial. and Chaimani et al. that

simplified NMA implementation by non-statisticiafgb—39].



In this paper, we aim to describe how methodologjesific to NMA and reporting quality
of results has evolved over time, monitor the odtadoption for the new methodological

developments and provide an updated overview oftlaeacteristics of published networks.

2 Methods

2.1 Inclusion criteria

Networks of randomized controlled trials (RCTs) veligible if they included at least four
different interventions (defined as different dragsther medical treatments, or different
schedules, doses or formulations of the same tegdjrincluding placebo, no treatment,
waiting list or other control interventions. We &daed networks that included observational
or diagnostic test accuracy studies, NMAs in whehnumber of trials was smaller than the
number of interventions and articles that performaide indirect comparisons by pooling

data across study arms.

2.2 Literature search

An expert librarian compiled the literature seamghich was peer-reviewed by a second
librarian using the Peer Review of Electronic Sk&trategies (PRESS) checklist [40].
Subsequently, Medline, Embase and the Cochrand&sdteof Systematic Reviews were
searched from inception until April 14, 2015. Th# literature search strategy is provided in

the Appendix. There were no language restrictionewr search.

2.3 Screening

After a pilot-test of the eligibility criteria, pa of reviewers (MG, AC, MP, AAV, PR, AV,
SS) independently screened the titles and abstractsthe literature search. Potentially
relevant full-text papers were screened in the saanener. Conflicts were resolved by a third
reviewer (AAV, AN, AC, GS, PR) to increase congisig

2.4 Data extraction and data items

One reviewer (MP, AN, AC, AAV, MG, PR, AV, SS or WZbstracted data from the
included studies and then data was checked by enhiewer. Data items included general
publication characteristics: e.g.., year of pulti@a country of corresponding author and
journal of publication. We recorded whether thenany outcome measured efficacy or safety
and classified outcomes as dichotomous, continuone;to-event or rate. For networks that
indicated none or more than one outcome as primagysed discussion to reach consensus
for a final decision. We extracted the total numiiecompared interventions (termed nodes

of the network henceforth), the reference inteneenivhen reported (placebo, usual care, no
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treatment, or active treatment). We categorizeth eatwork according to the type of
treatment comparisons as pharmacological versgelpta pharmacological versus
pharmacological or non-pharmacological versus eastment (for details see Turner et al.
[41] and Nikolakopoulou et al. [1]). When the refiace treatment was not explicitly defined,
one of the following was selected as the referére@@ment node: placebo, usual care, or no
treatment. We also categorised the shape of netagmtrding to the presence or absence of

at least one closed loop.

We only examined methodological characteristics @he specific to NMA methodology,

with an emphasis on statistical analysis and regprtWe recorded whether and how the
authors evaluated the plausibility of transitiitie comparability of the distribution of effect
modifiers across treatment comparisons) prior éoddita synthesis [27]. For networks
including at least one closed loop, we also reabttle use of any statistical method to
evaluate consistency (e.g. statistical methods as¢hose described in Donegan et al.
(2013)) [42]. We categorized the method used tovedendirect and/or network estimates
(e.g. a Bayesian hierarchical model, a multivanagta-analysis approach), effect measure
employed to undertake the analysis (such as odidsoramean difference) and whether
fixed-effects model, random-effects model or baimputational models were used. We also
assessed any secondary analyses such as subgrtugrknmeta-regression, or sensitivity
analyses that the authors performed to investjgatiential sources of heterogeneity or
inconsistency. We examined whether authors assessaltistudy effects, whether they
considered the potential for publication bias drelmethods they applied to evaluate their
impact on the results. We recorded whether alliptesselative effects were presented (in the
main text or as supplementary material) or onlylzsst of them. We also examined whether
the authors presented the estimated hierarchyeahttiuded interventions and which
measure was used for this purpose (such as prapaibibeing the best or surface under the
cumulative ranking (SUCRA) curve [11,43,44)).

2.5 Statistical analysis

We performed a descriptive analysis for all therabteristics we extracted from the eligible
networks of interventions. For characteristics timte been previously identified as needing
improvement [1,2,45] — such as the adoption of@mpate methods to evaluate consistency,
the uptake of frequentist methods for NMA, andttaasparency of reporting — we evaluated
whether there was a change in frequency over tise.formally tested the trend usinga

test for trends in proportions for dichotomous elegeristics and the Cox-Stuart test for trends
in continuous characteristics [46]. We also ingted any associations between methods

employed and the complexity of the evidence-bash as the number of nodes and the



presence of closed loops. All analyses were peddrin R software [47] using theend
library [48].

3 Results

The search identified 3727 citations and afteresurgy the titles and abstracts, 877
potentially relevant full text articles were reviedv In total, 456 NMAs met all inclusion

criteria. The full selection process for the inddcetworks is presented in Figure 1.

Figure 1 Flow chart of the selection processfor the included networks.

Table 1 presents a description of the sample. Téddian number of studies per network was
21 (interquartile range (IQR) 13 to 40) and the imedumber of treatments was 7 with an
IQR of 5 to 9. The majority of NMAs included at $tane closed loop (331, 73%) while
nearly a quarter of the networks (125 NMAs, 27%) mibt contain a closed loop of evidence
(called star-shaped networks). The majority ofitfbuded NMAs had a beneficial primary
outcome (260 NMAs, 57%) that was commonly measusgag a dichotomous outcome (267
NMAs, 59%). The primary outcome was measured usimginuous data in 135 NMAs
(30%). Two-thirds of the networks compared phawiagical treatments and included
placebo (299 NMAs, 66%) while one in five compaoadly pharmacological interventions
(88 NMAs, 19%). A small number of networks had atomie of pharmacological, non-

pharmacological and control treatments (69 NMAS$6L5

Table 1 Characteristics of 456 NM As published until 2015. IQR: Interquartile range.

Most of the included articles were published ingg@ahmedicine journals (183 NMAs, 40%),
the most common was tiBgitish Medical Journal (28 NMAs, 6%) followed byCurrent
Medical Research & Opinion (24 NMAs, 5%). Corresponding authors of 234 NMB%%)
had an affiliation in a European country (92 NM26% for United Kingdom) and 140
NMAs (31%) had an affiliation in the United States.

3.1 Time trends in the characteristics of NMAs

Between 1999 and 2004 only 6 NMAs were publisheieh (1999, 2 in 2000, 1 in 2003 and 2
in 2004). The number of NMAs published per yetera?004 is presented in Table 2. It is
evident that the number of published studies apgllNMA methods to clinical research
guestions has been increasing significantly oveddht two decades (p=0.04).

Overall, the networks of published NMAs do not sderimclude more studies (p=0.08, data

not shown) or to compare more treatments in repests (p=0.72, data not shown).
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However, the proportion of star-shaped networksdegseased with time while the number

of networks with at least one closed loop has msed (p=0.01, Table 2).

Table 2 Networ ks published between 2005 and 2015 (until 15 April) and their
characteristics. The entries in the table show number of networksraspective

percentages. P-values are from a trend test. *Tdreré networks published before 2005 and
are included in the total NMA group. ** In the tdest trend for the total number of published
NMAs we excluded the year 2015 as it is not coneplet*Here the denominator is the
number of articles with at least one closed loapr{(ber of NMAs published minus the star-
shaped NMA).

3.1.1  Evaluation of clinical and statistical assumptions

In three quarters of the included articles (353 NdVIA7%) we could not identify any
statement suggesting that the transitivity (or kinty) assumption was considered or
evaluated (Table 2). However, this has improvedsictamably over time, with 77% of the
networks published in 2015 discussing transitiyity0.01). In five networks, the authors
expressed concerns about the presence of poteatigtansitivity and its impact on the
results. Among the remaining 100 networks thatrdfibrt how transitivity was evaluated, the
majority compared the study characteristics (7@vasts) (Appendix Table 1). One in five of
the published networks (22%) reported that thesitaity assumption is likely to hold; the

rate of articles reporting this information hasréased over time (p<0.01).

Statistical evaluation of consistency was posditMe&831 networks that included at least one
closed loop. Almost one third of these NMAs (94 N§AR8%) did not report any method
used for the statistical evaluation of consistemNsarly half of the networks (150 NMAs,
45%) used appropriate statistical methods to etale@nsistency; their uptake has increased
over time (p<0.01, Table 2).

The exact method used for assessing inconsistaregch network is detailed in Appendix
Table 2. The loop-specific approach [49] was thstnsommonly employed method (59
NMAs, 18%), followed by the node-splitting approdbhl] (39 NMAs, 12%). The design-by-
treatment interaction model [34] that was introadlize2012 was used in very few networks
(5 NMAs, 2%). The proportion of NMAs that considerteansitivity or consistency using any
method increased significantly over time (p<0.04bl€ 2); 86% of the articles published in
2015 reported mentioned at least one of the twoger

Appendix Table 1 Reporting and evaluation of transitivity. Number of articlesand

per centages.

Appendix Table 2 Statistical methods used to evaluate the consistency assumption in 331
NMAswith at least one closed loop.



In total we found 76 networks that did not evalugiteer transitivity or inconsistency (23%
for the networks where assessment of both washiessihe percentage has dropped from
35% in 2010 to 19% in 2012 and to 8% in 2014/2@kKD(01).

3.1.2 Statistical synthesis of data

We found that the odds ratio (177 NMAs, 39%) aralrttean difference (89 NMAs, 20%)
were the most frequently used effect sizes for agtgvwith dichotomous and continuous
data respectively. It was not always clear whetherandom or fixed effects model was used
although reporting improved with time (p=0.01, T@B). The majority of the included
networks (230 NMAs, 50%) performed the analysiagisi random-effects model. Of the
170 networks (37%) that used the fixed-effect mpotlhel majority (141 NMAs, 83%) also
applied the random-effects approach either as sitadty analysis or with the aim to choose

between the two models.

The percentage of articles reporting the stasistitethod used to fit NMA has increased over
time (p<0.01, Table 2) and only a small proporiddmetworks (24 NMAs, 5%) did not report
the NMA method used. The Bayesian hierarchical hageains the most popular approach
for NMA (302 NMAs, 64%). Only 80 (18%) networks wehiincluded at least one multi-arm
study employed methods to derive the treatmentitifat ignored correlations (e.g. adjusted
indirect comparison meta-analysis or Bucher methldtY)As using multivariate meta-
analysis or multivariate meta-regression was erneoped in only 5 publications while the
graph-theoretical method for NMA was employed ie oretwork.

Figure 2 Method used to synthesize the datain relation to the shape of the network. If a
network applied morethan one method, it isincluded in all relevant categories.

Figure 2 illustrates that review authors tend t@kyna Bayesian hierarchical approach and
meta-regression more often in the presence of dllosps.

Approximately half of the networks (256 NMAs, 56#yestigated potential sources of
heterogeneity or inconsistency via the use of sulygrmeta-regression or sensitivity
analysis. This remained unchanged over time (p30Sall-study effects and publication
bias were assessed in 143 (31%) networks. Funoi (116 NMAs, 81%) and regression
tests (82 NMAs, 57%) were the most prevalent mettiodthe assessment of publication bias
and 7 NMAs (5%) applied trim and fill method (ApgxTable 3). These methods were
primarily applied to the direct comparisons andyanhandful of networks (6 NMAs, 4%)
considered the extensions for the aforementionpdbaghes into the context of NMA, such
as the comparison adjusted funnel plot and exteadiedtion models [36,51-53].

Appendix Table 3 M ethods employed to assess small-study effects and/or publication
biasin 143 NMAs.
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3.1.3 Presentation of results

The percentage of NMAs that report outcome datghemprimary outcome decreased with
time (p=0.03). Half of the included reviews (234 W&) 51%) presented all possible relative
treatment effects; the other half present onlylectige set of comparisons of interest. Newer
articles tend to be more inclusive and presergaitiwise effects (p=0.02, Table 2). One
network (0.2%) did not report any relative treattreffect. The relative hierarchy of the
treatments was presented in 43% (195 NMAs) of nedsvdrobability of being the best was
the most popular ranking measure employed to deriveatment hierarchy (166 NMAs,
85%) followed by SUCRA (39 NMAs, 20%) (Appendix Big 1). While the frequency of
exclusive use of the ‘probability of being the bésts not changed significantly over time
(p=0.86, Table 2), the use of SUCRAS has increalatply (p<0.01, Table 2).

Appendix Figure 1 Ranking measures used in the included networks per year (1999-
2015).

4 Discussion

We identified 456 NMAs that were published betw&889 and 2015 by searching three
bibliographic databases and assessed the chastictedf their statistical analysis and
reporting of results. We found that many NMAs psibéid during this time period have
significant methodological limitations, but thaethpplication of some methodological
elements improved in recent years. For examplaeneasing number of published NMAs
addressed transitivity or inconsistency, by 201&ualthree quarters of analyses used
appropriate methods to test for inconsistency. quedity and transparency of reporting also
increased: in recent years around 90% of artideswly reported whether a random-effects or
fixed-effect model was used, and in 2015 all reportluded a description of the statistical
methods used. However, important deficiencies énagplication of NMA methods remain:
discussion of the transitivity assumption was &ard only about half of the articles reported
the results of all pairwise comparisons with na@ase in recent years. It should be noted that
the Bayesian hierarchical model remained the mostilpr approach for NMA during the
study period: only five articles reported the us&equentist multivariate meta-analysis or

meta-regression.

Our study has several strengths. Expert librartamslucted a comprehensive literature search
in multiple bibliographic databases and our stueint peer reviewed the literature search,
screened articles in duplicate using standardiaels tand extracted and verified the relevant

information using standardized forms. Calibrati@ereises among all reviewers preceded
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each step of the review. We identified 456 NMAsjalihwvere published over the past 17
years and although our search may have missed aitles, it is very likely that we

identified a set of NMAs that accurately refleatsrent and past practice and methodological
development. To the best of our knowledge, thikéslargest and most up-to-date collection
of published NMAs compiled to date. It includes mgéhree times the data included in
Bafeta et al. [2], more than twice the data inctudeNikolakopoulou et al., [1] and about
40% more data compared to the collection recentbfiphed by Chambers et al. [54]. This is
also the first study to formally investigate thewnges in the methodology and reporting of

NMAS over time.

Previous empirical studies have motivated varicaesigs to develop recommendations to
improve the practice and reporting of NMAs. Forrepée, Hutton et al. developed an
extension of the PRISMA statement (Preferred Reppitems for Systematic reviews and
Meta-analysis) for the reporting of systematic eexg that include NMAs of health care
interventions [45]. The National institute of Gtal excellence (NICE) in the UK and the
International Society For Pharmacoeconomics andddugs Research (ISPOR) have also

developed relevant guidance [31,55].

We observed an important improvement in the skegisinethodology and reporting of

NMAs over time. The PRISMA statement was publisbely recently and we do not expect
it to have had any major impact on the improvemantsporting observed in our study. The
educational papers published several years aga{,28,56,57] might, however, have had
some impact. Alternatively, improvements in NMA imads might be due to statisticians and
clinicians becoming more experienced with NMA tdges. This ‘learning curve’ could be
accelerated by developments making methods moessibde and more widely available.
We found that features adding to the complexitgwélence structures, such as closed loops
and large numbers of studies, were more commorMA®performed within a Bayesian
framework. The frequentist approaches to NMA tlaait cope with large and complex
networks, such as the routine in Stata that feesntlultivariate random-effects meta-analysis
model [33,39], have not been applied widely buteseected to be increasingly used in the
next years. Similarly, the design-by-treatmentriaatéon model to test for inconsistency [34]
that was introduced in 2012 was used in only fetwaeks. This may be explained by the
fact that the parameterization of this model is ptax and until recently no dedicated

software was available [39].

The transitivity assumption is imperative for aidd@iMA and also needs to be met when
informally comparing effects estimates from sepamirwise meta-analyses. In our large
collection of networks, the vast majority of remodid not mention the transitivity assumption

and only a handful of NMA reviews assessed it thlothhe comparison of the distribution of
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effect modifiers. Suggestions of accompanied dedgikotocols on which authors should
base their NMA reviews [12,27] have started to fpgliad. Among other merits,
establishment of NMA protocol registration couldstantially improve reporting and
evaluation of transitivity through the a priori déption of approaches that will be used to

assess it.

Almost 10 years ago Sutton and Higgins stated“tinae will tell whether this[NMA] is how
efficacy of treatments will be routinely compared in the future” [58]. The substantial increase
in published NMAs supports the notion that theoradie, importance, and methodology of
comparing multiple treatments simultaneously has hecome acknowledged among
researchers, national and international healta-estitutions [56]. It would be useful if the
database used for this study was to be reguladgptan to monitor developments in NMA
publication and serve as a resource for furtherigcapresearch to better define the place of
NMA in comparative effectiveness research. Searah projects are ongoing or planned:
the quality of the systematic reviews providingadfatr each of the 456 networks is currently
being evaluated, networks are currently being iedysed to estimate the prevalence of
statistical inconsistency, updating previous ergpiriesearch [25], and a subset of the
included NMAs is being evaluated with respect ®irthonclusiveness using sequential
methods. Additionally, the methodology to compaifeetent doses of the same intervention
within NMA is not well developed and an ongoing giog review plans to describe the
approaches currently available in the publisheddiure. Finally, our database could inform
simulation studies and scenarios evaluating thispeance of various methodological
approaches so that simulations reflect the mostmamencountered circumstances, as was

previously done in Veroniki et al. [61].
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Table 1 Characteristics of 456 NMAs published until 2015. IQR: Interquartile range.

Median IQR

Median number of treatments compared 7 (5,9)
Median number of studies included 21 (13, 40)

Number of NMAs %
Number of star-shaped networks 125 (27%)
Outcome characteristics

Beneficial outcome 260 (57%)

Measured as dichotomous 267 (59%)

Measured as continuous 135 (30%)

Compare pharmacological treatments and placebo 299 (66%)
Compare only pharmacological treatments 88 (19%)
Published in general medicine journals® 183 (40%)
Published in health services research journals® 56 (12%)
Published in specialty journals 217 (48%)
Corresponding author with affiliation in Europe 234 (51%)
Corresponding author with affiliation in USA 140 (31%)

1 Includes the categories Medicine, General & Internal, Pharmacology & Pharmacy, Multidisciplinary Sciences, Medicine, Research & Experimental, Primary Health Care.

2 Includes the categories Health Care Sciences & Services, Health Policy & Services



Table 2 Networks published between 2005 and 2015 (until 15 April) and their characteristics. The entries in the table show number of networks and respective percentages. P-values are from
a trend test. *There are 6 networks published before 2005 and are included in the total NMA group. ** In the test for trend for the total number of published NMA we excluded the year 2015
has it is not complete. ***Here the denominator is the number of articles with at least one closed loop (number of NMAs published minus the star-shaped NMAs).

Characteristics of NMAs Total 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 v alp u e

Characteristics of the evidence-base

Star Networks | 125 6 100% 5 42% | 2 22% | 6 | 50%| 7 | 26% | 7 | 23%| 14| 26% | 17| 29%| 19 | 20% | 32| 31%| 8 | 19% 0.01

Compar e phar macological

. 88 1 17% 2 17% 2 22% 3| 25%| 8 | 30% | 3 10% | 5 9% 5 8% | 23 | 24% | 29| 28%| 7 16% 0.15
vs phar macol ogical

Compar e phar macological

vs placebo 299 5 83% 8 67% | 6 67% | 9 | 75%)| 14 | 52% | 22| 73%| 43 | 81% | 42| 71%| 62 | 65% | 56| 54%| 26 | 60% 0.31

Comparenon-

. 69 0 0% 2 17% 1 11% 0 0% | 5 | 19% | 5 17%| 5 9% | 12| 20%| 11 | 11% | 18| 17%| 10 | 23% 0.05
plar macological vs any

Evaluation of clinical and statistical assumptions

No infor mation or

. - 353 6 | 100% | 12 100% | 7 | 78% | 11| 92%| 23 | 85% | 26| 87%| 46 | 87% | 46| 78%| 67 | 70% | 71| 69%| 33 | 77% | <0.01
discussion on transitivity

Reported that transitivity is

likely to hold 98 0 0% 0 0% 1 11% | 1 8% | 4 | 15% | 4 13% | 7 | 13% | 13| 22%)| 27 | 28% | 30| 29%| 10 | 23% | <0.01

Use appropriate methodsto

test for inconsistency* ** 150 | NA | NA 1 14% | 2 29% | 2| 33%| 6 | 30%| 4| 17%| 13| 33% | 16| 38%| 43 | 56% | 36| 51%| 26 | 74% | <0.01

Discuss transitivity or
inconsistency (at least oneof | 285 0 0% 2 17% | 3 | 33% | 5| 42%| 12 | 44% | 17| 57%| 30 | 57% | 40| 68%| 66 | 69% | 72| 70%| 37 | 86% | <0.01
thetwo)

Statistical synthesis of data

Clearly reported whether
random or fixed effectsare | 400 5 83% 10 83% | 7 78% | 10| 83%| 20 | 74% | 25| 83%]| 44 | 83% | 53| 90%| 91 | 95% | 93| 90%)| 38 | 88% 0.01
used

Method for NMA reported | 432 4 67% 8 67% | 9 | 100% | 11| 92%| 23 | 85% | 30| 100% 51 | 96% | 56| 95%| 95 | 99% | 99| 96%| 43 | 100% | <0.01

Use Bayesian hierarchical

- 302 1 17% 3 25% | 3 33% | 4 | 33%| 13| 48% | 19| 63%| 35| 66% | 43| 73%| 77 | 80% | 71| 69%| 33 | 77% | <0.01
mode to fit NMA

Formal exploration of

; 256 2 33% 9 75% 5 56% 6 | 50%| 16 | 59% | 20| 67%| 36 | 68% | 32| 54%| 56 | 58% | 51| 50%| 20 | 47% 0.1
heter ogeneity

Presentation of results

All pairwise effectsare

presented 234 1 17% 3 25% | 2 22% | 4| 33%| 15 | 56% | 17| 57%| 31| 58% | 29| 49%| 54 | 56% | 55| 53%| 23 | 53% 0.02

Available outcome data | 308 4 67% 8 67% | 8 89% | 10| 83%| 23 | 85% | 24| 80% | 36 | 68% | 38| 64%| 55 | 57% | 71| 69%| 27 | 63% 0.03

Use Pbest asthe only

. 137 1 17% 2 17% 3 33% 1 8% | 10 | 37% | 13| 43%| 16 | 30% | 20| 34%| 33 | 34% | 32| 31%| 6 14% 0.86
method of ranking

Use SUCRA torank
treatments

39 0 0% 0 0% 0 0% 0| 0%| 0 | 0% | O 0% | 1| 2% | 4| 7% | 10| 10% | 9 9% | 14 | 33% | <0.01

Number of NMAs published | 456* 6 12 9 12 27 30 53 59 96 103 43 0.04**




Appendix Table 1. Reporting and evaluation of transitivity: numbeiladticles and percentages.

*Two networks reported more than one approach to
evaluate transitivitythe denominator is the total
Nothing relevant reported 353 (77.4 %) number of networks (456)*Authors stated that they
assume on the outset that the transitivity assumpsi
likely to hold without justifying this decision.

Reported concerns about potential intransitivity 5(1.1%)

Transitivity established 100* (21.9%)
Compare the distribution of the effect 11 (11%)

modifiers across studies grouped by

comparison
Compare the characteristics of the 76 (76%)
Method to evaluate transitivity among included trials
those claiming transitivity* .
Use of meta-regression 9 (9%)

Assumed on the outset** 4 (4%)



Appendix Table 2. Statisticalmethods used to evaluate the consistency assumpti®dl NMAs

with at least one closed loop.

I nconsistency methods Number of networks*
Appropriate methods 164 (49.5 %)
Loop-specific [1] 59 (17.8 %)
. Node-splitting [2] 39 (11.8 %)
% Back-calculation [2] 8 (2.4 %)
% Comparisons of model fit and parsimony (DIC) [3] (813%)
% Inconsistency models (Lumley model [4], Lu and Ac 33 (10 %)
'é model [5], Design-by treatment model [6])
E% 12 [7] 3 (0.9 %)
Generalized Cochran Q [8] 1 (0.3%)
I nappropriate methods 88 (26.5 %)

Comparison of NMA results with direct meta-analy 65 (19.6 %)

results

Comparison of the results with previously publish@3 (6.9 %)

Inappropriate
methods

results

No method reported 94 (28.3 %)

*13 networks used more than one method to evaluate
consistency. Herthe denominator is the number of
networks with at least one closed loop (331).



Appendix Table 3 Methods employed to assess small-study effect®apdblication bias in 143 NMAs.

Method Number of networ ks*
Funnel plots (standard or contour-enhanced [9])[10 116 (81.1 %)
Regression tests (Eggetd, Begg’s[11], Harbord’s[12], Peter’'g13]) 82 (57.3 %)

Trim and Fill method14] 7 (4.8 %)
Comparison-adjusted funnel plots [15] 5 (3.4 %)

Extended selection models in NMA [16]—[18] 1 (0%

L' Abbe plot [19] 1 (0.6 %)

Fail-safe number (Nfs) (Number of studies with zeffect size that would be2 (1.3 %)

needed to increase the p-value for the meta-asaiysibove 0.080])

Tolerance level for future null results (Numberstdidies averaging null resul 1 (0.6 %)
that must be in the file drawers before the overadbability of a Type | error i

brought to any desired level of significarjee])

Other (e.g. analyses the publication rates of tibuded studies; investigated (2.7 %)

from previous completed reviews; comparison thaltesvith other study)

*55 networks applied more than one method.
Here the denominator is the number of
networks which assess small-study effects
and/or publication bias (143).
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