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Abstract

Network meta-analysis, in the context of a systematic
review, is a meta-analysis in which multiple
treatments (that is, three or more) are being
compared using both direct comparisons of
interventions within randomized controlled trials and
indirect comparisons across trials based on a common
comparator. To ensure validity of findings from
network meta-analyses, the systematic review must be
designed rigorously and conducted carefully. Aspects
of designing and conducting a systematic review for
network meta-analysis include defining the review
question, specifying eligibility criteria, searching for
and selecting studies, assessing risk of bias and quality
of evidence, conducting a network meta-analysis,
interpreting and reporting findings. This commentary
summarizes the methodologic challenges and
research opportunities for network meta-analysis
relevant to each aspect of the systematic review
process based on discussions at a network meta-
analysis methodology meeting we hosted in May
2010 at the Johns Hopkins Bloomberg School of
Public Health. Since this commentary reflects the
discussion at that meeting, it is not intended to
provide an overview of the field.

Introduction
Systematic reviews use explicit, pre-specified methods to
identify, appraise, and synthesize all available evidence
related to a clinical question. When appropriate, sys-
tematic reviews may include a meta-analysis, that is, the
statistical combination of results from two or more
separate studies. Some systematic reviews compare only
two interventions, in which a conventional pair-wise
meta-analysis may be conducted, while others examine

the comparative effectiveness of many or all available
interventions for a given condition. When the compara-
tive effectiveness of a range of interventions is of inter-
est, appropriate statistical methodology must be used for
analysis.
Also called mixed treatments comparison or multiple

treatments comparison meta-analysis, network meta-
analysis expands the scope of a conventional pair-wise
meta-analysis by analyzing simultaneously both direct
comparisons of interventions within randomized con-
trolled trials (RCTs) and indirect comparisons across
trials based on a common comparator (e.g., placebo or
some standard treatment) [1-5]. In the simplest case,
one may be interested in comparing two interventions A
and C. Indirect evidence can be obtained from RCTs of
either A or C versus a common comparator B (Figure
1), keeping intact the randomized comparisons within
the RCTs [1-5]. When both direct and indirect evidence
are available, the two sources of information can be
combined as a weighted average when appropriate. Data
structure of this type can be extended to k-comparisons
to facilitate simultaneous inference regarding all avail-
able treatments, and to provide evidence for selecting
the best of several treatment options. Many assumptions
behind network meta-analysis methods appear to be
similar to those made in standard pair-wise meta-analy-
sis [6]. But as for a conventional pair-wise meta-analysis,
the methodology for network meta-analysis must be
carefully developed and rigorously evaluated before the
technique is applied widely.
Despite a recent flurry of publications related to net-

work meta-analyses [7], only a handful of articles have
focused on key methodological issues and most of these
have covered statistical approaches [2-4,8-16]. In May
2010, we hosted a meeting on network meta-analysis
methodology at the Johns Hopkins Bloomberg School of
Public Health. Vibrant discussions over the course of
the meeting led us to identify major methodological
questions concerning network meta-analysis and to* Correspondence: kdickers@jhsph.edu
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propose a research agenda for the future. This article
reflects discussion at the meeting and is not intended to
provide an overview of the entire field.

Discussion
Using statistical methods to combine findings from indi-
vidual studies in a systematic review can provide useful
information for clinical decision-making. To minimize
error and ensure validity of findings from meta-analyses,
the systematic review, whether it involves a standard,
pair-wise meta-analysis or a network meta-analysis, must
be designed rigorously and conducted carefully. Aspects
of designing and conducting the systematic review
include defining the review question, specifying eligibility
criteria, searching for and selecting studies, assessing risk
of bias and quality of evidence, conducting a meta-analy-
sis, and interpreting and reporting findings [6]. The fol-
lowing sections discuss methodologic challenges and
research opportunities for network meta-analysis relevant
to each aspect of the systematic review process.

Define the review question and eligibility criteria
A well-formulated, clearly defined, answerable research
question guides the eligibility criteria and the overall
research protocol. Eligibility criteria combine aspects of
the clinical question (e.g., Population, Interventions,
Comparisons, and Outcomes) and specifications of the
types of studies that have addressed this question [6].
Although the questions asked in pair-wise meta-analysis
and network meta-analysis on a topic are different, the
same interventions and comparisons may be examined,
and these may be defined broadly or narrowly in both.
For example, in both cases, one would want to define
whether both drugs and behavioral interventions would
be included, and if so, which ones. One would also want
to define whether a different dose or regimen of the
same treatment should be considered as the same or
separate interventions.
Different specification of eligibility criteria may result

in differences in the structure or extent of a network,

leading to discrepant findings for network meta-analyses
on the same topic. This is because different combina-
tions of direct and indirect evidence, some independent
and some overlapping, contribute to the comparisons
and estimates of treatment effect [3,5]. Certain interven-
tions, for example, interventions that are no longer in
use, or placebos, may not be of primary interest but
may be included in the network meta-analysis if they
provide information concerning the interventions of
interest through indirect comparisons. In a recent exam-
ple, discordant conclusions were drawn from two sys-
tematic reviews that utilized direct and indirect evidence
regarding the comparative effectiveness of second gen-
eration anti-depressants for major depression disorder
[17,18]. One reason for the discrepancy was the differ-
ence in how the networks were defined [17-19]. One
systematic review did not include placebo-controlled
trials [17]. It is currently not possible to make general
statements on the impact that different eligibility criteria
may have on the validity of findings from a network
meta-analysis.
Eligibility criteria in a review of harms may be differ-

ent from a review of effectiveness because there might
be limited data related to harm or adverse effects in a
trial [20]. Methodologic research is needed to establish
the role of non-randomized studies within a network
meta-analysis evaluating harms associated with
interventions.

Search for and select studies
To ensure that all relevant studies are identified, the
network meta-analyst could search de novo for all rele-
vant studies, but this would waste valuable resources if
good systematic reviews with comprehensive searches
already exist. To conserve valuable resources, one might
consider using data identified through existing high
quality systematic reviews of relevant pair-wise treat-
ment comparisons provided the searches in the existing
reviews are up-to-date. Empirical research is needed on
the trade-offs associated with the two approaches to
identify trials for a network meta-analysis. Such work
will provide guidance for the network meta-analyst in
choosing between conducting a new, comprehensive
search or using existing searches.
As it is the case with a conventional pair-wise meta-

analysis, the validity of findings from a network meta-
analysis depends upon whether all eligible trials were
identified and included in the analysis. Regardless of
whether one conducts de novo searches or depends on
existing systematic reviews, including a non-random or
selective subset of all eligible trials in the analysis may
introduce selection bias in the treatment effect esti-
mates. Various forms of reporting biases have been
identified in the literature [21]. As a consequence of
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Figure 1 Illustration of a network meta-analysis that combines
direct evidence obtained within RCTs (A vs. B, B vs. C and A
vs. C), and indirect evidence obtained across RCTs through a
common comparator (A vs. B and B vs. C).
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reporting biases, for example, the network meta-analyst
may fail to identify certain trials or when trials are iden-
tified, fail to retrieve data on outcomes relevant for ana-
lysis. One way that certain reporting biases are
addressed is by conducting a search of multiple data
sources for trial data. The various data sources that may
be searched to retrieve trial data include published data,
conference abstracts and other sources of grey literature,
clinical trial registers, internal company reports, reviews
of trials by regulatory agencies, and requesting trial
investigators for individual patient data. Network meta-
analysis involving both drug and non-drug interventions,
for example, may be affected disproportionately if indus-
try-sponsored trials are subject to greater reporting
biases than other studies. Similarly, the internal validity
of network meta-analysis of drug interventions may be
affected if placebo-controlled trials are subject to greater
reporting biases than active-controlled trials [22]. Meth-
odological research is needed to examine the impact of
various reporting biases and the use of multiple sources
of trial data on the design, analysis, and findings from
network meta-analyses.

Assess risk of bias and quality of evidence
The assessment of the risk of bias and its considera-
tion in the network meta-analysis is far more challen-
ging than in conventional meta-analysis. Risk of bias
refers to the problems with the design and execution
of individual trials that raise questions about the valid-
ity of their findings [6]. A fundamental difference
between a conventional pair-wise meta-analysis and
network meta-analysis is that a conventional pair-wise
meta-analysis yields only one pooled effect estimate
whereas a network meta-analysis yields more than one
pooled effect estimate. Thus, while bias in the effect
estimate from any single trial affects a single pooled
effect estimate in a conventional meta-analysis, it may
affect several pooled effect estimates obtained in a net-
work meta-analysis. For example (Figure 1), the risk of
bias for trials contributing to the direct comparison
within a network may be low (e.g., all A vs. C trials
described adequate masking), but the risk of bias for
trials contributing to the indirect comparison may be
high (e.g., some A vs. B or B vs. C trials reported no
masking). In addition, the risk of bias may differ across
different regions within the network of interventions
being examined. Future methodological research
should address ways to deal with such variation in risk
of bias between direct and indirect comparisons and
across the network. Specifically, such research may
examine the impact of risk of bias in an individual trial
on the network meta-analytic effect estimates, identify
the biases specific to the network meta-analysis con-
text that need to be considered, develop methods to

assess, summarize and present the variation in risk of
bias across the network, and use empirical research to
postulate guidance for network meta-analysts on incor-
porating bias assessments in statistical analyses. Finally,
methodological research may also examine whether
network meta-analysis offers a potential method for
identifying and adjusting for biases within included
trials [10,15,23].

Conduct quantitative evidence synthesis
Several statistical methods are being used to implement
network meta-analysis, for example, the adjusted indir-
ect comparison method with aggregate data, meta-
regression, hierarchical models, and Bayesian methods
[1]. Some approaches provide better flexibility than
others in adjusting for covariates and in ranking multi-
ple interventions. Most network meta-analyses in the
current literature use a single approach and the com-
parative performance of different approaches has not
been studied in detail. Future methodological studies
may evaluate the utility and robustness of various statis-
tical methods, and identify circumstances in which spe-
cific methods or models are more efficient and
appropriate than others.
Factors such as the total number of trials in a net-

work, number of trials with more than two comparison
arms, heterogeneity (i.e., clinical, methodological, and
statistical variability within direct and indirect compari-
sons), inconsistency (i.e., discrepancy between direct and
indirect comparisons), and bias may influence effect
estimates obtained from network meta-analyses. Hetero-
geneity, inconsistency, and bias may propagate through
a network of trials, and may affect the estimates differ-
entially across regions of the network. A range of meth-
ods to detect, quantify and deal with heterogeneity,
inconsistency, and bias has been proposed [10-12,15,23].
Evaluating the performance of the different methods,
through simulations and empirical studies, is critical
before they become widely available.
Most network meta-analyses to date use WinBUGs

software, which is limited in functionality and accessibil-
ity to the non-statistician. New software is needed that
balances user-friendliness with statistical sophistication
and provide built-in methodological guidance. In addi-
tion, new software should be able to handle in a coher-
ent manner different types of outcomes (e.g., continuous
outcomes, binary outcomes), multiple outcomes, out-
comes at different follow-up times and simultaneously
carry out pair-wise and network meta-analysis.
With availability of the new, easy to use software, con-

cerns arise about network meta-analysis being underta-
ken and implemented inappropriately. Thus, systematic
reviewers should be educated to identify potential
research questions where network meta-analysis may be
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appropriate, and where it is not, including the situation
where the evidence is sparse.

Interpret results and report findings
Presenting and communicating complex findings from a
network meta-analysis in an accessible and understand-
able format is challenging. It is critical to report all pair-
wise effect estimates together with the associated confi-
dence or credible intervals, depending on the statistical
model used (i.e., frequentist or Bayesian model). Prob-
ability statements could be made about the effectiveness
of each treatment [24]. For example, for each treatment,
one can calculate the probability that the treatment is
the best, second best, or third best among all treat-
ments. Such probability statements should be inter-
preted carefully since the difference between treatments
might be small and not clinically meaningful.
In addition to the estimates of treatment effects,

uncertainty, clinical and methodological characteristics,
and potential biases within included trials must be con-
veyed. A careful assessment of the body of evidence and
a thoughtful discussion of the potential impact of trial-
specific biases on the effect estimates in a network
meta-analysis can maximize transparency and avoid
errors in interpretation. Using the hypothetical example
described in a preceding section, if the preponderance
of evidence within the network is constituted by trials
that did not report masking, interpreting effect estimates
from a network meta-analysis of such trials should be
tempered by a discussion on the impact of potential bias
due to inadequate masking. Values and preferences from
potential evidence users should be considered in inter-
pretation. Guidelines may be developed, based on meth-
odological research, to establish standards for reporting
network meta-analyses. Although a recent survey identi-
fied nearly 100 published network meta-analyses pub-
lished between 2000 and 2007 [7], many peer reviewers
are relatively uneducated in these methods. Guidance
may be developed to aid rigorous peer review of findings
from network meta-analyses submitted to medical
journals.

Conclusions
This commentary summarizes the methodologic chal-
lenges and areas of research for network meta-analysis
relevant to each aspect of the systematic review process
based on discussions at a meeting. It is not intended to
provide a comprehensive overview of the field. Network
meta-analysis holds promise to provide evidence on
comparative effectiveness that is valuable for clinical
decision-making because it allows comparisons of inter-
ventions that may not have been directly compared in
head-to-head trials. Collaborative efforts between epide-
miologists, statisticians, clinicians and others are

necessary for developing, implementing and evaluating
methods for network meta-analysis. The extent to which
the medical community accepts network meta-analysis
will depend on how convincingly methodological
research demonstrates the validity of the evidence and
its ease of interpretation for decision-makers.
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