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Modeling missing binary outcome data while preserving transitivity
assumption yielded more credible network meta-analysis results
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Abstract

Objectives: The objectives of this study were to elaborate on the conceptual evaluation of transitivity assumption in the context of bi-
nary missing participant outcome data (MOD) in network meta-analysis (NMA) and to emphasize on the importance of statistical modeling
as a mean to address MOD.

Study Design and Setting: We designate the notion of transitivity assumption in the context of binary MOD and indicate scenarios that
compromise transitivity in complex networks. We propose a modification of these scenarios that preserves transitivity assumption. Using a
published NMA, we indicate the implications of excluding or imputing, rather than modeling MOD, on NMA findings.

Results: Arm-specific scenarios for MOD, as commonly applied in conventional meta-analysis, compromise the validity of transitivity
assumption in complex networks. The motivating example reveals that imputation of those scenarios yields estimates in the opposite di-
rection for the basic parameters with narrower credible intervals and inflates between-trial variance. Contrariwise, modeling MOD after
modification of the scenarios yields robust estimates for the basic parameters but wider credible intervals and reduces between-trial
variance.

Conclusion: Application of arm-specific scenarios for binary MOD requires modification in complex networks to ensure valid transi-
tivity assumption. Analysts should model, rather than exclude or impute MOD, to provide bias-adjusted results. � 2018 The Author. Pub-
lished by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Empirical studies on published systematic reviews with
pairwise meta-analyses have revealed an inclination of re-
viewers toward the intention-to-treat (ITT) analysis as the
ideal strategy for outcome analysis in the presence of
missing participant outcome data (MOD) in a meta-
analysis [1e4]. Prominent features of this strategy
comprise the ability to maintain the randomized sample
in every included trial and, therefore, to preserve power
to detect a treatment effect. Furthermore, by analyzing
the participants to the intervention originally randomized
regardless of protocol deviations or trial completion, we
uphold a balance in known and unknown prognostic

factors between the compared interventions and hence
insulate the trial results from selection bias and
cofounding.

However, in an effort to ensure ITT and benefit from the
favoring properties of that strategy, reviewers have a prefer-
ence over scenarios that reflect a rather extreme view over
the outcome of missing participants and lack plausibility in
practice [1e4]. Such scenarios are either arm-specific or
common for both interventions in every trial. For binary
outcome, the former includes the best- and worst-case sce-
nario, where all missing participants in the active and con-
trol arm of every trial are assumed to have experienced the
event, respectively, whereas all missing participants in the
opposing arm are assumed not to have experienced the
event. Scenarios common in both arms constitute the ‘‘all
missing cases are events’’ and ‘‘all missing cases are non-
events’’ where all missing participants in both arms of
every trial are assumed to have experienced or not the
event, respectively. While these scenarios can reveal the
extent to which MOD affect the overall treatment effect,
they may lead to conflicting conclusions and biased results,

Conflict of interest: The author declares no conflict of interest.

* Corresponding author: Institut f€ur Biometrie (OE 8410), Medizini-

sche Hochschule Hannover, Carl-Neuberg-Straße 1, 30625, Hannover,

Germany. Tel.: þ49 0 511 532 4377; fax: þ49 0 511 532 4295.

E-mail address: Spineli.Loukia@mh-hannover.de.

https://doi.org/10.1016/j.jclinepi.2018.09.002

0895-4356/� 2018 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Journal of Clinical Epidemiology 105 (2019) 19e26

Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Spineli.Loukia@mh-hannover.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclinepi.2018.09.002&domain=pdf
https://doi.org/10.1016/j.jclinepi.2018.09.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jclinepi.2018.09.002
https://doi.org/10.1016/j.jclinepi.2018.09.002


What is new?

Key findings
� Affirmation of transitivity assumption in the

context of missing participant outcome data
(MOD) is necessary. Application of scenarios
about MOD without any consideration for their
transitivity across comparisons within a complex
network raises concerns about the validity of tran-
sitivity assumption, and by extent, the credibility of
network meta-analysis (NMA) results.

� Fixing observations before analysis either with
exclusion or imputation of MOD within each trial
leads to more precise NMA treatment effects and
inflated between-trial variance. Particularly, when
extreme scenarios are considered to impute
MOD, different conclusions are drawn about the
relative effectiveness of the interventions. By
contrast, modeling MOD yields more plausible
NMA treatment effects with naturally increased
uncertainty and, in addition, lowers between-trial
variance as a result of inherently adjusting MOD.

What this adds to what was known?
� Opting to model, rather than exclude or impute

MOD, while considering clinically plausible sce-
narios that validate transitivity assumption, consti-
tutes an effective strategy to handle MOD in NMA
as it offers bias-adjusted results and inherent
accountability of uncertainty due to MOD.

What is the implication and what should change
now?
� An attentive analysis plan to handle MOD in NMA

should be provided already in the protocol to avoid
data-driven decisions. The analysis plan should
include and explicitly justify the model for
MOD, the missingness parameter, a scenario for
primary analysis and clinically plausible scenarios
for sensitivity analysis that ensure the validity of
transitivity assumption.

especially, when participant loss is substantial across the
included trials [2,5].

Because access to individual participant data for an
effective management of MOD is rarely the case, an atten-
tive strategy is to use a primary analysis under the missing
at random (MAR) assumption [6e8] and then, investigate
the degree of deviation from this assumption through a
proper statistical model for MOD [5,6,9]. In addition, a se-
ries of sensitivity analyses should follow with plausible sce-
narios of progressive extremitydideally defined already in

the protocol [3]dto investigate the sensitivity of the pri-
mary analysis results to these scenarios [1,8]. Nevertheless,
the analysts typically exclude MOD from all included trials
to perform the primary analysis, whereas they impute MOD
in all trials according to a specific scenario to proceed with
the sensitivity analysis [1e4]. Despite being easy to imple-
ment, these data manipulation does not actually address
MOD because the analysis fails to acknowledge not only
the scenario about MOD that led to data elimination or
augmentation but also the uncertainty around this essen-
tially untestable scenario. Therefore, the manipulated data
are treated spuriously as observed.

The analysts should opt primarily for methodologies that
attempt to incorporate rather than exclude from or impute
MOD in meta-analysis [5,6,9,10]. Pattern-mixture model
is the most popular framework to this direction for being
intuitive and straightforward to implement, especially in
the Bayesian framework [5,9,11]. This model inherently ac-
counts for the bias stemming from MOD and, by extension,
accommodates the uncertainty induced by MOD in the
trial-specific treatment effects and hence in the overall
treatment effect, penalizing trials with larger MOD. In
addition, the model fosters thorough investigation of the
underlying missingness mechanism in every trial, interven-
tion or trial-arm [5].

Pattern-mixture model has been investigated in conven-
tional meta-analysis [5,9]; however, its utility is also rele-
vant to network meta-analysis (NMA), an extension of
conventional meta-analysis that aims to provide internally
coherent relative treatment effects for all pairwise compar-
isons and support outcome-specific hierarchy of the inves-
tigated interventions [12,13]. The affirmation of
additional necessary assumptions, namely, transitivity and
consistency, defines the circumstances that justify the valid-
ity of NMA. Addressing MOD in a network of several in-
terventions offers the opportunity to investigate
thoroughly the extent of MOD in interventions that have
been investigated in different comparisons. Because more
than two interventions frame the research question, the sce-
narios considered to handle missingness in NMA ought to
preserve the plausibility of transitivity assumption to secure
valid inferences. Particular attention is needed in triangle
and more complex structures of networks where some inter-
ventions might be the experimental in one trial but the con-
trol in another trial. In this case, using scenarios specific to
the interventions compared within a trial will result in
inconsistent supposition for the missingness mechanisms
across the network.

The objectives of this article are to elaborate on the con-
ceptual evaluation of transitivity assumption in the context
of binary MOD and to apprize the interested reader of the
proper application of arm-specific scenarios, while account-
ing for the network geometry. Furthermore, we emphasize
on the importance of statistical modeling as a mean to
address MOD properly. Using a published systematic re-
view with NMA, we illustrate the negative implications
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