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Abstract 

The aim of the research presented in this thesis was to advance the critical appraisal of systematic 

reviews using network meta-analysis (NMA) methods for synthesis. My review of systematic 

reviews using NMA methodology for synthesis and their characteristics found a rapid increase in 

publication of such reviews between 2008 and 2012, which has since continued. My survey of 

the authors of these reviews identified standards for reporting such reviews that were consistent 

with those subsequently included in the 2015 PRISMA extension statement for reporting of 

NMA. My programme of research then moved on to summarise how evidence from synthesis 

using NMA was used in NICE clinical guidelines published or updated during 2015-16. This 

found that although NMA methods were used far less often than pair-wise meta-analysis, they 

were used or considered for nearly one quarter of the guidelines reviewed. However, 

recommendations in the guidelines were more often based on results of NMA conducted by the 

Guideline Development Group than on results from previously published systematic reviews 

using NMA methodology. This finding, and reservations expressed by authors in my survey, 

supported the need to identify a critical appraisal tool to help users identify the quality of 

systematic reviews that use NMA methodology. After my review of existing critical appraisal 

tools failed to identify one suitable for systematic reviews using NMA methods for synthesis, I 

constructed a new tool, using the CASP format and based on items contained in the most 

current and most widely used related tools. The new tool was tested for inter-rater reliability and 

the findings of that testing and those from other elements in this programme of research allow 

the thesis to conclude with implications and some recommendations for further optimisation 

and validation of the tool. 
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1 Introduction 

1.1 Overview 

This thesis explores trends in the use of network meta-analysis (NMA) methods for synthesis in 

systematic reviews, current reporting standards and the critical appraisal of such reviews. 

1.2 Background 

1.2.1 Systematic reviews 

Evidence-based health care, whether it is used for decisions about the care of individual patients 

or in the development of health policy, requires at least narrative and, if appropriate, quantitative 

synthesis of clinical trials to identify the best available evidence. Systematic reviews of healthcare 

interventions aim to identify all trials relevant to answering a clinical question and provide a 

reliable estimate of the relative effects of the interventions included. Some of the key reasons for 

seeking all relevant trials include gathering together all the available evidence to make it easily 

accessible, analysing the collected evidence, minimising the risk of bias associated with only 

considering a sample of what could be relevant, informing further research and, because there is 

the potential to increase the statistical power and precision of estimates of effect, quantitatively 

combining data from multiple trials that are sufficiently similar. An essential element of 

conducting a systematic review is the critical appraisal of included studies in order to summarise 

their quality, or methodological rigour, sources of potential bias and applicability1. 

Attention to collecting all available research evidence on a clinical topic in a systematic way 

increased from the 1970s onwards2. By 2007, the estimated number of health-related systematic 

reviews published in one year was 25003 and by 2010, close to the time that I started this 

programme of research, the estimate was 40004. Since then, it has continued to grow, with Page 

et al estimating 8000 systematic reviews were published during 20145 and Gurevitch et al 

estimating that the total available in the literature was beyond 200,000 by 20186. 
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1.2.2 Meta-analysis 

Individual clinical trials rarely have sufficient power to provide definitive answers to clinical 

questions, so methods of statistical synthesis, known as meta-analysis, have been used to 

combine data from similar trials to achieve sufficient statistical power and improve precision of 

the estimate of effect size. Systematic reviews often report meta-analysis of data extracted from 

trials that meet the inclusion criteria for the review. It is recommended however, to only conduct 

meta-analysis using data from trials that are judged to be sufficiently similar in characteristics, of 

sufficient methodological quality and sufficiently free from bias1. 

Possibly the earliest example of the use of statistical techniques to combine data from multiple 

trials was published in 19047 but the term ‘meta-analysis’ was first introduced in 19768, coinciding 

with the start of a period of increased attention to systematic reviews. The growth in publication 

of meta-analyses has since followed a similar trend to that of systematic reviews, with Lee et al9 

reporting that publication of health-related meta-analyses increased from 7 in 1980 to 400 in 

2000. The numbers they identified were acknowledged to be an under-estimate of the true 

annual totals but provided a fair representation of an increasing trend in publication towards the 

end of the twentieth century, which has continued and gathered considerable pace in the 20 years 

since then. A search of MEDLINE in November 2019 for records tagged with both ‘systematic 

review’ and ‘meta-analysis’ MeSH terms and limited to human subjects retrieved 6820 records 

for publications during 2018. 

Variability amongst studies included in a meta-analysis is known as heterogeneity. Such 

heterogeneity may be clinical (variability in the participants, interventions or outcomes studied), 

methodological (variability in an aspect of study design or other risk of bias) or statistical 

(variability in the estimates of intervention effects). The latter may be due to either of the former 

two or a combination of both10. Sometimes clinical heterogeneity will be the result of a deliberate 

choice e.g. to estimate effects on a wider population than has been studied in an individual trial 
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or to estimate effects of a group of interventions rather than a single one. It is standard practice 

to accompany the results of a meta-analysis with a statistical measure of heterogeneity e.g. the 

chi-squared test11 or the I2 statistic12. Potential reasons for the level of statistical heterogeneity 

found should be considered when interpreting the results of a meta-analysis1. 

One key decision when conducting meta-analysis is whether to use a fixed-effect or random-

effects model. A fixed-effect model assumes that variability in the effects of an intervention 

across studies are by chance. A random-effects model also assumes that variability in the effects 

across studies are by chance but additionally that they are across a normal distribution of 

variation due to heterogeneity in the studies. A fixed-effect result has been described as a ‘typical 

intervention effect’ and a random-effects result an ‘average intervention effect’1. The dependence 

of the findings of a meta-analysis on the choice to use a fixed-effect or random-effects model 

can be investigated in a sensitivity analysis. Sensitivity analyses are usually undertaken to assess 

the robustness of the results of meta-analysis are i.e. how they are affected by choices made in 

the conduct of statistical synthesis including the criteria for selection of studies for inclusion, the 

data combined and the analysis methods. 

1.2.3 Network meta-analysis 

The form of meta-analysis commonly used in systematic reviews since the 1970s is pair-wise 

meta-analysis. This can only be used to combine data from trials comparing directly the 

interventions of interest i.e. intervention A v. placebo, or intervention B v. intervention C. 

Health-related intervention trials commonly compare a new intervention with usual care or a 

placebo, or with an existing leader in the field. Over time, different interventions may be 

regarded as the leader or as a valid alternative to the new intervention. Therefore, seeking the 

answer to a current clinical question may involve combining data from multiple trials that tested 

more than two interventions. Not all these interventions will have been compared directly with 

each other and some might no longer be an option for a current decision. Primary research that 
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compares all the interventions is commonly not available, which leaves health practitioners and 

makers of health policy with an incomplete series of pair-wise comparisons and important gaps 

in the available evidence. 

However, data from trials can also be synthesized to make indirect comparisons between 

interventions13-16. As with pair-wise meta-analysis, heterogeneity should be routinely considered 

when assessing the validity of the results of indirect comparison meta-analysis. NMA is an 

extension of pair-wise meta-analysis with the ability to compare simultaneously more than two 

interventions, to compare interventions that have not been directly compared in trials and to 

increase the precision of the estimate of effect size, but it is important that they are used and 

interpreted appropriately. 

NMA can be used to estimate the effects of multiple interventions, by combining both indirect 

and direct comparisons. This requires a network in which each intervention shares a comparator 

with at least one other intervention. NMA provides a single synthesis of direct and indirect 

comparisons between all interventions in the network, potentially providing clinicians and 

policymakers with answers that make the maximum use of the available evidence, to compare 

multiple interventions.  

Appropriate use of NMA methods is dependent on key assumptions, particularly those of 

transitivity and consistency, which assume that there are no systematic differences, other than 

the interventions being compared, between the direct comparisons whose results are being 

included in a synthesis and that, therefore, there is agreement between direct and indirect 

comparisons of each pair of interventions within the network. Assessing the validity of these 

requires input of both content and methodological expertise. These assumptions and details of 

the history and concept of NMA are described further in Chapter Two. 

At the time of commencing the work described in this thesis in 2011, NMA was a relatively new 

form of statistical synthesis and the most recent review at that time, by Edwards et al, had found 
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use of NMA methodology was reported in a total of only 7 published systematic reviews up to 

200717. By 2015, the estimated number of published systematic reviews using NMA methodology 

had risen to 150 per year18. 

1.2.4 Critical appraisal  

Critical appraisal involves assessing the report of a study for methodological quality, any 

likelihood of bias affecting the reported results and applicability to the situation the end-user is 

trying to address. This assessment should be applied both to reports of individual trials and to 

those of systematic reviews19. The importance of critical appraisal is illustrated by examples of 

the impact on research results that various aspects of study design can have20-23. Systematic 

reviews considering an identical question can produce inconsistent results, which is associated 

with variation in methodological quality24. Some authors have explored the impact of bias 

specific to systematic reviews and meta-analyses e.g. range of databases searched25, publication 

bias26 and selective reporting27. 

Two internationally recognised centres of excellence for accessing critical appraisal tools and 

training are the Critical Appraisal Skills Programme (CASP28), based in Oxford, UK, and the 

Joanna Briggs Institute(JBI29), in Adelaide, Australia. CASP was developed following the Getting 

Research into Practice Project in the 1980s, which, 

‘identified a lack of appreciation among managers and policy makers for the importance of using research evidence 
to inform decisions’ 

CASP evolved from initial educational workshops seeking to raise awareness of using research 

evidence to focusing on systematic reviews as, ‘decision- makers’ best resource for research evidence’. It 

now has branches in multiple countries worldwide, provides training and a range of critical 

appraisal tools for a wide variety of types of research study. 

Systematic reviews of critical appraisal tools (CATs) have concluded that further work is needed 

to reach a consensus on items to include in such tools30 and that, for appraisal of systematic 
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reviews, any CAT that is used should be appropriate for the type of review being considered31. It 

follows therefore that a CAT used to appraise a systematic review reporting synthesis using 

NMA methods should include items that are particularly relevant to the NMA methodology. 

1.2.5 Reporting standards 

Critical appraisal depends to a large extent on the quality of reporting because, unless they are 

going to seek additional information from the authors, an appraiser can only make judgements of 

how a study was conducted based on what has been registered or reported. Good reporting 

should not necessarily lead to the conclusion from critical appraisal that a review is of high 

quality, not significantly affected by bias or that its results are applicable, each of which have to 

be assessed in their own right, though an association between good reporting and 

methodological quality has been found32, 33.  

Standards for reporting were developed to encourage transparency regarding the conduct of 

research in order that, 

‘the reader can form an opinion about the validity, strengths, weaknesses and biases of the review’34. 

International consensus standards for the reporting of systematic reviews and meta-analyses were 

first developed and published as the Quality of reporting of meta-analyses (QUOROM) 

statement in 199935 and updated in 2009 to become the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement36. Network meta-analysis methods had become 

sufficiently commonly used by the time of the 2009 PRISMA Statement, to warrant mention as a 

form of meta-analysis that combined direct and indirect comparisons but the statement did not 

make any recommendations for reporting the specifics of NMA methodology. 

In considering the impact of reporting guidelines on the quality of reports, Plint et al37 

demonstrated that the reporting of randomised controlled trials (RCTs) had improved by 2006, 

subsequent to the 2001 publication of the CONSORT Statement’s recommendations for 

improving the quality of reports of RCTs. Delaney et al38 found some improvement in reporting 
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of systematic reviews by 2005 since the publication of QUOROM in 1999, but Moher et al3 still 

found inconsistent reporting of systematic reviews in 2007, when they noted that the uptake of 

QUOROM had been slower than that of CONSORT and hoped for further improvement. In 

assessing the quality of reporting since the publication of the PRISMA Statement in 2009, a 

review found that 67% of PRISMA criteria were met in a sample of 23 systematic reviews 

published during 2013, suggesting there had been some improvement in reporting39, however 

concerns about inconsistency in reporting persist40, 41.  

Since 2009, nine extensions to the PRISMA Statement have been developed and a further two 

are in development, as of November 201942. The Extension Statement covering the reporting of 

systematic reviews incorporating NMA was published in 201543. In 2018, a protocol for updating 

the PRISMA Statement was published44. 

1.3 Aim of Thesis 

The programme of research presented in this thesis aimed to advance critical appraisal of 

systematic reviews using NMA methods for synthesis. It was conducted over 8 years as a series 

of steps, each building on the previous one, as described below. 

1.4 Research Timeline 

The research reported in this thesis was conducted at the following times: 

2012 Review of NMAs in published systematic reviews 

2014 Survey of authors of NMAs 

2017 Review of the use of network meta-analysis evidence in NICE clinical guidelines 

2018 Review of critical appraisal tools 

2019 Development and inter-rater reliability testing of new critical appraisal tool  
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1.5 Research Methodology 

The various elements in my research used methods appropriate to the specific objectives and 

research questions, including literature reviews, a qualitative survey and qualitative synthesis. 

1.6 Research Objectives 

The research objectives of this thesis were to: 

1 Review NMAs in published systematic reviews: 

1.1 Identify the number of such systematic reviews published, by year up to 

2012.  

1.2 Analyse and summarise the clinical topic areas and selected details of the 

synthesis in these reviews: the number of interventions compared; the 

network structure; and the software used to conduct the synthesis. 

2 Survey authors of NMA: 

2.1 Identify a list of reporting requirements that authors who had published 

NMA consider essential.  

2.2 Analyse and summarise themes from these authors’ responses regarding 

future use of NMA. 

3 Assess use of NMA evidence in NICE clinical guidelines: 

3.1 Identify the number of instances of results from NMA being directly 

linked as evidence for recommendations within NICE clinical guidelines.  

3.2 Summarise references within guidelines to previously published 

systematic reviews that use NMA methodology for synthesis.  

3.3 Summarise NMAs undertaken by guideline development groups. 

4 Review existing tools that might be used to critically appraise systematic reviews 

using NMA methodology: 
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4.1 Identify existing critical appraisal tools that address some or all aspects of 

quality of systematic reviews using NMA methodology for synthesis.  

4.2 Determine whether any existing critical appraisal tool is already suitable 

for end-users without specialist knowledge of NMA methodology.  

4.3 Identify methods for validating a critical appraisal tool in the event that 

the conclusion of this element in my research is that a new tool should be 

developed. 

5 Develop a new critical appraisal tool: 

5.1 Identify appropriate items to include in a critical appraisal tool for 

systematic reviews using NMA methods for synthesis. 

5.2 Conduct an inter-rater reliability test of the new tool. 

1.7 Structure of Thesis 

1.7.1 Chapter 2: History of network meta-analysis 

Chapter Two summarises the history of developments in the methodology and the use of NMA. 

NMA methods appear to have a role in evidence synthesis that can overcome limitations of pair-

wise meta-analysis, but researchers have made relatively little use of them compared to the very 

widespread use of pair-wise meta-analysis. This discrepancy prompted consideration of whether 

wider use of this methodology would be appropriate, what factors could be limiting greater use 

of the methods and how publications had altered up to 2012. 

1.7.2 Chapter 3: Network Meta-analyses in Published Systematic Reviews 

Chapter Three reports the review that was designed to explore whether the use of this 

methodology in systematic reviews had increased. It found a substantial increase in the 

publishing of NMAs in systematic reviews from 2009 to 2012, which has continued since then. 

Consideration is given as to what has led to the step change and explores this in relation to 

accessibility and acceptability of NMA methods, and changes in reporting. The increase made it 
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timely for consensus on standards of conduct and reporting of NMAs to be established and 

incorporated into guidance on best practice for systematic reviews.  

1.7.3 Chapter 4: Survey of authors 

Chapter Four describes the survey of authors who had published the systematic reviews using 

NMA methods for synthesis that I identified in my review. It sought to identify items that might 

be included in standards for reporting and to identify factors that might limit further increases in 

the use of NMA methods. Information gathered from the authors in 2014 demonstrated strong 

support for adoption of standards for the conduct and reporting of NMA. The elements of 

reporting standards proposed by these authors were consistent with those subsequently included 

in the 2015 PRISMA extension statement to cover the reporting of NMA. However, my survey 

also identified some reservation, even amongst existing users of NMA methods, regarding 

greater use of the methods by researchers and about the ability of publishers and end-users to 

critically appraise the quality of evidence produced using these methods. This finding supported 

the need to identify a suitable critical appraisal tool, addressed in Chapters 6 and 7. 

1.7.4 Chapter 5: Use of network meta-analysis evidence in NICE clinical guidelines    

Chapter Five explores what impact the increasing amount of evidence produced using NMA is 

having on clinical practice and health service policy in the form of being incorporated into 

national clinical guidelines. NICE clinical guidelines, published or updated in 2015 or 2016, were 

reviewed. NMA methods were found to be used far less often than pair-wise meta-analysis but 

were used or considered for nearly one quarter of the guidelines reviewed. Recommendations in 

the guidelines were more often based on results of NMA conducted by the Guideline 

Development Group (GDG) than on results from previously published systematic reviews using 

NMA methodology. The relatively small number of previously published systematic reviews 

using NMA methodology that GDGs considered suitable to base recommendations on further 
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supported the need to identify a suitable critical appraisal tool to help users identify the quality of 

existing and future systematic reviews that use NMA methodology. 

1.7.5 Chapter 6: Review of critical appraisal tools 

Chapter Six reports a review undertaken in 2018 to identify existing critical appraisal tools that 

address some or all aspects of quality of systematic reviews using NMA methodology for 

synthesis and determine whether any existing one was already suitable for end-users without 

specialist knowledge of NMA methodology. It also sought to identify methods for validating a 

critical appraisal tool. Critical appraisal tools were identified containing some items and guidance 

that address the risk of bias in systematic reviews reporting synthesis using NMA methodology 

but none that met all my criteria to be user-friendly to the widest group of users. The empirical 

approaches used to construct tools and inter-rater reliability testing were summarised. 

1.7.6 Chapter 7: Critical appraisal tool development 

Chapter Seven describes the development of a new tool, based on the CASP systematic review 

CAT, constructed by sourcing and cross-referencing items and guidance from the most current 

and most widely used related tools that have been constructed for appraisal of systematic reviews 

and/or NMA. The new tool is presented. Inter-rater reliability testing of the new tool and 

feedback from raters is reported. 

1.7.7 Chapter 8: Discussion and conclusion 

Chapter Eight summarises the thesis in terms of its contribution to knowledge in the fields of 

application of NMA methods within systematic reviews and critical appraisal of such reviews. 

The evidence from this thesis is that, although far less commonly used than pair-wise meta-

analysis, use of NMA methods continues to increase and is frequently used as the basis for 

recommendations in UK national clinical guidelines. Reporting standards to cover the use of 

NMA methods in systematic reviews have been welcomed and authors of the majority of 

published reviews are now following these standards. The user-friendly critical appraisal tool, 
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with content aimed at non-specialist users, constructed as part of this thesis, needs further 

research to determine how it might be optimised or used to contribute to the content and format 

of an alternative new or revised tool for the 2020s.. 
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CHAPTER TWO 
 
History of network meta-analysis  
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2 History of network meta-analysis 

2.1 Chapter Aim and Objectives 

The aim of this chapter is to summarise the history of developments in the methodology and the 

use of network meta-analysis (NMA). 

2.2 The Evolution of Research Synthesis 

NMA is a method of research synthesis, so any history of this specific method must 

acknowledge it is just one part of the overall history of research synthesis. That wider history is 

well described by others1, 2 so this chapter focuses on the origins and development of NMA as a 

particular method of synthesis, which has also been described as mixed treatment comparison or 

multiple treatments comparison3. 

2.3 The Concept of Network Meta-Analysis 

NMA is an extension of pair-wise meta-analysis, but with three main advantages claimed for 

NMA. Firstly, it allows more than two interventions to be compared simultaneously; secondly, 

interventions can be compared even if they have not been directly compared in trials; and thirdly, 

it increases precision of the estimate of effect size, by ‘borrowing strength’4, if the key assumptions 

described below are valid. 

When seeking to compare the effects of interventions A, B and C if there are trials of A versus B 

and B versus C, but not of A versus C, an estimate of the relative effects of A compared to C 

can be made by indirect comparison using the results of the trials of A versus B and B versus C. 

This indirect comparison uses the results of meta-analysis of all trials in each direct comparison, 

as explained by Bucher5, to combine, in a single synthesis, all the available direct comparisons 

and all the indirect comparisons that can be estimated between the selected interventions. 

A network diagram can be drawn illustrating the direct comparisons between A, B and C. In 

more complex networks, multiple combinations of direct comparisons are used to estimate the 
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same indirect comparison, which are then incorporated in the synthesis. These networks might 

have more than three interventions and have varying complexity of geometry. Among the 

simplest is a star, in which the intervention at the centre is the common comparator to all the 

other interventions. More complex forms of network geometry, when there are common 

comparators for only a few of a more diverse range of interventions involve multiple conjoined 

loops and sidearms. 

Figure 2.1 shows an example of a network diagram from a NMA comparing six interventions, A-

F. The solid lines show where trial results of direct comparisons exist. In this example, there is 

no single common comparator for all the interventions, but each intervention shares at least one 

comparator with another intervention in the network. The thickness of each connecting line 

represents the number of trials between the pair of interventions at either end of the line and the 

size of each node (letter within a circle) represents the number of participants receiving the 

intervention. Some network diagrams also include the actual numbers of trials, participants or 

both. 

 

Figure 2.1 Network diagram example 

A

B C

D

EF
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Transitivity and consistency are two key assumptions for these analyses. Transitivity is the 

assumption that the distribution of effect modifiers (the clinical and methodological 

characteristics that can affect the outcome) are similar in each set of direct comparisons 

involving a common comparator (e.g. A versus C and B versus C) used to make an indirect 

comparison; in this example, A versus B6. It cannot be assessed statistically but requires critical 

interpretation, in relation to each possible indirect comparison, of the effect modifiers in the 

trials whose results are considered for synthesis. Before a NMA is conducted, those trials must 

be assessed for significant differences in their populations, interventions, outcomes, 

methodological features and reporting7. It is also important to note that even placebo response 

has been found to vary over time, which might affect the transitivity assumption when placebo is 

a common comparator8.  

Consistency is an extension of transitivity. It is the assumption of agreement between the results 

of direct and indirect comparisons for each pair of interventions. This can be assessed 

statistically but only when there are both direct and indirect comparisons of one or more pairs of 

interventions within a network, known as ‘closed loops’. The assumption of transitivity needs to 

be reconsidered if inconsistency is detected. If inconsistency is not detected statistically, 

however, that does not automatically validate the transitivity assumption7. 

2.4 Origins and Evolution of the Methodology 

In 1989, Eddy first described the ‘Confidence Profile Method’9, and the Eddy, Hasselblad and 

Shachter publication the following year, ‘A Bayesian Method for Synthesising Evidence’10, 

described:  

‘a collection of meta-analysis techniques based on Bayesian methods for interpreting, adjusting, and combining 
evidence to estimate parameters and outcomes important to the assessment of health technologies.’ 

These techniques were collectively called the Confidence Profile Method (CPM) and the article 

explained indirect comparison with the following example: 
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‘The approach is to use the available evidence to derive probability distributions for the various pairs 
that have been directly compared. A distribution for the relative effects of other pairs can then be 
calculated by a series of convolutions. The concept is illustrated by calculating the difference between the 
test scores of Tom and Bill from knowledge of the differences in scores between Tom and George, and 
George and Bill.’ 

Practical application of the methodology was supported by software to conduct the synthesis. 

Eddy initially used SOFT*PRO, but the commonest software in published systematic reviews 

reporting NMA3 is WinBUGS (initially BUGS)11. This uses Bayesian methods and such methods 

are predominant in both software use and methodological developments in NMA, but 

frequentist approaches and software are also used12, 13. 

A series of methodological publications through the 1990s built on the CPM approach, including 

notably those by Smith, Spiegelhalter and Thomas14 and by Higgins and Whitehead4. In 1996, the 

latter wrote about borrowing strength from external trials in a meta-analysis. They argued, 

‘Many meta-analysis papers include data from three or more treatments, but only consider pairwise 
comparisons of, say treatment A with control and treatment B with control. There would seem to be 
little reason not to combine all treatments into one analysis.’ 

They used the BUGS software to combine the results of trials comparing the effects of beta-

blockers versus sclerotherapy, beta-blockers versus control and sclerotherapy versus control on 

preventing cirrhosis-related bleeding. This was later described by Salanti and Schmid15 as, 

‘the first to articulate that relative effects of different treatments can be jointly estimated in a single meta-
analysis model to improve power. This landmark paper introduced the basis for the methodology which, 
now extended and refined, is increasingly known as network meta-analysis.’ 

In 2002, Lumley published ‘Network meta-analysis for indirect treatment comparisons’16 in which he: 

‘presented methods of estimating treatment differences between treatments that have not been directly 
compared in a randomized trial, and, more importantly, methods of estimating the uncertainty in these 
differences.’ 

Lumley acknowledged the limitation of his methods, which was restricted to each trial only 

having two intervention groups, 

‘Meta-analyses with large numbers of multi-armed trials present difficulties for network meta-analysis, 
and extensions to handle multi-armed trials correctly should be investigated.’ 
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Ades subsequently described methods to encompass multi-arm trials and multiple outcomes. In 

his 2003 article17, he stated: 

‘The aim of nearly all meta-analysis has been to summarize evidence comparing one or sometimes more 
treatments. Usually, only a single outcome is examined, and if there is more than one outcome these are 
explored in separate meta-analyses, rather than simultaneously. This paper concerns the possibility of 
combining information from different studies on different, but structurally related, outcomes, and using 
the data to construct a single model which expresses the relationships between the different kinds of 
data.’ 

The following year, together with Lu, Ades published ‘Combination of direct and indirect evidence in 

mixed treatment comparisons’18, which was the most frequently cited origin of current network meta-

analysis methodology in the survey of published network meta-analysis described later in 

Chapter Three18. They extended the model proposed by Smith, Spiegelhalter and Thomas14 to 

encompass trials with more than two intervention groups.  

A review of the methods for NMA, with particular emphasis on the issue of inconsistency 

between direct and indirect evidence, was published in 2008 by Salanti et al19. They explained 

that inconsistency in estimates of intervention effects obtained from direct and indirect 

comparisons may indicate diversity, bias or a combination of both and described modelling to 

test for consistency. The review considered potential sources of inconsistency, including genuine 

diversity in the characteristics of included trials, selection bias, study quality and sponsorship 

bias. It stresses the importance of planning in advance for investigation of inconsistency, because 

clinical and epidemiological assessment of inconsistency may be difficult because of factors such 

as reporting deficiencies or lack of sufficient studies for some comparisons. Salanti et al also 

highlighted that attention to the geometry (the overall pattern of comparisons amongst 

interventions) and the asymmetry (the extent to which specific comparisons of interventions are 

represented more heavily than others in the number of included trials or participants) of 

networks can be used to inform the design of new trials that would most usefully add to the 

overall network. 
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A more recent review of NMA methods was published in 2016 by Efthimiou et al7 which 

summarises newer publications on the use of NMA methods. This includes various models for 

performing NMA, statistical methods for assessing inconsistency, software options, investigating 

sources of potential bias and reporting results.  

The use of individual participant data (IPD) in meta-analyses has many advantages over the use 

of aggregate data, including improving the quantity and quality of data, which has resulted in it 

being considered as ‘the gold standard in evidence synthesis’ 20. The use of this approach, initially using 

PWMA methods, increased between the early 1990s and 2008 to around 50 publications per 

year21. The number of systematic reviews using IPD was found to be 10-22 per year with no 

particular growth trend in the years leading up to 201522. Gao et al found that the first IPD using 

NMA methods was published in 2007 and that 21 IPDs using NMA methods were published by 

June 201923. There are limitations as well as advantages to use of IPD and guidance has been 

published on the best use of IPD meta-analysis generally24 and specifically on the use of NMA 

methods with IPD20. 

Multiple outcomes multivariate meta-analysis (MOMA) is another approach to meta-analysis that 

has been increasing in recent years25. Relevant studies that might be considered for synthesis may 

not report the same outcomes, which could result in their exclusion from traditional meta-

analyses, but MOMA allows for inclusion where outcomes can be regarded as highly correlated. 

Guidance on conducting this type of synthesis using NMA methods has been published in the 

recent years25-27, including the use of IPD28. 

In recent years, interest has developed in creating and maintaining continuously updated meta-

analyses using NMA methods29 and, in 2020, a major project of this kind for Covid-19 related 

interventions has begun30. 
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2.5 Approaches to conducting Network Meta-analysis 

A simple meta-regression approach can be used for NMA if there is no multi-arm trial in the 

network31. However, if the network includes multi-arm trials, other methods are more 

appropriate. Bayesian methods have been used most frequently32, partly because this approach 

can most naturally produce estimates of ranking probabilities for the interventions being 

compared (to give the probability that each intervention is most effective through to least 

effective)33; but frequentist methods to approximate ranking have also been described34. The 

hierarchical model approach is detailed by Lu and Ades18 and by Salanti19. 

An alternative approach is multi-variate meta-analysis, which can be conducted using Bayesian35 

or Frequentist methods36. A further approach, based on graph-theoretical methods, has been 

described by Rucker37. 

The frequentist approach assumes that the intervention effect has a true value, and the 

confidence intervals results define the range of values to include that true value with a minimum 

probability, usually 95%. The Bayesian approach assumes that the intervention effect has a fixed 

value but within a probability distribution based on a ‘prior’, which might be a value chosen from 

existing evidence or might be a ‘best guess’. The credible interval results of a Bayesian meta-

analysis provide the probability of the range of values within which the fixed value lies, given the 

data, and this range is the ‘posterior’ that includes 95% of the probability. 

2.6 Use of the NMA Methodology in Published Systematic Reviews 

In 1999 Dominici et al38, used Bayesian methods and data from 46 trials of treatments to prevent 

migraine headache to produce a ranking of treatments. They stated their aims as, 

“In this article we present a meta-analysis of these 46 trials with the goal of synthesizing existing 
evidence about which treatments are most effective and of quantifying the remaining uncertainty about 
treatment effectiveness. We hope that the results and methods will be useful in supporting clinical 
treatment decisions and will help guide the planning of new trials. The critical statistical aspects of this 
goal are the estimation of treatment effects on a common scale and the relative ranking of treatments, 
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both within classes and overall. This requires indirect comparisons among treatments that may never 
have been tested together in the same trial.” 

They had used data collected by another team working on a systematic review and the first 

published NMA as part of a systematic review conducted by the authors, seems to be in 2003 by 

Psaty et al39. Their explanation for selecting this method to study treatments for high blood 

pressure summarises well the commonest problem in using only pair-wise meta-analysis to 

inform clinical decision making: 

‘the clinical trials in hypertension have provided a patchwork of evidence about the health benefits of 
antihypertensive agents. Some trials used placebo or untreated controls, and others used active-treatment 
comparison groups. Among the latter, the choice of treatment and comparison therapies has varied from 
one trial to the next. Several approaches to the synthesis of these complex data are possible. The Blood 
Pressure Trialists, for instance, conducted a prospective series of mini-meta-analyses, but this method left 
many “unresolved issues” due to multiple comparisons and low power. In this study, we used a new 
technique, called network meta-analysis, to synthesize the available evidence from placebo-controlled and 
comparative trials in a single meta-analysis.’ 

Subsequent uses of network meta-analyses were initially slow to appear in the healthcare 

literature. Edwards et al40 identified only seven published systematic reviews reporting NMA, up 

to July 2007. 

2.7 Guidance on the conduct and reporting of NMA 

When the first standards for the reporting of systematic reviews and meta-analyses were 

published in the QUOROM statement41, the concept of NMA was still in its infancy. However 

by the time of the PRISMA statement in 200942, NMA warranted mention as a form of meta-

analysis that combined direct and indirect comparisons but the PRISMA 2009 statement did not 

make recommendations relating to reporting that address the specifics of NMA methodology. 

For standards of conduct of systematic reviews, it directed readers to the guidance published by 

The Cochrane Collaboration43 and the Centre for Reviews and Dissemination44; both of which 

contained very limited guidance on the use of NMA methodology in systematic reviews. 

Reporting standards for use of NMA methods were subsequently published as a PRISMA 

Extension Statement in 201545. 
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The National Institute for Health and Care Excellence (NICE) Methods Guide 2008 update46 

included a section on NMA for the first time and the NICE Decision Support Unit’s Evidence 

Synthesis TSD series47, published initially in 2011, expanded on that guidance. Also in 2011, the 

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) published 

reports on the interpretation and conduct of network meta-analysis12, 13, and Ades48 observed that 

this, 

‘seems to represent the first position statement from an academic body on these methods’. 

 

The Cochrane Comparing Multiple Interventions Methods Group (CMIMG) was established in 

2010 and has since produced guidance on the use of NMA methods in Cochrane Reviews and 

promoted training in use of these methods. Version 6 of the Cochrane Handbook for Systematic 

Reviews of Interventions, published in 2019, contained ‘a major new core chapter’, addressing NMA 

within the handbook, for the first time49. This guidance emphasises that NMA is ‘more statistically 

complex than a standard meta-analysis’  and that, consequently, ‘close collaboration’ between a statistician 

with expertise in NMA methods and those with expertise in the clinical content area is essential 

in the design and conduct of a review to ensure that studies selected for inclusion in NMA fulfil 

the assumptions of transitivity and consistency50. 

 

2.8 Conclusions 

2.8.1 Summary of the findings of this chapter 

NMA is a relatively new form of evidence synthesis. As outlined by Salanti51, it has faced similar 

scepticism to that raised originally about pair-wise meta-analysis. Only 7 systematic reviews 

reporting the use of this method were found up to July 2007, but it appeared to have the 

potential for greater use and this use has gradually increased through the past decade. 



28 
 

2.8.2 Implications of the findings of this chapter 

NMA methods appear to have a role in evidence synthesis that can overcome limitations of pair-

wise meta-analysis, but researchers have made relatively little use of them so far. This prompts 

the question of whether greater use would be appropriate and, if so, what factors could be 

limiting this greater use. To help address this, I conducted a new review of published systematic 

reviews reporting NMA to identify whether the use had increased by the time that my 

programme of research began (2012), to analyse which clinical areas were being studied using 

this method and to identify what details were being reported of the choices made when using the 

method. This review is reported in Chapter Three. 
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2.9 Chapter Summary 

 NMA is a relatively new form of evidence synthesis 

 An early review found that only 7 systematic reviews reporting use of this method were 

available to July 2007  

 The next step was to conduct an updated review of published systematic reviews 

reporting NMA to identify whether the rate of publications had altered  
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CHAPTER THREE  
 
Network Meta-analyses in Published Systematic Reviews 
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3 Network Meta-analyses in Published Systematic 
Reviews 

The work described in this chapter was published in the Journal of Clinical Epidemiology and 

much of the text of that article is repeated verbatim: 

Lee, A.W. Review of mixed treatment comparisons in published systematic reviews shows a 

marked increase since 2009. Journal of Clinical Epidemiology 2013; 67: 138-43. 

doi.org/10.1016/j.jclinepi.2013.07.0141 

3.1 Background 

In 2009, Edwards et al 2 reviewed the use of various methods of indirect comparison in 

systematic reviews and reported that, other than methods relying on a single common 

comparator, the mixed treatment comparison (MTC) method was the only one that could 

estimate the difference between interventions and provide a measure of the uncertainty 

around that estimate. In addition to MTC, other terms for methods used to compare multiple 

interventions in a single synthesis include multiple treatment comparison (also known by the 

same acronym MTC), multiple treatments meta-analysis and network meta-analysis (NMA)3-5, 

but network meta-analysis has become the term used in guidance relating to the use, reporting 

and interpretation of these methods6-9. This chapter presents the results of my review of the 

use of NMA in systematic reviews, which was conducted in 2012 and Chapter Eight describes 

subsequent trends. 

3.2 Chapter Aim and Objectives 

The aim of this chapter is to report and investigate trends in the publication of systematic 

reviews that use NMA methodology for synthesis, and their characteristics in the period to the 

middle of 2012 (with trends in publication since 2012 discussed in Chapter Eight). The 

primary objective was to identify the number of such systematic reviews published by year. 

Secondary objectives were to analyse and summarise the clinical topic areas and selected 
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details of the synthesis: the number of interventions compared; the network structure; and the 

software used to conduct the synthesis. 

3.3 Methods 

Research database searches were undertaken to identify systematic reviews using meta-analysis 

for synthesis. 

3.3.1 Search strategy 

The search strategy was developed, with advice from a librarian, to include the various search 

terms for the synthesis method, in free text, allowing for spelling and plurality variations. The 

Medical Subject Heading (MeSH) term for meta-analysis was also included for databases that 

allow searching by MeSH terms, but no MeSH term was available for the specific synthesis 

method the search aimed to identify (namely, network meta-analysis). The search strategy was 

modified to suit the requirements of each of the databases searched since some do not allow 

searching using MeSH terms. 

MEDLINE (1946 to 2012), MEDLINE In-Process, Embase (1988 to 2012), CINAHL, 

DARE, and the Cochrane Database of Systematic Reviews (CDSR; September 2012) were 

searched for published reviews. SIGLE was searched for reviews reported as conference 

abstracts. Searches were not restricted by language. These searches were last updated on 

September 21, 2012. The reference lists of articles retrieved were also checked for potentially 

eligible articles.  

My initial search strategy found the 7 eligible NMAs identified by Edwards2. However, 

checking the reference lists of later NMAs identified one review that had been missed by the 

electronic database searching. I amended the search strategy, based on the keyword terms 

attached to this review, to include the MESH term for Bayes Theorem and Bayes as a free-

text search term. This amended strategy identified an additional 27 records, from which five 
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eligible reviews were retrieved. As an example, the final amended search strategy used for 

MEDLINE is shown in Figure 3.1.  

 

#1           exp Meta-Analysis/ 

#2           meta*analys$.mp. 

#3           mixed treatment comparison$.mp. 

#4           multiple treatment comparison$.mp. 

#5           network meta-analysis.mp. 

#6           mixed treatment.mp. 

#7           multiple*treatment$.mp. 

#8           network.mp. 

#9           exp Bayes Theorem/ 

#10         bayes$.mp. 

#11         3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 

#12         1 or 2 

#13         11 and 12 

#14         limit 13 to humans 

Figure 3.1. MEDLINE search strategy  
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3.3.2 Inclusion criteria 

Systematic reviews of healthcare interventions in humans, published up to the end of June 

2012 (including articles that were published “online first” before that date but which appeared 

in print later), in which a meta-analysis combined direct and indirect comparisons among 

more than two interventions (not counting placebo or usual care) were eligible. Reviews could 

be of any interventions and report any outcome of benefit or harm. Conference abstracts 

were included if the comparisons and outcomes of meta-analysis were reported and the 

review had not been separately reported as a journal article. Methodological articles and cost-

effectiveness studies were included if they reported a new NMA using trials identified by a 

systematic review. 

3.3.3 Selection of studies 

A single reviewer screened abstracts of the records identified by the searches against the 

inclusion criteria, with the default to retrieve the full article for further consideration if there 

was uncertainty based on the abstract. Retrieved full articles were reviewed to make a final 

decision on eligibility. No assessment was made of quality or risk of bias in the reviews. 

3.3.4 Data extraction 

Search results from each database were exported to Endnote X5 software (Thomson Reuters 

[Scientific] Inc., New York, NY). After identifying and removing duplicate results in Endnote, 

the remaining unique results were exported to an electronic Microsoft Excel spreadsheet. The 

following data were extracted to the spreadsheet: authors, year of publication, interventions 

included in NMA, outcomes included in NMA, network structure, software used for data 

synthesis, and type of publication. One or more clinical topics, selected to match the top level 

clinical topics used by the CDSR, were assigned to each review to classify the clinical area of 

each review. This work was done by a single reviewer. 
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3.4 Results 

3.4.1 Articles retrieved 

The number of records retrieved by the final search of each source was 625 (MEDLINE and 

MEDLINE In-Process), 1103 (Embase), 81 (CINAHL), 400 (DARE), 91 (CDSR), and 18 

(SIGLE). Other searching identified eight articles. Nearly all articles were published in 

English, but one published in Chinese was also retrieved. 390 records were judged to be 

potentially eligible based on the abstract and the full-text articles were retrieved for these. 

Figure 3.2 summarises the retrieval, exclusion and final inclusion of articles. 

3.4.2 Articles included  

Authors used various terms when reporting NMAs, including multiple treatment comparison and 

network meta-analysis. These terms were also used variably to describe a single synthesis of the 

results of direct and indirect comparisons or to describe a series of separate direct or indirect 

pair-wise comparisons. Mixed treatment comparison was used most consistently as a term to 

describe a single synthesis of the results of direct and indirect comparisons in these pre-2013 

publications. Consequently, the term mixed treatment comparison was used in the published 

report of this review1. However, since that time, a consensus has developed on using network 

meta-analysis as the preferred term. Some articles contained insufficient or conflicting detail, 

leaving uncertainty about the method of indirect comparison used. In these cases, the decision 

on whether the article was eligible for inclusion was made on the balance of the information 

available. Some articles reported an NMA but were excluded because the results analysed were 

from trials not identified by a systematic review. A high proportion of the articles retrieved 

that were reviews of evidence for National Institute for Health and Care Excellence (NICE) 

health technology appraisals (HTAs) did comment on evidence from reviews, including 

NMAs submitted by manufacturers, but the authors did not provide adequate details for these 
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reviews to be judged eligible for inclusion, and separate publications were not found for these 

NMAs. 

The full-text articles retrieved included all records appearing to be a report of a NMA and 

stating in the title or abstract that this was based on a systematic review. The judgement that 

an article reported a systematic review was based on the description of the methods for the 

identification of included studies. 

A total of 201 articles satisfied the eligibility criteria, 157 were published in full and 44 as 

conference abstracts, posters, or presentations. See Appendix 1 for references to the included 

studies and Table A1 listing the study characteristics.

 

Figure 3.2. Article Flow Diagram 
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3.4.3 Number of reviews published 

Three previous systematic reviews of indirect comparisons in systematic reviews were found2, 

10, 11. In the two that were most recent to my review, Edwards2 found seven MTCs in searches 

up to July 2007 and Song10 found 18 MTCs in searches up to October 2008. In contrast, I 

found 201 NMAs published up to the end of June 2012.  

Figure 3.3 shows the substantial increase in reporting of NMAs in systematic reviews since 

Edwards2 in 2007 and Song10 in 2008 reviewed indirect comparisons in systematic reviews. 

The number of reviews for 2012, in Figure 3.3, has been extrapolated by doubling the 6-

month total found to the end of June and is represented by the dashed line. 

 

Figure 3.3 Publication of NMAs in systematic reviews, by year 

3.4.4 Clinical topic of reviews and scope of use of synthesis 

The types of review in which NMAs were conducted range widely in clinical topics and the 

nature of the comparison. In addition to the comparison of benefits and/or harms of 

pharmacologic and nonpharmacologic interventions, NMAs were used to provide estimates 
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of the relative effectiveness of interventions for use in cost-effectiveness studies and to 

compare outcomes from various widths of surgical resection margins. Another novel use was 

an early prediction of the effect of a newly introduced technology12. The interventions studied 

include surgical, pharmacologic, psychological, psychosocial, and lifestyle ones. Table 3.1 

summarises the clinical topic areas of the reviews. As shown in Figure 3.4, the two most 

common clinical topic areas are also the ones with the fastest growth in publications since 

2010. 

Table 3.1 Number of reviews by clinical topic and number of interventions 

Clinical Topic 
Number of 

reviews 
Number of interventions compared 

Range Median IQR 
Heart and circulation 41 3 - 11 6 3 
Rheumatology 30 4 - 22 7 4.5 
Cancer 25 3 - 41 6 2.5 
Endocrine and metabolic 22 3 - 9 6 2 
Infectious disease 22 3 - 17 6 4 
Anaesthesia and pain control 16 4 - 22 6 3.5 
Mental health 16 5 - 14 8 5.5 
Lungs and airways 13 4 - 19 6 2 
Gastroenterology 10 3 - 13 6 6.25 
Neurology 8 4 - 145 6 3.25 
Skin 8 3 - 17 8 5 
Eyes and vision 6 4 - 30 8 11.25 
Child health 6 4 - 8 7 1.75 
Complementary and alternative medicine 6 4 - 22 7 3.25 
Orthopaedics and trauma 5 4 - 17 6 5 
Dentistry and oral health 4 6 - 15 8 3 
Kidney disease 4 3 - 5 4 0.5 
Urology 4 6 - 14 8 4.25 
Blood disorders 3 4 - 41 5 n/a 
Tobacco, drugs and alcohol dependence 3 4 - 6 4 n/a 
Gynaecology 2 6 - 9 n/a n/a 
Ear, nose and throat 1 6 n/a n/a 
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Figure 3.4 Publication of NMAs by clinical topic and year 

3.4.5 Reported details of synthesis 

Twenty four of the 44 abstracts and 35 of the 157 full publications did not indicate that either 

placebo or standard care was included in the interventions compared. Eighty-three percent of 

reviews compared up to nine interventions; 3% compared more than 19 interventions. 

Zintzaras et al13 reported the MTC comparing the greatest number of interventions: 145. 

Ninety-five percent of full review articles, compared to only 25% of conference abstracts, 

reported the software used for analysis. WinBUGS (Medical Research Council Biostatistics 

Unit, Cambridge, United Kingdom) was the most commonly used software (in 76% of the 

articles that reported software). Stata (StataCorp, College Station, Texas) was the next most 

common (14%).  

Network structures were not reported in most articles. Unsurprisingly, only two conference 

abstracts included a network diagram but only 41% of full articles included one. Of the 

network structures provided in full articles, 80% were multi-loop structures, 9% were single 

loop, and 11% were star structures. 
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3.5 Discussion 

3.5.1 Summary of the findings of this chapter 

This review shows the substantial increase in the publishing of NMAs in systematic reviews 

from 2009 to 2012, when I did the searches for the review. The continued growth in NMA is 

discussed in Chapter Eight. The clinical topic areas in which there was the fastest growth to 

2012 were Heart and circulation, Rheumatology and Endocrine and metabolic.  

Although it was beyond the objectives of the review and, therefore, relevant data were not 

extracted, inconsistencies were observed in the reporting of NMAs in this sample of reviews. 

The specific methodology used, and the assumptions made were often unclear or not stated. 

No MeSH term will specifically identify NMAs, and no alternative method was found to limit 

searches to specifically identify NMAs rather than pair-wise meta-analyses, in any of the 

databases searched. 

The small number of eligible reviews that I identified for the period up to 2008 is consistent 

with that found in the previously published reviews on this topic2, 10, 11. The substantial 

increase from 2009 prompted consideration of what had led to this step change, which I 

explore below in relation to accessibility and acceptability of the NMA method, and changes 

in reporting. 

3.5.2 Accessibility of the NMA method 

Input from content and methodological experts is recommended when conducting systematic 

reviews14. Content experts may contribute in various ways, including interpretation of the 

clinical significance of differences between trials, awareness of unpublished trials and 

identification of the absence of information on expected outcomes e.g. specific harms. The 

ability of NMA to compare simultaneously more than two interventions, to compare 

interventions that have not been directly compared in trials and to increase the precision of 
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the estimate of effect size would be likely to interest content experts in seeking answers to 

clinical questions. Increased access to methodological experts with experience in use of NMA 

methodology might also increase the likelihood of content experts becoming involved in the 

conduct of systematic reviews using NMA. 

Access to methodological experts experienced in use of NMA methods could be influenced 

by two main factors: software to conduct the analysis and researchers trained in the 

methodology. No key change in the version or availability of the most commonly used 

software (Win-BUGS and Stata) is apparent around 2009 that might have contributed to an 

increased use of NMA methodology. An increasing pool of researchers, however, had been 

trained. For example, Professor Tony Ades indicated that he and others, from Bristol and 

Leicester, had been running MTC courses teaching the Bayesian methodology using 

WinBUGS since 2007, mainly in the United Kingdom but also abroad, to more than 600 

attendees in total, with increasing demand (personal communication 2012). This increased 

availability of methodological experts, working with content experts in review teams, might 

have been a factor in the observed increase in publications. Allowing for latency from training 

to publication and presuming that the increased pool of trained methodologists has influenced 

the number of NMA publications, this suggested that the increase since 2009 would continue, 

as it has done (see Chapter Eight). 

3.5.3 Acceptability of the NMA method 

The National Institute for Health and Care Excellence (NICE) publishes a guide to the 

methods of technology appraisal. The contents of the guide are likely to affect both the 

pharmaceutical industry’s decisions on the research they conduct and commission and 

research by members of the wider health research community if they see technology appraisal 

as a potential use of their research. It is also likely that adoption of a method in the guide 

would affect perceptions of its acceptability. The NICE Methods Guide is updated at 
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intervals, and the 2008 update15 included a section on MTCs. The review process before 

publication of each update to the guide includes distribution of briefings and workshops 

relating to methods. A briefing on MTCs was provided for the 2008 review process16. This 

briefing and workshop would also raise the profile of MTCs and potentially affect the 

perceptions of acceptability amongst a wider audience. The NICE Decision Support Unit 

publishes an Evidence Synthesis Technical Support Documents (TSDs) series17 that covers 

many aspects of the conduct of MTCs. The TSDs are commissioned by NICE to provide 

detailed advice on the methods described in the Methods Guide. There was also an MTC 

briefing for the review of the Methods Guide that NICE undertook in preparation for their 

updated 2012 version. This 2011 briefing18 cited ‘the direction of the 2008 Methods Guide’ as one 

of the potential factors leading to the increased use of MTC methods. 

3.5.4 Reporting standards for NMA 

My review found that reporting of NMAs in systematic reviews was inconsistent. 

International consensus standards for the reporting of systematic reviews and meta-analyses 

were originally published in the form of the QUOROM statement19, which evolved to 

become the PRISMA statement20. Contemporary to my conduct of this review, the PRISMA 

statement mentioned the existence of meta-analysis that combines direct and indirect 

comparisons but did not make recommendations relating to reporting that address the 

specifics of NMA methodology. Furthermore, the PRISMA statement directed readers to the 

guidance published by The Cochrane Collaboration21 and the Centre for Reviews and 

Dissemination22 for standards of conduct of systematic reviews, and each contained very 

limited guidance on the use of NMA methodology in systematic reviews. A basis for 

standards of conduct of NMAs could be found in the NICE Decision Support Unit’s 

Evidence Synthesis TSDs17 and in reports on the interpretation and conduct of NMAs 
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published in 2011 by the International Society for Pharmacoeconomics and Outcomes 

Research6, 7. 

3.5.5 Strengths and limitations of the research presented in this chapter 

My bibliographic review used deliberately broad search terms and included NMAs that had 

been reported in conference abstracts but not in full journal articles to capture as many of the 

published reviews reporting NMAs as possible. Comparison with previously published 

overviews confirmed identification of all previously reported reviews2, 10, 11. However, it is still 

likely that some eligible reviews were not identified by my review because of not searching 

additional databases, the difficulty in identifying this specific type of review in databases, and 

human error in the review process, particularly because only one reviewer undertook the 

work. Additionally, inclusion was restricted to comparisons among more than two 

interventions (not counting placebo or usual care) because this research was prompted to 

explore NMA as a means for helping to answer the large number of clinical questions that 

involve choosing between more than two interventions. This restriction risked failing to 

identify additional data that would have added to the total number of reviews and risked 

introducing bias in the selection of included reviews (e.g. by clinical topic) if comparisons of a 

small number of interventions with placebo or usual care were more common in the NMAs 

for certain clinical topic areas. Three reviews were excluded because they compared only two 

interventions or compared two plus placebo, as reported in Figure 3.2. As stated earlier, 

separate publication was not found for many NMAs that are mentioned in HTAs, so the 

number of reviews included in this review is an underestimate of the number of NMAs 

conducted. 

It is possible that researchers working on other published systematic reviews had considered 

undertaking NMA but decided not to proceed because it was not appropriate to do so with 
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the studies they identified for inclusion in their reviews. However, it was not possible for this 

review of published systematic reviews to identify or quantify examples of this. 

Another limitation is that this review focused on producing a summary of published NMAs 

by clinical topic and the number of interventions compared. Alternative approaches might 

have explored other characteristics, such as the type of intervention (e.g. drug versus non-

drug). 

Finally, I did not formally assess the quality of reporting of the studies included in this review 

or extract data relating to this but did observe relevant inconsistencies and missing details in 

the course of extracting other data. This is reinforced by the findings of Coleman et al who 

published a review of NMAs in 201223, shortly after I completed my review, but with a search 

period limited to between 2006 and July 2011. They identified a smaller number of NMAs 

(42) than my review, for the comparable period, and did not comment on a trend in 

publication, but found inconsistency in reporting and concluded that guidelines for conduct 

and reporting were needed.  

3.5.6 Implications of the findings of this chapter 

After doing this review, I concluded, in 2013, that the increasing number of NMAs would 

justify the adoption of a specific MeSH term that would greatly ease the identification of 

NMAs. I also noted that it would be helpful if databases that do not provide searching by 

MeSH terms introduced ways to more easily identify NMAs, such as the addition of a relevant 

term to their indexing systems. However, by the timing of writing this thesis, in 2019, these 

limitations to identifying NMAs when searching databases persist. 

In view of the substantial increase in publication of NMAs by 2012, , it seemed appropriate at 

that time for a consensus on standards of conduct and reporting of NMAs to be established 

and incorporated into guidance on best practice for systematic reviews. With this in mind, I 

conducted a survey of authors who had published systematic reviews reporting NMA to help 
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in identifying items to include in standards for reporting (Chapter Four). Furthermore, given 

that the use had remained very low compared with pair-wise meta-analysis despite the increase 

I found in 2012, the author survey was an opportunity to explore what factors could be 

limiting greater use. 
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3.6 Chapter Summary 

 The number of published systematic reviews that reported NMA increased rapidly 

from 2009 and an estimated 90-100 were published in 2012. 

 These reviews were difficult to identify because databases offered no focussed search 

method to separate them from the far more common reviews reporting pair-wise 

meta-analysis and because authors used various names when reporting NMA 

 Previous reviews identified very small numbers of systematic reviews reporting NMAs 

up to 2008, so this increase over time had not been previously reported 

 The reporting of NMAs was inconsistent. The specific methodology used, and the 

assumptions made were often unclear or not stated in the published reports. 

 In view of the increasing use of this method, a consensus on terminology and 

standards for conduct and reporting seemed timely 

 A survey of authors who had published systematic reviews reporting NMA might 

identify standards for reporting and allow research into the reasons for using NMA 

methods, reactions to using these methods and to the uptake of NMA findings. 
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CHAPTER FOUR 
 
Survey of authors 
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4 Survey of authors 

The work described in this chapter was published in Systematic Reviews and much of the text of 

that article is repeated verbatim: 

Lee, A.W. Use of network meta-analysis in systematic reviews: a survey of authors. Systematic 

Reviews (2016) 5:8 

doi 10.1186/s13643-015-0174-41 

4.1 Background 

To explore the themes identified in the review described in Chapter Three, I planned to survey 

the authors of the systematic reviews included in that review, to identify their perceptions of the 

use of NMA methods, particularly the standards for reporting they think should apply. 

Abdelhamid et al2 surveyed authors of Cochrane Reviews about the use of any indirect 

comparison method in systematic reviews in 2011. Only 14 % of the Cochrane reviews included 

in that survey included an indirect comparison analysis, and it was not reported whether any of 

these were NMA. Additionally, only 23 % of respondents to that survey had ever used an 

indirect comparison method. The survey reported here was not limited to the authors of 

Cochrane Reviews and appears to be the first survey of authors who had published systematic 

reviews that report specifically the use of NMA. 

As noted in Chapter Two, international consensus standards for the reporting of systematic 

reviews and meta-analyses were developed and published as the Quality of reporting of meta-

analyses (QUOROM) statement in 19993 and updated in 2009 to become the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement4. The PRISMA 

statement mentioned meta-analyses that combine direct and indirect comparisons but prior to 

2015 there were no PRISMA recommendations for reporting that were specific to NMA 

methodology. Whilst I was conducting my survey, Hutton5 reported on the development of an 
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extension to the PRISMA statement to cover the reporting of NMA and this extension was 

published in 20156. Both publications cited the published article of my review described in 

Chapter Three7. I decided to complete the survey, to assess the extent to which it validated the 

items included in the new extension to the PRISMA statement and to explore the other theme of 

what was limiting the greater use of NMA. 

4.2 Chapter aims and objectives 

The aims of this chapter are to identify some potential standards for reporting NMA in 

systematic reviews and to identify potential factors limiting the greater use of NMA, based on a 

survey of authors that I conducted in 2014. The primary objective was to identify a list of 

reporting requirements that authors who had published NMA considered essential. The 

secondary objective was to analyse and summarise themes from these authors’ responses 

regarding future use of NMA. 

4.3 Methods 

The post-positivist research paradigm was adopted in undertaking this qualitative survey. This is 

an interpretive approach, which assumes that reality is subjective and, therefore, is an appropriate 

option for exploring peoples’ perceptions, as opposed to the positivist approach that assumes 

there is an objective reality to be discovered8. In keeping with this approach, the responses of 

authors are quoted extensively in my synthesis of the results. The methods used to identify 

eligible systematic reviews are described in Chapter Three. The target sample for this survey was 

one author from each of the 201 systematic reviews included in that synthesis. The survey was 

conducted by email. For ease of identifying contact details, the corresponding author was 

contacted but asked to respond with information of any other author they thought would be 

more appropriate to complete the survey. When notification of an email address no longer in use 

was received and no alternative contact email address for the corresponding author could be 

identified, the first named author was contacted as the next preference, then second named, and 
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so on. When a contacted author was identified to be responsible for more than one review, they 

were asked to comment on each review separately when answering any question that was specific 

to a single review. 

As shown in Figure 4.1, the survey contained eight questions, which were included in the body 

of the email, following an introductory explanation regarding the background and purpose of the 

survey.  

1 Why did you choose an indirect comparison method for meta-analysis in your review? 

2  If you were repeating the review in future, would you choose an indirect comparison 

method again? 

If you would not, please explain why. 

3  Please name any reporting guideline(s) you followed when reporting the indirect 

comparison and the review. 

4  What, in your opinion, are the essential details to include for accurate and reliable 

reporting of indirect comparison in a review? 

5  Please name any reporting guideline(s) that, in your opinion, includes the essential details 

for accurate and reliable reporting of indirect comparison in a review. 

6  What is (are), in your opinion, the most important development(s) needed to support the 

conduct, reporting and use of indirect comparison methods? 

7  What would encourage further use of indirect comparison methods by reviewers? 

8  What would encourage further use of evidence from reviews reporting indirect 

comparison methods by decision makers (including policy makers, clinical practitioners 

and the public)? 

Figure 4.1. Survey questions 
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The email informed authors that their responses could be quoted but would not be attributed 

and identified the specific reviews each author was being contacted about. Since this was a 

survey of research authors, using their contact details, which were in the public domain, asking 

about their research, which is also in the public domain, consent to take part was in the form of 

their choosing to reply. One reminder was sent to each author who failed to respond and to any 

author who replied indicating that they would respond but had not done so within four weeks 

or, when applicable, by the specific time they had indicated. The survey was conducted between 

March and July 2014. In line with National Health Service (NHS) guidance, application for 

research ethics approval was not required for this survey and application in advance of the 

survey for ethics approval from the University of Oxford was not made. I discovered only when 

submitting an article reporting the survey for publication, that I should have made this 

application. Following submission of a late application, the Research Ethics Manager, Medical 

Sciences issued a confirmation letter (Appendix 1) that the study did not raise any concerns 

regarding the university’s policies for ethics approval and approval would have been given if the 

application had been submitted in advance of the survey. 

An Excel spreadsheet was used to record, for each review, approaches to and responses from 

authors. Alongside each review, I recorded the date of publication, whether it was published in 

full or as a conference abstract, whether it was reported within a primarily methodological paper. 

As the survey was conducted, a record was made in the spreadsheet of the date of initial and any 

subsequent contacts. Authors’ responses were also copied into a separate Excel spreadsheet 

before being imported to QSR Nvivo 10 for qualitative analysis. 

The text of authors’ responses was coded, in QSR Nvivo 10, by systematically processing each 

response and highlighting sections of text to create or add to existing nodes, which allowed 

themes to be identified and grouped under each question in the survey. 
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4.4 Results 

Figure 4.2 shows the number of unique authors identified and contacted and the outcomes of 

contact. All ten reviews for which a valid email address could not be identified for any author 

had a contact author responsible for one or more conference abstracts, but none were fully 

published reviews.  

 

Figure 4.2. Flow diagram of authors contacted and outcomes 
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The 42 authors completing the survey gives a response rate of 32%. These authors were 

responsible for 54 (34%) of the 157 fully published systematic reviews and 5 (11%) of the 44 

reviews that were only available as conference abstracts. Of the responses, 93% related to 

reviews published from 2009 onwards; these constituted 88% of all included reviews. None of 

the completed surveys related to any of the four primarily methodological papers, although one 

author of two of those papers responded that they declined to complete the survey because their 

papers were primarily methodological. 

4.4.1 Why was a NMA method chosen? 

Most responses (28) cited the lack of direct comparison data for all the interventions of interest 

as the reason for conducting a NMA. Other themes were the desire to rank interventions, the 

wish to try a new method due to interest generated by other publications, and the view that it 

improved the strength of the evidence. Comments received included the following: 

‘lack of evidence directly comparing most of the drugs of interest’ 

‘we wanted to incorporate all available evidence from all trials whether or not they directly compared all 
treatments simultaneously’ 

‘Since we were comparing several competing interventions, a method for ranking the interventions was 
intuitively preferable to preparing a series of pairwise comparisons’ 

‘The estimates of indirect comparisons can strengthen and make more accurate the results of direct 
comparisons when indirect and direct evidence are combined in mixed treatment comparisons.’ 

4.4.2 Would the author use the same method if repeating the review? 

All but one author would use the method again. That author specified the following reason: 

‘Because the direct result contradicted the network analysis’ 

Two authors stated they would carry out both direct and indirect meta-analyses, 

‘we indeed plan to perform a network MA again. But we will first perform a standard MA, as this 
method is more accepted, and then a NMA.’ 

and one qualified the decision, 

‘We would search the literature for direct comparisons, then decide whether an indirect comparison was 
still necessary’ 

Others explained their reason for using the method again, 
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‘it enables us to answer the questions we would otherwise not be able to answer, that is, evaluating the 
comparative effectiveness of these agents there is no other approach that would allow simultaneous 
comparison of several interventions’ 

4.4.3 Was any reporting guideline followed? 

More than half the responding authors (24) stated that they had not followed any reporting 

guideline. Most (11) of the other 17 respondents mentioned PRISMA4 but commented that it 

does not have content specific to the NMA method. Other responses mentioned publications by 

ISPOR9, 10, NICE11, or the Australian Pharmaceutical Benefits Advisory Committee (PBAC)12. 

Some authors stated that they followed the publishing journal’s own guideline or were guided by 

what other authors had reported when publishing NMA. 

4.4.4 What are essential details to report? 

Several authors (10) specifically commented that the same details as recommended for pair-wise 

meta-analysis should be included,  

‘The paper should include all the elements required by the PRISMA guidelines for standard MA’ 

Others emphasised the overall purpose of reporting, 

‘Detailed description of methods used that would allow replication of the MTC’ 

Some think that data files should be provided, 

‘All data in a separate file’ 
‘Raw data from the trials so that the analysis can be replicated’ 

The detailed reporting elements proposed by authors are summarised in Table 4.1 

(methodological) and Table 4.2 (results). 

Table 4.1 Methodological details that should be reported 

Summary of proposed essential methodological details to be reported 
A clear research question 
Search details – including terms, databases, period, language restrictions 
Inclusion/exclusion criteria including whether study quality was assessed and by what method 
Assumptions 
‘The main issue for MTCs to be valid is the consistency assumption. Very often there is not enough 
information on the included studies to determine whether the consistency assumption is actually 
reasonable.’ 



61 
 

‘Assessment that the studies are comparable. e.g. consistent endpoint definitions, differences in patient 
populations or study settings are not expected to influence the treatment effect. Explicitly state and 
discuss assumptions of the analysis.’ 
Detailed statistical analysis plan including: software; Bayesian/Frequentist method; 
random/fixed effects model; code; co-variates; handling of missing data; pooling of data; 
choice of priors; assessment of heterogeneity; assessment of consistency. 
‘sensitivity analysis of the impact of analyst assumptions is also very important.’ 

 

Table 4.2 Result details that should be reported 

Summary of proposed essential result details to be reported 
Details of included studies: 
‘numbers of included studies for each direct comparison; numbers of subjects for each treatment’ 
‘study bias assessment’ 
‘the quality assessment of included studies’ 
 
Details relating to the network: 
‘Network diagram including the number of trials included in each link’ 
‘Sources of heterogeneity must be assessed and the impact of heterogeneity must be analysed.’ 
‘Evaluation of the “confidence” in the network (amount of evidence, homogeneity, consistency)’ 
‘How good a fit the chosen model is to the data set.’ 
 
Details relating to effect estimates: 
‘point estimates and confidence/credible intervals’ 
‘95% credible intervals/probability intervals must be included when reporting the effect estimate’ 
‘absolute effect of each intervention [when reporting input parameters of economic modelling]’ 
‘reporting of estimates and variances of the direct comparisons that form the indirect comparison’ 
‘Comparison of results from direct evidence with results from NMA’ 
‘Sensitivity analyses if necessary, and an explanation of the differences compared with standard MA’ 
‘The key information needed is to provide separately the direct and indirect estimates, and try to 
provide the quality of evidence supporting each.’ 
‘rankings [perhaps rankograms as well] and probabilities of each intervention being best.’ 
‘For Bayesian mixed treatment comparisons: Probability Rankograms and Surface Under 
Cumulative Ranking Curve’ 
‘Well reasoned sensitivity analysis, including/excluding different data sources.’ 
 

 

4.4.5 Does any reporting guideline contain the essential details? 

The most frequent response (11) to this question was that there was no such guideline. A few 

authors mentioned the planned extension to the PRISMA statement. Of those who named a 

guideline, the most frequently named, in decreasing order, were ISPOR9, 10, the NICE TSD 

series11, and PRISMA4. 
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4.4.6 What developments are needed to support conduct, reporting, and use of the 
methods? 

Most authors (30) stated that development and promotion of such guidelines is needed, 

‘development of guidelines that include all details necessary to the performance of an indirect comparison’ 
‘Specific guidelines on how to properly report and interpret the results of a network meta-analysis should 
also be developed’ 

Each of the following themes was raised by some authors: 

4.4.6.1 Methodological 

‘more evidence that ranking probability is an accurate measure’ 
‘I believe that MTCs should only be presented as comparative effect estimates but never as a ranking of 
interventions.’ 
‘Risk of bias tools’ 
‘incorporate methods such as I2 for NMA and the incorporation of inconsistency as in the design-by-
treatment model.’ 
‘a way to present results in a simple way (perhaps not in print, but rather using animation) to include 
absolute and relative effects, risk of bias, for each outcome, with info about precision, heterogeneity and 
coherence, and overall quality of evidence.’ 
‘objective way of testing for convergence’ 
‘inclusion of evidence from observational studies is probably an area for development to make use of all 
available evidence’ 

4.4.6.2 Software 

‘more easy-to-use software would be good’ 
‘not requiring a higher degree in statistics to make use of it’ 
‘Improvement of available software – at the moment WinBUGS and R are considered by many 
reviewers too complex to use in routine systematic reviewing.’ 
‘New/improved software needs to be more user-friendly and less time consuming.’ 

4.4.6.3 Training 

‘currently few persons are able to carry out the statistical computations, and this is limiting the diffusion 
of network meta-analyses’ 
‘The statistical methodology should be diffused much more than it is today’ 

4.4.6.4 Presentation of results 

‘What is needed the most is a way to communicate the findings to readers/users.’ 

4.4.6.4 Support 

‘access to specialist statisticians’ 

4.4.6.5 Reservations 

Several authors (11) expressed concerns about widening the use of NMA methods and evidence 
produced using those methods: 
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‘I am concerned that accessibility may be at the expense of thinking’ 
‘my concern is the unthinking use of any method without a statistical appreciation of the model(s) and 
the assumptions’ 
‘Particularly when they use rankings, the information is often misleading because readers tend to focus 
on the top intervention’ 
‘Nowadays people “believe” in MA as if it were the absolute truth, not understanding that there are 
good quality and poor quality MA. And same with network MA, but the risk is even higher in this 
latter case.’ 
‘These methods are becoming increasingly popular, and there are many examples of poorly performed 
analyses’ 
‘There are many subtleties and underlying assumptions in performing such an analysis, and increasingly 
there are many “automated” analysis, where data are pulled from papers and fed into computer 
programs, with poor assessment or even identification of assumptions.’ 
‘Good guidelines have been developed and are being disseminated. They need to be disseminated more 
widely so that …those publishing indirect comparisons understand how to assess their quality’ 
‘stricter editorial processes to ensure adherence to systematic review, statistical and reporting standards’ 
‘Good guidelines have been developed and are being disseminated. They need to be disseminated more 
widely so that …those utilizing indirect comparisons in their decision making are able to recognize 
when they are performed correctly and can be confident in their results’ 
‘The problem of network meta-analyses and indirect comparisons is that the statistical methods are 
difficult for most readers to understand or reproduce. Therefore, it is a black box.’ 
‘I believe the use of it should be determined via the careful judgement of whether it is really needed, not 
just 'encouraged' regardless of the research question and the level of parameter heterogeneity.’ 

4.4.7 What would encourage more use of the methods by systematic reviewers? 

Guidelines were again a common theme in response to this question, alongside greater perceived 

acceptability of use of the NMA methods, particularly through endorsement by key organisations 

and increased likelihood of publication, 

‘Guidelines would help promotion of guidelines etc to Cochrane review groups’ 
‘Uptake would also be increased if HTA organisations other than NICE gave explicit statements on 
the acceptability of indirect comparisons and NMA and issued guidance.’ 
‘Less scepticism by the methods community’ 
‘Increased likelihood of publication’ 
‘Stronger journal policies encouraging its use.’ 

Other themes were training, software development, and access to statistical expertise: 

4.4.7.1 Training 

‘Reviewers need to be educated in the proper performance and reporting of indirect comparisons. More 
broadly, they need to be educated that such methods exist and can be used to derive answers 
unattainable by other methods.’ 
‘The knowledge of the method, of its possibilities, aims and limits would encourage the reviewers to use 
MTC’ 
‘Understanding of assumptions and pitfalls to give more confidence in the use of the method.’ 
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‘Better understanding of indirect comparison methods, and their comparability with ‘classical’ meta-
analysis.’ 
‘The reviewers need to understand the advantages of such methods, and the fact that most limitations of 
the indirect comparison methods are indeed limitations of the classical direct comparison methods as 
well.’ 

4.4.7.2 Software 

‘Software has to become more user-friendly.’ 
‘easy frequentist software’ 
‘Standard code for different situations’ 

4.4.7.3 Statistical expertise 

‘Currently, the statistical expertise necessary is the main limitation’ 

4.4.8 What would encourage more use of the methods by decision makers? 

Training was again a clear theme, 

‘Again, education is key. Indirect comparisons can be performed well or poorly, and exposure to well 
performed indirect comparisons and education in how to identify one that has been performed poorly will 
enable decision makers to broaden the array of evidence that they can use to support their decisions.’ 

‘including tutorial articles explaining the basic premise in non-technical language and individual 
applications explaining their methods and results in a way that is accessible to wider readers.’ 

There was mixed opinion regarding the desirability of this aspect of increased use, 

‘I would not encourage it for the sake of it. I think there are situations where it would be better avoided, 
e.g. where there is robust direct evidence.’ 
‘the methods are complex and it would be very difficult for someone without extensive technical expertise 
to identify what the flaws are in any given indirect comparison or network meta-analysis, let alone 
whether the code used in the analysis was correct.’ 
‘Currently it is seen as a “strange, peculiar” method, and somewhat mistrusted’ 
‘I think it’s moving in the right direction really – NICE support them, because they’re a ‘necessary 
evil’ – there’s a well known disconnect between the trial design required for licensing, and that for the 
evidence base needed for reimbursement and clinical decision making. People maybe still see it as 
‘voodoo’ but in general I think we at least in the UK have a reasonably good and established process for 
selecting the best evidence available to inform decision making.’ 
‘We currently stand at a crossroads where policy makers are content for indirect comparisons to be 
undertaken for the purposes of health economic evaluation. However, a fundamental shift in 
understanding needs to take place so that decision makers (policy makers/clinicians and in time the 
general public) accept the validity of the estimates of safety/efficacy that come from the analysis in their 
own right. In particular, indirect comparisons appear to have the same “face validity” to clinicians as 
pairwise meta-analysis did 15+ years ago.’ 
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4.5 Discussion 

4.5.1 Summary of the findings of this chapter 

This survey found that systematic review authors who had used NMA methods up to 2012 did 

so mainly because of the lack of direct trial data or because of the ability to compare and rank 

multiple interventions. Almost all responding authors who had used these methods were inclined 

to use them again. Their responses demonstrated strong support for adoption of standards for 

conduct and reporting of NMA. The elements of reporting standards proposed by these authors 

are substantially consistent with those reported by Hutton et al5 as part of the development work 

for and final publication of the extension of the PRISMA statement6. This should augur well for 

the adoption of that extension, suggesting that it will carry the support of authors publishing this 

form of meta-analysis. However, support in principle for the content of a reporting guideline 

does not however necessarily translate into compliance13. Whilst several responders to the survey 

commented that reporting standards should include those required for pair-wise meta-analysis, 

most reported that they had not followed any reporting guideline. 

A notable theme arising from the responses was the tension between, on the one hand, a view 

that the use of NMA should be more easily accessible, particularly in the form of software tools, 

and on the other, concerns that there was some inappropriate use of the methods which wider 

use and greater accessibility might exacerbate. This tension prompts the question as to whether 

end users (clinicians, commissioners, policy makers) have the ability to critically appraise and 

interpret the results produced using this methodology. Therefore, in 2015, I concluded that the 

adoption of standards for conduct and reporting would be significant steps towards clarifying 

what is appropriate use and what is not, and also that this should be followed by identification of 

a suitable critical appraisal tool to further support end-users. 
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4.5.2 Strengths and limitations of the research presented in this chapter 

This was the first published survey exploring the attitudes of systematic review authors who had 

used NMA methods, to reporting standards for such research. The survey focussed mainly on 

standards for reporting and included only brief mention of standards for conduct. 

In adopting the post-positivist approach, I did not assume that the responses would be 

representative of all authors, all content or methodology experts nor, even, of my selected cohort 

of authors with experience of conducting and publishing systematic reviews that reported use of 

NMA up to 2012, because the responders may not be representative of the whole cohort. 

Perspectives of respondents could be influenced by many factors, including the purpose of 

conducting their review and their funding source, which I did not attempt to explore. Instead, I 

sought to identify ‘leads’ that I could explore further in subsequent elements in my programme 

of research. 

The respondents formed a minority of the authors approached and the views of non-

respondents are unknown, but there was no apparent bias in those responding in terms of year 

of publication or in the number or subject of reviews published. However, I did not collect 

characteristics of the respondents because it was not the aim of this study to identify whether the 

responses could be regarded as representative of the whole cohort. Conducting the survey by 

email afforded limited opportunity to clarify responses and did not allow me to pursue lines of 

enquiry, so the responses are what authors chose to volunteer and therefore cannot be assumed 

to represent all their opinions. As a part-time research student, researching reporting standards 

and critical appraisal criteria for NMA reported in systematic reviews, the survey questions 

chosen made specific mention of reporting guidelines, which may have influenced the mention 

of these in responses. My research interests influenced the questions and were likely to have 

influenced both the selection of responses I quoted and my overall interpretation of all 

responses; however, I approached this survey without pre-conceived expectations of what the 
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responses would be but with the hope that the responses might identify specific issues or themes 

that would be suitable for further exploration. 

4.5.3  Implications of the findings of this chapter 

There was clearly some reservation, even amongst existing users of NMA methods, regarding 

greater use of the methods by researchers and about the ability of publishers and end-users to 

critically appraise the quality of evidence produced using these methods. This finding highlighted 

a need for definition and adoption of standards for conduct and reporting of NMA, as well as 

the need to identify a suitable critical appraisal tool. 

To further examine trends in the use of NMA methods for synthesis in systematic reviews, 

before proceeding to identify a suitable critical appraisal tool, there was a further question I 

wished to explore: what impact was the increasing amount of evidence produced using NMA 

having on health service policy, in the form of being incorporated into national clinical 

guidelines? To assess this, I decided to undertake a review of recent NICE clinical guidelines to 

identify how much evidence produced using NMA was included and this is reported in Chapter 

Five. 
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4.6 Chapter summary 

 The authors of systematic reviews that included a NMA and had been published up to 

2012 demonstrated strong support for adoption of standards for conduct and reporting 

of network meta-analysis 

 The elements of reporting standards proposed in this 2014 survey were consistent with 

those included in the 2015 PRISMA extension statement  

 As more widespread use of NMA methods continues to develop, it should be 

accompanied by an assurance that the use of these methods is appropriate 

 Adoption of standards for conduct and reporting would be a significant step towards 

clarifying what is an appropriate use of NMA methods and what is not 

 This should be followed by the development of a critical appraisal tool to support end-

users of systematic reviews using NMA methodology 

 Since there are some reservations about the ability of end-users to critically appraise 

evidence produced using NMA, I decided to review recent NICE clinical guidelines to 

identify how much of that form of evidence synthesis was included 
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CHAPTER FIVE  
 
Use of network meta-analysis evidence in NICE clinical 
guidelines 
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5 Use of network meta-analysis evidence in NICE 
clinical guidelines 

 

5.1 Background 

The National Institute for Clinical Excellence (NICE) (as it was then called) was established in 

April 1999 with the aim to create consistent guidelines to reduce variation in the availability 

and quality of healthcare delivered by the National Health Service in the United Kingdom. In 

2005, NICE changed its name to the National Institute for Health and Clinical Excellence 

after absorbing the Health Development Agency. Its mission was expanded to include the 

development of public health guidance to help prevent illness and promote healthier 

lifestyles1. It subsequently became known as the National Institute for Health and Care 

Excellence, bringing social care into its scope. 

In 2002, NICE published its first clinical guideline: CG1 Schizophrenia2. Clinical guidelines 

recommend how healthcare professionals should care for people with specific conditions. In 

the UK, NICE guidelines are also aimed at health service managers and commissioners of 

NHS services. They can cover any aspect of a condition and may include recommendations 

about providing information and advice, prevention, diagnosis, treatment and longer-term 

management3. NICE publishes details of who is involved in producing their guidelines, 

ranging from multidisciplinary expert teams to patients and carers, and the methodology used 

to produce the guideline4. Standard systematic review techniques are used to search for and 

review evidence. Previously conducted primary research or systematic reviews may be 

included in the evidence used. In addition to these sources, the Guideline Development 

Group (GDG) established for each guideline, may selectively undertake new meta-analyses to 

combine the results of primary research. 
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As discussed in Chapters Two and Eight, pair-wise meta-analysis is by far the most commonly 

used method of synthesis within systematic reviews of healthcare interventions5 but the use of 

network meta-analysis (NMA) methods is increasing rapidly6. These methods combine direct 

and indirect evidence to address the frequent absence of randomised trials that directly 

compare all the interventions of interest. NICE has published advice on the conduct of NMA 

in its Decision Support Unit’s Evidence Synthesis Technical Support Documents (TSDs)7.  

I undertook a review to identify and summarise the use of evidence from synthesis using 

NMA within recently published or updated NICE clinical guidelines, as of 2016. The time-

period chosen was based on the findings of my earlier review6, reported in Chapter Three, 

which identified a rapid increase in the publication of systematic reviews using NMA 

methodology between 2009 and 2012. Allowing for further increased uptake of use and the 

time taken to produce guidelines, my assumption was that impact on NICE guidelines should 

have been evident by 2015. 

5.2 Chapter aims and objectives 

The aim of this chapter is to summarise the use of evidence from synthesis using NMA within 

NICE clinical guidelines that were published or updated in 2015 or 2016. The primary 

objective was to identify the number of instances of results from NMA being directly linked as 

the evidence for recommendations within guidelines. Secondary objectives were to summarise 

references within guidelines to previously published systematic reviews that had used NMA 

methodology for synthesis, and to summarise NMAs undertaken by the GDG for the 

guideline. 

5.3 Methods 

5.3.1 Search 

The Guidance section of the NICE website8 was searched by month, using filters to select 

‘Clinical guidelines’ from January 2015 to December 2016. These filters select any clinical 
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guideline first published or updated between those dates. The search was conducted on 8 

March 2017. 

5.3.2 Inclusion and exclusion criteria 

Only guidelines covering clinical interventions were included. In each case, the full guideline 

and any addendum were included. Guidelines that were updated by NICE during the review 

and before the documents were retrieved were excluded. 

References to excluded studies in the clinical guidelines were not included or screened to 

identify systematic reviews or NMA. 

5.3.2 Data extraction 

The following data were extracted to an electronic spreadsheet: guideline title, guideline 

reference number, month published, month last updated, total number of references (guideline 

and any addendum), number of references that are systematic reviews, references that are 

systematic reviews using NMA methodology, pair-wise meta-analysis conducted by the GDG, 

NMA conducted by the GDG, any recommendation in the guideline referenced to evidence 

from NMA. 

Guideline and addendum documents were searched using keywords – ‘systematic’, ‘meta-analys’ 

(to detect both meta-analysis and meta-analyses) and ‘network’ to initially identify systematic 

reviews and meta-analyses referred to in the narrative, tables and reference lists of the 

documents. Reference lists were then screened by title and abstract initially, with full text 

retrieved in case of uncertainty to identify systematic reviews and whether a NMA was 

conducted.  

5.4 Results 

77 clinical guidelines were identified as published or updated by NICE from January 2015 to 

December 2016. Three guidelines were excluded from this review because they were not clinical 
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guidelines covering clinical interventions: NG479 was a cancer service guideline, NG4010 was a 

service delivery guideline, and NG2611 did not cover any clinical intervention. Two further 

guidelines, NG2812 and CG6113, were excluded because the version of these guidelines available 

was no longer from within the searched period, due to documentation being updated by NICE 

before I retrieved the guideline version from within the qualifying period. The references for 

one guideline, CG6414, were not available from the NICE website but were obtained by personal 

contact with NICE. 

Data were extracted from 72 clinical guidelines and from addendums to 16 of those. See 

Appendix 3 for references to the included guidelines and Table A2 for the guideline 

characteristics. 

A total of 27,831 references from these guidelines were identified and screened: 1276 of these 

references were systematic reviews and 15 of these systematic reviews used NMA methodology. 

Nearly all systematic reviews referenced in the guidelines were identified by the initial document 

keyword searches. Only a small number of systematic reviews were identified by subsequent 

screening of the reference lists of each guideline. 

NICE clinical guidelines included in this review presented references in varying styles. 

References were sometimes numbered sequentially in the order they occur within the text and  

other times alphabetically by first author. Sometimes, references for the whole guideline were 

presented collectively near the end of the full guideline or as a separate appendix, and other 

times they appeared at the end of each chapter of the guideline. 

70 of the 72 guidelines referenced previously published systematic reviews. In 12 of those 

guidelines, at least one of the systematic reviews referenced included use of NMA methods for 

synthesis.  
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68 of the 72 guidelines reported meta-analysis undertaken by GDGs. Figure 5.1 shows the 

number of reviews in which GDGs undertook pair-wise meta-analysis (PWMA) only, both pair-

wise meta-analysis and NMA (PWMA+NMA) or did not undertake any form of meta-analysis 

(MA).  

 

Figure 5.1 NICE Guidelines: use of GDG meta-analysis 

In addition to the 10 guidelines that reported use of NMA conducted by the GDG, 7 

guidelines stated that conducting NMA was considered by the GDG, but not undertaken for 

specified reasons. Two of the 12 guidelines that referenced systematic reviews using NMA 

methodology also reported additional NMAs conducted by the GDG. 

5.4.1 Guidelines referencing reviews using NMA methodology with the results not linked 

as evidence for recommendations 

Eight of the 10 guidelines that referenced systematic reviews using NMA methodology, without 

additional NMAs being conducted by the GDG, did not reference the NMA results as evidence 

supporting recommendations.  
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CG12615 Stable angina referenced a systematic review by Stettler et al16, which reported NMA of 

the outcomes associated with drug eluting and bare metal stents. The guideline referenced it 

only as introductory context to show that there is evidence that these stents, 

‘reduce the risk of restenosis and need for repeat revascularisation procedures, but have no impact on mortality’  

but did not use it as evidence to support any recommendation.  

CG14017 Opioids in palliative care referenced Bekkering et al’s systematic review18, which reported 

NMA of strong opioids, but the guideline’s recommendations on choice of first-line 

maintenance therapy were to offer oral sustained-release morphine as first-line maintenance, 

whereas Bekkering concluded there was no clear superiority of morphine over other opioids. 

The same guideline also referenced a systematic review by Vissers et al19 which used NMA to 

compare the efficacy of selected short-acting strong opioids, of which intranasal Fentanyl 

provided the greatest reduction in pain. However, the recommendation in the guideline was to 

not offer short-acting Fentanyl on the basis of higher cost.   

NG920 Bronchiolitis referenced a systematic review, using NMA methodology, by Hartling et al21. 

The GDG decided to exclude this from their clinical review ‘because the methods were unclear’ but 

decided to use results from the NMA as input to the economic analyis they undertook. 

Confusingly, although the guideline narrative correctly cited the review as Hartling 2011 (or 

once, in error, Harling), it only included a Cochrane Review by Fernandes et al22, which Hartling 

co-authored, in the list of references; but that review did not report NMA.  

CG18123 Lipid Modification referenced a systematic review by Ara et al24, in which clinical 

effectiveness of statins was assessed from a NMA of 28 trials, but the evidence cited to support 

the recommendations was the economic evaluation reported in this review, rather than the 

NMA results.  

NG5925 Low back pain and sciatica in over 16s referenced a systematic review by Lewis et al26, in 

which the clinical effectiveness of interventions for sciatica was assessed by conducting several 
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NMAs, but NG59 reports that this review was only considered as evidence for economic 

evaluation and was excluded due to ‘a combination of applicability and methodological limitations’.  

CG9027 Depression referenced a systematic review by Cipriani et al28 which reported a NMA of 

12 antidepressants and the GDG used the results in an economic analysis but concluded there 

was 

‘sufficient doubt about the clinical importance of the differences to not justify the development of recommendations 
for specific drugs’.  

NG1429 Melanoma, regarding the method, frequency and duration of follow up, mentioned 

taking survival following treatment for distant recurrence from a review by Dequen et al30, that 

used NMA to assess the effect of various systemic interventions on survival following treatment 

for distant recurrence of melanoma. However, the section of the guideline making 

recommendations about systemic anticancer therapy did not reference Dequen’s NMA.  

NG3531 Myeloma:diagnosis and management included recommendations on using a bisphosphonate 

to prevent bone disease and referenced a Cochrane Review by Mhaskar et al32, which assessed 

the effect of bisphosphonates on risk of vertebral fractures, pain and overall survival for patients 

with myeloma. The NMA reported by Mhaskar, however, did not identify significant difference 

in effectiveness or harm between the different bisphosphonates compared and the guideline 

recommendation of Zoledronic acid as the first choice of bisphosphonate was not based on the 

NMA results.  

5.4.2 Guidelines referencing reviews using NMA methodology with the results linked as 

evidence for recommendations 

Two guidelines referenced previously published NMA results as evidence supporting 

recommendations but only one of these was a case of NMA providing evidence of significant 

difference in effectiveness between interventions.  



79 
 

CG13733 The Epilepsies referenced a systematic review by Tudur Smith et al34. This systematic 

review included a NMA of individual patient data from randomised trials of anti-epileptic drugs 

(AEDs). The results of the NMA were used by the GDG in an economic analysis to assess cost-

effectiveness of AEDs used as monotherapy for adults with newly diagnosed focal epilepsy but 

were not directly cited in the guideline's recommendations for this form of epilepsy. However, 

the results were directly cited as evidence for recommendations made regarding choice of AEDs 

for generalised tonic-clonic seizures. 

NG3635 Cancer of the upper aerodigestive tract referenced two systematic reviews reporting NMA, by 

Chen et al36 and Yan et al37. The guideline included recommendations on treatment of locally 

advanced nasopharyngeal cancer based on results of NMAs in both reviews, which showed that 

there was uncertainty about the effectiveness of using adjuvant or neo-adjuvant chemotherapy. 

5.4.3 Guidelines referencing reviews using NMA methodology and also NMA conducted 

by the GDG 

Two guidelines referenced previously published NMA results and also undertook new NMA.  

NG2538 Preterm labour and birth referenced Haas et al39 but conducted a new NMA ‘structured 

around the database of…’ that review. The guideline’s recommendations regarding use of tocolysis 

used evidence from the NMA conducted by the GDG rather than from the NMA of Haas et 

al.  

CG18540 Bipolar disorder referenced several systematic reviews by Cipriani et al, two of which 

reported NMAs28, 41. The guidelines’ recommendations on managing mania and hypomania used 

evidence from Cipriani’s NMA of antimanic medication41 in addition to results of new NMA 

undertaken by the GDG. The other review by Cipriani et al28 was mentioned as,  

‘evidence of a clinically significant degree of differences in both efficacy and tolerability among antidepressants in 
unipolar disorder’ 



80 
 

but was not referenced as evidence for recommendations, because the guideline relates to 

bipolar disorder. 

5.4.4 Guidelines with no references to reviews using NMA methodology but including 

NMA conducted by the GDG 

Eight guidelines did not reference any previously published NMA results but included newly 

conducted NMAs.  

NMAs were conducted by the GDG for CG15242 Crohn’s disease, as part of economic analysis, 

but the results of the NMAs were not directly linked to any recommendations.  

NG1743 Type 1 diabetes in adults included recommendations on preferred insulin regimens based 

on evidence from NMA conducted by the GDG to rank various long-acting insulin regimens 

for change in HbA1c level and for the risk of major hypoglycaemic events.  

For NG3344 Tuberculosis, the GDG conducted multiple NMAs of treatments assessing 

effectiveness and adverse events. The results of these NMAs were cited in the recommendations 

for treatment of latent tuberculosis.  

CG9245 Venous thromboembolism included recommendations regarding prophylaxis based on 

multiple NMAs and economic analyses conducted by the GDG. NMAs estimated the risk of 

deep vein thrombosis, symptomatic pulmonary embolism and major bleeding with selected 

prophylactic interventions or no prophylaxis after selected surgical procedures. The results of 

NMA were also used as the inputs to economic analysis. 

CG15046 Headaches reported multiple NMAs conducted by the GDG to assess the effectiveness 

of treatments for acute migraine and for prophylaxis of migraine. The results of the NMA were 

also used as inputs to economic modelling conducted by the GDG. Recommendations on acute 
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and prophylactic treatment for migraine were based on results from the NMAs and economic 

analysis.  

For CG17147 Urinary incontinence in women, NMAs were conducted to assess the effectiveness of 

antimuscarinic drugs for treating the symptoms of overactive bladder and the results of these 

were used in the economic analysis also conducted by the GDG. The GDG concluded that the 

NMA results did not support making a recommendation to use or exclude preferentially any of 

the antimuscarinic drugs studied and instead based their recommendations on the economic 

analysis.  

NG2348 Menopause also used results from NMAs conducted by the GDG as inputs to economic 

analysis. NMAs were conducted to estimate the effects of selected treatments on vasomotor 

symptoms, discontinuation of treatment and vaginal bleeding. The NMA results and economic 

anaylsis were cited as evidence for the recommendations.  

NG2449 Transfusion includes recommendations on alternatives to blood transfusion in surgical 

patients. The GDG conducted NMAs for the outcomes following selected interventions in high 

and medium risk patients and the results of the NMA were used as inputs to economic 

modelling conducted by the GDG. Both the NMA and economic analysis results were cited as 

evidence for the recommendations.  

5.5 Discussion 

5.5.1 Summary of the findings of this chapter 

The responsible GDG undertook either PWMA alone or both PWMA and NMA for 68 of 72 

NICE clinical guidelines that were newly published or updated in 2015 or 2016. 

Twelve of these guidelines made recommendations evidenced by results from NMA. In three 

cases, the evidence was from previously published systematic reviews using NMA 

methodology and, in one of those three guidelines, evidence was also used from NMA 
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undertaken by the GDG. In the nine other cases, the evidence was from NMA undertaken by 

the GDG.  

The guidelines reported the GDG undertaking NMA for 10 guidelines and considering but 

not undertaking NMA for specified reasons in another seven guidelines. 

NMA results were used mainly as evidence for identifying a preferred intervention based on 

ranking of effectiveness and/or adverse effects and those rankings were also used as inputs to 

economic analyses. 

This review did not aim to establish how often recommendations were based on the results of 

pair-wise meta-analysis in previously published systematic reviews but identified that all but 

two of the guidelines referenced such reviews. The GDG conducted pair-wise meta-analysis 

for both those guidelines and for all but four guidelines overall. 

Every guideline reported new meta-analysis or referenced previously published meta-analysis. 

5.5.2 Strengths and limitations of the research presented in this chapter 

This was the first review, as far as I have been able to identify, of the use of evidence from 

NMA in NICE clinical guidelines.  

It is likely that some systematic reviews have not been identified by this review because of 

human error in the review process, particularly because only one reviewer undertook the 

work. 

5.5.3  Implications of the findings of this chapter 

NICE clinical guidelines have a wide impact on the commissioning of health care and on 

clinical practice. This review confirmed that use of results from meta-analysis is a standard 

process in production of these clinical guidelines. Whilst pair-wise meta-analysis remains by 

far the more commonly used method in systematic reviews and was used in all the guidelines 

studied, this review demonstrated the level of uptake of use of NMA methodology. NMA was 
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conducted or considered by the GDG for nearly one quarter of the guidelines reviewed and 

some recommendations were based on the results of NMA in every guideline for which such 

analysis was conducted. 

Results from NMA in previously published systematic reviews, however, were infrequently 

used as evidence to support recommendations; with this happening in only three out of 72 

guidelines. 

NMA was used to rank interventions and for inputs to economic analysis but no pattern 

emerged as to what influenced whether the methodology was used by a GDG or not. Making 

recommendations between multiple potential interventions and conducting economic analysis 

were common to guidelines that did not reference NMA results or have NMA conducted by 

the GDG, as well as to those guidelines that did. It is possible, but unclear, whether prior 

knowledge and experience of using NMA methodology of members of the GDG (both 

clinical and research staff) may have influenced the decisions on whether to use this method in 

their guideline. 

For all guidelines, pair-wise meta-analysis was referenced and/or conducted. References to 

systematic reviews using pair-wise meta-analysis were 85 times more common than references 

to those using NMA methodology. Despite the amount of previously published systematic 

reviews, however, the GDG conducted new meta-analysis for almost every guideline. Many 

guidelines also stated reasons for excluding previously published systematic reviews on 

grounds of quality, unclear methods or relevance of the clinical question being addressed. 

These observations raise uncertainty about the level of quality and effectiveness of existing 

systematic reviews, if GDGs are unable to identify suitable existing evidence despite the large 

volume of publication of such reviews. This may reflect the wider concerns about research 

evidence summarised by Heneghan et al50. 
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The quality issues identified in some cases, by the GDG, as the reason for excluding 

previously published systematic reviews and the small number of previously published 

systematic reviews using NMA methodology that GDGs considered suitable to base 

recommendations on, reinforces the importance of critical appraisal. This led to the next step 

in my programme of research, namely be to identify a suitable critical appraisal tool for 

reviews that include NMA, which is reported in Chapters Six and Seven. 
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5.6 Chapter summary 

 NICE clinical guidelines published or updated in 2015 and 2016 made extensive use of 

meta-analysis to identify evidence to support their recommendations. 

 The GDG conducted new meta-analysis for almost every guideline. 

 NMA methods were used far less often than pair-wise meta-analysis but were used or 

considered for nearly one quarter of the guidelines reviewed. 

 Where recommendations in the guidelines were based on results of NMA, these were 

more often NMAs conducted by the GDG rather than previously published 

systematic reviews using NMA methodology. 

 Only one third of the previously published systematic reviews using NMA 

methodology that were referenced by guidelines were linked to recommendations in 

the guidelines. 

 In view of the apparent unsuitability of results from NMA, in many reviews, to be 

used as evidence to base recommendations on, the next step in my programme of 

research should be to identify a suitable critical appraisal tool for systematic reviews 

using NMA methodology. 
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CHAPTER SIX 
 
Review of critical appraisal tools 
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6 Review of critical appraisal tools 
6.1 Background 

Critical appraisal is a systematic approach to assessing the quality of a study. This assessment 

has been described as, 

‘an estimate of the likelihood that the results are a valid estimate of the truth’ 1.  

Critical appraisal involves assessing the report of a study for methodological quality and any 

likelihood of bias and considering whether these might affect the validity of the reported 

results. It is well established good practice that anyone using published health intervention 

research to aid decision making on clinical policy, individual patient care or further related 

research should critically appraise research reports for both the relevance of the research to 

their own research question and the validity of the reported results. 

Two internationally recognised centres of excellence for accessing critical appraisal tools and 

training are the Critical Appraisal Skills Programme (CASP)2 in Oxford, UK and the Joanna 

Briggs Institute (JBI)3 in Adelaide, Australia. 

 

6.2 Chapter aims and objectives 

The aim of this chapter is to try to identify a suitable critical appraisal tool to assess the quality 

of systematic reviews using network meta-analysis (NMA) methodology for synthesis. The 

primary objectives were to identify existing critical appraisal tools, as of March 2018, that 

addressed some or all aspects of quality of systematic reviews using NMA methodology for 

synthesis and determine whether any existing one was already suitable for end-users without 

specialist knowledge of NMA methodology. A secondary objective was to identify methods 

for validating a critical appraisal tool in the event that my conclusion was that a new tool 

should be developed. 
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6.3 Methods 

6.3.1 Search 

The CASP and Joanna Briggs Institute websites were accessed for critical appraisal tools and 

links to related publications. MEDLINE, MEDLINE In-Process and Embase were searched 

using free-text terms as follows: critic* apprais* AND [method* OR tool* OR checklist*] AND 

develop*. The results were limited to English language articles published between 1990 and 

the last update of these searches (January 31, 2018). The reference lists of included articles 

were also checked for potentially eligible articles. 

6.3.2 Inclusion criteria 

Systematic reviews of critical appraisal tools and articles reporting the development and/or 

validation and/or comparative testing of a critical appraisal tool for systematic reviews or 

indirect comparisons of randomised trials of healthcare interventions in humans. 

6.3.3 Exclusion criteria 

Articles reporting development of and/or validation of critical appraisal tools for anything 

other than systematic reviews or indirect comparisons of randomised trials of healthcare 

interventions in humans or restricted to use for a specific clinical topic. 

6.3.4 Selection of studies 

A single reviewer screened abstracts of the records identified by the search against the 

inclusion criteria, with the default to retrieve the full article for further consideration if there 

was uncertainty based on the abstract. Retrieved full articles were assessed by the reviewer to 

make a final decision on eligibility. 

6.3.5 Data extraction 

After eliminating articles that could be excluded on the basis of their abstract, search results 

were exported to Endnote X5 software (Thomson Reuters [Scientific] Inc., New York, NY). 
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After identifying and removing duplicate results in Endnote, full text was obtained for the 

remaining unique results. After excluding articles based on reviewing their full text and 

obtaining full text of any additional relevant articles identified from references, the following 

data were extracted from the included articles to a Microsoft Word document: authors, year of 

publication, and the following, according to type of article: 

For systematic reviews: 

Number of critical appraisal tools identified, number of tools for systematic reviews and/or 

for indirect comparison (IC)/NMA, summary of characteristics identified, and summary of 

validation methods. 

For articles reporting critical appraisal tool development: 

Intended use of the critical appraisal tool/target users (if stated), summary of development, 

number of items included, items that specifically address synthesis using network meta-

analysis, categorisation of items (if stated), response options presented, how guidance for 

completion is provided, guidance that specifically addresses synthesis using NMA and 

summary of validation methods. 

For articles reporting validation of a critical appraisal tool: 

The critical appraisal tool, summary of validation methods, and summary of authors’ 

conclusions. 

This extraction work was done by a single reviewer. 

6.4 Results 

6.4.1 Articles retrieved 

A total of 1536 records were retrieved by the searches and this was reduced to 1521 after 

removing duplicates. After screening abstracts, 59 full-text articles were retrieved. From these, 
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18 articles were identified that met the inclusion criteria. See Appendix 4 for references to the 

included studies and Table A3 for the study characteristics. 

Three articles were systematic reviews of critical appraisal tools4-6. Eleven articles described the 

development of a critical appraisal tool: eight to assess the quality of systematic reviews7-13, and 

three specifically for IC or NMA14-16. Four articles reported the validation of one or more of 

those critical appraisal tools17-20. Figure 6.1 summarises the retrieval, exclusion and final 

inclusion of articles. 

 

Figure 6.1 Article Flow Diagram 
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6.4.2 Systematic reviews identified 

Table 6.1 Summary of the systematic reviews identified 

First 
Author 

Year of 
publication 

Number of 
critical 
appraisal 
tools 
identified 

Number of 
critical appraisal 
tools for 
systematic 
reviews 

Number of critical appraisal 
tools for IC or NMA 

Katrak4 2004 121 26 0 
Crowe5 2011 44 4 0 
Zeng6 2015 21 6 0 

 

The 26 appraisal tools for systematic reviews identified by Katrak et al (2004)4 included 

multiple general guides to critical appraisal, rather than specific tools, some reporting 

guidelines and some that are no longer accessible. Only 14, of the total 121 tools identified, 

specified the empirical approach used to construct the tool. A further 31 tools were reported 

to be based on other source tools, but authors of the included articles had provided no details 

on how or why they had included/excluded items; 21 of those source tools also did not report 

the empirical approach used to construct the tool.  

Katrak et al commented that although, 

‘Forty-nine percent (N = 58) of critical appraisal tools summarised the results of the quality appraisal into a 
single numeric summary score’, ‘there was no justification provided for any of the scoring systems used.’ 
 
Amongst the 26 critical appraisal tools for systematic reviews, Katrak et al reported that 12 

were accompanied by, ‘guidelines that informed the user of the interpretation of each item contained within 

them’.  

For three tools, this was in the form of accompanying explanation within the tool and for the 

other nine tools, it was in the form of a separate handbook or published paper. Katrak et al 

stated that two tools for systematic reviews had established ‘face validity’13, 21. One of these 

was the QUOROM reporting guideline for meta-analyses of randomised trials21, rather than a 

critical appraisal tool, and the other was the ‘Overview Quality Assessment Questionnaire 

(OQAQ)’, published by Oxman and Guyatt in 199113. The latter was also one of only two 
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tools for systematic reviews that Katrak et al’s review found had undergone inter-rater 

reliability testing; the other being a tool for meta-analyses evaluating diagnostic tests22. 

Katrak et al reported that, 

‘Few critical appraisal tools had documented evidence of their validity and reliability’  

and that they  

‘found no gold standard critical appraisal tool for any type of study design’. 

They concluded that critical appraisal tools, 

‘should have published evidence of the empirical basis for their construction, validity of items and reliability of 
interpretation, as well as guidelines for use, so that the tools can be applied and interpreted in a standardized 
manner.’ 
 
Crowe and Shepherd (2011)5 undertook a literature review of critical appraisal tools, with a 

view to developing a comprehensive tool, based on searches conducted in 2008. They 

identified 44 critical appraisal tools published from 1980 onwards, of which four were to 

assess systematic reviews. These were the OQAQ13, AMSTAR (A MeaSurement Tool to 

Assess systematic Reviews)9 published in 2007, which was partially based on OQAQ, another 

checklist, also based on OQAQ, contained in a 1992 review article by Wilson and Henry23 and 

a 1997 article by Hunt and McKibbon24 on locating and appraising systematic reviews, which 

illustrates the use of OQAQ rather than reporting a new critical appraisal tool. 

Crowe and Shepherd reported that most (75%) of all 44 tools they identified had undergone 

some form of validation, mainly content validation, but most (77%) had not undergone 

reliability testing, but they reported that both OQAQ and AMSTAR had not been reliability 

tested, whereas in both cases, reliability testing had been published13, 18. 

Zeng et al (2015)6 reported a systematic review of critical appraisal tools, 

'for pre-clinical and clinical studies, systematic review and meta-analysis and clinical practice guideline’,  

based on searches conducted in 2014. They identified 21 tools for analysis, with the highest 

number being from the JBI and from CASP. Six of the tools identified were for appraisal of 
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systematic reviews. Three of these were a 1987 report of criteria developed by Sacks et al7, the 

OQAQ and AMSTAR. The other three were checklists published by CASP2, JBI3 and NICE25. 

 
6.4.3 Critical appraisal tools identified 

 
My searches identified eleven articles describing tools to appraise systematic reviews of 

healthcare interventions and/or IC or NMA. No article describing the development of any 

CASP or JBI critical appraisal tool was identified from searches but I decided to include the 

systematic review tools of each in this review due to their widely recognised status. A 

published article relating to the JBI tool was subsequently identified after the decision to 

include the tool26. 

Table 6.2 summarises the characteristics of the tools. Three of these (the 1987 checklist 

reported by Sacks et al, the OQAQ and AMSTAR), were also identified in one or more of the 

above-mentioned systematic reviews by Katrak et al, Crowe and Shepherd and Zeng et al. 

Table 6.2 Characteristics of the identified critical appraisal tools 

First author 
(Tool name) 

Published Stated scope of 
the tool 

Target users 
(if stated) 

Number 
of items 
in tool 

Includes 
items that 
specifically 
address IC 
or NMA 

Methods of 
construction 
of the tool 
reported 

Validation 
of the tool 
reported 

Inter-
rater 
reliability 
reported 

Sacks7 1987 To assess the 
quality of meta-
analyses 

Those who 
perform meta-
analyses and 
those who use 
them 

23 No No No Yes  
(but 
minimal 
details) 

Oxman8 1988 To assess the 
scientific quality 
of a review 

Readers 
interested in 
answering a 
clinical 
question 
relevant to 
their everyday 
practice 

8 No No No No 

Oxman13 
(OQAQ) 

1991 For evaluating 
the scientific 
quality of 
research 
overviews 

Peer 
reviewers, 
clinicians and 
other decision 
makers 

10 No Yes Face and 
content 
validity 

Yes 

Shea9 
(AMSTAR) 

2007 For assessing the 
methodological 
quality of 
systematic 
reviews by 
building upon 
empirical data 
collected with 
previously 
developed tools 
and utilizing 
expert opinion 

Users of 
systematic 
reviews 

11 No Yes Face and 
content 
validity 

Yes  
(in 
separate 
article18) 
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First author 
(Tool name) 

Published Stated scope of 
the tool 

Target users 
(if stated) 

Number 
of items 
in tool 

Includes 
items that 
specifically 
address IC 
or NMA 

Methods of 
construction 
of the tool 
reported 

Validation 
of the tool 
reported 

Inter-
rater 
reliability 
reported 

Kung27 
(R-
AMSTAR) 

2010 To revise an 
existing tool 
(AMSTAR) to 
quantify the 
quality of 
systematic 
reviews 

Not stated 11 No Yes Face and 
content 
validity 

Yes 

Jansen14 2011 To assist 
decision makers 
in evaluating a 
reported 
network meta-
analysis 

Policymakers 
and healthcare 
professionals 

22 Multiple No No No 

Ades15 2012 For the review 
of evidence 
syntheses in the 
context of 
decision making 
to assess 
whether or not 
the synthesis 
meets the 
requirements set 
out in the NICE 
Methods Guide 

Reviewers of 
evidence 
syntheses and 
those 
submitting 
syntheses for 
review 

41 Multiple No No No 

Higgins10 2013 To assess the 
quality of a 
meta-analysis 
with more 
detailed 
evaluation of the 
statistical 
methods than in 
existing tools 

Developers of 
quality-
assessment 
tools for 
meta-analyses 

43 One item 
relating to 

IC 

Yes Face and 
content 
validity 

Yes 

Ortega16 2014 For critical 
appraisal of 
indirect 
comparisons of 
drugs, mainly to 
be applied in 
drug evaluation 
and decision 
making 

Decision 
makers in 
drug 
evaluation and 
clinicians 

20 Multiple Yes Face and 
content 
validity 

Yes 

Whiting11 
(ROBIS) 

2016 To assess the 
risk of bias in 
systematic 
reviews 

Guideline 
developers, 
authors of 
overviews of 
systematic 
reviews, and 
review authors 

25 No Yes Face and 
content 
validity 

Yes 

Shea12 
(AMSTAR 
2) 

2017 To increase the 
value of an 
existing tool 
(AMSTAR) as a 
broad critical 
appraisal tool for 
systematic 
reviews, 
including non-
randomised 
studies 

Health 
professionals 
and policy 
makers 
who do not 
necessarily 
have advanced 
training in 
epidemiology 

16 No Yes Face and 
content 
validity 

Yes 

CASP tool28    10 No No No No 
JBI tool29    11 No No No No 
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Key components 

The content of the identified tools can be summarised into key components. Sacks’ tool was 

the earliest published tool identified and he categorised the criteria in his checklist into six 

major areas: study design, combinability, control of bias, statistical analysis, sensitivity analysis 

and applicability of results7. Most of these six areas, or key components, were also represented 

by criteria in the other tools identified. Sacks included consideration of the potential for 

conflict of interest within the area ‘control of bias’, whilst several other authors highlighted it 

separately from other sources of bias and some did not make any mention of it. Therefore, for 

the purpose of summarising key components of the tools, I treated this as a seventh key 

component. Most, but not all, tools included some criteria that are reporting standards (i.e. 

whether an aspect of the review methods or results is reported, rather than an evaluation of 

what is reported), so I treated this as an eighth component. Table 6.1 summarises the tools 

identified by the presence (shaded cells)/absence (clear cells) of each of these components. 

Table 6.3 Presence/absence of key components in the identified critical appraisal tools 

First author 
(Tool name) 

Key components 

 Study 
design 

Combinability Control of 
bias 

Statistical 
analysis 

Sensitivity 
analysis 

Applicability 
of results 

Potential 
for conflict 
of interest 

Reporting 
standard 

Sacks7         

Oxman8         

Oxman13 
(OQAQ) 

        

Shea9 
(AMSTAR) 

        

Kung27 
(R-
AMSTAR) 

        

Jansen14         

Ades15         

Higgins10         

Ortega16         

Whiting11 
(ROBIS) 

        

Shea12 
(AMSTAR 
2) 

        

CASP  
SR tool28 

        

JBI  
SR tool29 
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Guidance and response options 

Tools varied in the way authors’ provided guidance for completion and in the response 

options to select from. Table 6.4 summarises these characteristics. 

Table 6.4 Guidance for completion and response options in the identified critical 
appraisal tools 

First author Guidance for completion Response options 
Sacks7 Within the published article Not specified. Yes/no implied. 
Oxman8 Within the published article Not specified. Yes/no implied. 
Oxman13 
(OQAQ) 
 

Within the published article 7-point scale - ranging from 1, ‘extensive flaws (very 
poor)’, to 7, ‘minimal flaws (exemplary)’ 

Shea9 
(AMSTAR) 

Included alongside each item in the tool Yes/No/Can’t answer/Not applicable 

Kung27 
(R-
AMSTAR) 

Included alongside each item in the tool, with specific 
criteria for scoring each item 

Score from 1 to 4 

Jansen14 Within the published article Not specified. Yes/no implied. 
Ades15 Within the published article  

(12 pages, excluding the content relating to cost effective 
analysis) 

Not specified. Yes/no implied. 

Higgins10 Included alongside each item in the tool Yes/Probably yes/Unsure/Probably no/No 
Ortega Included alongside each item in the tool. 

 
For some items specific criteria are provided for 
whichever of the response options are presented. 

Initial three questions, for which the response options are 
Yes/No/Don’t know, followed by a question whether or 
not to proceed any further with the appraisal.  
Subsequent items in the tool have response options, 
relating to reliability, in varying combinations of 
High/Acceptable/Uncertain/Low.  

Whiting11 
(ROBIS) 

In a separate 39-page document For each item: Yes/Probably yes/Probably no/No/No 
information. 
After considering the individual items, each domain is 
then rated as having Low/High/Unclear concern about 
bias  

Shea12 
(AMSTAR 
2) 

Included alongside each item in the tool Yes/Partial yes/No 
Specific criteria for ‘yes’ or ‘partial yes’ responses are 
provided with each item. 

CASP 
SR tool28 

Included alongside each item in the tool Initial two questions, for which the response options are 
Yes/Can’t tell/No, followed by a question whether or not 
to proceed any further with the appraisal. 
Subsequent items in the tool have either the same 
response options, or, in relation to results, simply a 
comments box. 
 

JBI 
SR tool29 

Included as 4 pages of guidance in a single document with 
the tool 

Yes/No/Unclear/Not applicable 

 

Content that specifically relates to appraisal of the use of network meta-analysis 

Three articles reported checklists specifically for the critical appraisal of IC, including NMA: 

the 2011 ISPOR Task Force report14, a 2012 NICE DSU technical support document15 and 

Ortega et al (2014)16. A fourth tool (Higgins et al10) included one item about whether IC was 

performed appropriately, with brief guidance provided about how IC should and should not 

be performed. NMA is mentioned as being an extension of IC but with no specific guidance. 

Table 6.5 summarises the content of the three tools that specifically address the use of NMA. 



101 
 

Table 6.5 Items specific to network meta-analysis in the identified critical appraisal tools 

First author Key Component Details/explanation in the tool 
Jansen14 Details of the network of 

studies 
Do the results include a figure showing the network of studies? 

Statistical analysis  Description and justification of statistical model(s) used 
Whether frequentist/Bayesian approach used 
Prior distributions for model parameters in Bayesian framework 
How bias/inconsistency was evaluated 
Does the study describe an assessment of fit? Are competing models being 
compared?  

Assumptions Table/list of studies with information regarding study design and patient 
characteristics to judge potential similarity/consistency issues 
Does the discussion address aspects that might violate similarity and consistency 
assumptions? 

Ades15 Details of the network of 
studies 

If additional treatments have been added to the set of comparators, is this adequately 
justified? One reason for adding treatments to the synthesis set might be in order to 
make a connected network.  
A network diagram is a useful way of showing the structure of the evidence. The 
actual data used in the base-case analysis should be set out in a table. 

 Connectedness This should be clear from a network diagram. Approaches used to re-connect 
disconnected networks require a number of strong assumptions and these must be 
explained and, if appropriate, justified. 

 Statistical analysis 
 

Reviewers should be provided with a precise description of the meta-analytic method 
used. If a Bayesian analysis is used, details on priors, convergence and number of 
iterations should also be given. The name of the software module and package used 
for statistical analysis should be given, and any additional computer code should be 
provided. It is essential that enough information is provided so that the exact same 
analysis can be replicated. 
Evidence in the form of goodness of fit of the chosen model and of alternative 
models should be presented.  
When the empirical treatment differences are used as data (e.g. Log Odds Ratios, Log 
Hazard ratios, etc), the differences in multi-arm trials are correlated and this must be 
taken into account. 

 Assumptions Are there differences between the trials included in synthesis e.g. population, 
interventions, outcome measures? If so, how have these been handled in statistical 
analysis? 
The network structure should be set out in a diagram and the number of possible 
inconsistencies set out. 
If the AB trials tend to have been carried out on systematically different patient 
populations to the AC trials or the BC trials, there is a high risk that indirect or mixed 
treatment comparisons will be unreliable. 
Have adequate checks for inconsistency been made? 
If inconsistency was detected, what adjustments were made to the analysis, and how 
was this justified? 

Ortega16 Connectedness Are comparators and studies represented graphically? How many intermediate 
comparators are there between the two alternatives we are most interested in 
comparing? 

 Statistical analysis Is conducting an IC justified?  
Is the IC method chosen appropriate? 
Are the assumptions acceptable? 
Was any sensitivity analysis done correctly? 

 Assumptions Are details of the studies included in the network similar e.g. patients, interventions, 
outcome measures, missing patient/data handling? 
Only consider inconsistency if there is a published direct comparison of the 
treatments being compared.  
Where there is discrepancy between direct and indirect results, the reasons must be 
analysed. Any further statistical analysis conducted to correct for inconsistency must 
make clinical sense and data to perform it must be available. 

 

Chronology, development and validation of the identified tools 

The 1987 Sacks et al checklist7 was the earliest published tool identified for critical appraisal of 

systematic reviews. It consisted of items chosen by the authors, presumably based on their 

expert knowledge of the field. There is no report of how the items were decided on. The only 

mention of validation is that, 
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‘We found after an initial learning period, two evaluators agreed on more than 90 percent of items scored; the 
majority of disagreements were due to oversights.’ 
 
In 1988, Oxman and Guyatt published their checklist in a special article on reading literature 

reviews8. The checklist consisted of items again chosen by the authors, presumably based on 

their expert knowledge of the field and there is no report of how the items were decided on or 

mention of validation.  

In 1991, the same authors published the OQAQ13 tool, 

‘to measure the extent to which a review is likely to be valid; i.e. the extent to which an overview guards against 
bias (by which we mean systematic deviation from the truth)’. 
 
Similar to Sacks et al’s ‘six major areas’, Oxman and Guyatt identified ‘tasks (dimensions)’ that 

the included items must address: problem formulation, study identification, study selection, 

validation of studies, data extraction, data synthesis and inference. They developed a list of 25 

items ‘based on a review of the literature’ and refined by expert consensus, including input from 

editors and methodological experts. After pilot testing, this was reduced to 10 items by, 

‘eliminating items that did not discriminate between overviews of high and low scientific quality’. 

The article also reports inter-rater reliability (IRR) testing, details of which are described below 

(section 6.4.4). 

In 2007, Shea et al reported the development of the initial version of AMSTAR9 (see below 

for AMSTAR-2). They sought to build on and update earlier tools, in particular to include 

learning from newer methodological research that had shown, for example, the potential for 

publication and language bias in systematic reviews. They started by compiling a list of the 23 

items in the 1987 Sacks et al tool and the 10 from the OQAQ, and adding three items based 

on newer methodological research findings: language restriction on included studies, 

publication bias and publication status. Language was included twice, as an addition to the 

Sacks et al list and as a separate new item. This produced 37 items in the initial tool that was 

used by two appraisers to assess a set of systematic reviews. The results were subjected to 

principal components analysis and items below a specified threshold were removed. This 
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reduced the number of items to 11. The final form of these 11 items was determined by a 

structured process involving an expert group, including clinicians, methodologists, 

epidemiologists and ‘reviewers who were new to the field’. The expertise of the latter group is not 

stated. Validation is reported in separate articles18, 19. AMSTAR has become one of the most 

widely-used tools for appraisal of systematic reviews12. 

Kung et al (2010)27 developed the Revised AMSTAR tool (R-AMSTAR). This retained the 

same item content as the original AMSTAR tool, but introduced scores for each item. These 

item scores were then added to produce an overall score and overall score boundaries were 

defined to produce an overall rank for the quality of the systematic review, based on that 

score. IRR testing was assessed from appraisal of 11 systematic reviews by one pair of raters 

and five systematic reviews by a second pair of raters. 

In 2011, the ISPOR Task Force published two reports, one on conducting30 and the other on 

interpreting indirect comparisons and network meta-analyses14. Within the latter, Jansen et al 

included a checklist for critical appraisal of such studies, which was produced by an expert 

group, but no detail was reported of the process used to construct it and no validation of the 

checklist was reported. The authors acknowledged that their list, 

‘focuses on reporting quality and does not capture explicit items to judge or score the internal and external 
validity of a network meta-analysis.’ 

The 2012 NICE DSU Technical Support Document 7, by Ades et al15, presents a checklist 

that, 

‘is intended to be used for pair-wise meta-analysis, indirect comparisons, and network meta-analysis, without 
distinction’. 
 
The checklist is presented without details of the process undertaken to construct it and no 

validation is reported. Ades et al define four categories that the items will address: definition 

of the decision problem, methods of analysis and presentation of results, issues specific to 

network synthesis, and embedding the synthesis in a probabilistic cost-effectiveness model. 

Several items address specific aspects of the synthesis methodology and there is detailed 
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guidance on multiple aspects of network meta-analysis use. Ades et al state that network meta-

analysis does not require, 

‘extra assumptions of “trial similarity” and “consistency”, additional to assumptions that are required in pair-
wise meta-analysis’, 
 
rather that these assumptions are common to and ‘deserve scrutiny’ for both methods. They 

conclude, 

‘most items in the proposed checklist apply to both pairwise and network meta-analyses. The only issues that 
come exclusively under the heading of network synthesis are connectedness of networks, inconsistency, and 
software implementation.’. 
 
Higgins et al (2013)10 reported development of a tool, based partially on AMSTAR, designed 

to make a more ‘detailed evaluation of the statistical methods’. An expert group of medical 

statisticians contributed to and refined, by consensus, the items to be included in the final 

version of the tool, which consisted of 43 items grouped into four categories: data sources, 

analysis of individual studies, the meta-analysis, and reporting and interpretation. One item 

addresses the use of indirect comparison and NMA is mentioned, in the guidance for this 

item, as an extension of IC. IRR testing was assessed from appraisals of 26 systematic reviews 

conducted using the tool by two members of the expert development group; this was only 

calculated on the four ‘summary’ questions for each domain, not on all 43 items.  

In 2014, Ortega et al16 published, 

‘a user-friendly checklist for critical appraisal of indirect comparisons of drugs, considering clinical, 
methodological/statistical and quality aspects’. 
 
An initial list of potential items was developed by a core group ‘using CASP methods’ and 

informed by a literature review. It is unclear what the reported use of CASP methods means 

because the citation for this is simply to the Spanish CASP site where I could not find any 

methods for identifying items for a critical appraisal tool. The list was divided into three 

categories: clinical, methodology/statistics and quality. Ortega et al state that the items were 

mostly related to indirect comparisons, 

‘but including topics related to NMA and multiple treatment comparisons.’  
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The checklist was refined by an expert core group of hospital pharmacists with input from 

two external experts and then piloted to calculate inter-rater agreement, using 23 raters to 

appraise one review. Final revisions were made to the checklist, by consensus of the core 

group and two external experts, after considering the results and feedback comments from the 

appraisers. IRR testing of a draft version was reported, but the final version of the tool was 

not tested. The first section of the tool uses a similar format to CASP tools2, by concluding 

with a decision whether or not to proceed any further with the appraisal, dependant on the 

answers to the initial three questions. Ortega et al acknowledge that their tool includes few 

items relating specifically to NMA but that,  

‘some aspects of NMA are common both to meta-analysis of direct comparisons and to other kinds of ICs’. 

Whiting et al (2016)11 developed the ROBIS tool with particular focus on assessing how the 

risk of bias has been minimised in a review. A steering group of ‘experts in the area of systematic 

reviews’ identified 46 items from the 80 Cochrane MECIR31 conduct items as relating to bias. 

Items relating to bias in 40 existing tools for systematic reviews or meta-analyses were also 

identified. This larger list of items was refined down to the items for inclusion, by means of a 

Delphi process using input from a wider group of methodologic, systematic review and 

guideline development experts. Final amendments were made after piloting the tool and 

considering feedback. The tool has three phases: an optional first to assess relevance, a second 

to identify concerns with the review process, which is split into four domains, and a third to 

judge overall risk of bias in the review. The guidance mentions NMA in the introduction to 

one domain and in relation to one item within that domain (appropriateness of the synthesis) 

but does not highlight any specific aspects of it for the user to consider and instead advises 

that statistical advice might be required if NMA has been used. IRR testing is reported 

involving one pair of appraisers assessing eight systematic reviews. Further IRR testing, with 

comparison to AMSTAR, was reported separately20. 
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In 2017, Shea et al12 reported an updated version of AMSTAR: AMSTAR 2. They state that 

this update was partly in response to feedback on the original tool and partly to address the 

inclusion of non-randomised studies in systematic reviews. They comment that, 

‘The revisions were not intended to deal with the special requirements of diagnostic test reviews, individual 
patient data meta-analyses or network meta-analyses, scoping reviews, or realist reviews.’  
 
An expert group, with expertise in conduct of non-randomised studies, appraisal tool 

development, biostatistics and study design, considered various sources of feedback and 

updated literature reviews on critical appraisal tools before using a similar structured process 

to that used in the development of the original AMSTAR tool to produce a revised version. 

This version was further revised following piloting. Seven of the final 16 items in AMSTAR 2 

are designated as ‘critical’ and carry more weighting in the tool’s guidance on rating overall 

confidence in the results of the review. The options of ‘not applicable’ and ‘can’t answer’, 

which were present in AMSTAR, were removed on the basis that, 

‘all domains are relevant to contemporary systematic reviews of healthcare interventions. If no information is 
provided to rate an item, the review authors should not be given the benefit of doubt and the item should be 
rated as a “No.”’ 
 
but the ‘partial yes’ option was introduced ‘to identify partial adherence to the standard.’ Another 

change from AMSTAR, is that specific criteria for “yes” or “partial yes” responses are 

introduced with each item. Details of the IRR testing are included in the next section.  

Shea et al stress that AMSTAR 2, 

‘should not be used to derive an overall score’ because ‘an overall score may disguise critical weaknesses that 
should diminish confidence in the results of a systematic review’ 
 
whilst acknowledging that the original AMSTAR was often used in this way and the website 

‘facilitated’ doing so. 

  



107 
 

Additional tools included 

No article describing the development of any CASP or JBI critical appraisal tool was identified 

from searches but the tools for systematic reviews in each were included in this review due to 

their widely recognised status. An article relating to the JBI tool was subsequently identified26. 

The CASP tool for systematic reviews28 contains items split into three sections: validity of the 

review, results of the review and local applicability. The first section contains two ‘screening’ 

questions, following which the user is asked to decide whether or not to proceed any further 

with the appraisal. 

The JBI tool for systematic reviews states that it should be cited as a published article26, which 

makes recommendations for conduct of umbrella reviews which summarise multiple 

systematic reviews. Contained within that article is a critical appraisal tool for systematic 

reviews that is described as having been developed and piloted by the umbrella review 

methodology group but no details of the development process or any validation is reported. 

The tool in the published article contains 10 items but the tool published on the JBI website29 

contains 11 items; the additional item not included in the published article asks whether there 

were methods to minimise errors in data extraction. The published article states that the 

response options are “met”, “not met”, “unclear” or “not applicable” but the tool published 

on the JBI website shows the response options as “yes”, “no”, “unclear” or “not applicable”. 

The characteristics summarised in Tables 6.2, 6.3 and 6.4 are for the version of the tool 

published on the JBI website. 

 
6.4.4 Articles reporting validation of a critical appraisal tool 

 
I identified four articles that reported validation, mainly in the form of IRR testing of one or 

more of OQAQ, AMSTAR, or ROBIS17-20. Additionally, seven of the articles mentioned 

above also reported IRR testing7, 10-13, 16, 27. Of those, the details of IRR testing of OQAQ, 

reported by Oxman et al in 199113 are included in this section because they were not included 
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in the article reporting the tool’s validation but only in the article reporting its development. 

The details of IRR testing of AMSTAR 2, reported by Shea et al in 201712, are also included in 

this section for ease of comparison with those for the original AMSTAR. 

 

OQAQ 

Oxman et al reported validation of OQAQ and IRR testing in two articles13, 17. They assessed 

validity in three ways. They assessed face validity by having a group of clinical epidemiologists 

rate the tool, they compared what was done to what was reported by surveying authors of 

systematic reviews to assess whether that affected the validity of criteria in the tool and they 

assessed construct validity by testing a set of hypotheses, 

‘concerning how the instrument should behave if it were really measuring the scientific quality of the overviews.’  

Oxman et al found that the mean ratings by 15 clinical epidemiologists for 11 of 13 items 

included in a survey of satisfaction with the tool were between 4.9 and 6.2, on a scale of 1 

(low) to 7 (high). Two aspects had lower ratings: whether information would be available 

(mean score 3.8) and the need for subjective decisions (mean score 4.0). These were thought 

to be linked by the same concern about how likely it was that the information required for 

assessing the appraisal criteria would be included in published reviews. They also found that 

the appraisers’ judgement of the methods used in reviews, using the tool’s criteria to assess 

publications, generally matched what responding authors said they did. The results of testing 

six of their seven hypotheses confirmed construct validity. The exception was the negative 

result for a hypothesis that the overall score for a review would correlate positively with the 

amount of total research training of the authors. 

IRR testing of the tool involved nine appraisers, of which six were authors of the tool and 

three were research assistants in their university department, who appraised 36 published 

reviews. Oxman et al defined that the intraclass correlation coefficients calculated from the 

scores selected by the appraisers for each item should be above 0.5 to demonstrate reliability. 
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Although they stated that the results showed only minor differences in the level of agreement 

for seven of the ten items in the tool, the mean coefficient for one item and the 95% 

confidence interval for three others were below 0.5, so four of the ten items in the tool failed 

to meet the standard that they had defined. 

AMSTAR 

Shea et al reported validation of AMSTAR in two articles18, 19. In 2007, 42 systematic reviews 

were appraised using AMSTAR, by two appraisers and the agreement score overall and for 

each item was calculated using the weighted Cohen’s kappa. Shea et al stated that the two 

appraisers applied AMSTAR independently to each review but also that they, 

‘reached agreement on the assessment results’,  

which raises uncertainty as to whether the kappa results reported were based on completely 

independent judgements by each rater or on judgements that may have been adjusted after 

discussion. Shea et al followed a commonly used interpretation of kappa values, with the 

degree of agreement indicated by the kappa value being less than chance (any negative value), 

slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-0.80) or almost perfect 

(0.81-1.00). The IRR results are summarised in table 6.6. Construct validity was assessed by 

testing specific hypotheses using total mean scores, for the sample of 42 systematic reviews, as 

a percentage of the maximum possible total score for AMSTAR and the equivalent scores and 

percentage of maximum possible total score from different appraisers using OQAQ. As stated 

earlier, the validity of using AMSTAR to calculate an overall score was later rejected by its 

authors, when they published AMSTAR 212, so their choice of this method to assess construct 

validity undermines confidence in their conclusions.   

In 200919, 30 systematic reviews were each appraised, using AMSTAR, OQAQ and the 1987 

Sacks’ tool7, by two appraisers and the agreement scores for each tool overall and for each 

item were calculated using Cohen’s kappa, using responses dichotomised into two categories: 

‘yes’ and ‘any other’. This time, it was not reported whether the appraisers applied the tool 
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independently or whether they reached agreement. The authors stated that one of the two 

reviewers was ‘without formal training’ but later seem to contradict this by commenting that, 

‘the relatively high reliability of total scores for AMSTAR and OQAQ may be partly because of the raters’ 
familiarity with both instruments’. 

The IRR results are summarised in table 6.6. Construct validity was tested by assessing 

convergence using intraclass correlation coefficients based on the scores obtained from each 

pair of the three tools. However, as with the 2007 report, confidence in their conclusions is 

undermined by their choice to calculate total mean scores as a percentage of the maximum 

possible score. They also assessed feasibility by comparing the time taken to complete the 

three tools and noting where appraisers reported difficulty completing the score for an item. 

At an average of 14.9 minutes, AMSTAR was the quickest of the three tools to complete. 

Reporting of the time to complete AMSTAR 2, indicates that this time is in addition to the 

time taken to read the review12. 

ROBIS 

Buhn et al (2017)20 compared ROBIS with AMSTAR, stating that, 

‘The major drawback of AMSTAR is that it relies heavily on reporting quality rather than on methodological 
quality’ 
 
and, 

‘there is a movement from generic quality checklists, such as AMSTAR, toward a more domain-based 
approach, such as in other critical appraisal tools.’ 
 
Sixteen systematic reviews were appraised using ROBIS and AMSTAR, by four appraisers. All 

reviewers had moderate to high experience of using AMSTAR but no previous experience of 

using ROBIS. They were familiarised with ROBIS by reading the article describing its 

development and a guidance document on its use. The degree of agreement between all 

appraisers for both tools was assessed by calculating Fleiss’ kappa. For this assessment, some 

categories of response used in ROBIS were grouped e.g. ‘yes’ and ‘probably yes’. To maintain 

comparability with the published validation studies of AMSTAR described above, Buhn et al 
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dichotomised all AMSTAR responses into ‘yes’ and ‘all others’. IRR for each possible pair of 

appraisers was calculated using Cohen’s weighted kappa, for ROBIS, and Cohen’s kappa, for 

AMSTAR. The IRR results are summarised in table 6.6. Construct validity was assessed by 

comparing the results with each tool for appraisal of Cochrane versus non-Cochrane reviews, 

which found use of both tools resulted in a statistically significant higher number of items 

with ‘yes’ responses for Cochrane Reviews. The mean time for reaching consensus amongst 

four reviewers was 10 minutes for AMSTAR and 50 minutes for ROBIS, but the time for 

applying each tool individually was stated to have not been reliably recorded. Buhn et al 

concluded that the performance of ROBIS was similar to that of AMSTAR but noted that the 

AMSTAR kappa results were lower than reported in previous publications. Two thirds of the 

items in both tools had kappa results in the range of fair agreement (0.21-0.40) or lower, but 

two items in AMSTAR had negative kappa results, indicating less than chance agreement. 

AMSTAR 2 

In 2017, Shea et al12 reported IRR testing of AMSTAR 2, involving three pairs of appraisers 

and three sets of systematic reviews; one pair of appraisers were developers of the tool. One 

of the reasons stated for updating the original AMSTAR tool was to address the inclusion of 

non-randomised studies in systematic reviews, so 34 of the 54 systematic reviews used for the 

IRR test included only non-randomised trials (18) or a mixture of randomised and non-

randomised trials (16). The authors provided less detail of the IRR testing methods than in 

their 2007 and 2009 reports of testing the original AMSTAR. They did not state whether each 

pair of raters assessed only one type of review, a mixture of two or of all three types. They 

acknowledged that the IRR results (0-1) varied widely across items and between pairs of raters 

but stated that 46 of 50 kappa scores were in the moderate agreement range (0.41 - 0.60) or 

higher. There are 16 items in the AMSTAR 2 tool, but kappa values were calculated separately 

for criteria relating to randomised and non-randomised trials for two items, so there were 

potentially a total of 54 kappa values across the three pairs of reviewers. In addition to Shea et 
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al’s summary of 50 scores, there were three kappa scores of 0 and one score was not 

calculated. The IRR results are summarised in Table 6.6, showing results for each of the three 

pairs of appraisers. 

 

Table 6.6 Inter-rater reliability test results – AMSTAR and ROBIS 

(n = number of items with a kappa value within each range) 

CASP and JBI tools 

No article describing the validation of any CASP or JBI critical appraisal tool was identified. 

6.5 Discussion 

6.5.1 Summary of the findings of this chapter 

The systematic reviews of critical appraisal tools that I identified report that the empirical 

approach used to construct the tools and validation are not reported for a high proportion of 

tools. Although it was common for tools to produce a summary score, no justification was 

provided for any scoring system. Some critical appraisal tools identified in the systematic 

reviews or mentioned in other included articles were actually reporting guidelines or general 

guidance on reviewing a paper, rather than a formally designed critical appraisal tool.  

My review identified 13 critical appraisal tools for systematic reviews or indirect comparisons 

of randomised trials of healthcare interventions in humans, published between 1987 and 2017. 

Three of these tools were developed specifically to include appraisal of synthesis using NMA 

methodology. The number of items included in the tools ranged from 8 to 43, but only from 8 

kappa 
value 

AMSTAR18 
2007 

AMSTAR19 
2009 

AMSTAR20 
2017 

ROBIS20 
2017 

AMSTAR 2 12 
2017  

(NB results are for 3 
pairs of appraisers) 

<0 0 0 2 0 0 0 0 

0.00 - 0.20 0 0 3 10 1 2 0 

0.21 - 0.40 0 1 2 7 3 1 0 

0.41 - 0.60 1 3 2 6 2 1 4 

0.61 - 0.80 3 5 1 1 9 4 11 

0.81 - 1.00 7 2 1 0 3 9 3 
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to 16 in those tools aimed at more general users. The extent to which responses to the items 

in a tool assess only whether something was reported, as opposed to evaluating the quality, 

validity or risk of bias ranged from a strong focus on reporting (e.g. Jansen et al14) to little 

focus on reporting (e.g. Ortega et al16). Most tools had less focus on reporting. Guidance was 

included alongside each item in some tools but provided as a separate document or only 

within the published article for others. Only one tool (R-AMSTAR27) was intended to be used 

to produce a summary score. The authors of the original version of the AMSTAR tool 

acknowledged it had been used, at times, to produce an overall score but emphasised, when 

publishing AMSTAR 2, that this should not be done. They referenced examples of the 

previously published evidence of the hazards of doing so32, 33 and concluded,  

‘We strongly recommend that individual item ratings are not combined to create an overall score. Rather, users 
should consider the potential impact of an inadequate rating for each item.’ 

Both the empirical approach used to construct the tool and IRR testing were reported for six 

tools9-13, 27. The empirical approach used to construct the tool and IRR testing as part of the 

development process were reported for one additional tool but testing was not conducted 

using the final version of the tool16. Brief mention of a limited form of IRR testing was 

reported for another tool7.  

The empirical approach for constructing some tools used either content from earlier ones (e.g. 

AMSTAR used items included in the 1987 Sacks et al tool and OQAQ; the 2013 Higgins et al 

tool used items in AMSTAR) or content from other existing sources (e.g. ROBIS used items 

in the Cochrane MECIR). In each case, an initial higher number of identified items was 

reduced to a smaller number in the final tool. In other tools, content was devised using a 

group of experts, sometimes including a range of expertise, e.g. OQAQ, AMSTAR, ROBIS, 

and other times it was limited to a specific discipline, e.g. statisticians (the 2013 Higgins et al 

tool) or hospital pharmacists (the 2014 Ortega et al tool). 
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The arrangements for IRR testing varied in terms of the number of raters, whether or not 

developers of the tool were included as raters, the number and clinical variety of reviews 

assessed, whether each item or only a summary question for a category/domain was 

considered and whether responses were grouped or considered separately. 

There were few comparisons of the time taken to complete different tools but these tended to 

indicate that tools containing fewer items were completed in a shorter time. 

Details of the empirical approach to construction or reports of IRR testing were not found for 

the systematic review tools from CASP or JBI, which are the most widely recognised centres 

of excellence for accessing critical appraisal tools. 

The range of scope and target users of identified tools included those aimed at general users 

of systematic reviews without specialist expertise (e.g. AMSTAR and AMSTAR 2), and those 

aimed at very specific and/or expert users (e.g. the 2014 Ortega et al tool for decision makers 

in drug evaluation and the 2011 Ades et al tool for those assessing whether the NICE 

Methods guide requirements are met). 

Across the three tools identified that included content addressing specific aspects of NMA 

methodology, whilst details varied, there was substantial common ground as to the 

components that critical appraisal should consider: connectedness of the network, 

performance of the statistical analysis and assessment of validity of the assumptions made. 

6.5.2 Strengths and limitations of the research presented in this chapter 

This was the first review, as far as I have been able to identify, of critical appraisal tools for 

systematic reviews including synthesis using NMA methodology. 

It is likely that some articles were not identified by my review because of human error in the 

review process, particularly because only one reviewer did the work. 
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I included the systematic review tools of CASP and JBI due to their widely recognised status 

and use by a broad range of users despite not finding any published details of their 

construction or validation. The lack of those details, compared with the other tools identified, 

makes it difficult to assess the level of confidence that should be placed in the validity of their 

content.  

My search will not have identified some additional systematic review appraisal tools that are 

not the subject of published articles but might have content that would have been relevant to 

consider. Furthermore, consultation with a wider range of experts may also have identified 

additional tools. However, because of the limitations caused by a lack of published details, I 

limited the inclusion of such tools to only the CASP and JBI tools. 

This review did not include other approaches to quality assessment of evidence produced 

using meta-analysis, as part of a systematic review. I discuss some of these approaches in 

Chapter Eight; specifically, approaches that relate to assessing evidence produced using NMA 

methods. 

6.5.3 Implications of the findings of this chapter 

This review found no evidence that there is an established consensus on a ‘gold standard’ for 

the development, validation and reporting of critical appraisal tools. This does not indicate 

that there is not identifiable good practice but shows that there is considerable variation in the 

methods used. I also found that some well-known and widely-used tools lack published details 

of validation and there is an absence of published information to judge whether good practice 

was followed in their development.   

The earliest published tools for systematic reviews are the 1987 Sacks et al checklist, the 1988 

Oxman and Guyatt checklist and the same authors’ 1991 OQAQ.  Since very few systematic 

reviews using NMA methodology for synthesis were published before 200934, as expected, 
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these earlier tools did not include any items or guidance that address synthesis using NMA 

methodology. The 1987 Sacks et al checklist and OQAQ were used as the basis for developing 

the content of AMSTAR in 2007, which was modified in 2010, as R-AMSTAR, to include a 

scoring system, and updated in 2017 to AMSTAR 2. None of these three versions of 

AMSTAR include any items or guidance that address synthesis using NMA methodology and 

the authors of AMSTAR 2 stated that, 

‘The revisions were not intended to deal with the special requirements of diagnostic test reviews, individual 
patient data meta-analyses or network meta-analyses, scoping reviews, or realist reviews.’ 12. 
 

The CASP and JBI systematic review tools contain no items or guidance that address synthesis 

using NMA methodology. ROBIS mentions NMA but has no criteria for assessing its use and 

the 2013 Higgins et al tool has one item concerning use of IC but without any criteria specific 

to use of NMA.  

The other three tools identified in this review (all published since 2011), each contain some 

items and guidance that address the use of NMA in detail14-16. Whilst details varied between 

the tools, there was substantial common ground as to the components that critical appraisal 

should consider: connectedness of the network, performance of the statistical analysis and 

assessment of validity of the assumptions made. 

As regards the format of a critical appraisal tool, my review suggests that tools with fewer 

items and with guidance alongside each item are completed in a shorter time, so these could 

be regarded as user-friendly characteristics. I also identified potential drawbacks in using 

responses to calculate an overall score. 

For the purpose of my research, and from my perspective as a practising clinician, my aim had 

been to identify a critical appraisal tool that would be user-friendly to a broad range of users 

without specialist statistical expertise and I concluded from this review that the characteristics 

of such a tool should,  
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a) match those of the most widely-used critical appraisal tools identified in this review 

that were aimed at similar users (AMSTAR, CASP and JBI) i.e. fewer items (10-11); 

brief guidance that accompanies each item within the tool.  

b) not use responses to calculate an overall score because that can, 

‘disguise critical weaknesses that should diminish confidence in the results of a systematic review’12 

c) in general, contain items with less focus on reporting and more on evaluation 

d) include items and guidance specifically addressing the identified common 

components for appraisal of the use of NMA methodology, whilst accepting that users 

with lack of statistical expertise would not be expected to evaluate detailed statistical 

aspects and consequently there would need to be more focus on assessing reporting 

for these items 

e) have clarity about the empirical process used to construct the tool and the validation 

undertaken.  

Only three tools identified in this review included the relevant NMA methodology content but 

each one did not meet some of the other criteria listed above14-16. Jansen et al had a strong 

focus on reporting and there were very limited details published of the process used to 

construct the tool and no published details of other validation14 Ades et al15 included 39 items 

(plus two related to cost effectiveness analysis) and provided extensive guidance within the 

article but not within the tool. Their tool was developed for use by those assessing whether 

the NICE Methods guide requirements are met, rather than for a broad range of users without 

specialist statistical expertise. Ortega et al16 included 20 items and did provide brief guidance 

alongside each item within the tool. Their tool was developed for decision makers in drug 

evaluation but aimed to be user-friendly.  
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Both the Ades et al and Ortega et al tools reflect current knowledge on research quality and 

risk of bias and are critical appraisal tools to consider using to assess systematic reviews using 

NMA methodology for synthesis. However, I did not identify any existing critical appraisal 

tool that fulfilled all my preferred criteria. The Ortega et al tool was the nearest to meeting my 

preferred criteria and used part of the CASP format, but it contains twice as many items as the 

most widely-used appraisal tools for systematic reviews and some items require users to 

evaluate detailed statistical aspects. Therefore, I decided that the next task in my programme 

of research should be to construct a new tool, close in format and number of items to those 

most widely-used tools, reflecting the most up-to-date content from the tools that I had 

identified. My work towards this objective is described in Chapter Seven. 

6.6 Chapter summary 

 My review found no evidence that there is an established consensus on a ‘gold 

standard’ for the development, validation and reporting of critical appraisal tools but 

there were some common elements reported that can be regarded as good practice. 

 Nearly all relevant critical appraisal tools published since 2011 contain some mention 

of NMA methodology but only three contain items and guidance that specifically 

address details of its use 

 Across those three tools, there was substantial common ground as to the components 

that critical appraisal should consider: connectedness of the network, performance of 

the statistical analysis and assessment of validity of the assumptions made. 

 Neither details of the empirical approach to construction nor reports of IRR testing 

were found for the systematic review tools of either CASP or JBI, the most widely 

recognised centres of excellence for accessing critical appraisal tools. 

 No items or elements of guidance in the systematic review tools of either CASP or JBI 

specifically address synthesis with NMA methodology. 
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 Since I did not identify an existing critical appraisal tool that fulfilled all my preferred 

criteria, my next task was to construct a tool meeting those criteria. 
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Chapter Seven   
 
Critical appraisal tool development 
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7 Critical appraisal tool development 

7.1 Background 

My aim was to fill the gap identified in the review presented in Chapter Six by developing a 

critical appraisal tool for systematic reviews using NMA methodology that would allow a wide 

range of end-users of such reviews to critically appraise them. I wished to develop a tool that was 

simpler in format and with content appropriate to support a generalist appraiser, rather than only 

for appraisers with pre-existing specialist statistical knowledge of NMA methodology. As 

described in Chapter Six, my preferred characteristics of a suitable critical appraisal tool, in order 

for it to be user-friendly to the widest group of users, were that it should: 

a) match those of the most widely-used critical appraisal tools identified that were aimed 

at similar users (AMSTAR, CASP and JBI) i.e. fewer items (10-11); brief guidance that 

accompanies each item within the tool.  

b) not use responses to calculate an overall score because that can, 

c) in general, contain items with less focus on reporting and more on evaluation 

d) include items and guidance specifically addressing the identified common components 

for appraisal of the use of NMA methodology (connectedness of the network, 

performance of the statistical analysis and assessment of validity of the assumptions 

made), whilst accepting that users with lack of statistical expertise would not be expected 

to evaluate detailed statistical aspects and consequently there would need to be more 

focus on assessing reporting for these items 

e) have clarity about the empirical process used to construct the tool and the validation 

undertaken.  

My review of critical appraisal tools, reported in Chapter Six, identified none that fulfilled all 

those criteria. In that review, I found no compelling evidence base for selection of one particular 
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format for a new tool, but noted that the most widely-used tools provide brief guidance on 

completion within the tool alongside each item and that these can be completed in a shorter 

time. My review found that the items included in tools were developed based on the content of 

earlier tools or similar resources and/or the opinions of experts, so I decided to combine these 

approaches. My review also found that an initial higher number of identified source items was 

then reduced to a smaller number of items included in the final tool and I expected to achieve 

the same. 

Finally, my review found that the Ortega et al tool1 was the nearest to meeting the preferred 

characteristics that I identified, and that this tool used part of the CASP format but provided 

more guidance than the brief hints used in CASP tools. CASP tools use a format with wide 

international recognition and are designed for generalist users. CASP publish a range of critical 

appraisal tools covering most study designs but do not currently publish a tool with content 

relevant to use of NMA methods, whether as part of a SR or not. Based on these considerations, 

I decided to use the CASP critical appraisal tool format, but to provide guidance within the tool 

to support users that went beyond the brief hints used in existing CASP tools. 

7.2 Chapter aims and objectives 

The aim of the research reported in this chapter was to construct and validate a critical appraisal 

tool for systematic reviews using NMA methodology for synthesis. The primary objectives were 

to identify appropriate items to include in the tool and to conduct an inter-rater reliability test. 

7.3 Methods 

To identify items for inclusion in the tool that would have face validity, I selected source tools 

from those identified in the review reported in Chapter Six. The source tools were selected on 

the basis that they were tools for generalist use, rather than for appraisal of detailed statistical 

features, and that both the empirical method for constructing the tool and the inter-rater 

reliability testing were reported. Additionally, only the most recent iteration of a critical appraisal 
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tool was included. Items from these sources and any accompanying guidance included in a tool, 

but not separate from it, were extracted into a Microsoft Excel spreadsheet, with one column for 

the items from each tool. The items were sorted into rows reflecting overlapping content, 

matching each item from the existing CASP tool for systematic reviews and including additional 

rows reflecting content not covered by an existing CASP tool item. Each row was allocated a 

topic name relating to the aspect of a review that it addresses. Content from the JBI systematic 

reviews tool was also extracted, on the basis of its international recognition and design for 

generalist users, similar to the CASP tool. A qualitative synthesis was then undertaken to develop 

a new tool from the existing CASP tool for systematic reviews, replacing, amending or 

incorporating new items and adding a separate guidance section, whilst retaining the hints 

section but amending its content, if indicated. 

Because no reports of evidence for the face and content validity and IRR testing of the CASP or 

JBI tool were identified in the review reported in Chapter Six, although their content was 

included in the synthesis process for the new tool, I decided not to include any item that could 

be sourced only from either the CASP or JBI tool but not from any of the other source tools. 

The content of the tool I developed was checked for omissions against the PRISMA extension 

statement on reporting standards for NMAs in systematic reviews. Although this is a reporting 

standard, it reflects current evidence on the quality elements for such a review, so was considered 

to be a relevant reference point. 

After constructing an initial draft of the tool, a recent set of published systematic reviews was 

checked for reported methods of minimising bias or any other comments on bias in order to 

identify any items not addressed by the draft tool. The search strategy reported in Chapter Three 

was used to search MEDLINE in January 2019 and, starting with those most recently published, 

abstracts of the retrieved articles were screened to identify at least 50 systematic reviews that 

reported using NMA methods for synthesis. The full text of these articles was retrieved and 
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checked for reported methods of minimising bias or any other comments on bias that were not 

already addressed by any item in the initial version of the draft tool. 

I shared the revised draft tool with two experts in systematic reviews and critical appraisal for 

comment and made further amendments to take account of their feedback. 

Inter-rater reliability (IRR) was tested using eight raters, including myself. All raters were staff of 

Hull York Medical School and were involved in teaching critical appraisal to undergraduate 

medical students. Each rater appraised three systematic reviews that had used NMA for 

synthesis. All three reviews were published between 2013 and 2017, on the topic of prophylaxis 

for migraine2-4. No training in using the tool was provided. Raters were asked for general 

feedback on the tool and to rate their level of confidence to critically appraise a systematic review 

incorporating NMA before this exercise and their level of confidence using the tool, on a scale 

of 1 to 5 (1 = low, 5 = high). Fleiss’ kappa values were calculated for all raters for each item in 

the tool to assess the level of agreement between raters above that expected by chance. 

Additionally, the exact percentage agreement and percent agreement within one ordinal degree 

(e.g. yes vs partially/unsure) between raters were calculated for each item. 

7.4 Results 

7.4.1 Source critical appraisal tools included 

Items and guidance notes were sourced from the following existing tools: CASP tool for 

systematic reviews5, JBI tool for systematic reviews61, AMSTAR 27, ROBIS8 and Ortega et al 

(2014)1. 

 

 

1The version available online from the JBI site was used, not the version in the article cited within the guidance that 
accompanies it, which is different, as explained in the previous chapter 
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The 2013 Higgins et al tool9 was considered because the empirical method for constructing the 

tool and the inter-rater reliability testing were reported, but it was not included because it was 

specifically developed to assess detailed statistical content and consequently contains a large 

number (43) of items. 

The 2011 ISPOR Task Force’s tool (Jansen et al)10 and the 2012 NICE DSU Technical Support 

Document 7 tool (Ades et al)11 were also considered, because both contain items and detailed 

guidance that address various aspects of the use of network meta-analysis for synthesis, but were 

not included because the former had a strong focus on reporting and the latter contains 41 items 

and is aimed at users with more specialised knowledge. Additionally, the common components 

specific to NMA (connectedness of the network, performance of the statistical analysis and 

assessment of validity of the assumptions made) that I identified in my review reported in 

Chapter Six, were already represented in Ortega’s tool. 

7.4.2 Identification of items 

24 distinct topics were identified by sorting the items extracted from the included source tools. 

Each distinct topic was labelled with a name relating to the aspect of a review it addresses. Some 

items from included tools appear under more than one topic if an item corresponds to more 

than one CASP item, or to more than one item from other included tools when there is no 

corresponding CASP item in each case. Since a preferred characteristic for a new tool was to 

have fewer items, multiple items from included tools appear under the same topic if they 

correspond to a single CASP item or to a single item from another included tool when there is 

no corresponding CASP item. Some items from the CASP tool appear under more than one 

topic if they correspond to items that are addressed separately in other included tools but, when 

considered together, do not correspond fully to the CASP item. Only content specific to 

randomised trials and to intervention reviews was included from ROBIS, which contains some 
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content specific to non-randomised trials and has different options for initial consideration of 

the review question.  

No additional items were included after checking for omissions against the PRISMA extension 

statement on reporting standards for NMAs in systematic reviews. 

Table 7.1 lists the distinct topics identified, the corresponding numbered items in the new tool (if 

any), and which source tools contain items related to each topic. 

Table 7.1 Summary of which source tools contain items related to each topic identified 

Topic 
number 

Topic Item(s) 
in new 
tool 

CASP JBI AMSTAR 
2 

ROBIS Ortega 
et al 

1 Review question 1      
2 Adherence to 

protocol 
1,8         

3 Inclusion criteria 2       
4 Search methods 3      
5 Selection of studies 4         
6 Details of excluded 

studies 
3          

7 Appraisal of included 
studies 

4      

8 Extraction of data          
9 Reliability of studies 

data 
           

10 Details of included 
studies 

5        

11 Selection of studies 
for synthesis 

5       

12 Synthesis choices 5,6,7      

13 Heterogeneity 6         
14 Inconsistency 6          
15 Publication bias 7         
16 Results - general 8         
17 Results - precision 8          
18 Conflict of interest 3,7         
19 Conclusions - 

internal validity 
9        

20 Conclusions - 
External applicability 

10         
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Topic 
number 

Topic Item(s) 
in new 
tool 

CASP JBI AMSTAR 
2 

ROBIS Ortega 
et al 

21 Conclusions - other 
information required 

10         

22 Conclusions - 
benefits v harms 

           

23 Conclusions- new 
research 

           

24 Conclusions - overall 
risk of bias 

           

 

Table 7.2 lists the distinct topics identified, the corresponding numbered items in the new tool (if 

any), and the items and hints/comments/guidance, extracted from each of the included tools, 

which relate to each topic. Hints, comments or guidance accompanying items in a tool are 

shown in italics. For practicality, the contents of the comments column from the tool published 

by Ortega et al were not included in the table, because they are, in many instances, as lengthy as 

the guidance provided for other tools in a separate document. 

Table 7.2 Summary of source items related to each topic identified 

Topic 1 Review question 
  Corresponding item(s) in new tool 1 
CASP Did the review address a clearly focused question? An issue can be 'focused' in 

terms of: the population studied; the intervention given; the outcome considered. 
JBI Is the review question clearly and explicitly stated? 
AMSTAR 2 Did the research questions and inclusion criteria for the review include the 

components of PICO? For yes: Population; Intervention; Comparator group; 
Outcome. Optional (recommended): Timeframe for follow-up. Response options: 
Yes; No. 

ROBIS Does the question addressed by the review match the target question? 
Patients/Population(s); Intervention(s); Comparator(s); Outcome(s) for Target 
question (e.g. overview or guideline) and for Review being assessed. 

Ortega et 
al 

Was the search strategy for study selection adequate? Was the search question 
correctly established? (PICO). Are all relevant studies included? Is the comparator 
relevant? 
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Topic 2 Adherence to protocol 
  Corresponding item(s) in new tool 1,8 
AMSTAR 2 Did the report of the review contain an explicit statement that the review methods 

were established prior to the conduct of the review and did the report justify any 
significant deviations from the protocol? For Partial Yes: The authors state that they 
had a written protocol or guide that included ALL the following: review question(s); a 
search strategy; inclusion/exclusion criteria; a risk of bias assessment. For Yes: As for 
partial yes, plus the protocol should be registered and should also have specified: a 
meta-analysis/synthesis plan, if appropriate and: a plan for investigating causes of 
heterogeneity; justification for any deviations from the protocol. Response options: 
Yes; Partial yes; No 

ROBIS Did the review adhere to pre-defined objectives and eligibility criteria? 
  
Topic 3 Inclusion criteria 
  Corresponding item(s) in new tool 2 
CASP Did the authors look for the right type of papers? The best sort of studies would 

address the review’s question; have an appropriate study design (usually RCTs for 
papers evaluating interventions) 

JBI Were the inclusion criteria appropriate for the review question? 
AMSTAR 2 Did the review authors explain their selection of the study designs for inclusion in 

the review? For Yes, the review should satisfy ONE of the following: Explanation for 
including only RCTs; OR Explanation for including only NRSI; OR Explanation for 
including both RCTs and NRSI. Response options: Yes; No. 

ROBIS 1) Were the eligibility criteria appropriate for the review question? 2) Were 
eligibility criteria unambiguous? 3) Were any restrictions in eligibility criteria based 
on study characteristics appropriate (e.g. date, sample size, study quality, outcomes 
measured)? 4) Were any restrictions in eligibility criteria based on sources of 
information appropriate (e.g. publication status or format, language, availability of 
data)? 

 
Topic 4 Search methods 
  Corresponding item(s) in new tool  3 
CASP Do you think all the important, relevant studies were included? Look for: Which 

bibliographic databases were used; follow up from reference lists; personal contact 
with experts; search for unpublished as well as published studies; search for non-
English language studies 

JBI 1) Was the search strategy appropriate? 2) Were the sources and resources used to 
search for studies adequate? 

AMSTAR 2 Did the review authors use a comprehensive literature search strategy? For Partial 
Yes (all the following): searched at least 2 databases (relevant to research question); 
provided key word and/or search strategy; justified publication restrictions (eg, 
language). For Yes, should also have (all the following): searched the reference 
lists/bibliographies of included studies; searched trial/study registries; 
included/consulted content experts in the field; where relevant, searched for grey 
literature; conducted search within 24 months of completion of the review. Response 
options: Yes; Partial Yes; No. 
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ROBIS 1) Did the search include an appropriate range of databases/electronic sources for 
published and unpublished reports? 2) Were methods additional to database 
searching used to identify relevant reports? 3) Were the terms and structure of the 
search strategy likely to retrieve as many eligible studies as possible? 4) Were 
restrictions based on date, publication format, or language appropriate? 

Ortega et 
al 

1) Was the search strategy for study selection adequate? Was the search question 
correctly established? (PICO). Are all relevant studies included? Is the comparator 
relevant? 2) Search strategy. Are systematic methods used to find all relevant 
studies? (Were the different databases as well as the search strategy included? 
Were references checked? Were strict limits used? Was publication bias evaluated?). 
Response options: Yes = high reliability; Potential bias and its potential effects are 
analysed in some fashion = Acceptable; No, and bias is not analysed = Low reliability. 
3) Criteria for selection of studies. Are they stated? Are they reasonable? Are they 
systematically applied? Yes = high reliability; Acceptable, however some aspects 
could be improved = Acceptable; No, the answer to one of the three questions is NO, 
or the item is done in an unacceptable manner (risk of bias) = Low reliability. 

  
Topic 5 Selection of studies 
  Corresponding item(s) in new tool 4 
AMSTAR 2 Did the review authors perform study selection in duplicate? For Yes, either ONE of 

the following: at least two reviewers independently agreed on selection of eligible 
studies and achieved consensus on which studies to include; OR two reviewers 
selected a sample of eligible studies and achieved good agreement (at least 80 per 
cent), with the remainder selected by one reviewer. Response options: Yes;  

ROBIS Were efforts made to minimise error in selection of studies? 
  

Topic 6 Details of excluded studies 
  Corresponding item(s) in new tool 3 
AMSTAR 2 Did the review authors provide a list of excluded studies and justify the exclusions? 

For Partial Yes: provided a list of all potentially relevant studies that were read in full 
text form but excluded from the review. For Yes, must also have: Justified the 
exclusion from the review of each potentially relevant study. Response options: Yes; 
Partial Yes; No 

Topic 7 Appraisal of included studies 
  Corresponding item(s) in new tool 4 
CASP Did the review’s authors do enough to assess quality of the included studies? The 

authors need to consider the rigour of the studies they have identified. Lack of rigour 
may affect the studies’ results. ("All that glitters is not gold" Merchant of Venice - 
Act II Scene 7) 

JBI 1) Were the criteria for appraising studies appropriate? 2) Was critical appraisal 
conducted by two or more reviewers independently? 
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AMSTAR 2 Did the review authors use a satisfactory technique for assessing the risk of bias 
(RoB) in individual studies that were included in the review? For Partial Yes, must 
have assessed RoB from: unconcealed allocation and; lack of blinding of patients 
and assessors when assessing outcomes (unnecessary for objective outcomes such 
as all cause mortality). For Yes, must also have assessed RoB from: allocation 
sequence that was not truly random, and; selection of the reported result from 
among multiple measurements or analyses of a specified outcome. Response 
options: Yes; Partial Yes; No. 

ROBIS 1) Was risk of bias (or methodological quality) formally assessed using appropriate 
criteria? 2) Were efforts made to minimise error in risk of bias assessment? 

Ortega et 
al 

Study quality. What is the quality of the studies being combined? Are the results 
within each study reported? (transparency is essential for evaluation of 
applicability). Response options: Good quality RCT = High reliability; There may be a 
cohort study with good quality, but there is at least one clinical trial for each 
comparison. The weight of epidemiological studies (number of patients) is lower 
than that of the clinical trials = Uncertain; The answer does not fit in any of the 
above situations = Low reliability. 

  
Topic 8 Extraction of data 
  Corresponding item(s) in new tool None 
JBI Were there methods to minimize errors in data extraction? 
AMSTAR 2 Did the review authors perform data extraction in duplicate? For Yes, either ONE of 

the following: at least two reviewers achieved consensus on which data to extract 
from included studies; OR two reviewers extracted data from a sample of eligible 
studies and achieved good agreement (at least 80 per cent), with the remainder 
extracted by one reviewer. Response options: Yes; No. 

ROBIS 1) Were efforts made to minimise error in data collection? 2) Were all relevant 
study results collected for use in the synthesis? 

  
Topic 9 Reliability of studies data 
  Corresponding item(s) in new tool None 
Ortega et 
al 

Reliability of studies data. Are data obtained from the studies? Or was there a 
previous extrapolation or any manipulation of the data? Response options: Yes, data 
are the same as published = High reliability; Data have been manipulated or 
extrapolated = Low reliability. 

  
Topic 10 Details of included studies 
  Corresponding item(s) in new tool 5 
CASP If the results of the review have been combined, was it reasonable to do so? 

Consider whether: The results were similar from study to study; The results of all the 
included studies are clearly displayed; The results of different studies are similar; The 
reasons for any variations in results are discussed 

AMSTAR 2 Did the review authors describe the included studies in adequate detail? For Partial 
Yes (ALL the following): described populations; described interventions; described 
comparators; described outcomes; described research designs. For Yes, should also 
have ALL the following: described population in detail; described intervention and 
comparator in detail (including doses where relevant); described study’s setting; 
timeframe for follow-up. Response options: Yes; Partial Yes; No. 

ROBIS Were sufficient study characteristics available for both review authors and readers 
to be able to interpret the results? 
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Topic 11 Selection of studies for synthesis 
  Corresponding item(s) in new tool 5 
CASP If the results of the review have been combined, was it reasonable to do so? 

Consider whether: The results were similar from study to study; The results of all the 
included studies are clearly displayed; The results of different studies are similar; The 
reasons for any variations in results are discussed 

AMSTAR 2 If meta-analysis was performed, did the review authors assess the potential impact 
of RoB in individual studies on the results of the meta-analysis or other evidence 
synthesis? For yes: included only low risk of bias RCTs; OR, if the pooled estimate 
was based on RCTs and/or NRSI at variable RoB, the authors performed analyses to 
investigate possible impact of RoB on summary estimates of effect. Response 
options: Yes; No; No meta-analysis conducted. 

ROBIS 1) Did the synthesis include all studies that it should? 2) Were biases in primary 
studies minimal or addressed in the synthesis? 

Ortega et 
al 

1) Study similarity. Is there anything that makes the studies not comparable? 
Response options: No = High reliability; There are some differences, but they are not 
very relevant = Uncertain; There are differences that make the studies not 
comparable = Low reliability. 2) Common outcome measure. Do studies share the 
same outcome measure (defined in the same manner, including same time horizon 
and reported in the same way)? Response options: Yes = high reliability; No, but 
differences are discussed and not relevant = Uncertain; No = Low reliability. 3) 
Clinical similarity, patient similarity. Are inclusion/exclusion criteria similar between 
studies? Were randomised patients within each study similar? Response options: 
Yes, if there was a difference, it was not relevant = High reliability; Some differences, 
but most patients were similar. If a subgroup of patients was compared, patients of 
the subgroups were also similar = Acceptable; Patients or subgroups compared were 
very different between studies = Low reliability. 4) Common comparator (control 
intervention). Is the common comparator used at the same dose and for the same 
duration? And are the same concomitant treatments that can act as effect modifiers 
permitted? Response options: Yes = High reliability; Some differences with little 
influence on results = Acceptable; Relevant differences = Low reliability. 5) Outcome 
results in the control group or common comparator group. Is this similar in the 
studies being compared? Response options: Yes or few irrelevant differences = High 
reliability; No, they are different, but the difference is small and clinically acceptable 
= Acceptable; No, there are important differences. This is probably a consequence of 
important differences in patient populations and/or interventions and/or outcome 
measures = Low reliability. 6) Missing patient/data. In studies being combined, are 
missing patients/data similar? Were they handled in the same way? Is data analysis 
similar (per protocol, intention to treat - ITT)? Response options: Yes = High 
reliability; Differences are not relevant = Acceptable; There is not enough 
information or there are relevant differences, but they do not invalidate the study. 
ITT was conducted in all studies = Uncertain; The answer does not fit in any of the 
above situations = Low reliability. 

  
Topic 12 Synthesis choices 
  Corresponding item(s) in new tool 5,6,7 
CASP If the results of the review have been combined, was it reasonable to do so? 

Consider whether: The results were similar from study to study; The results of all the 
included studies are clearly displayed; The results of different studies are similar; The 
reasons for any variations in results are discussed. 
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JBI Were the methods used to combine studies appropriate? 
AMSTAR 2 If meta-analysis was performed did the review authors use appropriate methods for 

statistical combination of results? For yes: The authors justified combining the data 
in a meta-analysis AND they used an appropriate weighted technique to combine 
study results and adjusted for heterogeneity if present AND investigated the causes 
of any heterogeneity. Response options: Yes; No; No meta-analysis conducted. 

ROBIS 1) Was the synthesis appropriate given the nature and similarity in the research 
questions, study designs and outcomes across included studies? 2) Were the 
findings robust, e.g. as demonstrated through funnel plot or sensitivity analyses? 3) 
Were biases in primary studies minimal or addressed in the synthesis? 

Ortega et 
al 

1) Is it justified to conduct an indirect comparison (IC)? Is there a direct comparison? 
In general, direct comparisons are regarded as having less bias than indirect 
comparisons. If there is a direct and an indirect comparison, it is interesting to 
contrast their conclusions. If both conclusions are similar, our reliability in results will 
increase; if not, we should think about the reasons for the discrepancy. Some criteria 
must be fulfilled to conduct an IC: Are the objective(s), inclusion criteria, methods 
(assumptions included) and results clear? (If there is no transparency in these points, 
IC is impossible or very difficult); Are the studies clinically comparable? (patients, 
general conditions, co-interventions, drug dosing, treatment duration, variables etc., 
that act as modifiers); Are outcome variables comparable in definition and 
presentation? Are outcome variables clinically relevant? Response options: Yes; No. 
2) Common comparator. Are comparators and studies represented graphically? How 
many intermediate comparators are there between the two alternatives (A and B) 
we are most interested in comparing? Response options: 1 = high reliability; 2 = 
uncertain; more than 2 = low reliability. 3) Outcome relevance. Is the outcome 
measure clinically relevant? Is the main outcome variable included in the studies? 
,Response options: Yes = high; The most relevant but not the main outcome variable 
included in the studies = Acceptable; It is not the most relevant but is acceptable = 
Uncertain; No variable was clinically relevant. Another outcome variable should 
have been measured in the studies = Low reliability. 4) Adjusting by control group. 
Was an adjusted IC method (Bucher, NMA) conducted? Are relative effects  to 
common comparator of group of each study (or meta-analysis for each comparison) 
compared? Response options: Yes = High reliability; No = Low reliability. 5) Is the IC 
methodology appropriate? Non-adjusted indirect comparisons that do not compare 
relative effect, but take one arm of a study without considering the comparator are 
not appropriate; Methods for indirect comparisons are: Bucher, Network meta-
analysis, mixed treatment comparisons. Response options: Yes; No. 6) 
Data/statistical analysis conducted in the IC or NMA. Is it adequate? Are 
assumptions acceptable? When a sensitivity analysis is necessary, was it done 
correctly? Response options: Yes. When only two alternatives are compared with a 
common comparator and there is just one study per comparison, the Bucher method 
is adequate. In the remaining situations, a network meta-analysis is appropriate. 
Methods must be clearly stated and adequate and assumptions must be reasonable 
= High reliability; No = Low reliability. 
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Topic 13 Heterogeneity 
  Corresponding item(s) in new tool 6 
AMSTAR 2 Did the review authors provide a satisfactory explanation for, and discussion of, any 

heterogeneity observed in the results of the review? For Yes: There was no 
significant heterogeneity in the results; OR if heterogeneity was present the authors 
performed an investigation of sources of any heterogeneity in the results and 
discussed the impact of this on the results of the review. Response options: Yes; No. 

ROBIS Was between-study variation (heterogeneity) minimal or addressed in the 
synthesis? 

  
Topic 14 Inconsistency 
  Corresponding item(s) in new tool 6 
Ortega et 
al 

Is there inconsistency? (Answer this question only if there is a published direct 
comparison of the treatments being compared). Are results from direct and indirect 
comparison different? Response options: No. Inconsistency has been tested and is 
not statistically significant. There are some methods to test inconsistency such as 
standardised difference or Bayesian methods such as node splitting = High reliability; 
Yes = Low reliability. 

  
Topic 15 Publication bias 
  Corresponding item(s) in new tool 7 
JBI Was the likelihood of publication bias assessed? 
AMSTAR 2 If they performed quantitative synthesis did the review authors carry out an 

adequate investigation of publication bias (small study bias) and discuss its likely 
impact on the results of the review? For Yes: performed graphical or statistical tests 
for publication bias and discussed the likelihood and magnitude of impact of 
publication bias. Response options: Yes; No; No meta-analysis conducted. 

  
Topic 16 Results - general 
  Corresponding item(s) in new tool 8 
CASP 1) What are the overall results of the review? Consider: If you are clear about the 

review’s ‘bottom line’ results? What are these (numerically if appropriate)? How 
were the results expressed (NNT, odds ratio etc.)?  

ROBIS 1) Were all pre-defined analyses reported or departures explained? 2) Did the 
reviewers avoid emphasising results on the basis of their statistical significance? 

  
Topic 17 Results - precision 
  Corresponding item(s) in new tool 8 
CASP How precise are the results? Look at the confidence intervals, if given 
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Topic 18 Conflict of interest 
  Corresponding item(s) in new tool 3,7 
AMSTAR 2 1) Did the review authors report on the sources of funding for the studies included 

in the review? For Yes: Must have reported on the sources of funding for individual 
studies included in the review. Note: Reporting that the reviewers looked for this 
information but it was not reported by study authors also qualifies. Response 
options: Yes; No. 2) Did the review authors report any potential sources of conflict 
of interest, including any funding they received for conducting the review? For Yes: 
The authors reported no competing interests OR The authors described their funding 
sources and how they managed potential conflicts of interest. Response options: 
Yes; No. 

Ortega et 
al 

Conflict of interest. Is there any conflict stated? Is the study independent? Response 
options: Yes, a conflict of interest statement has been made and no manipulation 
can be observed = High reliability; There is no conflict of interest statement included 
or a manipulation of results is observed because of an important conflict of interest 
= Low reliability 

  
Topic 19 Conclusions - internal validity 
  Corresponding item(s) in new tool 9 
JBI Were recommendations for policy and/or practice supported by the reported data? 
AMSTAR 2 Did the review authors account for RoB in individual studies when 

interpreting/discussing the results of the review? For Yes: included only low risk of 
bias RCTs; OR if RCTs with moderate or high RoB, the review provided a discussion of 
the likely impact of RoB on the results. Response options: Yes; No. 

ROBIS Was the relevance of identified studies to the review's research question 
appropriately considered? 

  
Topic 20 Conclusions - External applicability 
  Corresponding item(s) in new tool 10 
CASP 1) Can the results be applied to the local population? Consider whether: The 

patients covered by the review could be sufficiently different to your population to 
cause concern; your local setting is likely to differ much from that of the review 

Ortega et 
al 

External validity and applicability. Were conclusions obtained from the results? Can 
the results be extrapolated to our patients? Has the relevant alternative for our 
practice been analysed? Response options: Yes = High reliability; No = Low reliability. 

  
Topic 21 Conclusions - other information required 
  Corresponding item(s) in new tool 10 
CASP Were all important outcomes considered? Consider whether: Is there other 

information you would like to have seen 
Ortega et 
al 

External validity and applicability. Were conclusions obtained from the results? Can 
the results be extrapolated to our patients? Has the relevant alternative for our 
practice been analysed? Response options: Yes = High reliability; No = Low reliability. 
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Topic 22 Conclusions - benefits v harms 
  Corresponding item(s) in new tool None 
CASP Are the benefits worth the harms and costs? Consider: Even if this is not addressed 

by the review, what do you think? 
  

Topic 23 Conclusions- new research 
  Corresponding item(s) in new tool None 
JBI Were the specific directives for new research appropriate? 

  
Topic 24 Conclusions - overall risk of bias 
  Corresponding item(s) in new tool None 
ROBIS Did the interpretation of findings address all of the concerns identified in domains 1 

to 4? 
 

My screening of the abstracts of the 200 most recently published articles found by searching 

MEDLINE in January 2019 identified 58 systematic reviews using NMA methods for synthesis. 

The full text of each of these reviews was obtained and reviewed for reporting of any aspect of 

potential bias. This identified one item which was not already explicitly addressed in the first 

draft of the tool: the small study effect. This effect was included in AMSTAR 2, within an item 

about quantitative synthesis (see topic 15 in Table 7.1 above). The comments alongside item 7 

were amended to include mention of small study effect as one form of risk of bias within the 

distribution of studies included in the synthesis. 

The feedback received from experts welcomed the increased amount of explanation provided in 

comments, compared with the existing CASP systematic review tool, but suggested retaining the 

CASP section names, which had each been changed in initial drafts. Additional comments were 

received on the wording of individual items. As a result of this feedback, Sections A and B were 

revised to match the CASP names but Section C remained ‘Are the results applicable to 

answering my own question?’, rather than CASP’s ‘Will the results help locally?’. Amendments 

were also made to the wording and order of some items, the latter to reflect reverting to the first 

two CASP section headings. 
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7.4.3 The new critical appraisal tool 

The three pages of the new critical appraisal tool are shown in figures 7.1, 7.2 and 7.3

 

Figure 7.1 Critical appraisal tool – page 1 
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Figure 7.2 Critical appraisal tool – page 2 
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Figure 7.3 Critical appraisal tool – page 3 



142 
 

7.4.4 Inter-rater reliability testing 

Table 7.2 shows the Fleiss kappa values, the percent exact agreement and agreement within one 

ordinal degree for all raters for each item in the tool. 

Table 7.2 Inter-rater reliability results – new tool 

Item 
number Fleiss' kappa 

Exact 
agreement 

Agreement within one 
ordinal degree 

1 0.211 33.3% 66.7% 
2 0.643 66.7% 66.7% 
3 0.176 0% 100% 
4 0.216 33.3% 66.7% 
5 0.029 0% 33.3% 
6 0.204 0% 66.7% 
7 0.041 0% 66.7% 
8 0.103 66.7% 66.7% 
9 0.089 0% 100% 

A commonly used interpretation of kappa values12-14, is that the degree of agreement indicated by 

the kappa value is less than chance (<0), slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), 

substantial (0.61-0.80) or almost perfect (0.81-1.00). The Fleiss’ kappa values for all raters for 

each item in the tool ranged from 0.029 (item 5) to 0.643 (item 2). For comparison, the Fleiss’ 

kappa values for all items ranged from 0.03 to 0.69 for ROBIS and from -0.09 to 1 for AMSTAR 

in IRR testing reported by Buhn et al in 201714. 

Table 7.3 shows the number of items with Fleiss kappa values in each degree of agreement range 

for the new tool compared to the 2017 results for AMSTAR and ROBIS.  

Table 7.3 Inter-rater reliability test results – new tool, AMSTAR and ROBIS 

kappa 
value New Tool 

AMSTAR14 
2017 

ROBIS14 
2017 

<0 0 2 0 
0.00 - 0.20 7 3 10 
0.21 - 0.40 1 2 7 
0.41 - 0.60 0 2 6 
0.61 - 0.80 1 1 1 
0.81 - 1.00 0 1 0 

(n = number of items with a kappa value within each range) 



143 
 

The IRR testing involved seven raters and me. Six of the seven raters indicated their level of 

confidence to critically appraise a systematic review incorporating NMA before the exercise, and 

answered either 1 or 2, with an average score of 1.17. Five raters indicated their level of 

confidence using the tool, with a range from 2 to 4 and an average score of 3. The sixth rater did 

not indicate a score but stated,  

‘I have some more insight than before. But I would probably feel more competent if I was provided with this tool in 
a workshop training event.’ 

The seventh rater did not indicate scores but stated,  

‘My confidence fell because I realised how poor was my understanding of how to assess beforehand.’ 

General feedback included, 

‘Tool is very helpful …gave me some confidence in highlighting the papers that were poor’ 

‘I like the tool and its similarity to the CASP means that it’s a familiar format and easy enough to follow. I 
thought I had some knowledge of systematic reviews with network meta-analyses because I have been on NICE 
committees and they use NMAs a lot. However, I really needed the guidance you provided in the tool as I’m not 
too familiar with how they’re conducted and what would be indicators for reviewing them. I initially thought that 
the guidance was clunky and a bit repetitive and that it could be removed from the tool and placed on an 
accompanying sheet. But I found that it’s really handy to have at each stage…’ 

‘I found this a difficult exercise because of my lack of understanding of Network Meta Analysis. The tool provides 
a good framework for assessing NMA reviews but without understanding of the complex methodology and 
statistics it is difficult to be critical of these elements and assess their relevance to clinical practice.’ 

Feedback also suggested amendments to some specific items, including: 

 that conflict of interest (item 3) should be considered separately from other issues 

relating to inclusion of studies in a review because it conflates evidence for poor or 

biased searching with factors that might cause this. 

 that the appraiser’s and authors’ opinions as to whether it was reasonable to conduct 

synthesis (item 5) are separate issues and the item conflates the two.  
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7.5 Discussion 

7.5.1 Summary of the findings of this chapter 

I identified 24 distinct items from the included source tools and condensed these to 10 items for 

the new critical appraisal tool. Five items identified from the source tools were not specifically 

covered by any items in the new tool.  

Two related source items that were not covered by any items in the new tool were minimising 

errors in extraction of data and ensuring that the data extracted were reported in an original 

study and have not been extrapolated or manipulated in any way. Two of the source tools 

mention minimising errors in data extraction in general terms6, 8 and their guidance mentions 

various ways to achieve this. Only AMSTAR 27 more specifically states that two reviewers should 

reach consensus on data extraction. Ensuring that data is the original was only specified by 

Ortega et al1. Item 4 in the new tool guides the user to the value of involving two reviewers, in 

that instance for assessing the quality of studies and I decided that this was a sufficient prompt 

without including an additional item on data extraction. Whilst including data in synthesis that 

were not original trial data would certainly introduce risk of bias, I decided that this specific 

detail did not warrant including an additional item but did not fit within any other item. 

The remaining three items from the source tools that were not covered by any items in the new 

tool were each an aspect of considering the overall conclusions of a review. The CASP tool5 

includes an item on considering whether the reported benefits outweigh the harms and costs. 

Since that should be a universal assessment in considering application of research findings and 

was not included in any other source tool, I decided not to include it. The JBI tool6 includes an 

item on whether directives for new research were appropriate. This covers a specific example of 

the conclusions that the review authors might make but it was not included in any other source 

tool and can be considered as addressed, not specifically but in general terms, as part of item 9 in 

the new tool. Finally, the ROBIS tool8 includes a tool-specific item so could not directly 
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correspond to an item in the new tool, but I concluded that its intentions are addressed by the 

guidance comments for item 9. 

The three components identified in the review reported in Chapter Six that specifically address 

the use of NMA methodology (connectedness of the network, performance of the statistical 

analysis and assessment of validity of the assumptions made) are covered in items 5,6 and 7 of 

the new tool, with a focus on assessing the reporting relating to these items. 

Based on evidence of the unreliability of overall scoring in critical appraisal tools15, 16, the tool 

was constructed so that users assessing a review should consider each item to assess the 

likelihood of bias and consider whether that might affect the validity of the reported results, 

rather than use the tool to calculate an overall score. 

No direct comparison between two or more source tools was identified in my review described 

in Chapter Six, so I chose to compare the IRR test results for my new tool with the results of a 

2017 comparison between AMSTAR and ROBIS14. Several differences in the IRR testing 

methods should be considered. AMSTAR responses were dichotomised into “yes” and “all other 

responses”, and ROBIS responses were also grouped (e.g. combining “yes” and “probably yes”), 

which might result in higher kappa values than if each response was treated separately. The 

authors of the 2017 comparison stated that their AMSTAR results were lower than reported in 

other articles12, 13. Those earlier reports of IRR testing of AMSTAR also used dichotomised 

responses, but it is unclear whether those higher results were calculated from ratings scored 

independently or following discussion between raters, as noted in Chapter Six. Also, appraisers 

were not provided with any training in using my new tool prior to the IRR test, in contrast to the 

ROBIS and AMSTAR IRR tests, in which appraisers had prior experience of using AMSTAR 

and were familiarised with ROBIS. 

The percent exact agreement for items in the new tool was low except for item 2, concerning 

identification of the appropriate studies. The percent agreement within one ordinal degree, 
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however, was substantial, with the exception of item 5, concerning the appropriateness of 

synthesis. Agreement within one ordinal degree is a nearer comparison to the method used in the 

inter-rater reliability testing of ROBIS and AMSTAR, in which responses were combined into 

categories14. Substantial agreement but a low kappa value for an item may be due to a skewed 

distribution of responses i.e. if a high number of responses are the same13. 

All raters who provided a score for their confidence to critically appraise a systematic review 

incorporating NMA rated this as higher with the new tool compared to before the exercise. One 

other rater indicated that using the tool had improved their awareness of gaps in their prior 

knowledge. 

Feedback comments from the raters were generally positive. There were indications that it would 

be helpful to have training in use of the tool before using it and comments on specific items 

reinforced this, because the purpose of a question and the supporting information had 

sometimes been misinterpreted. 

7.5.2 Strengths and limitations of the research presented in this chapter 

This new tool was constructed using a combination of established methods plus additional 

checking for omissions. Items and accompanying guidance were initially sourced and cross-

referenced from the most current and most widely used related tools that have been constructed 

for appraisal of systematic reviews and/or NMA. This approach of initially sourcing items from 

other tools and resources and then reducing to a smaller number in the final tool has been used 

previously in the development of critical appraisal tools, including by the developers of one of 

the most widely used tools, AMSTAR7, 17. Content development of the new tool also used input 

from experts, which has been used in development of previous critical appraisal tools, including 

AMSTAR and ROBIS8. The content of the new tool was also checked for omissions against 

both the relevant PRISMA reporting statement and reported methods of minimising bias or any 
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other comments on bias in a recent set of published systematic reviews using NMA methods and 

amendment made to include one aspect not already covered. 

This is, as far as I have been able to identify, the first critical appraisal tool designed specifically 

for appraising SRs using NMA methods for synthesis, with guidance provided within the tool 

alongside each item and with a similar number of items to the most widely used appraisal tools 

for systematic reviews. 

The validity of a tool is the extent to which it measures what it intends to. Aspects of validity 

include face validity (the content appears appropriate to what it intends to measure), content 

validity (the content comprehensively covers what it intends to measure) and construct validity 

(the tool can be demonstrated to measure what it intends to). The former two aspects are usually 

based on expert consensus or research evidence, the latter on formal testing e.g. of hypotheses. 

In addition to validity, a tool should be able to demonstrate reliability (it can be demonstrated to 

produce repeatable results) and feasibility (it can be used within the limits of the resources 

available, such as the appraisers’ experience and the time taken to complete).  

One limitation of face and content validity of the new tool is that its content reflects the 

judgement of a single person, even though the final content was influenced by feedback obtained 

from two experts in systematic reviews and critical appraisal. Set against this, the process of 

development has been reported and the content only includes items from sources that have 

reported how they established face and content validity. Contribution from a wider group of 

experts and reaching consensus from that group, e.g. using a Delphi process, may have altered 

the final content and format of the tool and might lead to greater confidence in its face and 

content validity. 

A second limitation is that, although the source tools used included ones chosen because they 

have already reported evidence for their face and content validity and IRR testing, other source 
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tools used were the CASP and JBI tools, for which such reports were not identified. The new 

tool however, included no item sourced only from either the CASP or JBI tool.  

No testing of construct validity has been undertaken so far. 

Critical appraisal is a systematic approach to assessing the quality of a study. The aims of using a 

critical appraisal tool for systematic reviews could be defined as to optimise the ability of any 

specific rater to assess a review and to standardise the rating process if more than one rater is 

assessing the same review e.g. for the purpose of identifying evidence for an overview of reviews 

or a clinical guideline. The former is not assessed by IRR testing. Recommended practice for the 

latter is to have at least two raters and a process for reaching consensus where there is difference 

in ratings, which means a high degree of agreement using the tool independently is not critical to 

achieving the aim. Reliability testing of critical appraisal tools is also limited by the absence of a 

gold standard to compare any tool with. Caution should therefore be exercised in judging critical 

appraisal tools simply based on their IRR results.  

The choice of systematic reviews for my IRR testing was limited to one clinical topic, which 

restricts the extent to which conclusions can be drawn about wider applicability. No training in 

use of the tool or calibration was undertaken with raters, so it is not possible to assess what 

effect those measures would have on reliability. Although limiting the content of the tool to 

fewer items was one of my preferred characteristics, in order to support feasibility, time taken to 

complete the tool was not recorded, which means that there are no data to determine whether it 

is quicker or slower to complete than other tools. 

7.5.3 Implications of the findings of this chapter 

The IRR test results show better than chance agreement for each item but mainly in the ‘slight’ 

to ‘fair’ range, based on a commonly used interpretation14. The percent exact agreement and 

percent agreement within one ordinal degree results suggest that the inclusion of the 

‘partially/unsure’ response option is unhelpful, at least as regards reliability between raters. This 
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response option was adopted from the format of the CASP tools. On reflection, whether a rater 

is unable to find relevant information in a review or identifies that some criteria contained in an 

item are not met, both are likely to elicit the same choice of response. However, these two 

situations have different implications for drawing conclusions about the likelihood of bias and 

the validity of reported results so it would be better not to amalgamate them into one response. 

The developers of AMSTAR 2 drew the same conclusion: 

‘If no information is provided to rate an item, the review authors should not be given the benefit of doubt and the 
item should be rated as a “No.” We have provided a “partial Yes” response in some instances where we 
considered it worthwhile to identify partial adherence to the standard.’ 
 

Consultation with a wider group of experts on the content of the tool would lead to greater 

confidence in its face and content validity. The new tool uses the CASP SR tool format, for 

reasons explained in Section 7.1, but no published evidence was found of the time taken to 

complete the CASP SR tool and an assumption was made that the published evidence for tools 

with a similar number of items could be extrapolated. This assumption requires confirmation by 

further testing of the new tool. 

Further testing of construct validity, reliability and feasibility of this new critical appraisal tool 

should be undertaken after any revision resulting from consultation with other experts and 

modifying the response options to provide distinction between whether only some criteria for an 

item are met or whether information is missing from a review that prevents a conclusion being 

reached on an item. A training package in use of the tool should also be developed. 
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7.6 Chapter summary 

 A new critical appraisal tool was constructed for appraising systematic reviews using 

NMA methods for synthesis 

 Construction was undertaken using a combination of established methods (existing 

sources and expert opinion) plus additional checking for omissions 

 The tool consists of ten items corresponding to nearly all the distinct items contained in 

the most current and most widely used related tools 

 Guidance for users is provided within the tool alongside each item 

 Inter-rater reliability testing of the tool was conducted by eight raters assessing three 

systematic reviews 

 Results showed better than chance agreement for each item in the tool, but mainly in the 

‘slight’ to ‘fair’ range 

 Further testing of construct validity, reliability and feasibility of this new critical appraisal 

tool should be undertaken after any revision resulting from consultation with other 

experts and modifying the response options to provide distinction between whether only 

some criteria for an item are met or whether information is missing from a review that 

prevents a conclusion being reached on an item. 

 A training package in use of the tool should be developed 
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8 Discussion and conclusion 

8.1 Discussion 

8.1.1 Trends in use and impact of network meta-analysis 

Network meta-analysis (NMA) is a relatively new methodology. My review, reported in Chapter 

Three, demonstrated that publications of systematic reviews using NMA methods for synthesis 

had increased substantially from 2009 to 2012, rising from only 7 during all the years before 2008 

to an estimated 90-100 published in 2012. My search of MEDLINE in early 2019, as part of the 

development process for the content of the new critical appraisal tool, suggested that 180-200 

such systematic reviews were published in 2018, with a total of more than 1000 now available in 

the literature. Using my estimate for 2018, the increasing publication of NMA is illustrated in 

Figure 8.1. The solid line indicates the number of reviews reported in Chapter Three for each 

complete year (Figure 3.3); the dashed line extends to the estimated number for 2018. 

 

Figure 8.1 Estimate for the number of published NMAs to 2018 
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The ability of NMA methods to compare simultaneously more than two interventions, to 

compare interventions that have not been directly compared in trials and to increase the 

precision of the estimate of effect size is likely to result in continued increased use of these 

methods. Caldwell explained one reason for the increased popularity of NMA by illustrating the 

limitations of using various pair-wise meta-analysis options to estimate the relative effectiveness 

of more than two interventions1. 

End-users might wish to search for NMAs specifically for methodological research such as that 

reported in this thesis but also if they are seeking evidence to answer a clinical question that 

estimates the comparative effectiveness/harms of more than two interventions or when planning 

new research and wishing to identify if an NMA already exists. The challenges to identifying 

articles reporting use of pair-wise meta-analyses, listed by Lee et al in 20012, have been 

substantially resolved over the past two decades, but similar challenges continue to affect 

attempts to identify articles reporting the use of NMA, because there is still no MeSH term that 

will specifically identify NMAs, and databases still do not provide any alternative method to limit 

searches to specifically identify NMAs rather than pair-wise meta-analyses. However, it is clear 

that there is increasing use of NMA, with a trajectory of increasing publications that is similar to 

that for publications reporting use of pair-wise meta-analysis between 1980 and 20002. This 

makes it important for those conducting and using NMAs to be able to decide when it is 

appropriate to do them and to have clear reporting of them which can be critically appraised by 

non-experts.    

The most significant impact of evidence synthesis on health care is likely to come from the use 

of the evidence generated by these research projects in national clinical guidelines. Although 

NMA methods are far less common than pair-wise meta-analysis in systematic reviews, my 

review of NICE clinical guidelines (Chapter Five) demonstrated that they were used or 

considered for nearly one quarter of those guidelines in 2015 and 16, showing that evidence 
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produced using NMA methods is influencing recommendations for the NHS. My finding that 

recommendations in the guidelines were more often based on results of NMA conducted de 

novo by the responsible Guideline Development Group, rather than on results from previously 

published systematic reviews using NMA methodology, raises uncertainty about the usefulness 

of those systematic reviews. This highlights the importance of the issues described by Chalmers 

and Glasziou in 20093, including choosing the wrong question for research. Although concerns 

about their usefulness, quality and effectiveness have prompted debate on whether systematic 

reviews and meta-analyses are still useful research4, 5, both sides of this debate acknowledge the 

role of systematic reviews to inform clinicians, highlight uncertainties and identify what further 

research is needed. Building on the established use of systematic review and meta-analysis to 

inform the design of new trials, it seems likely that there will be increasing examples of the 

results of new trials being included in continuously updated, or living, meta-analyses5. Since 

multiple interventions can be compared simultaneously using NMA, there have been proposals 

to create and maintain continuously updated meta-analyses using these methods6 and, in 2020, a 

substantial project is underway for COVID-19 related interventions7. 

8.1.2 Reporting standards for network meta-analysis 

One of the causes of research waste highlighted by Chalmers and Glasziou in 2009 is poor 

reporting3. This adds to research waste because it creates uncertainty regarding the likelihood of 

bias and the validity of the results of both primary research and evidence synthesis. If 

recommended good practice in research reporting is followed, this should also limit the inclusion 

of lower quality research in synthesis by meta-analysis, whether pair-wise meta-analysis, NMA or 

other synthesis methods are used8. 

Efforts to improve the quality of reporting of systematic reviews have been based on defining 

and promoting internationally recognised standards. There is evidence that publication of such 

reporting standards results in improved quality of reporting, based on comparisons before and 
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after the publication of both QUOROM9 and the PRISMA Statement, and also that reporting to 

PRISMA Statement standards is strongly associated with higher study quality, as assessed by a 

widely used CAT10. Panic et al found that endorsement of the PRISMA Statement by journals in 

their instructions for authors was associated with improved quality of reporting, regardless of 

whether or not the authors declared following the Statement, and again was associated with 

higher study quality11. 

In the course of my review, reported in Chapter Three, I observed that the reporting of 

systematic reviews using NMA methods was inconsistent; with details of specific choices in 

using the methodology and the assumptions made often being unclear or not stated. Reporting 

standards for use of NMA methods were subsequently published as a PRISMA Extension 

Statement12 and, as reported in Chapter Four, I found evidence suggesting that these standards 

would be supported and implemented in my survey of authors that began before that Extension 

Statement was published. Subsequently, in the sample of systematic reviews published in 2018 

that I checked as part of the development process for the content of the new critical appraisal 

tool, I found that 37 of the 58 reviews stated that they had followed the PRISMA reporting 

guideline and 25 of those 37 specifically referenced the NMA extension. Improved quality of 

reporting supports critical appraisal, by making relevant details readily available to the person 

doing the appraisal. 

8.1.3 Critical appraisal of network meta-analysis 

My survey (Chapter Four) found that some authors who have used NMA methods had 

reservations about the ability of publishers and end-users to critically appraise the quality of 

evidence produced using these methods. My early 2018 review (Chapter Six) strengthened the 

evidence base for addressing those concerns by showing that none of the most widely-used 

critical appraisal tools for systematic reviews contained content specifically relevant to appraising 

synthesis using NMA methodology but that three published tools had been developed 
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specifically to include content for appraising the use of NMA methods. There was common 

ground between these three tools as to certain components that critical appraisal of NMAs 

should consider: connectedness of the network, performance of the statistical analysis and 

assessment of validity of the assumptions made. However, none of these three tools matched the 

characteristics that would make a tool suitable for end-users without specialist statistical 

knowledge of NMA methodology. This led me to construct a new tool, using findings from my 

review that related to the methods used for development and for drawing face and content 

validity from existing sources (Chapter Seven). 

Training 

Although the new tool looks promising in my evaluation of it (Chapter Seven), there are ways in 

which its use can be optimised, bearing in mind that it is intended to support appraisal by users 

without specialist statistical knowledge of NMA methodology. Training and guidance provided 

within the tool should seek to familiarise users with certain concepts and features that are key to 

interpreting the three common, technical components identified from the published NMA 

critical appraisal tools: connectedness of the network, performance of the statistical analysis and 

assessment of validity of the assumptions made. Additionally, users need to understand that 

there are both statistical and content knowledge elements to assessing the validity of 

assumptions.  

Such training might cover several aspects of connectedness of the network that can be assessed 

from a network diagram and may require content knowledge relating to the topic of the NMA. 

These include the choice of interventions to include or exclude as nodes in the network, the risk 

of small studies overestimating effects and consideration of how many intermediate comparators 

there are in a network between any two interventions that may be of particular interest to the 

user. The latter is important because confidence in the estimates of difference in the effects of 

the two interventions should reduce if they have more than one intermediate comparator13.  
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The target users may also need training and guidance to help them to assess detailed aspects of 

the performance of the statistical analysis because they are unlikely to have the specialist 

statistical knowledge needed to help them know what to look for and how to judge what they 

find.  

Training in assessment of validity of the assumptions made should cover the concepts of 

homogeneity, transitivity and consistency and the methods by which each can be assessed, both 

statistically and based on content knowledge. Some of this assessment is again dependent on 

statistical analysis, so training should highlight what aspects of reporting should be used to make 

an assessment. 

There is relevant information for interpretation of aspects of reporting in the article by Jansen et 

al14, which is referenced within the new tool, but users may benefit from having this explained 

during the training. 

In the current tool, the importance of a published protocol for the systematic review and NMA 

and the adherence of the review team to it are included within items 1 and 8. These are worded 

in accordance with the PRISMA statement15, to allow for the absence of a published protocol 

but, as with any other criteria in the tool, the acceptability of not meeting a particular standard is 

likely to vary over time as something becomes standard practice and, consequently, its absence 

becomes more important when assessing quality. Likewise, it is increasingly an expectation that a 

review will have been registered in a registry, such as PROSPERO16 and have had a protocol 

published in advance. There should be emphasis on adherence to the protocol, rather than just 

its existence, so revised wording in the tool could better reflect both the change in expectation 

and the required emphasis on adherence. Users might also benefit from understanding the 

specific issues that should be included in a protocol for a systematic review using NMA 

methods, as described by Chaimani et al17. 
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Alternatives to creating a new tool 

Given that Ades et al18 state that the only items that need considering exclusively when assessing 

the use of NMA methods compared to assessing a pair-wise meta-analysis, are ‘connectedness of 

networks, inconsistency and software implementation’, it could be argued that, to create a suitable CAT, 

an addition could simply be made to an existing tool, such as AMSTAR or the CASP SR tool, to 

cover those three issues. My findings were that the AMSTAR tool has good evidence of inter-

rater reliability, therefore, given that I could not find published inter-rater reliability results for 

the CASP SR tool, the AMSTAR tool might be considered more suitable to modify than the 

CASP SR tool. However, although AMSTAR could be updated to cover the exclusive aspects of 

using NMA methods, this should probably be done using the same methodology that was used 

for the AMSTAR tool itself. In regard to the CASP SR tool, I could not find published details of 

the methods used to develop it but, aside from the need to add content to cover use of NMA 

methods, there were other aspects of its content that do not reflect most current evidence 

regarding best practice for the conduct and reporting of systematic reviews. This supported my 

decision to undertake a full synthesis from the sources I identified in order to create a new 

version of the CASP SR tool, including content appropriate to assessing the use of NMA 

methods, rather than simply inserting one or more NMA specific items to the existing CASP SR 

tool. 

Critical appraisal for generalist users of research 

When CASP evolved in the 1980s to promote awareness of research evidence amongst health 

decision makers and equip them with critical appraisal skills, the first Cochrane Centre had not 

yet been founded in Oxford in 1992, and the creation of NICE and its first clinical guidance, a 

rapid assessment of Zanamivir19 in 1999 was still more than a decade away. Nearly 40 years on, 

with more than 7500 published, full Cochrane Reviews and, as of November 2019, 206 NICE 

clinical guidelines available to health decision makers, along with numerous other forms of 
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evidence synthesis, this raises the question of whether there is still a need for health decision 

makers to learn critical appraisal skills and use CATs. However, it seems clear that this is still 

needed, recalling that critical appraisal has been described as, 

‘an objective, structured approach that results in a better understanding of a study’s strengths and weaknesses’ 

The promotion of critical appraisal and, indeed, of evidence-based practice generally was a drive 

to move away from relying on expert opinion to influence decision making towards decision 

making being based on research evidence. If critical appraisal is only conducted by those 

involved in producing evidence synthesis, it could be argued that we will have only changed 

which experts’ opinions determine decision making. Continuing to promote training in critical 

appraisal skills and availability of user-friendly CATs with content derived from the best available 

evidence of good research conduct and reporting allows the widest range of health decision 

makers to be able to use this objective, structured approach when considering the evidence 

available to inform their decisions. 

On the other hand, even when a CAT exists and is used, there is still uncertainty as to how well 

generalist end-users can critically assess aspects of the methods of complex research such as 

NMA and interpret the results produced using these methods in systematic reviews, compared to 

the more widely known and standardised methods used for reviews with pair-wise meta-analysis. 

Without specialist statistical knowledge in use of NMA methods, these users will be unable to 

assess detailed aspects of the performance of the statistical analysis and have to rely more on 

aspects of reporting. NMA results have been found to be reported ‘heterogeneously’20. Many end-

users will be less familiar with these many and varied forms of reporting NMA results than with 

pair-wise meta-analysis results. Furthermore, although efforts have been made to provide 

guidance on presenting and interpreting results of NMA14, 21, new approaches continue to be 

published22. The PRISMA Extension Statement covering the use of NMA methods includes 

recommendations regarding the presentation of results but it remains to be seen whether that 
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has resulted in more consistent reporting. The new tool was produced with the aim of assisting 

generalist end-users, but future, construct validity testing would help in identifying whether it 

does support them in accurately assessing the quality and validity of systematic reviews using 

NMA methods. 

Other approaches to quality assessment of evidence produced using NMA methods 

As described above, there are several existing CATs and, my new one for assessing the overall 

quality of systematic reviews using NMA methods, but it should also be noted that other 

approaches have been developed to assess confidence in the evidence produced using NMA 

methods. 

For example, in 2014, the GRADE Working Group reported guidance for establishing the 

quality of treatment effect estimates obtained from NMA23. Their approach involved rating the 

quality of each direct and indirect effect estimate for each pairwise comparison within the NMA 

and then rating the NMA effect estimate for each pairwise comparison. In 2018, the GRADE 

Working Group published recommended modifications to their 2014 guidance with a view to 

making the process more efficient, acknowledging that the original approach, 

‘may appear onerous in networks with many interventions’24. 

In 2014, Salanti et al published a modification of the GRADE guidance, in particular, drawing a 

distinction between rating the effect estimates for each pairwise comparison and rating the 

ranking of all the interventions within a network25. More recently, in 2020, Salanti and others 

published a new approach: Confidence in Network Meta-Analysis (CINeMA)26. They stated that 

uptake of the earlier 2014 GRADE system and the one by Salanti et al in the same year had been 

limited by, 

‘the complexity of the methods and the lack of suitable software’. 
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CINeMA is also based on the GRADE framework but instead of considering direct and indirect 

evidence for each pairwise comparison separately, it considers the impact of every study in the 

network. A web-based application makes it easy to apply to even large networks27. 

A further approach, ‘threshold analysis’, has been developed specifically to assess confidence in 

NMA results used in guideline development. The authors argue that their approach is needed 

because GRADE approaches do not assess the influence of the NMA evidence on a resulting 

recommendation: 

‘Threshold analysis quantifies precisely how much the evidence could change (for any reason, such as potential 

biases, or simply sampling variation) before the recommendation changes, and what the revised recommendation 

would be. If it is judged that the evidence could not plausibly change by more than this amount, then the 

recommendation is considered robust; otherwise, it is sensitive to plausible changes in the evidence.’ 28 

The above approaches are primarily intended to be used by authors of systematic reviews and 

guideline developers (to rate confidence in an estimate of effect or confidence that such an 

estimate adequately supports a specific recommendation) but are relevant to understand by those 

undertaking critical appraisal and can be used to complement use of a CAT. 

8.1.4 Limitations of the research reported in this thesis 

My programme of research for this thesis was conducted over eight years in the 2010s, making 

some elements of it less current in 2021 than others. However, to seek to overcome this, I have 

attempted to provide updated context for the earlier elements. I conducted the entire 

programme of research working mainly in isolation, rather than in collaboration with a team of 

researchers with a range of expertise in systematic reviews, NMA and other statistical methods, 

although I consulted some experts, as indicated in various chapters. My personal perspective and 

subjective decision-making are therefore likely to have impacted on various aspects of the 

research to a greater extent than if I had conducted it in collaboration with a wider team of 
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people with a range of expertise. Other specific limitations are detailed in each Chapter. For 

example, the reviews described in Chapters Three, Five and Six were conducted by myself alone, 

meaning that I may have missed some relevant studies or extracted some data incorrectly. The 

inclusion criteria used in my review of NMAs (Chapter Three) risked failing to identify additional 

data that would have added to the total number of reviews and risked introducing bias in the 

selection of included reviews. That review also did not identify when researchers working on 

published systematic reviews had considered undertaking NMA but had decided not to proceed 

with it because it would not be appropriate given the studies they identified for inclusion in their 

reviews. In my survey of authors (Chapter Four), the respondents formed a minority of the 

authors approached and the views of non-respondents are unknown, but there was no apparent 

bias in those responding in terms of year of publication or in the number or subject of reviews 

published. However, I did not assume that the responses were representative of all authors, all 

content or methodology experts nor, even, of my selected cohort of authors but instead sought 

to identify ‘leads’ that I could explore further in subsequent elements in my programme of 

research. I included the systematic review tools of CASP and JBI in my review of critical 

appraisal tools (Chapter Six) despite not finding any published details of their construction or 

validation. The lack of those details, compared with the other tools identified, makes it difficult 

to assess the level of confidence that should be placed in the validity of their content, but I have 

explained the reason for choosing to include them in my review and my restricted use of their 

content because of these limitations. 

The final element of my research was developing the new CAT for systematic reviews using 

NMA methods (Chapter Seven). I chose to construct a revised version of the CASP SR CAT, 

for reasons explained in Chapter Seven and earlier in this chapter, but I acknowledge that this 

was a subjective decision and was not the only justifiable option. Involvement of a wider team of 

people with relevant expertise might have led to a different decision about which SR CAT to 

revise, or even whether there was a need for a new CAT at all. I did, however, identify reasons 
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why the CASP SR CAT could be updated and, as a widely-recognised and used CAT, there is a 

strong case that it should be updated. My new CAT could contribute to that.  

The development of the new CAT was done based on my review of source material, including 

other CATs and recently published NMAs, and with feedback from a small group of experts. As 

with all development projects like this, contribution from a wider group of experts (perhaps with 

the use of a process such as Delphi to reach consensus) might have altered the content and 

format of the new tool and might lead to greater confidence in its face and content validity. It is 

also possible that my personal perspective, which was focused on undertaking research into the 

use of NMA methods, led to decisions on the inclusion of items with an emphasis on the use of 

NMA methods without appropriate balance with other elements of the overall SR synthesis 

process. For example, the importance of both methods and content expertise in developing a 

protocol for a SR could have been more strongly reflected.  

Construct validity testing of the new tool was not undertaken and, without that, it remains 

uncertain whether the new CAT accurately measures what it aims to: the quality and validity of 

SRs using NMA methods, or indeed whether it is possible for a CAT to support a generalist end-

user to do so. Inter-rater reliability testing of the new tool showed better than chance agreement, 

but mainly only in the slight to fair range. These modest results may be attributable to lack of 

training before the testing and the lack of distinction in the response options between whether 

only some criteria for an item are met or whether information is missing from a review that 

prevents a conclusion being reached on an item. These aspects might also be improved by 

revisions to the content in the CAT, which might arise from contributions from a wider group of 

experts. Feasibility was only assessed in the form of raters’ confidence and their general feedback 

but not in terms of the time taken to complete assessments of reviews using the tool, which 

would be needed to demonstrate that it takes a similar time to complete as other CATs with a 

similar number of items. 
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These limitations should also be considered against the backdrop that although the use of NMA 

methods can overcome some limitations of PWMA, the design and conduct of NMAs requires 

multidisciplinary input from expert methodologists and clinical topic experts. This raises the 

need for further research to clarify whether end-users who do not have specialist statistical 

knowledge can accurately assess the quality and validity of evidence produced in systematic 

reviews using NMA methods even with an optimised CAT for such studies. 

8.2 Recommendations for further research 

The research findings presented in this thesis lay important foundations for further research. My 

recommendations for this are: 

 Consultation with a wider group of experts on whether the new critical appraisal 

tool should be developed further, or whether the content identified during its 

development would be better used to contribute to modifying another tool or to 

construct an alternative new tool. 

 Consultation with a wider group of experts on updating the content and format 

of the CASP SR critical appraisal tool, including e.g., appropriate emphasis on 

adherence to the SR protocol and consideration of modifying the response 

options. 

 Construct, reliability and feasibility validity testing of any new/revised tool, after 

it has been optimised by consultation with a wider group of experts. 

 Assessment of how accurately end-users without specialist training in use of 

NMA methods can critically appraise use of these methods in systematic reviews 

and interpret the results produced using these methods. 

 Monitoring of future trends in production and use of systematic reviews using 

NMA methods to identify the need to update content/guidance on their 

appraisal. 
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 Development and evaluation of strategies to improve the clarity of reporting of 

results produced using NMA methods. 

 Optimisation of the methods used in the development and validation of critical 

appraisal tools, perhaps including a consensus on minimum standards for these.  

 Assessment of the quality and consistency of reporting of systematic reviews 

using NMA methods following publication of the PRISMA Extension Statement 

for NMA methods. 

8.3 Conclusions 

My research work took place over a period of years in the 2010s during which NMA methods 

went from a sparingly used and newly evolving synthesis method to an established method used 

in several hundred published systematic reviews per year, with dedicated guidance from 

organisations such as Cochrane, GRADE and PRISMA and an influence on recommendations 

in national guidelines. My research has shown their growing importance through the last decade, 

and elements of this thesis have already been published in peer-reviewed journals29, 30 and used by 

other publications, including the PRISMA Extension Statement to cover the reporting of NMA. 

However, my research has also shown how the development of critical appraisal tool content to 

address the use of NMA methods in systematic reviews has lagged behind the growth in the use 

of NMA methods. Such content has started to appear and the tool I developed is the first to 

present that content within the format of a CASP CAT, one of the most user-friendly and widely 

recognised formats, with content aimed at users without specialist statistical knowledge in the use 

of NMA methods. Further research is now needed, including consultation with a wider group of 

relevant experts, to determine how this part of my research work might be optimised or used to 

contribute to the content and format of an alternative new or revised tool for the 2020s. 
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Appendix 1  

Table A1  Characteristics of included studies for Chapter Three 

Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Ades 1  2010 Antipyschotic drugs in schizophrenia 

Prevention of relapse; discontinuation caused by 
intolerable side effects; discontinuation caused by 
other reasons. Mental health Full 

Akshintala 2 2012 

Non-steroidal antiinflammatory drugs, glyceryl trinitrate, somatostatin, 
octreotide, gabexate, allopurinol, ceftazidime, ulinastatin, steroids, and 
heparin for prophylaxis of post-ERCP pancreatitis Efficacy (not specified) Gastroenterology Conference 

Almond 3 2011 
Intravitreal implant, intravitreal injection, grid laser treatment, and 
observation following branch retinal vein occlusion 

Letters gained on the Early Treatment of Diabetic 
Retinopathy Study (ETDRS) chart. Eyes and vision Conference 

Anothaisintawee 4 2011 Drug treatments for chronic prostatitis/chronic pelvic pain syndrome 
Total symptom score; pain score; voiding score; 
quality of life score; response rates. Urology Full 

Ara 5 2009 
Statins at higher and lower dose in individuals with acute coronary 
syndrome 

Change in LDL-c; Cardiovascular events; Adverse 
effects Heart and circulation Full 

Ara 6  2012 Drug treatments for obesity in primary care Weight loss (percentage and absolute); BMI change Endocrine and metabolic Full 

Baker 7 2009 
Drugs for maintenance treatment of chronic obstructive pulmonary disease 
(COPD) Exacerbations; mortality; withdrawals. Lungs and airways Full 

Baldwin 8 2011 Drug treatments in patients with generalised anxiety disorder 
Response and remission (both based on anxiety 
scale score); withdrawal because of adverse events. Mental health Full 

Balp 9 2012 

Tobramycin (inhalation powder capsules and inhalation solutions), 
colistimethate sodium, and aztreonam lysine for inhalation to treat cystic 
fibrosis patients with chronic pseudomonas aeruginosa infection 

Percent change from baseline in FEV1% predicted 
at 4 weeks Lungs and airways Conference 

Bangalore 10 2011 Antihypertensive drugs Cancers; cancer-related death. Heart and circulation Full 

Bansback 11 2009 Systemic treatments for moderate to severe plaque psoriasis 
Response score (using Psoriasis Area and Severity 
Index (PASI)). Skin Full 

Bash 12 2012 

Amiodarone (IV and oral), diltiazem (IV), flecainide (IV and oral), ibutilide 
(IV), procainamide (IV), propafenone (IV and oral), sotalol (IV), and 
vernakalant (IV) 

Cardioversion (within 2 hours of treatment 
initiation; within 8-24 hours of treatment initiation) Heart and circulation Full 

Bekkering 13 2011 Strong opioids for cancer-related or non-cancer-related severe chronic pain 
Mean change of pain intensity; treatment 
discontinuation; serious adverse events 

Anaesthesia and pain 
control Full 

Benedict 14 2010 Antidepressant drugs for major depressive disorder in the elderly Response; remission; withdrawals. Mental health Conference 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Benedict 15 2010 Rufinamide, topiramate and lamotrigine for Lennox-Gastaut syndrome 
Reduction in seizure frequency (drop attacks and 
total seizures); treatment-limiting adverse effects. Neurology Full 

Bergman 16 2010 
Biologic agents in patients with rheumatoid arthritis who have inadequate 
response to disease-modifying antirheumatic drugs 

Response (using American College of 
Rheumatology (ACR) criteria). Rheumatology Full 

Bianic 17 2011 
Second and third-line treatments in patients with metastatic non-small cell 
lung cancer Response; survival. Cancer Conference 

Blanchard 18 2011 
Surgical, radiotherapy, and chemotherapy treatments (either alone or in 
combination) in head and neck cancer Survival Cancer Full 

Blume 19 2010 Injectable and oral atypical antipsychotics in Schizophrenia Prevention of relapse Mental health Conference 

Borrill 20 2009 
Intravenous proton pump inhibitor drugs for the prevention of gastric or 
duodenal ulcer re-bleeding after therapeutic endoscopy 

Re-bleed events; repeat endoscopy; emergency 
surgery. Gastroenterology Conference 

Bounthavong 21 2011 
Linezolid, daptomycin, and vancomycin in methicillin-resistant 
staphylococcus aureus 

Clinical resolution; discontinuation due to adverse 
reaction. Skin Full 

Bow 22 2012 

Fluconazole, itraconazole, posaconazole, and voriconazole as primary 
prophylaxis of invasive fungal disease in allogeneic haematopoietic cell 
transplant recipients Proven/probable invasive fungal infection Blood disorders Conference 

Caldwell 23 2005 
Thrombolytic agents and percutaneous transluminal coronary angioplasty 
in post acute myocardial infarction Mortality Heart and circulation Conference 

Caldwell 24 2010 Treatments for childhood nocturnal enuresis Failure to achieve 14 days consecutive dry nights Child health Full 

Cassidy 25 2011 Adjuvant chemotherapy regimens for early-stage colon cancer Disease-free survival; overall survival. Cancer Conference 

Chang 26 2012 
Focused shock wave therapy (3 different intensity levels) and radial shock 
wave for managing plantar fasciitis Success rate; reduction in pain scale. Rheumatology Full 

Chapell 27 2009 Rosiglitazone, pioglitazone, and sitagliptin in Diabetes Mellitus. Change in HbA1C from baseline Endocrine and metabolic Full 

Chatterjee 28 2012 Clopidogrel, prasugrel, and ticagrelor 

Stent thrombosis; recurrent ischaemic events; all-
cause mortality; major non- coronary artery bypass 
graft bleeding. Heart and circulation Conference 

Choy 29 2011 Pharmacological treatments for fibromyalgia 

Reduction in pain; responders; fibromyalgia impact 
questionnaire (FIQ) score; sleep; sleep quality; 
adverse events. Rheumatology Full 

Cipriani 30 2009 

Bupropion, citalopram, duloxetine, escitalopram, fluoxetine, fluvoxamine, 
milnacipran, mirtazapine, paroxetine, reboxetine, sertraline, and 
venlafaxine for the acute treatment of unipolar major depression in adults 

Response (assessed on standard scales; early 
discontinuation of treatment. Mental health Full 

Cipriani 31 2011 

Aripiprazole, asenapine, carbamazepine, valproate, gabapentin, haloperidol, 
lamotrigine, lithium, olanzapine, quetiapine, risperidone, topiramate, and 
ziprasidone for acute mania 

Mean change on mania rating scales; response rate; 
drop out of the allocated treatment. Mental health Full 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Cohen 32 2012 

Second-generation antipsychotics in children and adolescents with 
schizophrenia, bipolar disorder, behavioural impairments comorbid to 
autism or intellectual disability, Tourette syndrome, and conduct disorder. 

Metabolic effects (weight gain; glucose; cholesterol; 
triglycerides; prolactin); somnolence/sedation; 
extra-pyramidal syndrome/akathisia. Mental health Full 

Coleman 33 2008 Antihypertensive drugs Cancers Heart and circulation Full 

Cooper 34 2006 Stroke prevention treatments for atrial fibrillation 
Prevention of stroke; major or fatal bleeding 
episodes. Heart and circulation Full 

Cope 35 2011 

Indacaterol and fixed-dose combinations of formoterol + budesonide or 
salmeterol + fluticasone for the treatment of chronic obstructive 
pulmonary disease (COPD) Lung function; health status; breathlessness. Lungs and airways Full 

Cope36 2011 
Indacaterol, tiotropium, salmeterol, and formoterol for the treatment of 
chronic obstructive pulmonary disease (COPD) Lung function Lungs and airways Conference 

Corbett 37 2012 
Acupuncture and other physical treatments for chronic pain due to 
osteoarthritis of the knee Change in pain (at end of treatment) Rheumatology Full 

Cummins 38 2011 
Etanercept, adalimumab, infliximab, and palliative care (non-biologic 
DMARDs) in active and progressive psoriatic arthritis Response on three rating scales Rheumatology Full 

Curtin 39 2004 Clonazepam, lorazepam, haloperidol, and lithium in acute mania Response (improvement in psychopathology score). Mental health Full 

Dakin 40 2010 
Adefovir, entecavir, lamivudine, telbivudine, and tenofovir disoproxil 
fumarate (alone or in combination) in the treatment of chronic hepatitis B Viral suppression; seroconversion. Gastroenterology Full 

Danchin 41 2011 
Trimetazidine, dihydropyridines, long-acting nitrates, nicorandil, and 
ranolazine 

Exercise tolerance parameters (e.g. total exercise 
duration); clinical criteria (e.g. angina attacks per 
week). Heart and circulation Full 

Daniels 42 2012 
Second generation ablation techniques in the treatment of heavy menstrual 
bleeding 

Rate of amenorrhoea; rate of heavy bleeding; rate of 
dissatisfaction with treatment Gynaecology Full 

Del Santo 43 2012 
Interferon, glatiramer, natalizumab, and fingolimod for relapsing–remitting 
multiple sclerosis Freedom from relapse. Neurology Full 

Devine 44 2011 Biologic DMARDs with or without methotrexate for rheumatoid arthritis ACR response criteria Rheumatology Full 

Dewilde 45 2012 

Aspirin alone (in low/medium/high dose), aspirin and extended-release 
dipyridamole, aspirin and clopidogrel, and clopidogrel alone following 
established ischemic stroke 

Stroke; combined end point of stroke, MI and 
vascular death Heart and circulation Full 

Diels 46 2011 
Telaprevir, boceprevir, and peginterferon/ribavirin in patients with 
genotype 1 chronic hepatitis C Sustained viral response Gastroenterology Conference 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Djulbegovic 47 2012 Intravesical agents in patients with pTa and pT1 bladder cancer Recurrence-free survival Cancer Conference 

Dunkley 48 2012 
Interventions (lifestyle and pharmacological) in people with metabolic 
syndrome Reversal of metabolic syndrome Endocrine and metabolic Full 

Edwards 49 2009 
Carbapenem, cefepime, and piperacillin/tazobactam in the treatment of 
hospitalised patients with infection 

Clinical response; bacteriological response; all-cause 
mortality; serious adverse events Infectious disease Full 

Edwards50 2009 
Standard- and double-dose proton pump inhibitors for the healing of 
severe erosive oesophagitis Endoscopic healing Gastroenterology Full 

Edwards51 2009 Atypical antipsychotics in adults with schizophrenia or bipolar disorder 

Health dimension (e.g. anxiety or depression, weight 
gain, sexual dysfunction); extra-pyramidal symptom 
related; treatment withdrawals (due to adverse 
effects and due to lack of efficacy). Mental health Full 

Edwards52 2010 
Gefitinib and several platinum-based doublet chemotherapies for first-line 
treatment of advanced non-small cell lung cancer Objective response rate (ORR). Cancer Conference 

Edwards53 2010 
Gefitinib and several platinum-based doublet chemotherapies for first-line 
treatment of advanced non-small cell lung cancer Grades 3/4/5 adverse events Cancer Conference 

Elliott 54 2007 Antihypertensive drugs Development of diabetes. Heart and circulation Full 

Elliott55 2007 Antihypertensive drugs 1-year discontinuation rates Heart and circulation Conference 

Ellis 56 2012 
Bazedoxifene, alendronate, ibandronate, and risedronate in a high-risk 
postmenopausal population Nonvertebral fractures Rheumatology Conference 

Ernest 57 2012 
30 different methods for the assessment of glaucomatous visual field 
progression Incidence of progression Eyes and vision Full 

Fan 58 2011 
Infliximab and ustekinumab (higher and lower dose) in the treatment of 
moderate to severe psoriasis PASI Skin Conference 

Farris59 2010 Anticoagulant therapies in high-risk surgical patients Venous thromboembolism (VTE); major bleeding. Heart and circulation Conference 

Freemantle60 2011 
Dronedarone, amiodarone, sotalol, flecainide, and propafenone for the 
management of atrial fibrillation (AF) 

Mortality; stroke; AF recurrence; incidence of 
serious adverse events; treatment withdrawals (all 
cause and due specifically to adverse events); 
proarrhythmic events. Heart and circulation Full 

Freemantle61 2011 

Amphoteracin B (all formulations), itraconazole, voriconazole, 
caspofungin, micafungin, posaconazole, and anidulafungin for empirical, 
pre-emptive, and directed treatment strategies for invasive mould disease Survival; response. Cancer Full 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Fretheim62 2012 
Different classes of antihypertensive drugs for healthy people at risk of 
cardiovascular disease 

Total mortality; myocardial infarction; stroke; 
angina; heart failure; incidence of diabetes. Heart and circulation Full 

Fusaro63 2012 
Paclitaxel, everolimus (EES), sirolimus, zotarolimus eluting stents, and bare 
metal stents for de novo coronary lesions in subjects with diabetes mellitus 

Target vessel revascularisation; death; myocardial 
infarction; stent thrombosis. Heart and circulation Conference 

Gartlehner64 2008 
Second-generation antidepressants for the treatment of depressive 
disorders in adults 

Response; remission; efficacy on specific depression 
symptoms; adverse events Mental health Full 

Gartlehner65 2011 
Second-generation antidepressants for the treatment of depressive 
disorders in adults 

Response; remission; efficacy on specific depression 
symptoms; adverse events Mental health Full 

Golfinopoulos66 2007 Systemic treatment regimens in advanced colorectal cancer Death; progression-free survival Cancer Full 

Golfinopoulos67 2009 Systemic treatment regimens for cancer of unknown primary site Median survival; death. Cancer Full 

Gray68 2012 Orlistat, rimonabant, and sibutramine for the treatment of obesity Weight loss; BMI change Endocrine and metabolic Full 

Greenhalgh69 2011 

Clopidogrel, modified-release dipyridamole (alone or with aspirin), and 
aspirin (alone) in the prevention of occlusive vascular events in patients 
with a history of MI, ischaemic stroke/TIA or established peripheral 
arterial disease 

Recurrent stroke; myocardial infarction; vascular 
death; death from all causes; bleeding Heart and circulation Full 

Gross70 2011 
Add-on antihyperglycemic drugs in patients with type 2 diabetes that is not 
controlled with metformin and a sulfonylurea HbA1c level change; weight; severe hypoglycaemia. Endocrine and metabolic Full 

Gurusamy71 2011 
Intervention methods aimed at decreasing blood loss and/or allogeneic 
blood transfusion requirements during liver transplantation 

Mortality; thromboembolic episodes; serious 
adverse events; blood loss; transfusion required; 
hospital stay; intensive therapy unit stay. Gastroenterology Full 

Guyot72 2011 
Abatacept (with methotrexate) and other biologic agents in treatment of 
patients with active rheumatoid arthritis despite methotrexate Efficacy (assessed by standard rating scales) Rheumatology Full 

Guyot73 2012 

Methotrexate plus a biologic (abatacept, infliximab, adalimumab, 
etanercept, certolizumab pegol, and golimumab) to treat rheumatoid 
arthritis when methotrexate alone is insufficient 

Response (assessed by HAQ and ACR response 
criteria) Rheumatology Full 

Hansen 74 2008 Second-generation antidepressants in social anxiety disorder Response; adverse events Mental health Full 

Harrington75 2011 Randomized diet therapies for type 2 diabetes mellitus HbA1c; Lipids. Endocrine and metabolic Conference 

Hartling76 2011 
Bronchodilators and steroids, alone or combined, for the acute 
management of bronchiolitis in children aged less than 2 years Emergency admission; length of stay. Lungs and airways Full 

Hawkins77 2009 
Erlotinib, pemetrexed, docetaxel, and gefitinib in non-small cell lung 
cancer Survival Cancer Full 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Hopkins 78 2011 Osteoporosis medications for post-menopausal women Vertebral and non-vertebral fractures Orthopaedics and trauma Full 

Ibrahim79 2011 
Surgical and non-surgical treatments for minimally displaced and 
undisplaced scaphoid waist fractures 

Fracture union; complications; range of motion; 
grip strength; osteoarthritis of the 
scaphotrapeziotrapezoid and radiocarpal joints. Orthopaedics and trauma Full 

Imamura80 2010 Non-surgical treatments for women with stress urinary incontinence Improvement; cure. Urology Full 

Jansen81 2006 
Self-monitoring blood glucose, self-monitoring of urine glucose, and 
interventions without self-monitoring in type 2 diabetes mellitus HbA1c Endocrine and metabolic Full 

Jansen82 2007 
Artemisinin-based Combination Therapies for treatment of uncomplicated 
P. falciparum malaria 

Adequate clinical and parasitological response at day 
28 Infectious disease Full 

Jansen83 2009 

Zoledronic acid, alendronate, ibandronate, and risedronate for the 
prevention of vertebral fractures in postmenopausal women with 
osteoporosis Vertebral fracture Orthopaedics and trauma Full 

Jansen84 2010 
Etoricoxib, celecoxib, naproxen, and diclofenac in the initial treatment of 
ankylosing spondylitis 

Standard assessment scores (BASFI and BASDAI); 
discontinuation due to lack of efficacy. Rheumatology Full 

Jansen85 2011 

Zoledronic acid, alendronate, ibandronate, risedronate, and etidronate in 
the prevention of vertebral, hip, and nonvertebral-nonhip fractures in 
osteoporosis Vertebral fractures; hip fractures; all other fractures. Orthopaedics and trauma Full 

Kessler86 2011 Antimuscarinics for treating overactive bladder Adverse events Urology Full 

King87 2006 
Methylphenidate, dexamfetamine, and atomoxetine for the treatment of 
attention deficit hyperactivity disorder in children and adolescents Core symptoms; quality of life; adverse effects Child health Full 

Klemp88 2011 
Aripiprazole, clozapine, olanzapine, risperidone, and haloperidol in 
schizophrenia 

Response on standard scale; weight gain; 
extrapyramidal symptoms Mental health Full 

Knight89 2010 
Varenicline (long and standard course), buproprion, nicotine replacement 
therapy, and unaided quit for smoking cessation Quit rate at 52 weeks 

Tobacco, drugs and alcohol 
dependence Full 

Kruidenier90 2012 
Angioplasty, surgery, exercise therapy, and no treatment for intermittent 
claudication Walking distance; quality of life. Heart and circulation Full 

Kyrgiou91 2006 Chemotherapy regimens for ovarian cancer Survival Cancer Full 

Lam92 2007 

Cardiac resynchronisation therapy, implantable cardioverter defibrillator 
therapy, combined resynchronisation and implantable defibrillator therapy, 
and medical therapy alone in patients with impaired left ventricular systolic 
function All-cause mortality Heart and circulation Full 

Lang93 2012 
Tirofiban, abciximab, eptifibatide, and usual care in patients with acute 
coronary syndrome Major adverse cardiac events at 30 days Heart and circulation Full 

Launois94 2011 Anti-cytokine agents indicated for the treatment of rheumatoid arthritis Response (assessed using ACR criteria) Rheumatology Full 
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Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Lebmeier95 2010 
Biologics in patients with rheumatoid arthritis taking concomitant 
methotrexate (MTX) who have inadequate response to MTX Response (assessed as change in HAQ score) Rheumatology Conference 

Lebmeier96 2011 
Biologics in patients with rheumatoid arthritis taking concomitant 
methotrexate (MTX) who have inadequate response to MTX Response (assessed as change in HAQ score) Rheumatology Conference 

Lerdkiattikorn97 2010 Three adjuvant chemotherapy regimens for stage III colon cancer Survival Cancer Conference 

LeReun98 2010 
Raltegravir, nevirapine, efavirenz, lopinavir, and atazanavir in treatment-
naive patients with HIV infection 

Viral suppression; early discontinuation of 
treatment. Infectious disease Conference 

Lewis99 2011 Treatment strategies for sciatica 

At short, medium, and long term follow up: global 
effect; pain intensity; condition specific outcome 
measures. Orthopaedics and trauma Full 

Logman100 2010 

Common antimicrobial agents for treatment of complicated skin and soft 
tissue infections (cSSTI) caused by methicillin-resistant Staphylococcus 
aureus (MRSA) Clinical/microbiological treatment success Infectious disease Full 

Manzoli101 2009 Several types of H5N1 vaccine 
Seroconversion rate according to 
haemagglutination–inhibition; microneutralisation. Infectious disease Full 

Manzoli102 2011 Several types of H1N1 vaccines 
Seroconversion rate according to 
haemagglutination-inhibition Infectious disease Full 

Maund103 2012 Treatments for primary frozen shoulder Pain Rheumatology Full 

Mauri104 2008 
22 different regimens involving chemotherapy and/or targeted therapy in 
advanced breast cancer Survival Cancer Full 

McDaid105 2010 

Paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs), and cyclo-
oxygenase 2 (COX-2) inhibitors for the reduction of morphine-related side 
effects after major surgery 

Morphine consumption; nausea and vomiting; 
sedation 

Anaesthesia and pain 
control Full 

McIntosh106 2011 
Antihyperglycemic therapies in patients with type 2 diabetes inadequately 
controlled on metformin monotherapy HbA1c; body weight; overall hypoglycaemia. Endocrine and metabolic Full 

McNamara107 2010 

Trastuzumab/anastrozole, lapatinib/letrozole, anastrazole, and letrozole 
for the treatment of HER2 positive/hormone receptor positive metastatic 
breast cancer Overall survival Cancer Conference 

Meader108 2010 
Methadone, buprenorphine, clonidine, and lofexidine for opioid 
detoxification Completion of treatment 

Tobacco, drugs and alcohol 
dependence Full 

Mhaskar109 2012 Bisphosphonates in the management of patients with MM 

Overall mortality; progression-free survival; 
vertebral fractures; total skeletal related events; pain; 
hypercalcaemia; treatment-related harms Cancer Full 
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Migliore110 2012 Etanercept, infliximab, and adalimumab for psoriatic arthritis Response (assessed by ACR criteria) Rheumatology Full 

Migliore111 2012 
Etanercept, infliximab, and adalimumab in the treatment of ankylosing 
spondylitis patients Response (assessed by ASAS20 criteria) Rheumatology Full 

Mills112 2008 
Atorvastatin, fluvastatin, pravastatin, and lovastatin in primary prevention 
of cardiovascular events All-cause mortality; cardiovascular disease mortality. Heart and circulation Full 

Mills113 2009 Antifungal treatment for invasive candida infections 
Global response; all-cause mortality; fungal-
attributable mortality; adverse events Infectious disease Full 

Mills114 2011 Maintenance pharmacotherapies for chronic obstructive pulmonary disease Event rate of exacerbations Lungs and airways Full 

Mills115 2011 
Various statin therapy in patients with and without prior coronary heart 
disease Cardiovascular mortality Heart and circulation Full 

Murad116 2012 

Alendronate, risedronate, zoledronate, ibandronate, teriparatide, raloxifene, 
bazedoxifene, denosumab, calcium, vitamin D, and calcium with vitamin D 
for individuals at risk of developing fragility fracture 

Hip fractures; vertebral fractures; non-vertebral 
fractures. Rheumatology Full 

Mutebi117 2011 
Treprostinil, iloprost, bosentan, sitaxsentan, ambrisentan, and sildenafil in 
pulmonary arterial hypertension Mortality Heart and circulation Conference 

Ni118 2012 
Various probiotics and montmorillonite (alone or in combination) for 
infantile rotavirus Symptom improvement (stool frequency; systemic) Infectious disease Full 

Nixon119 2007 
Adalimumab, anakinra, etanercept, infliximab, and methotrexate in 
rheumatoid arthritis ACR response criteria Rheumatology Full 

Numthavaj120 2011 
Aciclovir, valaciclovir (alone or in combination with prednisolone), and 
prednisolone alone for Bell's palsy Resolution at 3 and 6 months Neurology Full 

Orme121 2010 Topical hypotensives for primary open-angle glaucoma Intraocular pressure; hyperaemia-type events Eyes and vision Full 

Owen122 2010 
Aspirin (high and low dose) and Warfarin for the primary prevention of 
stroke in patients with non valvular atrial fibrillation Stroke; death. Heart and circulation Full 

Padwal123 2011 Bariatric surgeries and standard care for obesity Change in BMI Endocrine and metabolic Full 

Palmerini124 2012 Different drug-eluting stents and bare-metal stents Stent thrombosis Heart and circulation Full 

Pechlivanoglou125 2010 
Different antifungal drugs used in prophylaxis treatments against invasive 
fungal infections in high-risk patients Invasive fungal infection Blood disorders Conference 

Phung126 2010 
Noninsulin antidiabetic drugs in patients with type 2 DM not controlled by 
metformin alone HbA1c; body weight; hypoglycaemia. Endocrine and metabolic Full 

Phung127 2011 

Low-dose unfractionated heparin (twice or three times daily) and low-
molecular-weight heparin in hospitalized nonsurgical patients at risk for 
VTE DVT; pulmonary embolism; death; major bleed. Heart and circulation Full 
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Phung128 2011 
Oral anti-diabetic drugs in patients at high risk for developing Type 2 
diabetes New onset type 2 diabetes Endocrine and metabolic Full 

Psaty129 2003 Antihypertensive therapies used as first-line agents 

Coronary heart disease; congestive heart failure; 
stroke; cardiovascular disease events; cardiovascular 
disease mortality; blood pressure change; total 
mortality Heart and circulation Full 

Puhan130 2009 Inhaled maintenance drug regimes in patients with stable COPD Exacerbations Lungs and airways Full 

Reich131 2012 
All biologic agents indicated in the treatment of moderate to severe 
psoriasis currently available in Europe Response (assessed on the PASI index) Skin Full 

Riemsma132 2010 
Letrozole, anastrozole, and exemestane for hormone sensitive advanced or 
metastatic breast cancer in post-menopausal women Objective response rate Cancer Full 

Riemsma133 2011 
Tapentadol, transdermal buprenorphine, transdermal fentanyl, 
hydromorphone, morphine, and oxymorphone in chronic severe pain 

Pain intensity; pain relief; quality of sleep; patient 
global impression of change; quality of life; serious 
adverse events. 

Anaesthesia and pain 
control Full 

Riemsma134 2012 

Lapatinib alone, lapatinib plus letrozole, letrozole alone, trastuzumab plus 
anastrozole, anastrozole alone, tamoxifen, and exemestane for hormone 
receptor positive (HR+) and HER2+ advanced or metastatic breast cancer Objective response rate Cancer Full 

Roskell135 2010 

Dabigatran (2 dose levels), adjusted-dose vitamin K antagonists (including 
warfarin), aspirin alone, and aspirin plus clopidogrel for stroke prevention 
in atrial fibrillation 

All stroke; ischaemic stroke; systemic embolism; all-
cause mortality; intracranial haemorrhage (excluding 
haemorrhagic stroke); extracranial haemorrhage 
(major bleeds); acute myocardial infarction. Heart and circulation Full 

Roskell136 2011 

Duloxetine, fluoxetine, gabapentin, milnacipran, pramipexole, pregabalin, 
either of two tricyclic antidepressants, and tramadol plus paracetamol in 
the treatment of fibromyalgia 

Pain response; discontinuation because of adverse 
events. Rheumatology Full 

Roskell137 2012 
Fingolimod, interferon beta-1a, interferon beta-1b, and glatiramer acetate 
in relapsing–remitting multiple sclerosis Annualized relapse rate Neurology Full 

Rotta138 2012 Topical antifungals used in the treatment of dermatomycosis 
Mycological cure based on microscopy and/or 
culture Skin Full 

Roversi139 2012 
Apixaban, dabigatran, edoxaban, rivaroxaban, and warfarin for non-
valvular atrial fibrillation 

Stroke/systemic embolism; major bleeding; 
discontinuation. Heart and circulation Conference 

Salanti140 2009 Fluoride (in toothpaste, rinse, gel, and varnish) in preventing dental caries Caries increment Dentistry and oral health Full 

Sanches141 2011 
Long-acting insulin analogues (glargine and detemir) and neutral protamine 
hagedorn insulin in adults with type 1 diabetes HbA1c change Endocrine and metabolic Full 
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Schauble142 2011 
Donepezil, galantamine, rivastigmine (all formulations), and memantine in 
Alzheimers disease Cognitive and behaviour scales; adverse events. Mental health Conference 

Schmitz143 2012 
Licensed anti-TNF agents in rheumatoid arthritis for methotrexate non-
responders 

Response (assessed by ACR criteria and HAQ 
score) Rheumatology Full 

Sciarretta144 2011 
Antihypertensives in patients with hypertension or high cardiovascular risk 
profile for prevention of heart failure Incidence of heart failure Heart and circulation Full 

Scott145 2011 
Exenatide and liraglutide (2 dose levels) for the treatment of type 2 
diabetes HbA1c change Endocrine and metabolic Conference 

Senior146 2012 

Rotigotine transdermal patch and both immediate and extended release 
forms of ropinirole and pramipexole in patients with advanced Parkinson’s 
disease Incidence of dyskinesia Neurology Conference 

Siddiqui147 2011 
Tramadol, oxycodone, hydrocodone, propoxyphene, and codeine in non-
malignant pain 

Adverse events; withdrawal of treatment due to 
adverse events 

Anaesthesia and pain 
control Conference 

Singh148 2009 
Abatacept, adalimumab, anakinra, etanercept, infliximab, and rituximab in 
patients with rheumatoid arthritis 

Response (assessed by ACR criteria); withdrawal 
due to adverse event. Rheumatology Full 

Singh149 2011 

Adalimumab, certolizumab, etanercept, golimumab, infliximab, anakinra, 
tocilizumab, abatacept, and rituximab therapy in patients with any disease 
condition except human immunodeficiency disease (HIV/AIDS) 

Total adverse events; withdrawal due to adverse 
events; serious infections; serious adverse events. Rheumatology Full 

Soares-Weiser150 2007 
Pharmacological and psychosocial interventions for the prevention of 
relapse in bipolar disorder All relapse, manic relapse and depressive relapse Mental health Full 

Squires151 2011 

Cilostazol, naftidrofuryl oxalate, pentoxifylline, and inositol nicotinate for 
the treatment of intermittent claudication in people with peripheral arterial 
disease 

Maximal walking distance; pain-free walking 
distance. Heart and circulation Full 

Stam152 2012 

Etoricoxib, lumiracoxib, celecoxib, non-selective NSAIDs (ibuprofen, 
diclofenac, naproxen), and acetaminophen (paracetamol) in the treatment 
of osteoarthritis Pain; physical function; patient global assessment. Rheumatology Full 

Steiner153 2012 
Prasugrel, ticagrelor, and clopidogrel (standard and high-dose) in patients 
undergoing percutaneous coronary intervention 

All-cause death; cardiovascular death; major adverse 
cardiac events; myocardial infarction; stroke; stent 
thrombosis; major bleeding; major or minor 
bleeding. Heart and circulation Full 

Stettler154 2007 
Sirolimus-eluting stents, paclitaxel-eluting stents, and bare-metal stents in 
patients with coronary artery disease 

Overall mortality; cardiac death; myocardial 
infarction; composite of death or myocardial 
infarction; stent thrombosis; target lesion 
revascularisation. Heart and circulation Full 

Stettler155 2008 
Sirolimus-eluting stents, paclitaxel-eluting stents, and bare-metal stents in 
people with and without diabetes 

Overall mortality; cardiac death; myocardial 
infarction; composite of death or myocardial 
infarction; stent thrombosis; target lesion 
revascularisation. Heart and circulation Full 
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Stradwick156 2011 

Ferumoxytol and alternative oral and IV iron replacement therapies for the 
treatment of iron deficiency anaemia associated with chronic kidney 
disease Hb improvement Kidney disease Conference 

Strassmann157 2009 

Smoking cessation counselling with or without pharmacotherapy or 
nicotine replacement therapy for chronic obstructive pulmonary disease 
(COPD) patients Prolonged abstinence 

Tobacco, drugs and alcohol 
dependence Full 

Tang158 2012 

Ondansetron, granisetron, tropisetron, and dolasetron as prophylactic 
agents for patients with mild to moderate risk of postoperative nausea and 
vomiting 

Postoperative nausea and vomiting; post-operative 
vomiting. 

Anaesthesia and pain 
control Full 

Tantai159 2010 
Lamivudine, entecavir, interferon, and interferon plus lamivudine for 
HBeAg-positive chronic hepatitis B HBeAg seroconversion Gastroenterology Conference 

Thijs160 2008 

Aspirin, aspirin plus dipyridamole, thienopyridines, and combination of 
aspirin plus thienopyridines in the prevention of serious vascular events 
after transient ischaemic attack (TIA) or stroke 

Serious vascular events (composite of non-fatal 
stroke, non-fatal myocardial infarction and vascular 
death) Heart and circulation Full 

Tosh161 2011 
Nonbiologic disease-modifying antirheumatic drug strategies in patients 
with early rheumatoid arthritis Response (assessed by ACR criteria) Rheumatology Full 

Trelle162 2011 
Cardiovascular safety of non-steroidal anti-inflammatory drugs for any 
medical condition 

Myocardial infarction; stroke; cardiovascular death; 
death from any cause; the Antiplatelet Trialists’ 
Collaboration composite outcome of non-fatal 
myocardial infarction, non-fatal stroke, or 
cardiovascular death. Heart and circulation Full 

Trikalinos163 2009 

Medical therapy, percutaneous transluminal balloon coronary angioplasty 
(PTCA), bare-metal stents (BMS), and drug-eluting stents in patients with 
non-acute coronary artery disease 

Death; myocardial infarction; coronary artery bypass 
grafting; target vessel/lesion revascularisation; any 
revascularisation. Heart and circulation Full 

Tropeano164 2011 Antihypertensive drugs Carotid intima-media thickness change Heart and circulation Full 

Tu165 2010 
Enamel matrix derivatives (EMD) in conjunction with other regenerative 
materials and EMD alone in the treatment of infrabony defects 3 mm 

Changes in probing pocket depth (PPD); clinical 
attachment level (CAL); infrabony defect depth. Dentistry and oral health Full 

Tu166 2012 
Guided tissue regeneration (GTR) and enamel matrix derivatives (EMD) 
alone or in conjunction with other regenerative materials 

Changes in probing pocket depth (PPD); clinical 
attachment level (CAL); infrabony defect depth. Dentistry and oral health Full 

Tudur Smith167 2007 

Carbamazepine, sodium valproate, phenytoin, phenobarbitone, 
lamotrigine, oxcarbazepine, gabapentin, and topiramate as monotherapy 
for epilepsy 

Time to treatment failure; time to 12 month 
remission from seizures; time to first seizure. Neurology Full 

Turkstra168 2011 

Abatacept, adalimumab, anakinra, certolizumab, etanercept, golimumab, 
infliximab, rituximab, and tocilizumab in patients with established 
rheumatoid arthritis Response (assessed by ACR criteria) Rheumatology Full 



183 
 

Author Year Interventions compared Outcome(s) compared Clinical topic Publication type 

Uthman169 2010 
Fluoxetine, fluvoxamine, paroxetine, sertraline, and venlafaxine for treating 
anxiety disorders in children and adolescents 

Resonse (assessed by Clinical Global Impressions 
scale); withdrawal due to treatment emergent 
adverse events. Mental health Full 

van de Kerkhof170 2011 
Topical calcipotriol and betamethasone dipropionate (once or twice daily) 
and other commonly used topical treatments in psoriasis Response (assessed by PASI score) Skin Full 

Van den Bruel171 2009 
Ophthalmic viscoelastic devices (OVDs) in protecting the cornea during 
cataract surgery Loss in endothelial cell density Eyes and vision Full 

van der Valk172 2009 

Betaxolol, bimatoprost, brimonidine, brinzolamide, dorzolamide, 
latanoprost, timolol, and travoprost in patients with primary open-angle 
glaucoma or ocular hypertension 

Mean intraocular pressure (IOP) reduction (at peak 
and trough) Eyes and vision Full 

Vansteenkiste 173 2008 
Pemetrexed plus cisplatin compared with recommended first line 
platinum-based therapies for advanced non-small cell lung cancer 

Overall survival; febrile neutropenia; one-year 
survival; tumour response; toxicity Cancer Conference 

Vejakama174 2012 
ACE inhibitor (ACEI)/angiotensin II receptor blocker (ARB) and other 
antihypertensive drugs in type 2 diabetes. 

End stage renal disease; doubling serum creatinine; 
major micro-vascular complications; macro-
albuminuria; micro-albuminuria; albuminuria 
regression Kidney disease Full 

Verheggen175 2011 
Atazanavir/r, darunavir/r, lopinavir/r, and efavirenz in treatment-naïve 
HIV-1 infected adults 

Viral load levels; CD4 cell count; incidence of 
diarrhoea, nausea and rash. Infectious disease Conference 

Vieira176 2011 

Two nucleoside/nucleotide reverse transcriptase inhibitors combined with 
raltegravir, efavirenz, or protease inhibitors in the management of 
antiretroviral-naïve HIV adult patients HIV-1 RNA level; CD4+ cell count Infectious disease Full 

Virgili177 2011 
Verteporfin photodynamic therapy, pegaptanib, and ranibizumab for 
neovascular age-related macular degeneration (AMD) 

Visual loss or visual gain of 3 or more lines of visual 
acuity (15 ETDRS letters) Eyes and vision Full 

Vissers178 2010 
Intranasal fentanyl spray, oral transmucosal fentanyl citrate, fentanyl buccal 
tablet, and oral morphine for the treatment of breakthrough cancer pain Pain intensity difference Infectious disease Full 

Vlaar179 2011 

3 percutaneous coronary intervention (PCI) strategies (culprit vessel only, 
multi-vessel and staged) in patients with ST-segment elevation myocardial 
infarction (STEMI) and multivessel disease (MVD) Mortality (short and long term) Heart and circulation Full 

Walsh180 2010 
Fluoride toothpastes of different concentrations in preventing dental caries 
in children and adolescents Caries increment Dentistry and oral health Full 

Wandel181 2010 
Glucosamine and chondroitin (alone or in combination) in osteoarthritis of 
the hip or knee 

Pain intensity; change in minimal width of joint 
space. Rheumatology Full 
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Wang182 2010 Different types of central venous catheter 
Catheter-related bloodstream infection; catheter 
colonisation. Infectious disease Full 

Wang183 2012 
Various surgical margin thresholds with breast-conserving surgery (with 
and without radiotherapy) for women with ductal carcinoma in situ Ipsilateral breast tumour recurrence Cancer Full 

Welton184 2008 Amantadine, oseltamivir, and zanamivir for treatment of influenza A and B 

Mean time to end of fever; mean time from end of 
fever to end of all symptoms; mean time to end of 
all symptoms. Infectious disease Full 

Welton185 2009 
Psychological interventions (usual care, educational, behavioural, cognitive, 
relaxation, and support) in coronary heart disease 

All-cause mortality; cardiac mortality; nonfatal 
myocardial infarction; total cholesterol; systolic 
blood pressure; diastolic blood pressure; depression; 
anxiety. Heart and circulation Full 

Wiebe186 2011 Different sweeteners in obese, diabetic, and healthy populations 2-hour blood glucose response Endocrine and metabolic Full 

Wojciechowski187 2011 
Tenofovir, lamivudine, adefovir, and entecavir in the treatment of chronic 
hepatitis B virus (HBV) infection. 

HBV DNA clearance; ALT; histological 
improvement; serious adverse events Infectious disease Conference 

Wolff188 2010 
5% lidocaine medicated plaster, amitriptyline, capsaicin, gabapentin, and 
pregabalin in painful diabetic peripheral neuropathy Pain change from baseline 

Anaesthesia and pain 
control Full 

Wolff189 2011 
5% lidocaine medicated plaster, capsaicin, gabapentin and pregabalin for 
post-herpetic neuralgia Pain change from baseline 

Anaesthesia and pain 
control Full 

Wolff190 2012 
Buprenorphine patch, fentanyl patch, and morphine in patients with 
chronic moderate to severe pain 

Pain intensity; quality of life; quality of sleep; serious 
adverse events; constipation; nausea; vomiting; 
somnolence; dizziness; treatment discontinuation. 

Anaesthesia and pain 
control Full 

Woo191 2010 

Pegylated interferon, lamivudine, adefovir, entecavir, telbivudine, and 
tenofovir as monotherapy or combination therapy for treatment-naive 
chronic hepatitis B 

Rates of virologic and biochemical response; 
HBeAg loss; HBeAg seroconversion; HBsAg loss; 
histologic improvement. Infectious disease Full 

Woolacott192 2006 

Supportive care, Etanercept (2 dose levels), Efalizumab, Ciclosporin, 
Fumaderm, Infliximab, and Methotrexate for the treatment of moderate to 
severe chronic plaque psoriasis Response (assessed by PASI score) Skin Full 

Wu193 2011 

Angiotensin converting enzyme inhibitors (ACEI), angiotensin II receptor 
blockers (ARB), and calcium channel blockers in patients with diabetic 
nephropathy 

Doubling of creatinine; requiring dialysis; all-cause 
deaths. Kidney disease Conference 

Wu194 2012 

Angiotensin converting enzyme inhibitors (ACEI), angiotensin II receptor 
blockers (ARB), calcium channel blockers, and beta-blockers in patients 
with diabetic nephropathy Doubling of serum creatinine Kidney disease Conference 

Wu195 2012 

Angiotensin converting enzyme inhibitors (ACEI), angiotensin II receptor 
blockers (ARB), calcium channel blockers, beta-blockers, and diuretics in 
hypertensive patients with diabetes All-cause mortality Endocrine and metabolic Conference 
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Yi196 2010 

Bevacizumab plus cisplatin and gemcitabine (BCG), bevacizumab plus 
carboplatin and paclitaxel (BCP), grouped platinum-based doublet 
chemotherapy (PLD), and grouped nonplatinum-based doublet 
chemotherapy (NPLD) for first-line advanced or metastatic non-small cell 
lung cancer Progression-free survival Cancer Conference 

Youn197 2012 

Conventional drug therapy (including beta-blockers or ACE inhibitors), 
conventional drug therapy plus class III antiarrhythmic drug therapy 
(including amiodarone or sotalol), and conventional drug therapy plus 
conventional intracardiac device therapy for the prevention of sudden 
cardiac death in high risk patients. Includes predicted effect for 
conventional drug therapy plus new four-pole connector intracardiac 
device therapy. Mortality Heart and circulation Full 

Zagmutt198 2012 
Pramipexole, ropinirole, and rasagiline as monotherapy for early stage 
Parkinson’s disease 

Total adverse events; Specific adverse events 
(cognitive, gastrointestinal, sleep/fatigue); dropout 
rates. Neurology Full 

Zeppetella199 2011 

Fast-acting fentanyl formulations (intranasal fentanyl spray, fentanyl pectin 
nasal spray, oral transmucosal fentanyl citrate, fentanyl buccal tablet, 
sublingual fentanyl citrate and fentanyl buccal soluble film), and oral 
morphine in the management of breakthrough cancer pain Pain intensity difference 

Anaesthesia and pain 
control Conference 

Zintzaras200 2012 Pharmacological treatments for relapsing multiple sclerosis 
Patients free of relapse; patients without disease 
progression; patients without MRI progression. Neurology Full 

Ziogas201 2011 42 induction treatments in acute myeloid leukaemia in elderly patients Complete remission Cancer Full 
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Appendix 2  

CUREC Application response  
 
Mr Andrew Lee 
3 The Old School Yard 
Redbourne 
Gainsborough 
DN21 4QN 

7th September 2015 
Dear Andrew 
 
CUREC Application: Use of network meta-analysis in systematic reviews: a 
survey of authors 
 
Thank you for forwarding your CUREC application for MS IDREC to review.  
 
I have reviewed your application observing the current policies in place at the 
University of Oxford for ethics approval for studies with human participants. The study 
does not raise any issues concerning those policies. MS IDREC is unable to give 
retrospective approval but I am able to confirm that had your study been submitted 
prior to commencement, approval would have been given.  
 
If further assurance is required by the journal considering your study for publication, 
please do not hesitate to refer them to this office. 
 

Yours sincerely 

 

Gill Halstead 
Research Ethics Manager, Medical Sciences 
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Appendix 3  

Table A3 Characteristics of included guidelines for Chapter Five 

Title Reference 
number 
 

Addendum 
screened 

Published Last 
updated 

Number of 
references 
screened 

Number of 
Systematic 
Review 
references 
identified 

Number 
of NMA 
references 
identified 

Pair-wise meta-
analysis 
conducted by 
Guideline 
Development 
Group 

NMA 
conducted by 
Guideline 
Development 
Group 

NMA result 
referenced as 
evidence for a 
recommendation 

Chronic kidney disease in adults: assessment and 
management 1 

CG182  Jul-14 Jan-15 430 19 0 Yes No  

Gastro-oesophageal reflux disease in children and young 
people: diagnosis and management 2 

NG1   Jan-15 Jan-15 130 4 0 No No   

Bladder cancer: diagnosis and management 3 NG2   Feb-15 Feb-15 426 33 0 Yes No  

Meningitis (bacterial) and meningococcal septicaemia in 
under 16s: recognition, diagnosis and management 4 

CG102   Jun-10 Feb-15 218 15 0 Yes No   

Postnatal care up to 8 weeks after birth 5 CG37 Yes Jul-06 Feb-15 500 76 0 No No   

Depression in children and young people: identification and 
management 6 

CG28 Yes Sep-05 Mar-15 360 6 0 Yes No   

Medicines optimisation: the safe and effective use of 
medicines to enable the best possible outcomes 7 

NG5   Mar-15 Mar-15 178 1 0 Yes No   

Obesity prevention 8 CG43   Dec-06 Mar-15 1145 54 0 Yes No   

Challenging behaviour and learning disabilities: prevention 
and interventions for people with learning disabilities whose 
behaviour challenges 9 

NG11   May-15 May-15 595 14 0 Yes No   

Violence and aggression: short-term management in mental 
health, health and community settings 10 

NG10   May-15 May-15 295 26 0 Yes No   

Antenatal and postnatal mental health: clinical management 
and service guidance 11 

CG192   Dec-14 Jun-15 756 37 0 Yes No   

Suspected cancer: recognition and referral 12 NG12   Jun-15 Jun-15 257 0 0 Yes No   

Lower urinary tract symptoms in men: management 13 CG97 Yes May-10 Jun-15 353 11 0 Yes No   

Chronic kidney disease: managing anaemia 14 NG8   Jun-15 Jun-15 388 12 0 Yes No*   

Venous thromboembolism: reducing the risk for patients in 
hospital 15 

CG92 Yes Jan-10 Jun-15 752 37 0 Yes Yes Yes 

Bronchiolitis in children: diagnosis and management 16 NG9   Jun-15 Jun-15 176 6 1 No No No 

Melanoma: assessment and management 17 NG14   Jul-15 Jul-15 192 18 1 Yes No No 
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Title Reference 
number 
 

Addendum 
screened 

Published Last 
updated 

Number of 
references 
screened 

Number of 
Systematic 
Review 
references 
identified 

Number 
of NMA 
references 
identified 

Pair-wise meta-
analysis 
conducted by 
Guideline 
Development 
Group 

NMA 
conducted by 
Guideline 
Development 
Group 

NMA result 
referenced as 
evidence for a 
recommendation 

Diabetes in pregnancy: management from preconception to 
the postnatal period 18 

NG3   Feb-15 Aug-15 696 24 0 Yes No   

Coeliac disease: recognition, assessment and management 19 NG20   Sep-15 Sep-15 182 2 0 Yes No   

Venous thromboembolic diseases: diagnosis, management 
and thrombophilia testing 20 

CG144 Yes Jun-12 Nov-15 287 12 0 Yes No   

Headaches in over 12s: diagnosis and management 21 CG150 Yes Sep-12 Nov-15 328 18 0 Yes Yes Yes 

Preterm labour and birth 22 NG25   Nov-15 Nov-15 132 12 1 Yes Yes Yes 

Blood transfusion 23 NG24   Nov-15 Nov-15 347 12 0 Yes Yes Yes 

Menopause: diagnosis and management 24 NG23   Nov-15 Nov-15 521 4 0 Yes Yes Yes 

Urinary incontinence in women: management 25 CG171   Sep-13 Nov-15 1027 37 0 Yes Yes Yes 

Care of dying adults in the last days of life 26 NG31   Dec-15 Dec-15 110 8 0 Yes No   

Rheumatoid arthritis in adults: management 27 CG79 Yes Feb-09 Dec-15 431 20 0 Yes No   

Intravenous fluid therapy in children and young people in 
hospital 28 

NG29   Dec-15 Dec-15 45 2 0 Yes No   

Diabetic foot problems: prevention and management 29 NG19   Aug-15 Jan-16 276 1 0 Yes No   

Motor neurone disease: assessment and management 30 NG42   Feb-16 Feb-16 131 9 0 Yes No*   

Attention deficit hyperactivity disorder: diagnosis and 
management 31 

CG72 Yes Sep-08 Feb-16 586 16 0 Yes No   

Fractures (complex): assessment and management 32 NG37   Feb-16 Feb-16 101 0 0 Yes No*   

Fractures (non-complex): assessment and management 33 NG38   Feb-16 Feb-16 203 7 0 Yes No*   

Major trauma: assessment and initial management 34 NG39   Feb-16 Feb-16 145 3 0 Yes No*   

Spinal injury: assessment and initial management 35 NG41   Feb-16 Feb-16 116 1 0 Yes No*   

Epilepsies: diagnosis and management 36 CG137   Jan-12 Feb-16 483 23 1 No No Yes 

Bipolar disorder: assessment and management 37 CG185   Sep-14 Feb-16 650 28 3 Yes Yes Yes 

Myeloma: diagnosis and management 38 NG35   Feb-16 Feb-16 266 6 1 Yes No No 

Cancer of the upper aerodigestive tract: assessment 
and management in people aged 16 and over 39 

NG36   Feb-16 Feb-16 346 58 2 Yes No Yes 

Depression in adults: recognition and management 40 CG90   Oct-09 Apr-16 786 63 1 Yes No No 

Routine preoperative tests for elective surgery 41 NG45   Apr-16 Apr-16 95 4 0 Yes No   
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Addendum 
screened 

Published Last 
updated 

Number of 
references 
screened 

Number of 
Systematic 

Review 
references 
identified 

Number 
of NMA 

references 
identified 

Pair-wise meta-
analysis 

conducted by 
Guideline 

Development 
Group 

NMA 
conducted by 

Guideline 
Development 

Group 

NMA result 
referenced as 
evidence for a 

recommendation 

Tuberculosis 42 NG33   Jan-16 May-16 330 11 0 Yes Yes Yes 

Crohn's disease: management 43 CG152 Yes Oct-12 May-16 325 21 0 Yes Yes No 

Familial hypercholesterolaemia: identification and 
management 44 

CG71   Aug-08 Jul-16 191 14 0 Yes No   

Sepsis: recognition, diagnosis and early management 45 NG51   Jul-16 Jul-16 338 5 0 Yes No   

Non-Hodgkin’s lymphoma: diagnosis and management 46 NG52   Jul-16 Jul-16 353 7 0 Yes No   

Type 1 diabetes in adults: diagnosis and management 
47 

NG17   Aug-15 Jul-16 806 24 0 Yes Yes Yes 

Prophylaxis against infective endocarditis: antimicrobial 
prophylaxis against infective endocarditis in adults and 
children undergoing interventional procedures 48 

CG64 Yes Mar-08 Jul-16 267 4 0 Yes No   

Non-alcoholic fatty liver disease (NAFLD): assessment and 
management 49 

NG49   Jul-16 Jul-16 237 3 0 Yes No   

Cirrhosis in over 16s: assessment and management 50 NG50   Jul-16 Jul-16 249 13 0 Yes No   

Stable angina: management 51 CG126   Jul-11 Aug-16 241 7 1 Yes No No 

Acute upper gastrointestinal bleeding in over 16s: 
management 52 

CG141   Jun-12 Aug-16 202 11 0 Yes No   

Heavy menstrual bleeding: assessment and management 53 CG44   Jan-07 Aug-16 624 31 0 Yes No   

Autism spectrum disorder in adults: diagnosis and 
management 54 

CG142   Jun-12 Aug-16 726 14 0 Yes No   

Fertility problems: assessment and treatment 55 CG156 Yes Feb-13 Aug-16 1585 86 0 Yes No   

Palliative care for adults: strong opioids for pain relief 
56 

CG140   May-12 Aug-16 56 8 2 Yes No No 

Cardiovascular disease: risk assessment and reduction, 
including lipid modification 57 

CG181   Jul-14 Sep-16 292 18 1 Yes No No 

Multimorbidity: clinical assessment and management 58 NG56   Sep-16 Sep-16 249 7 0 Yes No   

Dementia: supporting people with dementia and their carers 
in health and social care 59 

CG42 Yes Nov-06 Sep-16 776 52 0 Yes No   

Mental health problems in people with learning disabilities: 
prevention, assessment and management 60 

NG54   Sep-16 Sep-16 357 14 0 Yes No   

Psychosis and schizophrenia in children and young people: 
recognition and management 61 

CG155 Yes Jan-13 Oct-16 259 20 0 Yes No   

Jaundice in newborn babies under 28 days 62 CG98 Yes May-10 Oct-16 317 1 0 Yes No   

Chest pain of recent onset: assessment and diagnosis 63 CG95   Mar-10 Nov-16 230 11 0 Yes No   

Low back pain and sciatica in over 16s: assessment and 
management 64 

NG59   Nov-16 Nov-16 745 45 1 Yes No No 
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screened 
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Systematic 
Review 
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Pair-wise meta-
analysis 
conducted by 
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Development 
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NMA 
conducted by 
Guideline 
Development 
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NMA result 
referenced as 
evidence for a 
recommendation 

Spasticity in under 19s: management 65 CG145   Jul-12 Nov-16 82 1 0 Yes No   

Hypertension in adults: diagnosis and management 66 CG127   Aug-11 Nov-16 662 47 0 Yes No   

Diabetes (type 1 and type 2) in children and young people: 
diagnosis and management 67 

NG18   Aug-15 Nov-16 919 28 0 Yes No   

Physical health of people in prison 68 NG57   Nov-16 Nov-16 169 4 0 Yes No   

Organ donation for transplantation: improving donor 
identification and consent rates for deceased organ donation 
69 

CG135 Yes Dec-11 Dec-16 220 5 0 Yes No   

Intravenous fluid therapy in adults in hospital 70 CG174   Dec-13 Dec-16 126 10 0 Yes No   

Hypothermia: prevention and management in adults having 
surgery 71 

CG65 Yes Apr-08 Dec-16 306 1 0 Yes No   

End of life care for infants, children and young people with 
life-limiting conditions: planning and management 72 

NG61   Dec-16 Dec-16 151 14 0 Yes No   

 

Bold type is used to highlight guidelines in which NMA references were identified, NMA was conducted by a Guideline Development Group or 
NMA results were referenced as evidence for a recommendation. 

* indicates that the guideline stated that conducting NMA was considered but not undertaken because there was insufficient data available
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