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The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based 
Practice Centers (EPCs), sponsors the development of evidence reports and technology 
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To improve the scientific rigor of these evidence reports, AHRQ supports empiric research 
by the EPCs to help understand or improve complex methodologic issues in systematic reviews. 
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improve the science of systematic reviews. They are not intended to be guidance to the EPC 
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Validity and Inter-rater Reliability Testing of Quality 
Assessment Instruments 
Structured Abstract 

Background: Numerous tools exist to assess methodological quality, or risk of bias in 
systematic reviews; however, few have undergone extensive reliability or validity testing.  

Objectives: (1) assess the reliability of the Cochrane Risk of Bias (ROB) tool for randomized 
controlled trials (RCTs) and the Newcastle-Ottawa Scale (NOS) for cohort studies between 
individual raters, and between consensus agreements of individual raters for the ROB tool; (2) 
assess the validity of the Cochrane ROB tool and NOS by examining the association between 
study quality and treatment effect size (ES); (3) examine the impact of study-level factors on 
reliability and validity. 

Methods: Two reviewers independently assessed risk of bias for 154 RCTs. For a subset of 30 
RCTs, two reviewers from each of four Evidence-based Practice Centers assessed risk of bias 
and reached consensus. Inter-rater agreement was assessed using kappa statistics. We assessed 
the association between ES and risk of bias using meta-regression. We examined the impact of 
study-level factors on the association between risk of bias and ES using subgroup analyses. Two 
reviewers independently applied the NOS to 131 cohort studies from 8 meta-analyses. Inter-rater 
agreement was calculated using kappa statistics. Within each meta-analysis, we generated a ratio 
of pooled estimates for each quality domain. The ratios were combined to give an overall 
estimate of differences in effect estimates with inverse-variance weighting and a random effects 
model. 

Results: Inter-rater reliability between two reviewers was considered fair for most domains (κ 
ranging from 0.24 to 0.37), except for sequence generation (κ=0.79, substantial). Inter-rater 
reliability of consensus assessments across four reviewer pairs was moderate for sequence 
generation (κ=0.60), fair for allocation concealment and “other sources of bias” (κ=0.37, 0.27), 
and slight for the remaining domains (κ ranging from 0.05 to 0.09). Inter-rater variability was 
influenced by study-level factors including nature of outcome, nature of intervention, study 
design, trial hypothesis, and funding source. Inter-rater variability resulted more often from 
different interpretation of the tool rather than different information identified in the study reports. 
No statistically significant differences were found in ES when comparing studies categorized as 
high, unclear or low risk of bias. Inter-rater reliability of the NOS varied from substantial for 
length of followup to poor for selection of non-exposed cohort and demonstration that the 
outcome was not present at outset of study. We found no association between individual NOS 
items or overall NOS score and effect estimates. 

Conclusion: More specific guidance is needed to apply risk of bias/quality tools. Study-level 
factors that were shown to influence agreement provide direction for detailed guidance. Low 
agreement across pairs of reviewers has implications for incorporation of risk of bias into results 
and grading the strength of evidence. Variable agreement for the NOS, and lack of evidence that 
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it discriminates studies that may provide biased results, underscores the need for more detailed 
guidance to apply the tool in systematic reviews.  
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Executive Summary 
Introduction 

The assessment of methodological quality, or risk of bias, of studies included in a systematic 
review is a key step and serves to: (1) identify the strengths and limitations of the included 
studies; (2) investigate, and potentially explain, heterogeneity in findings across different studies 
included in a systematic review; and, (3) grade the strength of evidence for a given question. 
There are numerous tools to assess methodological quality, or risk of bias, of primary studies; 
however, few have undergone extensive inter-rater reliability or validity testing. Therefore it is 
unknown whether, or to what extent, the summary assessments based on these tools differentiate 
between studies with biased and unbiased results.  

There is a need for inter-rater reliability testing of different tools in order to assess and 
enhance consistency in their application and interpretation across different systematic reviews. 
Further, validity testing is essential to ensure that the tools being used can identify studies with 
biased results. Finally, there is a need to determine inter-rater reliability and validity in order to 
support the uptake and use of individual tools that are being recommended for use by the 
systematic review community, and specifically the Cochrane Risk of Bias (ROB) tool within the 
Evidence-based Practice (EPC) Program. 

Key Questions 
The objective of this project was to assess the reliability and validity of quality assessment 

tools across individual raters and pairs of raters in evaluating study quality in comparative 
effectiveness reviews and other evidence reports produced through the AHRQ Effective Health 
Care (EHC) Program. In this work we focused on the Cochrane ROB tool and the Newcastle-
Ottawa Scale (NOS). Both are recommended and frequently used in systematic reviews of 
randomized controlled trials (RCTs) and cohort studies, respectively. 

The specific objectives were: 
 
1. To assess the reliability of the Cochrane ROB tool for RCTs and the NOS for cohort 

studies between individual raters and, for the ROB tool, between the consensus 
agreements of individual raters (i.e., comparing consensus agreements across four EPCs). 

2. To assess the validity of the Cochrane ROB tool and NOS by examining whether 
treatment effect estimates vary according to risk of bias or study quality. That is, were 
treatment effect estimates different for studies at high, unclear or low risk of bias based 
on the domains in the ROB tool, or for studies with different design characteristics based 
on the items of the NOS.  

3. To examine the impact of study-level factors (e.g., outcomes, interventions and 
conditions) on scale reliability and validity. 
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Methods 

Cochrane Risk of Bias Tool and Randomized Controlled Trials 

Study Selection: A sample of 154 RCTs was randomly selected from among 616 trials 
published in December 2006 that were previously examined for quality of reporting.1  

Risk of Bias Assessments: We pilot tested the ROB tool and developed decision rules to 
accompany the guidance for applying the tool that is publicly available in the Cochrane 
Handbook.2 The tool was applied to each study independently by two reviewers. To assess 
reliability between consensus agreements, we used a subset of 30 trials. Two reviewers at each of 
the four collaborating EPCs independently assessed risk of bias and reached consensus. Table A 
provides an overview of the number of reviewers and number of studies for each component of 
this study. 
 

Table A. Overview of study components 
Study Component Number of Reviewers Number of 

Studies 
Assess reliability between individual 
reviewers applying the Risk of Bias tool 

-2 reviewers assessed each study  
-total participants: 12 reviewers at 2 EPCs 
-the pairing of reviewers varied randomly 
across the studies 

124 RCTs 

Assess reliability between consensus 
agreements of two individual reviewers 
applying the Risk of Bias tool 

-2 reviewers at each EPC assessed each 
study with consensus for each pair 
-total participants: 9 reviewers at 4 EPCs 
(1 EPC involved 3 reviewers) 
-the pairing of reviewers was the same 
across all studies, except for the 1 EPC 
that involved 3 reviewers 

30 RCTs 

Assess reliability between individual 
reviewers applying the Newcastle Ottawa 
Scale 

-2 reviewers assessed each study 
-total participants: 16 reviewers at 2 EPCs 
-the pairing of reviewers varied randomly 
across the studies 

131 cohort studies 

EPC=Evidence-based Practice Center; RCT=randomized controlled trial 

Data Extraction: We extracted data on the primary outcome for each trial. Several 
characteristics of the trial that may be related to risk of bias were extracted, including study type 
(efficacy, equivalence), study design (parallel, crossover), the condition being treated, type of 
outcome (subjective, objective), nature of the intervention (pharmacological, 
nonpharmacological), treatment mode (flexible dose vs. fixed dose), treatment duration, baseline 
mean difference between study groups for continuous outcomes, the impact of the intervention 
(treatment effect sizes [ES]), variance in ES, sample size, and funding source. Data extraction for 
each study was completed by a single reviewer. A 10 percent random sample of trials was 
checked by a second reviewer. 

Data Analysis: For the entire sample of trials, inter-rater agreement between two reviewers was 
calculated for each domain using the weighted kappa statistic. Agreement was categorized as 
poor, slight, fair, moderate, substantial, or almost perfect using accepted approaches (Table B).3 
Using subgroup analyses, we explored whether inter-rater agreement was influenced by study-
level factors, including study design, study hypothesis, nature of the intervention, nature of the 
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outcome, and source of funding. For this purpose, kappas were compared using p-values 
computed from standard errors and the central limit theorem. For the subset of 30 studies, 
agreement for consensus assessments across pairs of reviewers was measured using Fleiss’ kappa 
statistic (i.e., the consensus assessments were compared across the pairs of reviewers from four 
EPCs). 

Since there is no gold standard against which the validity of the ROB assessments can be 
made, we operationalized construct validity as differences in treatment ES across risk of bias 
categories (high, unclear, low). For each RCT we calculated an ES for the primary outcome. ES 
were calculated using Hedge’s g for continuous outcomes. Odds ratios were calculated for 
dichotomous outcomes and converted into ES using a formula described by Chinn.4 The ES for 
all RCTs were combined using a random effects model.5 We compared the pooled ES for the 
high, unclear, and low risk of bias categories for each of the six domains and overall risk of bias. 
The differences were compared using a random effects meta-regression model. 

The effect of specific covariates on risk of bias was analyzed using logistic regression. We 
also tested these covariates for their effect on the association between risk of bias and ES in a 
subgroup analysis. The covariates examined were intervention type (pharmacological or 
nonpharmacological), study design (parallel vs. other), funding source (industry vs. other), type 
of trial (efficacy/superiority vs. other), and type of outcome (subjective or objective). 
 

Table B. Interpretation of Fleiss’ kappa (κ) (from Landis and Koch 1977)3 
Κ Interpretation 

<0 Poor agreement 
0.0-0.20 Slight agreement 
 0.21-0.40 Fair agreement 
 0.41-0.60 Moderate agreement 
 0.61-0.80 Substantial agreement 
0.81-1.0 Almost perfect agreement 

Newcastle-Ottawa Scale and Cohort Studies 

Study selection: We identified completed meta-analyses of cohort studies through the EPC 
Program and Medline. A meta-analysis was considered appropriate to include if it incorporated 
at least 10 studies, assessed a dichotomous outcome, and had substantial statistical heterogeneity 
(i.e., I2 > 50 percent). Our final sample included 131 cohort studies from 8 meta-analyses. 

Quality Assessments: We pilot tested the NOS and developed decision rules to accompany 
existing guidance for the NOS. All studies were assessed using the NOS independently by two 
reviewers. Discrepancies were resolved through discussion to produce consensus assessments for 
each study. 

Data Extraction: The outcomes and data for effect estimates were based on the meta-analyses 
and checked against the primary studies by a single reviewer. The statistician double-checked 
data that were unclear. 

Data Analysis: Inter-rater agreement was calculated for each domain and for overall quality 
assessment using weighted or unweighted kappa statistics, as appropriate. Agreement was 
categorized as above (B). For the results of the individual meta-analyses, we coded endpoints 
consistently so that the outcome occurrence was undesired. Within each meta-analysis, we 
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generated a ratio of odds ratios (i.e., odds ratios for studies with and without the domain of 
interest, or of high/low quality as assessed by the NOS). To maintain consistency, we used odds 
ratios to summarize all meta-analyses, even if this was not the statistic that was used in the 
original meta-analysis. The ratios of odds ratios for each meta-analysis were combined to give an 
overall estimate of differences in effect estimates using meta-analytic techniques with inverse-
variance weighting and a random effects model.6 

Results 
Results are presented according to the tools we examined: ROB tool for RCTs and NOS for 

cohort studies. 

Risk of Bias and Randomized Controlled Trials 

Description of reviewers: Twelve reviewers from two EPCs assessed the RCTs using the ROB 
tool. Individuals had varying levels of relevant training (10 of 12 had formal training in 
systematic reviews) and experience with EPC work specifically (9 months to 10 years). For the 
subset of 30 RCTs, two reviewers from each of the four EPCs applied the ROB tool and reached 
consensus for each study. The length of time they had worked with an EPC ranged from 2 to 10 
years. Six reviewers had formal training in systematic reviews. 

Description of sample: We included 154 RCTs: 124 were used to assess inter-rater reliability 
between two reviewers, and a random sample of 30 was used to assess reliability across pairs of 
reviewers. The vast majority of trials had overall risk of bias assessments of high (46.8 percent) 
or unclear (52.6 percent) with only one trial assessed as low risk of bias overall (0.7 percent).  

 

Inter-rater reliability: Inter-rater reliability for the RCTs is presented by domain in Table C. 
Sequence generation had the highest level of agreement, which was considered substantial. 
Reliability for the remaining domains was fair. 

A random sample of 30 studies was selected to compare consensus assessments across pairs 
of reviewers from the four participating EPCs. The results are detailed in Table C. There was 
moderate agreement for sequence generation, fair agreement for allocation concealment and 
“other sources of bias,” and slight agreement for the remaining domains and overall risk of bias. 
 

Table C. Inter-rater reliability on risk of bias assessments, by domain  
 Between 2 Reviewers (n=124) Between Pairs of Reviewers (n=30) 

Domain Agreement 
(weighted κ) Interpretation3 Agreement (κ) Interpretation3 

Sequence generation 0.79 Substantial 0.60 Moderate 
Allocation concealment 0.24 Fair 0.37 Fair 
Blinding 0.33 Fair 0.09 Slight 
Incomplete data 0.34 Fair 0.05 Slight 
Selective reporting 0.27 Fair 0.08 Slight 
Other sources of bias 0.24 Fair 0.27 Fair 
Overall risk of bias 0.26 Fair 0.10 Slight 

 
We assessed whether important study-level variables influenced inter-rater reliability. Table 

D provides a summary of significant findings. These results should be considered exploratory, 
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but provide some direction for developing further guidance to improve inter-rater reliability of 
ROB assessments.  

As a post hoc exercise, we reviewed the disagreements to identify whether they stemmed 
primarily from reviewers identifying different information in the study reports, or from different 
interpretation of the criteria. In general, reviewers identified similar information for the domains 
of sequence generation, allocation concealment, blinding, selective outcome reporting, and 
“other sources of bias;” however, their judgments for risk of bias based on the same information 
varied. For incomplete outcome data and for assessing baseline imbalances within “other sources 
of bias,” reviewers often based their assessments on different information that they extracted 
from the study.  

Table D. Summary of study-level variables and influence on inter-rater reliability  
Domain Study-Level Variable IRR (Interpretation) P-value 

Allocation concealment Parallel design 0.32 (fair) 0.0002 
Other designs -0.07 (poor) 

Allocation concealment No industry funding 0.38 (fair) 0.03 
With industry funding -0.10 (poor) 

Blinding Objective outcome 0.54 (moderate) 0.02 
Subjective outcomes  0.18 (slight) 

Blinding Parallel design 0.27 (fair) 0.0004 
Other designs 0.77 (substantial) 

Selective reporting Efficacy/superiority 0.38 (fair) <0.001 
Other hypothesis -0.31 (poor) 

Other sources of bias Pharmacological intervention 0.38 (fair) 0.02 
Nonpharmacological intervention -0.06 (poor) 

Other sources of bias Subjective outcome 0.45 (moderate) 0.04 
Objective outcome 0.09 (slight) 

IRR = inter-rater reliability 

Validity: No statistically significant differences were found in ES across the six domain-specific 
and overall risk of bias categories.  

Newcastle-Ottawa Scale and Cohort Studies 

Description of Reviewers: Sixteen reviewers assessed studies using the NOS. Individuals had 
varying levels of relevant training (13 had formal training in systematic reviews), and experience 
with EPC work (4 months to 10 years). 

Inter-rater reliability: Inter-rater reliability for the 131 cohort studies is presented by domain in 
Table E, and ranged from poor to substantial.  
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Table E. Inter-rater reliability on NOS assessments, by domain  
Domain Agreement (κ)* Interpretation3 

Representativeness of the exposed cohort 0.23 Fair 
Selection of the non-exposed cohort -0.03 Poor 
Ascertainment of exposure 0.43 Moderate 
Demonstration that the outcome was not 
present at outset of study 

-0.06 Poor 

Comparability 0.18 Slight 
Assessment of outcome 0.49 Moderate 
Length of followup sufficient 0.68 Substantial 
Adequacy of participant followup 0.29 Fair 
Total stars 0.29* Fair 
NA=not applicable; * We used a weighted kappa for the total score as it assumes some ordinality in the assessment; other kappas 
are not weighted, i.e., Cohen’s kappa.  

 
In general, the reviewers found the tool difficult to use and found the decision rules vague 

even with the additional information we provided as part of this study. General points that arose 
were whether to assess each study based on the individual report, or as it related to the systematic 
review question. For example, a cohort study might have reported/assessed comparability 
between exposed and nonexposed that it was designed to investigate. It may have also reported 
(subgroup) outcome data, without reporting corresponding baseline comparability data, by 
presence or absence of a covariate determining exposure and nonexposure for the meta-analysis 
of interest. Similarly, there was uncertainty about whether to base assessments on the 
information contained in the specific study report, or whether to incorporate information from 
other reports of the same study. 

Response options on the NOS caused discordance among reviewers. They found it difficult 
to determine the difference between some response options (e.g., “truly” vs. “somewhat” 
representative study population). Furthermore, the importance of the distinction between certain 
categories was unclear. In some domains multiple responses garnered a star (i.e., a point in the 
overall score), hence there was no difference in the final score. Reviewers experienced difficulty 
in interpreting the terminology (e.g., “selected” population) and in some cases the differences 
between categories were difficult to distinguish (e.g., “structured interview” vs. “written self-
report”). 

 Reviewers also expressed uncertainty regarding the item assessing comparability, unsure 
whether to indicate that the study controlled for a given confounder if it was not included in the 
final model due to lack of significance in preliminary analyses. Reviewers expressed uncertainty 
regarding what some of the domains actually measured (e.g., selection bias vs. applicability). 
Further, some concerns were raised that the response categories within a domain measured 
different constructs. 

Reviewers commented that they would have liked “unclear” or “no description” options for 
some of the items. 

Validity: We found no association between individual NOS items or overall NOS score and 
effect estimates. 
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Summary and Discussion 

Key Points 
 

Risk of Bias Tool and Randomized Controlled Trials: 
• Inter-rater reliability between reviewers was fair for all domains except sequence 

generation, which was substantial. 
• Inter-rater reliability between pairs of reviewers was moderate for sequence generation, 

fair for allocation concealment and “other sources of bias,” and slight for the remaining 
domains. 

• Low agreement between reviewers suggests the need for more specific guidance 
regarding interpretation and application of the ROB tool or possibly re-phrasing of items 
for clarity. 

• Examination of study-level variables and their association with inter-rater agreement 
identified areas that require specific guidance in applying the ROB tool. For example, 
nature of the outcome (objective vs. subjective), study design (parallel vs. other), and trial 
hypothesis (efficacy/superiority vs. other). 

• Low agreement between pairs of reviewers indicates the potential for inconsistent 
application and interpretation of the ROB tool across different groups and systematic 
reviews. 

• Post hoc analyses showed that discrepancies between reviewers most often arose from 
interpretation of the tool rather than discrepancies in the information that was extracted 
from studies. 

• No statistically significant differences were found in ES across high, unclear, and low 
risk of bias categories. Moreover, most RCTs in the sample were assessed as high or 
unclear risk of bias for many domains. 
 

Newcastle-Ottawa Scale and Cohort Studies: 
 

• Inter-rater reliability between reviewers ranged from poor to substantial, but was poor or 
fair for the majority of domains. 

• No association was found between individual quality domains and measures of 
association. 
 

Discussion 

Risk of Bias Tool and Randomized Controlled Trials: We found that inter-rater reliability 
between reviewers was low for all but one domain in the ROB tool. These findings are similar to 
results of previous research.7,8 The sample of trials used in this study was not part of a systematic 
review, rather they were trials randomly selected from a larger pool. Hence, the trials covered a 
wide range of topics. This may have contributed to some of the low agreement as reviewers had 
to consider different nuances for each trial. Previous research has demonstrated greater 
agreement within the context of a systematic review where all trials examined the same 
interventions in similar populations.7,8 Nevertheless, the low agreement points to the need for 
clear and detailed guidance in terms of applying the ROB tool. One of the unique contributions 
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of the present study was the analysis of inter-rater reliability stratified by study-level variables. 
This provides some direction for where more specific guidance may be beneficial. For example, 
agreement was considerably lower for allocation concealment when trials did not have a parallel 
design, and blinding when the nature of the outcome was subjective. Agreement may be better in 
classic parallel trials of pharmacological interventions, whereas trials with different design 
features (e.g., crossover) or hypotheses (e.g., equivalence, noninferiority), and those examining 
nonpharmacological interventions appear to introduce more ambiguity for risk of bias 
assessments.  

Another unique contribution of the present study was the examination of the consensus 
ratings across pairs of reviewers. These ratings should be free of individual rater errors and bias 
given that these are combined ratings with disagreements resolved (assuming consensus was 
based on joint decisionmaking and not deference to the more senior reviewer). Further, this is a 
more meaningful measure of agreement (as opposed to reliability between two reviewers), as 
these ratings are the ones reported in systematic reviews. In this study, the pairs of reviewers 
were from four different centers, each with a long history of producing systematic reviews. The 
agreement across the pairs of reviewers was generally lower than the agreement between 
reviewers. This raises concerns about the variability in interpreting and applying the ROB tool 
that can occur across different groups and across systematic reviews. Further, we found that 
discrepancies more often resulted from interpretation of the tool rather than different information 
being identified and recorded for the same study. 

Overall risk of bias was high or unclear in 99 percent of the studies used for this research. 
This is consistent with other studies where the vast majority of trials have been assessed as high 
or unclear risk of bias overall. If the majority of trials are assessed as high or unclear risk of bias, 
the ROB tool may not be sensitive to differences in methodology that might explain variation in 
treatment effect estimates across studies (e.g., study methodology as a potential explanation for 
heterogeneity in meta-analyses). Questions also arise regarding whether assessments of poor 
quality are a result of inadequate or unclear reporting at the trial level. While the focus of the 
ROB tool is intended to be on methods rather than reporting, reviewers regularly indicate that 
they rely on the trial reporting to make their assessments. Even within recent samples of trials 
that were published after the emergence and widespread dissemination of reporting guidelines, 
we see high proportions assessed as high or unclear risk of bias.  

We found no statistically significant association between effect estimates and risk of bias 
assessments. There are three main explanations for this finding. The first is that there was in fact 
no association between effect estimates and risk of bias. The second is that bias can either 
underestimate or overestimate treatment effects; hence, when studies were combined the 
association may have cancelled out. The first two explanations may have resulted in part from 
the sample of studies selected for this study. Third, and possibly most likely, is that there was 
insufficient power to detect differences. One of the factors contributing to low power was the 
small number of studies within certain domains in the low risk of bias category.   

Newcastle-Ottawa Scale and Cohort Studies: This is the first study to our knowledge that has 
examined inter-rater reliability and construct validity of the NOS. We found a wide range in the 
degree of agreement across the domains of the NOS, ranging from slight to substantial. The 
domain with substantial agreement was not surprising. This domain asked “was the followup 
long enough for the outcome to occur?” A priori we asked clinical experts to provide the 
minimum length of followup for each review question. Thus, the assessors had very specific 
guidance for this item. The agreement for ascertainment of exposure and assessment of outcome 
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was moderate, suggesting that the wording and response options are reasonable. The remaining 
items had poor, slight, or fair agreement. 

We found no association between NOS items and the measures of association using meta-
epidemiological methods that control for heterogeneity due to condition and intervention.  

Implications for Practice 
The findings of this research have important implications for practice and the interpretation 

of evidence. The low level of agreement between reviewers and pairs of reviewers puts into 
question the validity of risk of bias/quality assessments made with the ROB tool and the NOS 
within any given systematic review. Moreover, in measurement theory, reliability is a necessary 
condition for validity (i.e., without being reliable a test cannot be valid). Systematic reviewers 
are urged to incorporate considerations of risk of bias/quality into their results. Furthermore, 
integration of the GRADE tool into systematic reviews necessitates the consideration of risk of 
bias/quality assessments in rating the strength of evidence and ultimately recommendations for 
practice. The results and their interpretation in a systematic review will be misleading if they are 
based on flawed assessments of risk of bias/quality. Moreover, variability across reviewers and 
review groups may produce arbitrary results.  

There is an urgent need for more detailed guidance to apply these tools. In the meantime, 
reviewers and review teams need to be aware of the limitations of existing tools. Detailed 
guidelines, decision rules, and transparency are needed so that readers and end-users of 
systematic reviews can see how the tools were applied. Further, pilot testing and development of 
review-specific guidelines and decision rules should be mandatory and reported in detail. 

The NOS in its current form does not appear to provide reliable quality assessments and 
requires further development and more detailed guidance. The NOS was previously endorsed by 
The Cochrane Collaboration; however, more recently the Collaboration has proposed a modified 
ROB tool to be used for nonrandomized studies. A new tool developed through the EPC Program 
for quality assessment of nonrandomized studies offers another alternative. These tools warrant 
further evaluation. 

Future Research 
There is a need for more detailed guidelines to apply the ROB tool and NOS, as well as 

revisions to both tools to enhance clarity. Additional testing should occur after revisions to the 
tools and when expanded guidelines are available. We have identified specific RCT features for 
which clearer guidance is needed. A living database that collects examples of risk of 
bias/assessments and consensus from a group of experts would be a valuable contribution to this 
field. We have identified specific problems with application and interpretation of the NOS. 
Further revisions and guidance are needed to support the continued use of NOS in systematic 
reviews. Investment in further reliability and validity testing of other tools is warranted (e.g., 
Cochrane ROB tool for nonrandomized studies, EPC quality assessment tool). Finally, consensus 
in this field is needed in terms of the threshold for inter-rater reliability of a measurement before 
it can be used for any purpose, even descriptive purposes (i.e., describing the risk of bias or 
quality of a set of studies).  

Strengths and Limitations 
This is one of few studies examining the reliability and validity of the ROB tool. It is the first 

to our knowledge that examines reliability between the consensus assessments of pairs of 
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reviewers for a systematic review quality/ risk of bias assessment tool. Further, it is the first 
study to provide empirical evidence on study-level variables that may impact reliability of ROB 
assessments. This is the first study to our knowledge to examine the reliability and validity of the 
NOS. 

The main limitation of the research is that the sample sizes (154 RCTs, 131 cohort studies) 
may not have provided sufficient power to detect statistically significant differences in effect 
estimates according to risk of bias/quality. Another potential limitation is that we did not use a 
‘meta-epidemiological approach’ (i.e., reanalysis of data from existing meta-analyses)6 to 
examine the association between effect estimates and risk of bias, therefore the heterogeneity 
across trials may have limited our ability to detect differences. We involved a number of 
reviewers with different levels of training, type of training, and extent of experience in quality 
assessment and systematic reviews. Some of the variability or low agreement may be attributable 
to characteristics of the reviewers. Nevertheless, all reviewers had previous experience in 
systematic reviews and quality assessments, and likely represent the range of individuals that 
would typically be involved in these activities within a systematic review. 

A final caveat to note is that the ROB tool has undergone some revisions since we initiated 
the study. These are detailed in the most recent version of the Cochrane Handbook but were not 
incorporated into our research. This does not impact the general findings from our research; 
however, further testing with the modified tool is warranted. 

Conclusions 
More specific guidance is needed to apply and interpret risk of bias/quality tools. We 

identified a number of study-level factors that influence agreement. This information provides 
direction for more detailed guidance. Low agreement between reviewers has implications for 
incorporation of risk of bias into results and grading the strength of evidence. Low agreement 
across pairs of reviewers has implications for interpretation of evidence reported by different 
groups. There was variable agreement across items in the NOS. This finding, combined with a 
lack of evidence that it discriminates studies that may provide biased results, underscores the 
need for more detailed guidance to apply the tool in systematic reviews. 
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Introduction 
Quality and Risk of Bias Assessment in Systematic Reviews 

The internal validity of a study reflects the extent to which the design and conduct of the 
study have prevented bias(es).1 One of the key steps in a systematic review is assessment of a 
study’s internal validity, or potential for bias. This assessment serves to: (1) identify the strengths 
and limitations of the included studies; (2) investigate, and potentially explain heterogeneity in 
findings across different studies included in a systematic review; and (3) grade the strength of 
evidence for a given question. The risk of bias assessment directly informs one of four key 
domains considered when assessing the strength of evidence. 

With the increase in the number of published systematic reviews2 and development of 
systematic review methodology over the past 15 years,1 close attention has been paid to the 
methods for assessing internal validity. Until recently this has been referred to as “quality 
assessment” or “assessment of methodological quality.”1 In this context “quality” refers to “the 
confidence that the trial design, conduct, and analysis has minimized or avoided biases in its 
treatment comparisons.”3 To facilitate the assessment of methodological quality, a plethora of 
tools has emerged.3-6 Some of these tools were developed for specific study designs (e.g., 
randomized controlled trials (RCTs), cohort studies, case-control studies), while others were 
intended to be applied to a range of designs. The tools often incorporate characteristics that may 
be associated with bias; however, many tools also contain elements related to reporting (e.g., was 
the study population described) and design (e.g., was a sample size calculation performed) that 
are not related to bias.1 The Cochrane Collaboration recently developed a tool to assess the 
potential risk of bias in RCTs. The Risk of Bias (ROB) tool1 was developed to address some of 
the shortcomings of existing quality assessment instruments, including over-reliance on reporting 
rather than methods. 

Several systematic reviews have catalogued and critiqued the numerous tools available to 
assess methodological quality, or risk of bias of primary studies. For example, a systematic 
review published in 2008 found 21 tools that have been designed to assess methodological 
quality or risk of bias in RCTs; however, the review noted that most were not “rigorously 
developed or tested for validity and reliability.”7 A systematic review of tools for quality 
assessment of nonrandomized studies identified 182 different tools but found that none of them 
covered all of the six prespecified domains considered critical for internal validity: “creation of 
groups, blinding, soundness of information, follow-up, analysis of comparability, analysis of 
outcome”.8 Further, the authors found the tools to be poorly developed with little attention to 
principles of scale development.8 The authors only recommended 6 of the 182 for use in 
systematic reviews; however, they noted that all needed to be modified prior to use.8 A more 
recent comprehensive review of quality assessment tools for nonrandomized studies identified 86 
tools but found that only 15 percent were developed specifically for use in systematic reviews, 
36 percent were developed for general critical appraisal, and 34 percent were developed for 
“single use in a specific context.”9 

In summary, few existing tools have undergone extensive inter-rater reliability or validity 
testing. Moreover, the focus of much of the tool development or testing that has been done has 
been on criterion or face validity.1,6,10 Therefore it is unknown whether, or to what extent, the 
summary assessments based on these tools differentiate between studies with biased and 
unbiased results (i.e., studies that may over- or underestimate treatment effects). 
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There is a clear need for inter-rater reliability testing of different tools in order to enhance 
consistency in their application and interpretation across different systematic reviews. Further, 
validity testing is essential to ensure that the tools being used can identify studies with biased 
results. Finally, there is a need to determine inter-rater reliability and validity in order to support 
the uptake and use of individual tools that are recommended by the systematic review 
community, and specifically the ROB tool within the Evidence-based Practice Center (EPC) 
Program. 

In this project we focused on two tools that are commonly used in systematic reviews. The 
Cochrane ROB tool was designed for RCTs and is the instrument recommended by The 
Cochrane Collaboration for use in systematic reviews of RCTs. The Newcastle-Ottawa Scale is 
commonly used for nonrandomized studies, specifically cohort and case-control studies. It has 
also been endorsed for use in systematic reviews of nonrandomized studies by The Cochrane 
Collaboration. In the sections that follow we describe these tools, their development, and any 
testing that has occurred. 

The Cochrane Risk of Bias Tool 
The Cochrane Collaboration released a new tool in 2008 to assess the potential risk of bias in 

RCTs.1 In 2011, The Cochrane Collaboration released a new version of the ROB tool which 
incorporated modifications based on user testing and feedback.11 The original ROB tool was 
based on six domains: sequence generation, allocation concealment, blinding, incomplete 
outcome data, selective outcome reporting, and “other sources of bias” (e.g., design-specific 
risks of bias; early stopping for benefit; severe baseline imbalances; inappropriate influence of 
funders). The developers of the tool aimed to distinguish between actual methods of conducting 
the trials versus reporting. Furthermore, the choice of components for inclusion in the tool was 
based on empirical evidence demonstrating their association with effect estimates. 

There is a growing body of evidence from methodological studies, and meta-epidemiological 
studies in particular, to quantify the extent to which different characteristics of a trial exaggerate 
treatment effects. Empirical evidence exists for the following characteristics: sequence 
generation; allocation concealment; blinding; incomplete outcome reporting; selective outcome 
reporting; and, inappropriate influence of the funder.11 Pooled results for four studies evaluating 
the association between sequence generation and effect estimates7,8,12,13 indicate that inadequate 
sequence generation results in overestimation of treatment effects by 12 percent (ratio of odds 
ratios [ROR] 0.88, 95% CI: 0.79 to 0.99).14 Pooled results for seven studies7,8,12,13,15-17 show that 
inadequate allocation concealment exaggerates treatment effects by 18 percent (ROR 0.82, 95% 
CI: 0.71 to 0.94),17 although this varies by outcome type.18,19 A set of seven studies that 
evaluated blinding7,8,12,13,15-17 indicated that trials not described as double-blind overestimate 
treatment effects by 9 percent (ROR 0.91, 95% CI: 0.83 to 1.0).17 The effects of missing 
outcome data and how missing data are managed have been investigated in a number of ways. 
Several studies have suggested that per protocol analyses may yield more favorable treatment 
estimates compared to intention-to-treat (ITT) analyses,20-22 and another study found that 
“modified” ITT versus ITT analyses exaggerated effect estimates by 15 percent (ROR 0.85, 95% 
CI: 0.81 to 0.88).23,30 Other studies have found no significant effects.7,8,13,15,24 A recent 
systematic review summarized five studies that followed inception cohorts from protocol to full 
publication in order to examine selective reporting of outcomes.25-30 Four of the studies found 
that statistically significant outcomes were more likely to be reported in full than nonsignificant 
outcomes (range of odds ratios: 2.2 to 4.7).28 A systematic review of trials stopped early for 
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benefit provides empirical evidence that such trials overestimate treatment effects,31,32 although 
recent discussions have questioned whether early stopping is associated with bias. Reports of 
inappropriate influence of funders provide evidence that published research that is industry-
sponsored is more likely to have results favoring the sponsor,33-35 and that they often have access 
to data during the conduct of a trial and authority to stop the trial at any point or prevent 
publication of trial results.36 The ongoing BRANDO study is focused on compiling a large body 
of meta-epidemiological work into a comprehensive database to enable large-scale investigation 
of associations between trial design features and effect estimates.37 

Researchers at the University of Alberta Evidence-based Practice Center (EPC) evaluated the 
original Cochrane ROB tool in a sample of trials with a number of treatment conditions and 
showed that inter-rater agreement ranged from slight to substantial across the different domains, 
with the overall risk of bias assessment having ‘fair’ agreement.38 The authors further showed 
that treatment effect sizes (ES) differed: studies at high or unclear risk of bias reported 
significantly greater treatment effects (ES=0.52) than those at low risk of bias (ES=0.23). The 
authors identified sources of discrepancy and made recommendations in order to enhance the 
degree of consistency of the ROB tool. One of the stated limitations of this research was that the 
sample to which the tool was applied included only trials in children, the results of which may 
not be generalizable to trials conducted in other populations. A subsequent study by the same 
researchers showed improved inter-rater agreement on ROB assessments within the context of a 
systematic review.39 The authors suggested that the improved agreement may have resulted from 
review-specific guidelines and pilot-testing. No important patterns appeared in analyses 
comparing effect estimates and risk of bias; however, the ES were very homogeneous across the 
studies and there were very few studies in the sample that were at low risk of bias. This may 
have led to inadequate power to detect differences.  

The Newcastle-Ottawa Scale 
The Newcastle-Ottawa Scale (NOS) is a quality assessment tool for use on nonrandomized 

studies included in systematic reviews, specifically cohort and case-control studies. The tool was 
produced by the combined efforts of the Universities of Newcastle, Australia and Ottawa, 
Canada40 and was first reported at the 3rd Symposium for Systematic Reviews in Oxford, UK in 
2000.41 Separate assessment criteria are available for case-control and cohort studies, and 
evaluate: the selection of participants, comparability of study groups, and the ascertainment of 
exposure (case-control studies) or outcome of interest (cohort studies). A star rating system is 
used to indicate the quality of a study, with a maximum assessment of nine stars.41 Each criterion 
receives a single star if appropriate methods have been reported. The selection domain is 
subdivided to evaluate the selection of the exposed and non-exposed cohorts, the ascertainment 
of exposure, and whether the study demonstrated that the outcome of interest was not present at 
the start of the study. Comparability is the only category that may receive two stars: one if the 
most important confounders have been adjusted for in the analysis and a second star if any other 
adjustments were made. Outcome of interest is made up of three questions: the appropriateness 
of the methods used to evaluate the outcome, the length of followup, and the degree of the loss to 
followup.40 

The developers of the NOS have examined face and criterion validity, inter-rater reliability, 
and evaluator burden for the NOS. Face validity has been evaluated as strong by comparing each 
individual assessment item to their stem question. Criterion validity has shown a strong 
agreement with the Downs and Black assessment tool42 on a series of 10 cohort studies 
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evaluating hormone replacement therapy in breast cancer, with an intra-class correlation (ICC) of 
0.88. Inter-rater reliability for the NOS on cohort studies was high with an ICC of 0.94. 
Evaluator burden, as assessed by the time required to complete the NOS evaluation, was shown 
to be significantly less than the Downs and Black tool (p<0.001).43 The authors state that further 
assessment of the construct validity and the relationship between the external criterion of the 
NOS and its internal structures are under consideration.40 These studies have been presented as 
abstracts; at present no peer reviewed articles have been published investigating the 
psychometric properties of the NOS. 

Goal and Objective 
We undertook this project to assess the reliability and validity of the two tools described 

above. We were interested in the reliability of risk of bias/quality assessments across individual 
raters, and between consensus agreements of individual raters. The scope of this work related to 
risk of bias or quality assessment of the primary therapeutic studies in systematic reviews of 
health care interventions. This work is directly relevant to the methods and interpretation of data 
in comparative effectiveness reviews and other evidence reports produced through the AHRQ 
Effective Health Care (EHC) Program. This project was done in collaboration with the 
University of Ottawa EPC, McMaster University EPC, and Southern California (SC)/RAND 
EPC. 

The specific objectives were: 

1. To assess the reliability of the Cochrane ROB tool for RCTs and the NOS for cohort 
studies between individual raters and, for the ROB tool, between the consensus 
agreements of individual raters (i.e., comparing consensus agreements across four 
EPCs). 

2. To assess the validity of the Cochrane ROB tool and NOS by examining whether 
treatment effect estimates vary according to risk of bias or study quality. That is, were 
treatment effect estimates different for studies at high, unclear or low risk of bias 
based on the domains in the ROB tool, or for studies with different design 
characteristics based on the items of the NOS. 

3. To examine the impact of study-level factors (e.g., outcomes, interventions, and 
conditions) on scale reliability and validity. 
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Methods 
Steering Committee 

A steering committee provided direction to the individual components of the project. The 
committee provided a similar function as the technical expert panel in evidence reports.   

General Approach 
We developed a protocol that detailed our methods prior to the start of the study. The 

protocol was reviewed by the Steering Committee and approved by AHRQ.   
We proposed two different statistical approaches to assess validity against the treatment 

effect size (ES), which we consider as construct validity. The first approach is based on effect 
estimates from primary studies, while the second was a meta-epidemiologic approach; which 
controls for confounding and heterogeneity due to study-level factors (e.g., methodology, 
outcomes, interventions/exposures, and conditions). We chose the first approach for our analysis 
of RCTs so that our results could be compared directly to other related work, in particular to a 
similar analysis that was restricted to pediatric RCTs.38 We chose the second approach for the 
cohort studies because it is considered by some to be more methodologically robust. 

Risk of Bias and Randomized Controlled Trials 

Study Selection 
A sample of 154 recently conducted RCTs involving adults was randomly selected from a set 

of 616 trials that were previously examined for quality of reporting by Hopewell and colleagues 
(Appendix A).44 We chose this sample as it presented several advantages including efficiencies 
in sample identification, as well as the potential for validation of assessments for key variables 
by comparing them with those of another independent study team. The original sample included 
all primary reports of RCTs that were indexed in PubMed in December 2006,44 therefore we feel 
that our sample was likely representative of RCTs published in the medical literature.  

Conducting sample size calculations for this type of research is challenging and cannot be 
done using standard approaches to sample size calculations for other research designs, such as 
RCTs. There are a number of parameters required for sample size calculations that are presently 
unknown for research of this nature. Therefore, we used a pragmatic approach to determine 
sample size. This was based on previous studies in this area, input from the Steering Committee, 
and the availability of resources and timelines. We chose to select a 25 percent random sample of 
the 616 trials described above.  

Risk of Bias Assessments 
The ROB tool was applied to each study independently by two reviewers who had training 

and experience with the tool. A pool of reviewers was assembled from staff at the University of 
Alberta EPC and University of Ottawa EPC. To assess reliability between consensus agreements, 
we used a subset of 30 trials that were randomly selected from the sample of 154 trials described 
above. As above, the sample size for this subset was based on practical considerations, in 
particular the time available for two reviewers at each of the four EPCs. Two reviewers at each 



6 
 

of the four collaborating EPCs independently assessed risk of bias and reached consensus 
(University of Alberta EPC, McMaster EPC, University of Ottawa EPC, Southern 
California/RAND EPC). Table 1 provides an overview of the number of reviewers and number 
of studies for each component of this study. 

All reviewers involved in the project pilot tested the ROB tool. We applied the tool to five 
trials and met by teleconference to discuss any disagreements in general interpretation of the 
tool. Decision rules were developed to accompany the guidance for applying the tool that is 
publicly available in the Cochrane Handbook (Appendix B).1 It should be noted that the ROB 
tool has been slightly modified since we started this project in 2010 and new guidelines are 
available.11 In this project we used the original ROB tool. We planned for pilot testing of an 
additional sample of five trials if there was substantial disagreement. This was not deemed 
necessary after the initial pilot testing phase. 

Table 1. Overview of study components 
Study Component Number of Reviewers Number of 

Studies 
Assess reliability between individual 
reviewers applying the Risk of Bias tool 

-2 reviewers assessed each study  
-total participants: 12 reviewers at 2 EPCs 
-the pairing of reviewers varied randomly 
across the studies 

124 RCTs 

Assess reliability between consensus 
agreements of two individual reviewers 
applying the Risk of Bias tool 

-2 reviewers at each EPC assessed each 
study with consensus for each pair 
-total participants: 9 reviewers at 4 EPCs 
(1 EPC involved 3 reviewers) 
-the pairing of reviewers was the same 
across all studies, except for the 1 EPC 
that involved 3 reviewers 

30 RCTs 

Assess reliability between individual 
reviewers applying the Newcastle Ottawa 
Scale 

-2 reviewers assessed each study 
-total participants: 16 reviewers at 2 EPCs 
-the pairing of reviewers varied randomly 
across the studies 

131 cohort studies 

EPC=Evidence-based Practice Center; RCT=randomized controlled trial 

Data Extraction 
For each trial, the primary outcome was identified and the data necessary to calculate ES 

were extracted. Several characteristics of the trial that may also be related to risk of bias/quality 
were extracted, including study type (efficacy, equivalence), study design (parallel, crossover), 
the condition being treated, nature of the intervention (pharmacological, nonpharmacological), 
treatment mode (flexible dose vs. fixed dose), treatment duration, type of outcome (subjective, 
objective), baseline mean difference between study groups for continuous outcomes, the impact 
of the intervention (treatment ES), variance in ES, sample size, and funding source (Appendix 
C). This list of variables was compiled prior to commencing data extraction with input from the 
Steering Committee.  

Data extraction for each study was completed at the University of Alberta EPC by a single 
reviewer. A 10 percent random sample of trials with extracted data, including 10 percent of the 
trials assessed by each reviewer, was checked by a second reviewer. We planned to check an 
additional 10 percent if there were important or consistent errors, inaccuracies, or omissions. 
This was not deemed necessary, as there were few errors found. 
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Data Analysis 
Reliability of the ROB tool. For the entire sample of trials, inter-rater agreement between 

two reviewers was calculated for each domain using the weighted kappa statistic as described by 
Liebetrau.45 Agreement was categorized as poor, slight, fair, moderate, substantial, or almost 
perfect using accepted approaches (Table 2).46 The individual kappa statistics for each ROB item 
are presented and summarized. For the subset of 30 studies, agreement for consensus 
assessments across pairs of reviewers was assessed using Fleiss’ kappa statistics (i.e., the 
consensus assessments were compared across the pairs of reviewers from four EPCs).47 
 

Table 2. Interpretation of Fleiss’ kappa (κ) (from Landis and Koch 1977)46 
Κ Interpretation 

<0 Poor agreement 
0.0-0.20 Slight agreement 
 0.21-0.40 Fair agreement 
 0.41-0.60 Moderate agreement 
 0.61-0.80 Substantial agreement 
0.81-1.0 Almost perfect agreement 
 

Validity of the ROB tool. Since there is no gold standard against which the validity of the ROB 
assessments can be made, we operationalized construct validity as differences in treatment ES 
across risk of bias categories (high, unclear, low). 

For each RCT we calculated an ES for the primary outcome. If the primary outcome was not 
stated by the authors, a series of decision rules were followed. First, an objective outcome was 
selected over a subjective outcome; second, an outcome used as the basis for a sample size 
calculation was considered the primary outcome; and third, if neither criterion was met, the first 
outcome listed in the Results section was selected. ES were calculated using Hedge’s g for 
continuous outcomes.48 Odds ratios were calculated for dichotomous outcomes and converted 
into ES using the following formula:49  

 
The ES from all RCTs were then combined using a random effects model.50 We compared 

the pooled ES for the high, unclear, and low risk of bias categories for each of the six domains 
and overall risk of bias. The differences were compared statistically using a random effects meta-
regression model. 

The effect of specific covariates on risk of bias was analyzed using a logistic regression. We 
also tested these covariates for their effect on the association between risk of bias and ES in a 
subgroup analysis. For this purpose, kappas were compared using p-values computed from 
standard errors and the central limit theorem. The covariates examined were intervention type 
(pharmacological or nonpharmacological), nature of the intervention (behavioral/psychological, 
device, drug, natural health product, surgical, vaccine, other), study design (parallel vs. other), 
funding source (industry vs. other), type of trial (efficacy/superiority vs. other), and nature of 
outcome (subjective or objective). 
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Software: Cohen’s and weighted kappa statistics were obtained using StatXact 7.0, while Fleiss’ 
kappa was computed manually in Microsoft Excel 2007. Meta-regression analysis was 
performed using Stata/IC version 11.2, and meta-analysis was done both in Stata and Review 
Manager version 5.1.5. 

Newcastle-Ottawa Scale and Cohort Studies 

Study Selection 
We used an iterative approach to identify a sample of cohort studies based on meta-analyses 

of cohort studies. Initially, we searched completed EPC reports to identify meta-analyses of 
cohort studies. We found 3 EPC reports51-53 including 36 cohort studies that met the inclusion 
criteria (see below). We subsequently conducted searches in Medline using search terms to 
capture systematic reviews (meta-analys?s.mp, review.pt and search.tw), cohort studies (exp 
Cohort Studies/, cohort$.tw, (observation$ adj stud$).tw) and meta-analyses (exp meta-analysis/, 
(analysis adj3 (group$ or pool$)).tw, (forest adj plot$).mp). Results were limited to English 
language studies in humans that were published in 2000 or later. We searched by year starting 
with the most recent, and continued until we identified a sufficient number of studies.  

A meta-analysis was considered appropriate to include if it had at least 10 cohort studies, 
assessed a dichotomous outcome, and had substantial statistical heterogeneity (i.e., I2 > 50 
percent). Previous meta-epidemiological research has used a minimum sample size per meta-
analysis of 5 to 10 studies.16,54 This ensures that there is a sufficient pool of studies with some 
degree of variability in each meta-analysis in order to test the hypotheses. Some degree of 
heterogeneity is required in order to test whether quality, as assessed by the NOS, can 
differentiate studies with different effect estimates.  

Our target sample size was 125 cohort studies. Initially, 144 cohort studies from 8 meta-
analyses were identified; however, 13 studies were not assessed because they were later 
determined to be the incorrect study design (4 RCT;55-58 6 case series/case-controls59-64), or they 
could not be retrieved 65-67. Our final sample included 131 cohort studies (Appendix D). 

Quality Assessments 
All studies were independently assessed by two reviewers using the NOS. One reviewer was 

from the University of Alberta EPC and one reviewer was from the University of Ottawa EPC. 
Discrepancies were resolved through discussion to produce consensus assessments for each 
study. 

Reviewers pilot tested the NOS on three studies68-70 and met by teleconference to discuss any 
disagreements in general interpretation of the tool. Decision rules were developed to accompany 
existing guidance for the NOS (Appendix E and F). A priori we asked clinical experts to provide 
the minimum length of followup for each review question (Appendix F). We planned for pilot 
testing of an additional sample of studies if there was substantial disagreement. This was not 
deemed necessary after the initial pilot testing phase. 

Data Extraction 
The outcomes and data for effect estimates were based on the meta-analysis and checked 

against the primary studies by a single reviewer. The statistician double-checked data that were 
unclear. 
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Data Analysis 
Reliability of the NOS. Inter-rater agreement was calculated for each domain and for overall 
quality assessment using weighted45 or unweighted Cohen’s kappa statistics,71 as appropriate. 
The former was used when the studies could be classified into one of three or more ordinal 
categories, while the latter was used when only two categories were possible. Agreement was 
categorized as above.46 

 
Validity of the NOS. For the results of the individual meta-analyses, we coded endpoints 
consistently so that the outcome occurrence was undesired (e.g., death vs. survival). Within each 
meta-analysis, we generated a ratio of odds ratio (i.e., odds ratios for studies with and without the 
domain of interest or of high/low quality as assessed by the NOS). To maintain consistency, we 
used odds ratios to summarize all meta-analyses, even if this was not the statistic that was used in 
the original meta-analysis. The ratios of odds ratios for each meta-analysis were combined to 
give an overall estimate of differences in effect estimates using meta-analytic techniques with 
inverse-variance weighting and a random effects model.72 
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Results 
Overview 

The results are presented according to the tools we examined: Risk of Bias (ROB) tool for 
randomized controlled trials (RCTs) and Newcastle-Ottawa Scale (NOS) for cohort studies. 
Within each group we present a description of the reviewers involved in performing assessments, 
a description of the sample of studies assessed, and the results of the reliability and validity 
analyses, respectively. 

Risk of Bias and Randomized Controlled Trials 

Description of Reviewers 
Twelve reviewers from the University of Alberta EPC and the University of Ottawa EPC 

assessed the RCTs using the ROB tool. These individuals had varying levels of relevant training, 
experience with systematic reviews in general, and experience with EPC work specifically. The 
length of time they had worked with their respective EPC ranged from 9 months to 10 years. Ten 
of the 12 reviewers had formal training in systematic reviews (i.e., they had taken a university 
course or attended a Cochrane workshop in systematic reviews). Three of the reviewers had a 
doctoral degree in epidemiology or health/clinical sciences; eight reviewers had a master’s 
degree in epidemiology/public health, health/clinical sciences, or math/statistics; and one 
reviewer had an undergraduate degree in health sciences. 

For the subset of 30 RCTs, two reviewers from each of the four EPCs were involved in 
applying the ROB tool and reaching consensus for each study. The reviewers had the following 
backgrounds: PhD (n=4), MD (n=1), PhD students with completed master’s degrees (n=2), MD 
and master’s degree (n=1), and master’s degree (n=1). The length of time they had worked with 
an EPC ranged from 2 to 10 years. Six reviewers had formal training in systematic reviews. 

Description of Randomized Controlled Trials 
We included 154 RCTs (Appendix A). Details of the trials overall and by risk of bias 

assessments are provided in Appendix G.  
The majority of trials were published in specialty medical journals (87.7 percent). The 

median impact factor of the journal was 2.9 (interquartile range [IQR] 1.8, 5.1), and the mean 
number of authors was 7 (standard deviation 3.3). The countries represented most frequently 
were the United States (31.8 percent), Italy (8.4 percent), and the United Kingdom (8.4 percent). 
The majority of trials were performed in a single center (74 percent). Approximately 70 percent 
of trials declared a funding source: industry (27.3 percent) and government (26.0 percent) 
sources were most frequent. 

The design of most trials was parallel (81.8 percent), efficacy/superiority (84.4 percent) with 
individuals as the unit of randomization (95.5 percent). Just over half of the trials examined drug 
interventions (53.3 percent), with behavioral/psychological (11.0 percent) and surgical (11.7 
percent) interventions commonly represented. Only 35.7 percent of the trials were placebo-
controlled. The median sample size was 63 (IQR 39, 123).  

A wide range of diagnostic categories was represented (Appendix G). These were classified 
into: aging; cancer research; circulatory and respiratory health; gender and health; genetics; 
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health services and policy research; human development, child and youth health; infection and 
immunity; musculoskeletal health and arthritis; neurosciences, mental health, and addiction; 
nutrition, metabolism, and diabetes; and population and public health. The most frequently 
represented categories were circulatory and respiratory health (18.2 percent), nutrition, 
metabolism, and diabetes (17.5 percent), and musculoskeletal health and arthritis (14.9 percent). 
The primary outcomes were objective in 48.1 percent of trials and subjective in 51.9 percent. 
Source of outcome assessment was primarily by clinician (35.1 percent), laboratory measure 
(23.4 percent), or self-report (23.4 percent). 

The vast majority of trials had overall risk of bias assessments of high (46.8 percent) or 
unclear (52.6 percent) with only one trial assessed as low risk of bias (0.7 percent). Table 3 
provides details on the risk of bias assessments for the individual domains. The domains that 
were most frequently rated as low risk of bias were sequence generation (54.6 percent), missing 
outcome data (63.6 percent), and selective reporting (77.3 percent). The remaining domains were 
most frequently assessed as unclear: allocation concealment (77.3 percent), blinding (48.7 
percent), and “other sources of bias” (55.8 percent). These results should be interpreted with 
caution given the low level of agreement between reviewers (see section below). 

We explored study-level variables and their association with domain-specific and overall risk 
of bias (Table 4). Sequence generation was influenced by the nature of the outcome (objective 
outcomes showed higher risk of bias, p=0.01) and study design (parallel showed lower risk of 
bias, p=0.02). Allocation concealment was also influenced by the nature of the outcome with 
objective outcomes having higher risk of bias (p=0.0007). Blinding was influenced by nature of 
the intervention with pharmaceutical interventions having lower risk of bias (p=0.01). No 
variables were associated with risk of bias for incomplete data reporting. Selective outcome 
reporting was associated with the nature of the intervention (surgical trials showed higher risk of 
bias, p=0.002) and funding (industry support had higher risk of bias, p=0.04). “Other sources of 
bias” was associated with funding, with industry funding showing higher risk of bias (p<0.0001). 
Finally, overall risk of bias was also associated with funding, with industry funding showing 
higher risk of bias (p<0.0001). Of note, “other sources of bias” incorporates several 
considerations including “inappropriate influence of the study sponsor” (i.e., the extent and 
nature of involvement of the study sponsor and whether this would likely lead to biased results, 
Appendix B) which is different from source of funding (i.e., whether the study was funded by 
industry). 

Table 3. Risk of bias assessments by domain* (N=124) 
Domain Risk of Bias Assessments – n (%) 

 High Unclear Low 
Sequence generation 0 (0.0) 70 (45.5) 84 (54.6) 
Allocation concealment 2 (1.3) 119 (77.3) 33 (21.4) 
Blinding 21 (13.6) 75 (48.7) 58 (37.7) 
Incomplete data 29 (18.8) 27 (17.5) 98 (63.6) 
Selective reporting 16 (10.4) 19 (12.3) 119 (77.3) 
Other sources of bias 33 (21.4) 86 (55.8) 35 (22.7) 
Overall risk of bias† 72 (46.8) 81 (52.6) 1 (0.7) 
* The risk of bias assessments presented here are based on consensus between two reviewers. 
† Items considered in “overall risk of bias” included design-specific risks of bias; early stopping for benefit; severe baseline 
imbalances; inappropriate influence of funders (Appendix B).   
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Table 4. Study-level variables and association with risk of bias 
Domain Study-Level Variable Interpretation P-value 

Sequence generation Nature of the outcome Objective outcomes had higher RoB 0.01 
Allocation concealment Nature of the outcome Objective outcomes had higher RoB 0.0007 
Blinding Nature of the intervention Pharmaceutical interventions had lower RoB 0.01 
Selective reporting Nature of the intervention Surgical trials had higher RoB 0.002 
 Source of funding Industry funding had higher RoB <0.0001 
Overall risk of bias† Source of funding Industry funding had higher RoB <0.001 
RoB = risk of bias 
† Items considered in “overall risk of bias” included design-specific risks of bias; early stopping for benefit; severe baseline 
imbalances; inappropriate influence of funders (Appendix B).   

Inter-rater Reliability 
Inter-rater reliability for the RCTs is presented by domain in Table 5. Sequence generation 

had the highest level of agreement which was considered substantial. Reliability for the 
remaining domains was considered fair, with confidence intervals ranging from slight to 
moderate. The 3x3 tables from which the kappa statistics were derived are presented in 
Appendix H. 

 

Table 5. Inter-rater reliability on risk of bias assessments, by domain (N=124) 

Domain Agreement, Weighted κ 
(95% CI) Interpretation46 

Sequence generation 0.79 (0.70, 0.88) Substantial 
Allocation concealment 0.24 (0.05, 0.43) Fair 
Blinding 0.33 (0.17, 0.49) Fair 
Incomplete data 0.34 (0.17, 0.52) Fair 
Selective reporting 0.27 (0.06, 049) Fair 
Other sources of bias 0.24 (0.06, 0.41) Fair 
Overall risk of bias 0.21 (0.05, 0.37) Fair 

 
We assessed whether important study-level variables influenced inter-rater reliability (Table 

6, Appendix I). These analyses include many comparisons and should be considered exploratory. 
They are meant to identify specific areas where more guidance in applying the tool may be 
helpful.  

Assessments for sequence generation and incomplete outcome data were not influenced by 
any variable. For allocation concealment, inter-rater agreement was better for trials with parallel 
versus other designs (e.g., crossover, factorial), and for those without industry funding versus 
those with industry funding. In terms of blinding, inter-rater agreement was better for objective 
versus subjective outcomes, and trials with other versus parallel designs. For selective outcome 
reporting, inter-rater agreement was greater for trials with hypotheses of efficacy/superiority 
versus others (e.g., equivalence, noninferiority). For “other sources of bias,” inter-rater 
agreement was better for trials examining pharmacological versus nonpharmacological 
interventions and subjective versus objective outcomes. 
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Table 6. Inter-rater reliability on risk of bias assessments, by domain and study-level variable*  
Variable Risk of Bias Domain, κ (Interpretation)† 

 SG AC Blinding Incomplete 
Outcome 

Data 

SOR Other 

Overall 0.79 (Su) 0.24 (F) 0.33 (F) 0.34 (F) 0.27 (F) 0.24 (F) 
Nature of intervention       
     Pharmacological 0.82 (AP) 0.26 (F) 0.33 (F) 0.36 (F) 0.12 (Sl) 0.38 (F) 
     Nonpharmacological 0.77 (Su) 0.24 (F) 0.37 (F) 0.26 (F) 0.36 (F) -0.06 (P) 
     p-value 0.57 0.94 0.79 0.61 0.25 0.02 
Nature of outcome       
     Objective 0.71 (Su) 0.22 (F) 0.54 (M) 0.33 (F) 0.41 (M) 0.09 (Sl) 
     Subjective 0.88 (AP) 0.27 (F) 0.18 (Sl) 0.32 (F) 0.07 (Sl) 0.45 (M) 
     p-value 0.09 0.81 0.02 0.93 0.09 0.04 
Study design       
     Parallel 0.78 (Su) 0.32 (F) 0.27 (F) 0.32 (F) 0.21 (F) 0.23 (F) 
     Other 0.88 (AP) -0.07 (P) 0.77 (Su) 0.34 (F) 0.46 (M) 0.30 (F) 
     p-value 0.47 0.0002 0.0004 0.94 0.26 0.75 
Trial hypothesis       
     Efficacy/superiority 0.79 (Su) 0.24 (Sl) 0.33 (F) 0.32 (F) 0.38 (F) 0.25 (F) 
     Other 0.81 (AP) 0.29 (F) 0.44 (M) 0.33 (F) -0.31 (P) 0.31 (F) 
     p-value 0.92 0.83 0.64 0.97 <0.0001 0.79 
Funding       
     Industry 0.63 (M) -0.10 (P) 0.52 (M) 0.42 (M) 0.51 (M) 0.39 (F) 
     No industry 0.85 (AP) 0.38 (F) 0.28 (F) 0.29 (F) 0.13 (Sl) 0.21 (F) 
     p-value 0.10 0.03 0.21 0.50 0.09 0.34 
*Confidence intervals for all estimates are presented in Appendix I. 
†AP=almost perfect, Su=substantial, M=moderate, F=fair, Sl=slight, P=poor;  
AC = allocation concealment; SG = sequence generation; SOR = selective outcome reporting 

Inter-consensus Reliability 
A random sample of 30 studies was selected to compare consensus assessments across pairs 

of reviewers from the four participating EPCs. The results of the inter-EPC reliability are 
detailed in Table 7. There was moderate agreement for sequence generation, fair agreement for 
allocation concealment and “other sources of bias,” and slight agreement for the remaining 
domains and overall risk of bias with confidence intervals ranging from poor to fair. The 3x3 
tables from which the kappa statistics were derived are presented in Appendix H. 

 

Table 7. Inter-rater reliability between pairs of reviewers on risk of bias assessments across 4 
EPCs (N=30) 

Domain Agreement  
κ (95% CI) Interpretation46 

Sequence generation 0.60 (0.40, 0.79) Moderate 
Allocation concealment 0.37 (0.19, 0.55) Fair 

Blinding 0.09 (-0.07, 0.24) Slight 
Incomplete data 0.05 (-0.10, 0.20) Slight 

Selective reporting 0.08 (-0.09, 0.26) Slight 
Other sources of bias 0.27 (0.11, 0.42) Fair 

Overall risk of bias 0.10 (-0.10, 0.31) Slight 
 
As a post hoc exercise, we reviewed the disagreements to identify whether they stemmed 

primarily from reviewers identifying different information in the study reports, or from different 
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interpretation of the criteria. In general, reviewers identified similar information for the domains 
of sequence generation, allocation concealment, blinding, selective outcome reporting, and 
“other sources of bias;” however, their judgments for risk of bias based on the same information 
varied. For incomplete outcome data and for assessing baseline imbalances within “other sources 
of bias,” reviewers often based their assessments on different information that they extracted 
from the study. Examples of these are provided in Table 8 below with more details and examples 
in Appendix J.  

 

Table 8. Examples of sources of disagreement for the Risk of Bias tool 
Domain Case Description Source of Disagreement 

Sequence generation All four EPCs noted block randomization – 2 
interpreted as low RoB; 2 interpreted as unclear 
RoB 

Interpretation of the criteria 

Allocation concealment All four EPCs found the description of ‘sealed 
envelopes’ – 1 low; 2 unclear; 1 high RoB  Interpretation of the criteria 

Blinding Study was described as ‘double-blind’, and had 
an objective outcome – 2 interpreted as low and 
2 as unclear RoB 

Interpretation of the criteria 

 All four EPCs found the same description (open-
label, blinded outcome assessor) – 2 low; 1 
unclear; 1 high RoB 

Interpretation of the criteria 

Incomplete data Two EPCs found complete followup (low RoB); 
two found insufficient information to judge 
(unclear RoB) 

Assessment based on different 
information identified from  study 
report 

 One EPC stated that drop-outs were imbalanced 
between groups and followup was <90% (high 
RoB); one stated that followup was <90% (high 
RoB); one was unclear on validity of stated 
reasons for drop-outs (unclear RoB); one used 
85% followup as the threshold (low RoB) 

Interpretation of the criteria 

Selective reporting Two EPCs found no evidence of selective 
outcome reporting (low); two found outcomes not 
reported in the results section (1 unclear; 1 high) 

Different information and 
interpretation of criteria 

Other sources of bias All four EPCs addressed the potential conflict of 
interest regarding industry involvement – 2 
unclear; 2 high RoB 

Interpretation of the criteria 

 Two EPCs addressed baseline imbalances 
(unclear); two considered baseline 
characteristics to be balanced (low) 

Interpretation of the criteria 

Validity 
Figures 1 to 7 show the effect estimates for studies categorized as high, unclear, and low risk 

of bias. No statistically significant differences were found in effect sizes (ES) across the risk of 
bias categories for the six individual domains or overall risk of bias. There was no impact when 
controlling for study-level factors (i.e., no statistically significant differences were found). 
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Figure 1. Sequence generation (Meta-regression p=0.10) 

 
Figure 2. Allocation concealment (Meta-regression p=0.10) 

 
Figure 3. Blinding (Meta-regression p=0.31) 

 
Figure 4. Incomplete outcome data (Meta-regression p=0.16) 

 
Figure 5. Selective outcome reporting (Meta-regression p=0.46) 

 
Figure 6. Other sources of bias (Meta-regression p=0.74) 

 
Figure 7. Overall risk of bias (Meta-regression p=0.98) 
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Newcastle-Ottawa Scale and Cohort Studies 

Description of Reviewers 
Sixteen reviewers from the University of Alberta EPC and the University of Ottawa EPC 

assessed the studies using the NOS. Individuals had varying levels of relevant training, 
experience with systematic reviews in general, and experience with EPC work specifically. The 
length of time they had worked with their respective EPC ranged from 4 months to 10 years. 
Thirteen reviewers had formal training in systematic reviews. Four reviewers had a doctoral 
degree; 10 reviewers had a master’s degree; 1 reviewer had a medical degree and master’s 
degree; and 1 reviewer had an undergraduate degree. 

Description of Sample  
The cohort studies were taken from eight meta-analyses which are described in Table 9. 

Further details are available in Appendix F. 

Table 9. Description of meta-analyses of cohort studies included in sample  

Topic Area (See Appendix F for Citations) Source 
Number of Studies 

Included in Our 
Sample 

Breastfeeding and asthma EPC report 10 
Impaired glucose tolerance and diabetes mellitus EPC report 17 
Cardiac resynchronization therapy and all-cause mortality EPC report 11 
Drug-resistant tuberculosis and positive treatment outcome Medline 13 
Statins and mortality from severe infections and sepsis Medline 20 
Red meat intake and prostate cancer Medline 15 
Overweight and obesity and preterm birth before 37 weeks Medline 38 
Antenatal depression and preterm birth Medline 20 

Inter-rater Reliability 
Inter-rater reliability for the 131 cohort studies is presented by domain in Table 10. The item 

“was the followup long enough for the outcome to occur” had the highest level of agreement 
which was considered substantial. Reliability was moderate for both ascertainment of exposure 
and ascertainment of outcome. Reliability was fair for representativeness of the cohort, and 
slight for comparability of cohorts and adequacy of followup of cohorts. Selection of the non-
exposed cohort and demonstration that the outcome was not present at the outset of the study had 
poor reliability. Reliability for the overall score (total number of stars) was fair. 
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Table 10. Inter-rater reliability on NOS assessments, by domain 
Domain Agreement κ* (95% CI) Interpretation46 

Representativeness of the exposed cohort 0.23 (0.09, 0.41) Fair 
Selection of the non-exposed cohort -0.03 (-0.06, 0.00) Poor 
Ascertainment of exposure 0.43 (0.25, 0.61) Moderate 
Demonstration that the outcome was not 
present at outset of study 

-0.06 (-0.20, 0.07) Poor 

Comparability 0.18 (-0.12, 0.47) Slight 
Assessment of outcome 0.49 (0.28, 0.70) Moderate 
Length of followup sufficient 0.68 (0.47, 0.89) Substantial 
Adequacy of participant followup 0.29 (0.12, 0.46) Fair 
Total stars 0.29* (0.10, 0.47) Fair 
* We used a weighted kappa for the total score as it assumes some ordinality in the assessment; other kappas are not weighted, 
i.e., Cohen’s kappa.  

 
In general, the reviewers found the tool difficult to use. They found the decision rules to be 

vague, even with the additional information we provided as part of this study. General points that 
arose were whether to assess each study based on the individual report, or as it related to the 
systematic review question. For instance, if the systematic review question was specific to a 
particular population, then the study population may be representative. However, the study 
population may not be representative of the average population in the community (first NOS 
item). Similarly, reviewers wanted specific guidance on whether to base assessments on the 
information contained in the specific study report, or whether to incorporate information from 
other reports of the same study. For instance, in numerous cases study authors would refer to 
another publication for details on the sample or specific methods. Studies could be unnecessarily 
penalized if they did not incorporate other pertinent information that was available from other 
reports. 

Reviewers found it difficult to determine the difference between some of the response 
options. For example, two of the response options for item 1 regarding the exposed cohort are 
“truly” versus “somewhat” representative. Some reviewers questioned whether this distinction 
was important, as both responses garnered a star for that item, hence there was no difference in 
the final score. Also with respect to the first item, reviewers were uncertain regarding what 
makes a population “selected.” Some interpreted this to include populations with unequal 
representation of a certain group (e.g., 90 percent males, all patients had organ transplant) while 
others relied on the methods of selection (e.g., volunteers, select group such as nurses). Likewise, 
reviewers questioned the difference between the categories “structured interview” and “written 
self-report” for ascertainment of exposure. For example, researchers may use structured, 
validated surveys or questionnaires (e.g., SF-36) but these are completed independently by the 
study participant.  

Reviewers were uncertain on how to assess the item on comparability. Some studies 
discussed testing different confounders in their models, but only included the confounders that 
showed a significant difference in the final model. Reviewers were unsure whether to indicate 
that the study controlled for that confounder. 

Reviewers questioned what some domains actually measured. For instance, whether the 
selection domain assesses bias in how the participants were selected, or whether it is intended to 
assess the applicability of the study population to the population in general. Further, some 
concerns were raised that the response categories within a domain measured different constructs. 

Reviewers would have liked “unclear” or “no description” options for some items, in 
particular for the last item on “adequacy of followup of cohorts.” They identified an additional 
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problem with the response categories for this item. The second option is either a small number 
lost or description provided of those lost. The third option is a larger number lost and no 
description of those lost. However, there is no response option that includes a larger number lost 
and a description is provided (e.g., that indicates there was no imbalance between groups). 

Validity 
We found no association between individual NOS items or overall NOS score and effect 

estimates (Table 11). 

Table 11. Results of meta-meta-analysis of quality items and measures of association  
Domain ROR 95% CI 

Representativeness of the exposed cohort 1.01 0.85, 1.20 
Selection of the non-exposed cohort 1.83  0.92, 3.64 
Ascertainment of exposure 1.13 0.93, 1.37 
Demonstration that the outcome was not present at outset of study 0.72 0.49, 1.07 
Comparability 0.86 0.56, 1.31 
Assessment of outcome 1.04 0.79, 1.38 
Length of followup adequate 0.84 0.55, 1.27 
Adequacy of participant followup 0.99 0.91, 1.08 
ROR (ratios of odds ratios) that are greater than 1 indicate that studies of higher quality had larger effect sizes on average than 
studies with lower quality. The RORs presented were pooled across all of the eight meta-analyses that provided data for that 
quality item; if all studies in a meta-analysis were rated the same for a quality item, that meta-analysis did not contribute to that 
ROR. 
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Summary and Discussion 
Key Points 

Risk of Bias Tool and Randomized Controlled Trials 
• Inter-rater reliability between reviewers was fair for all domains except sequence 

generation which was substantial. 
• Inter-rater reliability between pairs of reviewers was moderate for sequence generation, 

fair for allocation concealment and “other sources of bias,” and slight for the remaining 
domains. 

• Low agreement between reviewers suggests the need for more specific guidance 
regarding interpretation and application of the Risk of Bias (ROB) tool or possibly re-
phrasing of items for clarity. 

• Examination of study-level variables and their association with inter-rater agreement 
identifies areas that require specific guidance in applying the ROB tool. For example, 
nature of the outcome (objective vs. subjective), study design (parallel vs. other), and trial 
hypothesis (efficacy/superiority vs. other). 

• Low agreement between pairs of reviewers indicates the potential for inconsistent 
application and interpretation of the ROB tool across different groups and systematic 
reviews. 

• Post hoc analyses showed that disagreement most often arose from interpretation of the 
tool rather than discrepancies in the information that was extracted from studies. 

• The majority of trials in the sample were assessed as high or unclear risk of bias for many 
domains, likely due to inadequate reporting at the study level. This raises concerns about 
the ability of the ROB tool to detect differences across trials that may relate to biases in 
estimates of treatment effects. 

• No statistically significant differences were found in effect sizes (ES) across high, 
unclear and low risk of bias categories. 
 

Newcastle-Ottawa Scale and Cohort Studies 
• Inter-rater reliability between reviewers ranged from poor to substantial, but was poor or 

fair for the majority of domains. 
• No association was found between individual quality domains and measures of 

association. 

Discussion 

Risk of Bias Tool and Randomized Controlled Trials 
We found that inter-rater reliability between reviewers was low for all but one domain in the 

ROB tool. These findings are similar to results of a previous study38 (Table 10). The sample of 
trials was distinct for the previous and current studies, focusing on pediatric and adult 
populations, respectively. The common feature of the two samples was that the trials were not 
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part of a systematic review, rather they were trials randomly selected from a larger pool. Hence, 
the trials covered a wide range of topics. This may have contributed to some of the low 
agreement as reviewers had to consider different nuances for each trial. Hartling, et al. showed 
improved agreement within the context of a systematic review where all trials examined the 
same interventions in similar populations39 (Table 12).  

Nevertheless, the low agreement raises concerns and points to the need for clear and detailed 
guidance in terms of applying the ROB tool. Despite pilot testing and providing supplemental 
guidance for this study, we still found low agreement. This is likely due to nuances encountered 
in individual studies. A compilation of examples, especially problem areas, with information on 
how experts would interpret and apply domains would be of particular benefit for this field. This 
could build on the examples we have provided in Appendix J where disagreements in 
interpretation occurred across pairs of reviewers. One of the unique contributions of the present 
study was the analysis of inter-rater reliability stratified by study-level variables. This provides 
some direction as to where more specific guidance may be beneficial. For instance, agreement 
was considerably lower for: allocation concealment when trials did not have a parallel design; 
blinding when the nature of the outcome was subjective; selective outcome reporting when the 
trial hypothesis was not one of efficacy/superiority; and “other sources of bias” for 
nonpharmacological interventions and when the outcome was subjective. In summary, agreement 
for some domains may be better in classic parallel trials of pharmacological interventions, 
whereas trials with different design features (e.g., crossover) or hypotheses (e.g., equivalence, 
noninferiority), and those examining nonpharmacological interventions appear to create more 
ambiguity for risk of bias assessments. 

Another unique contribution of the present study was the examination of the consensus 
ratings across pairs of reviewers. These ratings should be free of individual rater errors and bias 
given that these are consensus ratings with disagreements resolved. This is based on the 
assumption that the consensus process was valid: the reviewers jointly made a decision and did 
not simply defer to the more senior reviewer. Further, the consensus rating is a more meaningful 
measure of agreement (as opposed to reliability between two reviewers), as these ratings are the 
ones reported in systematic reviews. In this study, the pairs of reviewers were from four different 
centers, each with a long history of producing systematic reviews. The agreement across the 
pairs of reviewers was generally lower than the agreement between reviewers. This raises 
concerns about the variability in interpreting and applying the ROB tool that can occur across 
different systematic review groups and across systematic reviews.  Further, we found that 
discrepancies more often resulted from interpretation of the tool rather than different information 
being identified and recorded for the same study. We were not able to examine how consensus 
occurred which could be the focus for future research. Specifically, it is not clear whether the 
consensus process involves joint decisionmaking or whether consensus arises based on deferring 
to one of the reviewers within the pair based on seniority or some other factor.  
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Table 12. Inter-rater reliability on risk of bias assessments, comparison across studies  

Domain Hartling, et al 
(200938) 

Hartling, et al 
(201139) 

This Study 
(Between 

Reviewers) 

This Study 
(Between Pairs 
of Reviewers) 

Sequence generation Substantial Almost perfect Substantial Moderate 
Allocation concealment Moderate Moderate Fair Fair 
Blinding Fair Substantial Fair Slight 
Incomplete data Fair Moderate Fair Slight 
Selective reporting Slight Fair Fair Slight 
Other sources of bias Fair Moderate Fair Fair 
Overall risk of bias Fair Moderate Fair Slight 

 
Risk of bias for the sample of trials used for this study is described in Table 13 and is 

compared with samples from other studies. Of particular note is that 99 percent of this sample 
had overall risk of bias assessments as high or unclear. This is similar to three of the four other 
samples that had more than 90 percent assessed as high or unclear risk of bias overall (the fourth 
sample did not assess overall risk of bias). If the vast majority of trials are assessed as high or 
unclear risk of bias, the tool may not be sufficiently sensitive to differences in methodology that 
might explain variation in treatment effect estimates across studies, or study methodology as a 
potential explanation for heterogeneity in meta-analyses. Questions also arise regarding whether 
poor assessments are a result of inadequate or unclear reporting at the trial level. While the focus 
of the ROB tool is intended to be on methods rather than reporting, reviewers regularly indicate 
that they rely on the trial reporting to make their assessments. Even within recent samples of 
trials published after the emergence and widespread dissemination of reporting guidelines,73 we 
see large proportions assessed as high or unclear risk of bias. This is consistent with other recent 
reports of unacceptable reporting in trials.44 The risk of bias assessments were less severe within 
the individual domains. However, for the current sample the majority of trials were assessed as 
high or unclear risk of bias for three of the six domains, including allocation concealment, 
blinding, and “other sources of bias.” These findings may be beneficial for developers and 
promoters of reporting guidelines, as well as for researchers who are reporting RCTs.  

Our sampling allowed us to broadly compare our assessments with those of another 
independent research team.44 The other team did not apply the ROB tool but did assess some of 
the same domains. Further, the other team examined a larger sample of trials published in 2006 
from which our sample was randomly drawn. Nevertheless, the assessment between research 
teams was consistent for several domains. They found that 75 percent of trials did not report their 
method of allocation concealment while we found that 79 percent were at high or unclear risk of 
bias for allocation concealment. Likewise, they found that 59 percent of reports were either not 
blinded or methods of blinding were not reported while we found that 62 percent of trials were at 
high or unclear risk of bias for blinding. They found that attrition (intention-to-treat analysis) 
was not reported in 31 percent of trials while we found incomplete outcome data for 36 percent. 
There was variation for one of the domains that both groups assessed: the other team found that 
sequence generation was not reported for 66 percent of the sample, whereas we found high or 
unclear risk of bias for sequence generation in only 46 percent of our sub-sample. 
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Table 13. Trials at high or unclear risk of bias across samples  

Domain 

Pediatric 
Trials 

Published in 
Late 1990s38 

(n=163) 

Trials of 
LABA/ICS in 

Asthma39 
(n=107) 

Pediatric 
Trials 

Published in 
200774 

(n=300) 

Pediatric 
Trials 

Published 
in High-
Impact 

Journals75 
(n=146) 

This Study 
(Adult Trials 
Published 

in 2006, 
n=154) 

 

Sequence generation 68% 75% 51% 41% 46% 
Allocation concealment 68% 88% 75% 57% 79% 
Blinding 40% 58% 50% 19% 62% 
Incomplete data 47% 62% 38% 11% 36% 
Selective reporting 32% 22% 18% 2% 23% 
Other sources of bias 61% 99% 66% 2% 77% 
Overall risk of bias 96% 100% 92% n/a 99% 
LABA/ICS = long-acting beta agonists/inhaled corticosteroids 

 
We found no statistically significant association between effect estimates and risk of bias 

assessments. There are three main explanations for this finding. The first is that there was in fact 
no association between effect estimates and risk of bias. The second is that bias can either 
underestimate or overestimate treatment effects; hence, when studies were combined the 
association may have cancelled out. The first two explanations may have resulted in part from 
the sample of studies selected for this study. Third, and possibly most likely, is that there was 
insufficient power to detect differences. One of the factors contributing to low power was the 
small number of studies within certain domains in the low risk of bias category. This was 
particularly the case for overall risk of bias as there was only one study in the low category.   

Newcastle-Ottawa Scale and Cohort Studies 
This is the first study to our knowledge that has examined inter-rater reliability and construct 

validity of the Newcastle-Ottawa Scale (NOS). We found a wide range of agreement across the 
domains of the NOS, ranging from slight to substantial. The domain with substantial agreement 
was not surprising. This domain asked “was the followup long enough for the outcome to 
occur?” A priori we asked clinical experts to provide the minimum length of followup for each 
review question. Thus, the assessors had very specific guidance for this item. The agreement for 
ascertainment of exposure and assessment of outcome was moderate, suggesting that the 
wording and response options are reasonable. The remaining items had poor, slight, or fair 
agreement which may be attributable to some of the problems discussed below. Some of the 
disagreement is likely attributable to inadequate reporting at the study level, which is likely 
worse for observational studies than RCTs. 

We found no association between NOS items and the measures of association using meta-
epidemiological methods that control for heterogeneity due to condition and intervention. This 
may have resulted due to inadequate power, nevertheless it does support previous claims that 
“the NOS includes problematic items with an uncertain validity.”76 

Implications for Practice 
The findings of this research have important implications for practice and the interpretation 

of evidence. The low level of agreement between reviewers and pairs of reviewers puts into 
question the validity of risk of bias/quality assessments using the ROB tool or NOS within any 
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given systematic review. Moreover, in measurement theory, reliability is a necessary condition 
for validity (i.e., without being reliable a test cannot be valid). Systematic reviewers are urged to 
incorporate considerations of risk of bias/quality into their results. Furthermore, integration of 
the GRADE tool into systematic reviews necessitates the consideration of risk of bias/quality 
assessments in rating the strength of evidence and ultimately recommendations for practice.77 
While the ROB tool considers risk of bias for an individual study, the GRADE tool assesses the 
risk of bias across all relevant studies for a given outcome (e.g., most information is from studies 
at high/moderate/low risk of bias).77 The results of risk of bias assessments and their 
interpretation in a systematic review, as well as the strength of evidence assessments, will be 
misleading if they are based on flawed assessments of risk of bias/quality. Moreover, Stang 
declared with respect to the NOS that “use of this score in evidence-based reviews and meta-
analyses may produce highly arbitrary results.”76 

We do not intend for our results to suggest that reviewers abandon existing tools for other 
tools unless these have shown greater reliability and validity. Rather, our results underscore the 
need for reviewers and review teams to be aware of the limitations of existing tools and to be 
transparent in the process of risk of bias/quality assessment. Detailed guidelines, decision rules, 
and transparency are needed so that readers and end-users of systematic reviews can see how the 
tools were applied. Further, pilot testing and development of review-specific guidelines and 
decision rules should be mandatory and reported in detail. 

The NOS in its current form does not appear to provide reliable quality assessments and 
requires further development and more detailed guidance. The NOS was previously endorsed by 
The Cochrane Collaboration; however, more recently the Collaboration has proposed a modified 
ROB tool to be used for nonrandomized studies.11 A new tool developed through the EPC 
Program for quality assessment of nonrandomized studies offers another alternative.78  

Future Directions 
There is a need for more detailed guidelines to apply both the ROB tool and the NOS, as well 

as revisions to the tools to enhance clarity. Additional testing should occur after further revisions 
to the tool and when expanded guidelines are available. We have identified specific trial features 
for which clearer guidance is needed. In addition, we have collated examples of discrepancies 
across pairs of reviewers. A living database that collects examples of risk of bias/quality 
assessments and consensus from a group of experts would be a valuable contribution to this field. 
Individual review teams and research groups should be encouraged to begin identifying 
examples and these could be compiled across programs (e.g., the EPC Program) and entities 
(e.g., The Cochrane Bias Methods Group), and made widely accessible. We have identified 
specific problems with application and interpretation of the NOS tool. Further revisions and 
guidance are needed to support the continued use of NOS in systematic reviews. Investment in 
further reliability and validity testing of other tools may be more appropriate (e.g., Cochrane 
ROB tool for nonrandomized studies, the EPC tool). Finally, consensus in this field is needed in 
terms of the threshold for inter-rater reliability of a measurement before it can be used for any 
purpose, even descriptive purposes (i.e., describing the risk of bias or quality of a set of studies). 
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Strengths and Limitations 
This is one of few studies examining the reliability and validity of the ROB tool. It is the first 

to our knowledge that examines reliability between the consensus assessments of pairs of 
reviewers for a systematic review quality/risk of bias assessment tool. Further, it is the first study 
to provide empirical evidence on study-level variables that may impact reliability of ROB 
assessments. This is the first study to our knowledge that examined reliability and validity of the 
NOS. 

The main limitation of the research is that the sample sizes (154 RCTs, 131 cohort studies) 
may not have provided sufficient power to detect statistically significant differences in ES 
estimates according to risk of bias/quality. Another potential limitation is that we did not use a 
‘meta-epidemiological approach’72 (i.e., reanalysis of data from existing meta-analyses) to 
examine the association between ES and risk of bias, therefore the heterogeneity across trials 
may have limited our ability to detect differences. However, for the NOS sample we used ‘meta-
epidemiological’ methods and found no significant associations between quality and measures of 
association within the cohort studies, which could be attributable to low power. We specifically 
selected meta-analyses with substantial heterogeneity in order to optimize our potential to see 
whether quality as assessed with the NOS might explain variations in measures of association. 

We included only 30 RCTs in our analysis of inter-rater agreement across consensus ratings 
by two reviewers. This small sample may limit generalizability of the findings.  

We involved a number of reviewers with different levels of training, type of training, and 
extent of experience in quality assessment and systematic reviews. Some of the variability or low 
agreement may be attributable to characteristics of the reviewers. Agreement may be higher 
among individuals with more direct experience or specific post-graduate training in research 
methods or epidemiology. Nevertheless, all reviewers had previous experience in systematic 
reviews and quality assessments, and likely represent the range of individuals that would 
typically be involved in these activities within a systematic review. 

A final caveat to note is that the ROB tool has undergone some revisions since we initiated 
the study. These are detailed in the most recent version of the Cochrane Handbook11 but were not 
incorporated into our research. The changes affected primarily the blinding and the “other 
sources of bias” domains. This does not impact the general findings from our research; however, 
further testing with the modified tool is warranted. 

Conclusions 
More specific guidance is needed to apply and interpret risk of bias/quality assessment tools. 

We identified a number of study-level factors that influence agreement as well as examples 
where agreement is low. This information provides direction for more detailed guidance. Low 
agreement between reviewers has implications for incorporation of risk of bias into results and 
grading the strength of evidence. Low agreement across pairs of reviewers has implications for 
interpretation of evidence reported by different groups. There was variable agreement across 
items in the NOS. This finding, combined with a lack of evidence that it discriminates studies 
that may provide biased results, underscores the need for more detailed guidance to apply the 
tool in systematic reviews. 
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Appendix B. Guidelines for Risk of Bias Assessments 
 
This table was taken from the Cochrane Handbook of Reviews of Effectiveness of Interventions 
(Table 8.5.c (modified): Criteria for judging risk of bias in the ‘Risk of bias’ assessment tool).10  

The last column was added to provide decision rules specific to this project. 
  

SEQUENCE GENERATION  
Was the allocation sequence adequately generated? (Short form: Adequate sequence 
generation?)  

Criteria for a 
judgement of 
‘YES’ (i.e. low risk 
of bias). 

The investigators describe a random 
component in the sequence generation 
process such as: 

• Referring to a random number table; 

• Using a computer random number 
generator; 

• Coin tossing; 

• Shuffling cards or envelopes; 

• Throwing dice; 

• Drawing of lots; 

• Minimization*. 
  
 *Minimization may be implemented without a 
random element, and this is considered to be 
equivalent to being random. 

The investigators describe the use of 
stratification or permuted blocking (use 
of computer implied). 

Criteria for the 
judgement of ‘NO’ 
(i.e. high risk of 
bias). 

The investigators describe a non-random 
component in the sequence generation 
process. Usually, the description would 
involve some systematic, non-random 
approach, for example: 

• Sequence generated by odd or even 
date of birth; 

• Sequence generated by some rule 
based on date (or day) of admission; 

• Sequence generated by some rule 
based on hospital or clinic record 
number. 

  
Other non-random approaches happen much 
less frequently than the systematic 
approaches mentioned above and tend to be 
obvious.  They usually involve judgement or 
some method of non-random categorization of 
participants, for example: 
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• Allocation by judgement of the 
clinician; 

• Allocation by preference of the 
participant; 

• Allocation based on the results of a 
laboratory test or a series of tests; 

• Allocation by availability of the 
intervention. 

Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

Insufficient information about the sequence 
generation process to permit judgement of 
‘Yes’ or ‘No’.  

Description only includes ‘random’, 
‘randomly generated’, ‘randomized’, etc. 
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ALLOCATION CONCEALMENT  

Was allocation adequately concealed? (Short form: Allocation concealment?) 

Criteria for a 
judgement of 
‘YES’ (i.e. low risk 
of bias). 

Participants and investigators enrolling 
participants could not foresee assignment 
because one of the following, or an equivalent 
method, was used to conceal allocation: 

• Central allocation (including 
telephone, web-based and pharmacy-
controlled randomization); 

• Sequentially numbered drug 
containers of identical appearance; 

• Sequentially numbered, opaque, 
sealed envelopes.  

 

Criteria for the 
judgement of ‘NO’ 
(i.e. high risk of 
bias). 

Participants or investigators enrolling 
participants could possibly foresee 
assignments and thus introduce selection bias, 
such as allocation based on:  

• Using an open random allocation 
schedule (e.g. a list of random 
numbers); 

• Assignment envelopes were used 
without appropriate safeguards (e.g. if 
envelopes were unsealed or non-
opaque or not sequentially numbered); 

• Alternation or rotation; 

• Date of birth; 

• Case record number; 

• Any other explicitly unconcealed 
procedure. 

 

Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

Insufficient information to permit judgement of 
‘Yes’ or ‘No’. This is usually the case if the 
method of concealment is not described or not 
described in sufficient detail to allow a definite 
judgement – for example if the use of 
assignment envelopes is described, but it 
remains unclear whether envelopes were 
sequentially numbered, opaque and sealed. 
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BLINDING OF PARTICIPANTS, PERSONNEL AND OUTCOME 
ASSESSORS 

Was knowledge of the allocated interventions adequately prevented during the study? (Short 
form: Blinding?) 
**Assess this domain based on the pre-determined primary outcome** 

Criteria for a 
judgement of 
‘YES’ (i.e. low 
risk of bias). 

Any one of the following: 

• No blinding, but the review authors 
judge that the outcome and the 
outcome measurement are not likely 
to be influenced by lack of blinding; 

• Blinding of participants and key 
study personnel ensured, and 
unlikely that the blinding could have 
been broken; 

• Either participants or some key 
study personnel were not blinded, 
but outcome assessment was 
blinded and the non-blinding of 
others unlikely to introduce bias. 

Investigators describe the use of a 
matched

Criteria for the 
judgement of 
‘NO’ (i.e. high 
risk of bias). 

 placebo or discuss how 
placebos were similar in some way (e.g., 
appearance, taste, etc.) 

Any one of the following: 

• No blinding or incomplete blinding, 
and the outcome or outcome 
measurement is likely to be 
influenced by lack of blinding; 

• Blinding of key study participants 
and personnel attempted, but likely 
that the blinding could have been 
broken; 

• Either participants or some key 
study personnel were not blinded, 
and the non-blinding of others likely 
to introduce bias. 

 

Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

Any one of the following: 

• Insufficient information to permit 
judgement of ‘Yes’ or ‘No’;  

• The study did not address this 
outcome. 

Study is only described as ‘double-blind’ 
or ‘placebo-controlled’. 
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 INCOMPLETE OUTCOME DATA  
Were incomplete outcome data adequately addressed? (Short form: Incomplete outcome data 
addressed?) 

Criteria for a 
judgement of 
‘YES’ (i.e. low 
risk of bias). 

Any one of the following: 
• No missing outcome data; 

• Reasons for missing outcome data 
unlikely to be related to true 
outcome (for survival data, 
censoring unlikely to be introducing 
bias); 

• Missing outcome data balanced in 
numbers across intervention 
groups, with similar reasons for 
missing data across groups; 

• For dichotomous outcome data, the 
proportion of missing outcomes 
compared with observed event risk 
not enough to have a clinically 
relevant impact on the intervention 
effect estimate; 

• For continuous outcome data, 
plausible effect size (difference in 
means or standardized difference 
in means) among missing 
outcomes not enough to have a 
clinically relevant impact on 
observed effect size; 

• Missing data have been imputed 
using appropriate methods. 

Any one of the following: 

• ≥90%* of enrolled patients are 
included in the analysis AND 
withdrawals and reasons for 
withdrawals are balanced between 
groups and appear unrelated to 
outcome; 

• A true intention-to-treat analysis 
was conducted. 

 
*90% is used as a guideline. 

Criteria for the 
judgement of 
‘NO’ (i.e. high 
risk of bias). 

Any one of the following: 

• Reason for missing outcome data 
likely to be related to true outcome, 
with either imbalance in numbers 
or reasons for missing data across 
intervention groups; 

• For dichotomous outcome data, the 
proportion of missing outcomes 
compared with observed event risk 
enough to induce clinically relevant 
bias in intervention effect estimate; 

• For continuous outcome data, 
plausible effect size (difference in 
means or standardized difference 
in means) among missing 
outcomes enough to induce 
clinically relevant bias in observed 
effect size; 

 

Any one of the following: 

• <90%* of enrolled patients are 
included in the analysis; 

• Substantial proportion of patients 
withdrew from the study, even if 
they are included in an ITT 
analysis. 

 
*90% is used as a guideline. 
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• ‘As-treated’ analysis done with 
substantial departure of the 
intervention received from that 
assigned at randomization; 

• Potentially inappropriate 
application of simple imputation. 

Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

Any one of the following: 

• Insufficient reporting of 
attrition/exclusions to permit 
judgement of ‘Yes’ or ‘No’ (e.g. 
number randomized not stated, no 
reasons for missing data provided); 

• The study did not address this 
outcome. 

 

 
 

SELECTIVE OUTCOME REPORTING  

Are reports of the study free of suggestion of selective outcome reporting? (Short form: Free of 
selective reporting?) 
**Assess this domain based on ALL study outcomes** 

Criteria for a 
judgement of 
‘YES’ (i.e. low risk 
of bias). 

Any of the following: 

• The study protocol is available and 
all of the study’s pre-specified 
(primary and secondary) outcomes 
that are of interest in the review 
have been reported in the pre-
specified way; 

• The study protocol is not available 
but it is clear that the published 
reports include all expected 
outcomes, including those that 
were pre-specified (convincing text 
of this nature may be uncommon). 

Outcomes described in the Methods 
section are reported on in the Results 
section. 

Criteria for the 
judgement of ‘NO’ 
(i.e. high risk of 
bias). 

Any one of the following: 

• Not all of the study’s pre-specified 
primary outcomes have been 
reported; 

• One or more primary outcomes is 
reported using measurements, 
analysis methods or subsets of the 
data (e.g. subscales) that were not 
pre-specified; 

• One or more reported primary 
outcomes were not pre-specified 
(unless clear justification for their 
reporting is provided, such as an 
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unexpected adverse effect); 

• One or more outcomes of interest 
in the review are reported 
incompletely so that they cannot 
be entered in a meta-analysis; 

• The study report fails to include 
results for a key outcome that 
would be expected to have been 
reported for such a study. 

Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

Insufficient information to permit judgement 
of ‘Yes’ or ‘No’. It is likely that the majority 
of studies will fall into this category. 

 

 
  

OTHER POTENTIAL THREATS TO VALIDITY  

Was the study apparently free of other problems that could put it at a risk of bias? (Short form: 
Free of other bias?) 
**Assess this domain based on: design-specific risks of bias; early stopping for benefit; severe 
baseline imbalances; inappropriate influence of funders** (a full list and other potential biases are 
provided in Section 8.14.1.6 of the Cochrane Handbook). Record any other potential sources that 
you feel may compromise the internal validity of a given study. 

Criteria for a 
judgement of 
‘YES’ (i.e. low 
risk of bias). 

The study appears to be free of other 
sources of bias. 

With respect to “inappropriate influence of 
study sponsors”, any one of the following: 

• The study received no funding; 

• The study was only funded by 
non-industry (e.g., government); 

• The study declares the source of 
funding and the role of the 
sponsor (i.e., specifies that 
sponsor was removed from the 
conduct of the study). 

Criteria for the 
judgement of 
‘NO’ (i.e. high 
risk of bias). 

There is at least one important risk of bias. 
For example, the study: 

• Had a potential source of bias 
related to the specific study design 
used; or 

• Stopped early due to some data-
dependent process (including a 
formal-stopping rule); or 

• Had extreme baseline imbalance; 
or 

• Has been claimed to have been 
fraudulent; or 

• Had some other problem. 

With respect to “inappropriate influence of 
study sponsors”, any one of the following: 

• One or more of the authors are 
industry employees or are 
receiving speaking grants; 

• The sponsor is directly involved in 
the conduct of the trial. 
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Criteria for the 
judgement of 
‘UNCLEAR’ 
(uncertain risk of 
bias). 

There may be a risk of bias, but there is 
either: 

• Insufficient information to assess 
whether an important risk of bias 
exists; or 

• Insufficient rationale or evidence 
that an identified problem will 
introduce bias. 

With respect to “inappropriate influence of 
study sponsors”, any one of the following: 

• There is no mention of the funding 
source; 

• Industry funding is declared with 
no description of role in the study. 
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Appendix C. Variables for Data Extraction from Randomized Controlled 
Trials 

 
VALIDITY OF RISK OF BIAS: DATA EXTRACTION GUIDE 

Field Response Comments 
Publication characteristics 
Please enter the following publication characteristics: 

RefID 
Publication title: 

 Publication year: 
               Citation: 
 Full journal title: 
 First author: 
 Country of corresponding author: 
 Number of authors: 
 Was there a working group? 

   
Type of journal: 

 
               Impact factor: 
 
 
RefID 
PubTitle 
PubDate 
Citation 
Journal 
LeadAuthor 
GeoLocation 
NumAuthors 
 

 
 
 
 
 
 
 
 
 
□Yes 
□No 
□General medical journal 
□Specialty medical journal 

 

Trial characteristics 
What is the study design? □RCT parallel 

□RCT crossover 
□RCT factorial 
□RCT split body 
 

RCT parallel: A trial that compares two groups of 
people concurrently, one of which receives the 
intervention of interest and one of which is a control 
group. Some parallel trials have more than two 
comparison groups and some compare different 
interventions without including a non-intervention 
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control group. (Also called independent group design.) 

RCT crossover: A type of clinical trial comparing two 
or more interventions in which the participants, upon 
completion of the course of one treatment, are switched 
to another. For example, for a comparison of treatments 
A and B, the participants are randomly allocated to 
receive them in either the order A, B or the order B, A.  
Particularly appropriate for study of treatment options 
for relatively stable health problems. The time during 
which the first intervention is taken is known as the 
first period, with the second intervention being taken 
during the second period.  

Based on the study hypothesis/objectives, which study 
type is described by the authors? 

□Efficacy/Superiority 
□Equivalence 
□Non-inferiority 
□Not declared 
□None of the above 
□Unclear 

Efficacy/Superiority: A study in which the authors 
intended to demonstrate a statistically significant 
difference between treatments. 
Equivalence: A study in which the authors intended to 
show that there was no statistically significant 
difference between treatments. 
Non-inferiority: A study in which the authors intended 
to show that the new treatment effect is not worse than 
the standard treatment effect. 

In your opinion, what study type is consistent with the 
methods described?  

□Efficacy/Superiority 
□Equivalence 
□Non-inferiority 
□None of the above 
□Unclear 

I.e., in your opinion, is the study type consistent with 
what the authors have classified it as? 

What is the unit of randomization? □Individual 
□Cluster 

Cluster RCTs could include randomization of 
classrooms or schools, practices or hospitals, etc. 

What is the nature of the intervention? □Behavioral/Psychological 
□Device 
□Drug 
□Natural health product 
□Surgical 
□Vaccine 
□Other 

Natural health products include: 
-Vitamins and minerals 
-Herbal remedies 
-Homeopathic medicines 
-Traditional medicines such as traditional Chinese 
medicines 
-Probiotics, and 
-Other products like amino acids and essential fatty 
acids. 
(http://www.hc-sc.gc.ca/dhp-mps/prodnatur/index-
eng.php) 



C - 3 

A device is “an instrument, apparatus, implement, 
machine, contrivance, implant, in vitro reagent, or other 
similar or related article, including a component part, or 
accessory which is: 
-recognized in the official National Formulary, or the 
United States Pharmacopoeia, or any supplement to 
them,  
-intended for use in the diagnosis of disease or other 
conditions, or in the cure, mitigation, treatment, or 
prevention of disease, in man or other animals, or  
-intended to affect the structure or any function of the 
body of man or other animals, and which does not 
achieve any of it's primary intended purposes through 
chemical action within or on the body of man or other 
animals and which is not dependent upon being 
metabolized for the achievement of any of its primary 
intended purposes." 
(http://www.fda.gov/CDRH/DEVADVICE/312.html) 

What is the intervention type? □Pharmacological 
□Nonpharmacological 

Pharmacological includes drugs, natural health 
products, vaccines 
Non-pharmacological includes 
behavioural/educational, devices, surgical 

Was the treatment mode a: □Flexible dose 
□Fixed dose 
□Unclear 
□N/A 

 

What intervention(s) are tested?  Specify the intervention(s) evaluated in the trial 
Is the study placebo controlled? □Yes 

□No 
□Unclear 

 

How many arms does the study have?   
Is the study multicenter? □Yes 

□No 
□Unclear 

 

If yes, how many study sites are involved?   
Is the study multinational? □One country 

□Multinational 
 

What is the enrolled sample size?   
Is a sample size calculation reported? □Yes 

□No 
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What is the primary/secondary diagnostic category 
involved in the study? 

□ Acute Respiratory Infections 
□ Airways 
□ Anaesthesia 
□ Back 
□ Bone, Joint and Muscle Trauma 
□ Breast Cancer 
□ Colorectal Cancer 
□ Consumers and Communication 
□ Cystic Fibrosis and Genetic Disorders 
□ Dementia and Cognitive Improvement 
□ Depression, Anxiety and Neurosis 
□ Developmental, Psychosocial and 

Learning Problems 
□ Drugs and Alcohol 
□ Ear, Nose and Throat Disorders 
□ Effective Practice and Organisation of 

Care 
□ Epilepsy 
□ Eyes and Vision 
□ Fertility Regulation 
□ Gynaecological Cancer 
□ HIV/AIDS 
□ Haematological Malignancies 
□ Heart 
□ Hepato-Biliary 
□ Hypertension 
□ Incontinence 
□ Infectious Diseases 
□ Inflammatory Bowel Disease and 

Functional Bowel Disorders 
□ Injuries 
□ Lung Cancer 
□ Menstrual Disorders and Subfertility 
□ Metabolic and Endocrine Disorders 
□ Movement Disorders 
□ Multiple Sclerosis 
□ Musculoskeletal 
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□ Neuromuscular Disease 
□ Occupational Safety and Health 
□ Oral Health 
□ Pain, Palliative and Supportive Care 
□ Peripheral Vascular Diseases 
□ Pregnancy and Childbirth 
□ Prostatic Diseases and Urologic Cancers 
□ Public Health 
□ Renal 
□ Schizophrenia 
□ Sexually Transmitted Diseases 
□ Skin 
□ Stroke 
□ Tobacco Addiction 
□ Upper Gastrointestinal and Pancreatic 

Diseases 
□ Wounds 
□ Other 

Specify condition being treated:   
What was the treatment duration?   
What is the funding source? □Industry 

□Government 
□Academic 
□Foundation 
□No funding 
□Other 
□Not declared 

 

Specify source of funding:   
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Outcomes and conclusions 
Primary outcome:   
Is the primary outcome: □Objective 

□Subjective 
Objective outcomes include all cause mortality, 
measures based on a recognized laboratory procedure, 
surgical or instrumental outcomes and other objective 
measures. 
Subjective outcomes include patient reported outcomes, 
physician assessed disease outcomes, measures 
combined from several outcomes, and withdrawals or 
study dropouts. 
(Wood et al. BMJ 2008;336:601-605.) 

Source of outcome assessment: □ Administrative data 
□ Automated data 
□ Clinician’s assessment 
□ Laboratory measure 
□ Self-report 
□ Other 

 

What is the effect estimate of the primary outcome?   
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Appendix D. Meta-Analyses and Cohort Studies Used 
for NOS Assessments 

EPC Systematic Reviews: 
 
Ip S, Chung M, Raman G, Chew P, Magula N, DeVine D, Trikalinos T, Lau J. Breastfeeding and 
maternal and infant health outcomes in developed countries. Evidence Report/Technology 
Assessment No. 153 (Prepared by Tufts-New England Medical Center Evidence-based Practice 
Center, under Contract No. 290-02-0022). AHRQ Publication No. 07-E007. Rockville, MD: 
Agency for Healthcare Research and Quality. April 2007.
 1. Burgess S, Dakin C, O'Callaghan M. 

Breastfeeding does not increase the risk of 
asthma at 14 years. Pediatrics 
2006;117(4):e787-92. 

 2. Fergusson D, Horwood L, Shannon F. Risk 
factors in childhood eczema. J Epidemiol 
Commun Health 1982;36:118-2. 

 3. Gordon R, Nobel DQ, Ward AM, Allen R. 
Immunoglobulin E and the eczema-asthma 
syndrome in early childhood. Lancet 
1982;1:72-4. 

 4. Gruskay F. Comparison of breast, cow and soy 
feedings in the prevention of onset of allergic 
disease: a 15-year prospective study. Clin 
Pediatr 1982;21(8):546-50. 

 5. Hide D, Guyer B. Clinical manifestations of 
allergy related to breast and cows' milk 
feeding. Arch Dis Child 1981;56:172-5. 

 

 6. Kull I, Almqvist C, Lilja G. Breast-feeding 
reduces the risk of asthma during the first 4 
years of life. J Allergy Clin Immunol 
2004;114(4):755-60. 

 7. Oddy W, Holt P, Sly P, et al. Association 
between breast feeding and asthma in 6 year 
old children: findings of a prospective birth 
cohort. BMJ 1993;319:815-9. 

 8. Tariqu S, Matthews S, Hakim E, et al.  The 
prevalence of and risk factors for atopy in 
early childhood: a whole population birth 
cohort study. J Allergy Clin Immunol 
1998;101:587-93. 

 9. Wilson A, Forsyth J, Greene S, et al. Relation 
of infant diet to childhood health: seven year 
follow up of cohort of children in Dundee 
infant feeding study. BMJ 1998;316:21-5. 

 10. Wright A, Holberg C, Taussig L, Martinez F. 
Factors influencing the relation of infant 
feeding to asthma and recurrent wheeze in 
childhood. Thorax 2001;56(3):192-7.

 
McAlister FA, Ezekowitz J, Dryden DM, Hooton N, Vandermeer B, Friesen C, Spooner C, 
Rowe BH. Cardiac resynchronization therapy and implantable cardiac defibrillators in left 
ventricular systolic dysfunction. Evidence Report/Technology Assessment No. 152 (Prepared 
by the University of Alberta Evidence-based Practice Center under Contract No. 290-02-0023). 
AHRQ Publication No. 07-E009. Rockville, MD: Agency for Healthcare Research and Quality. 
June 2007.
 1. Bokhari F, Newman D, Greene M, et al. Long-

term comparison of the implantable 
cardioveter defibrillator versus amiodarone: 
eleven-year follow-up of a subset of patients in 
the Canadian Implantable Defibrillator Study 
(CIDS). Circulation 2004;110(2):112-6. 

 2. Buxton AE, Lee KL, Fisher JD, et al. A 
randomized study of the prevention of sudden 

death in patients with coronary artery disease. 
Multicenter Unsustained Tachycardia Trial 
Investigators. N Engl J Med 
1999;341(25):1882-90. 

 3. Chan P, Hayward R. Mortality reduction by 
implantable cardioveter-defibrillators in high-
risk patients with heart failure, ischemic heart 
disease, and new-onset ventricular arrhythmia: 
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an effectiveness study. J Am Coll Cardiol 
2005;45(9):1474-81. 

 4. Chan P, Chow T, Kereiakes D, et al. 
Effectiveness of implantable cardioconverter 
defibrillators in patients with ischemic heart 
disease and left ventricular dysfunction. Arch 
Intern Med 2006;166(20):2228-33. 

 5. Ermis C, Zadeii G, Zhu A, et al. Improved 
survival of cardiac transplantation candidates 
with implantable cardioverter defibrillator 
therapy: role of beta-blocker or aminodarone 
treatment. J Cardiovasc Electrophysiol 
2003;14(6):578-83. 

 6. Ermis C, Lurie K, Zhu A, et al. Biventricular 
implantable cardioverter defibrillators improve 
survival compared with biventricular pacing 
alone in patients with severe left ventricular 
dysfunction. J Cardiovasc Electrophysiol 
2004;15(8):862-6. 

 7. Gaita F, Bocchiardo M, Porciani M, et al. 
Should stimulation therapy for congestive 
heart failure be combined with defibrillation 
backup? Am J Cardiol 2000;86(9A):165K-8K. 

 8. Pappone C, Vicedomini G, Augello G, et al. 
Combining electrical therapies for advanced 
heart failure: the Milan experience with 
biventricular pacing-defibrillation backup 

combination for primary prevention of sudden 
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80F. 
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Lung Transplant 2003;22(4):411-18. 
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Diagnosis, prognosis, and treatment of impaired glucose tolerance and impaired fasting 
glucose. Evidence Report/Technology Assessment No. 128. (Prepared by the McMaster 
University Evidence-based Practice Center under Contract No. 290-02-0020). AHRQ Pub. No 
05-E026-2. Rockville, MD: Agency for Healthcare Research and Quality. September 2005.
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Appendix E. Decision Rules for Application of the 
Newcastle-Ottawa Scale 

 
The following coding instructions are taken from the Newcastle-Ottawa Scale website, available 
here: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Text in italics indicates 
additional guidance for reviewers agreed upon during the initial training teleconference. 

SELECTION 
CODING MANUAL FOR COHORT STUDIES 

1) Representativeness of the exposed cohort 
Item is assessing the representativeness of exposed individuals in the community, not the 
representativeness of the sample of women from some general population. For example, subjects 
derived from groups likely to contain middle class, better educated, health oriented women are 
likely to be representative of postmenopausal estrogen users while they are not representative of 
all women (e.g. members of a health maintenance organisation (HMO) will be a representative 
sample of estrogen users. While the HMO may have an under-representation of ethnic groups, 
the poor, and poorly educated, these excluded groups are not the predominant users of estrogen). 

a) truly representative of the average in the community* 
b) somewhat representative of the average in the community* 
c) selected group of users e.g. nurses, volunteers 
d) no description of the derivation of the cohort 
2) Selection of the non-exposed cohort 

a) drawn from the same community as the exposed cohort* 
b) drawn from a different source* 
c) no description of the derivation of the non-exposed cohort 
3) Ascertainment of exposure 

a) secure record (e.g. surgical records, medical records)* 
b) structured interview* 
c) written self report 
4) Demonstration that outcome of interest was not present at start of study 
In the case of mortality studies, outcome of interest is still the presence of a disease/incident, 
rather than death. That is to say that a statement of no history of disease or incident earns a star. 
a) yes* 
b) no 
 
COMPARABILITY 
1) Comparability of cohorts on the basis of the design or analysis 
A maximum of 2 stars can be allotted in this category 
Either exposed and non-exposed individuals must be matched in the design and/or confounders 
must be adjusted for in the analysis. Statements of no differences between groups or that 
differences were not statistically significant are not sufficient for establishing comparability. 
Note: If the relative risk for the exposure of interest is adjusted for the confounders listed, then 
the groups will be considered to be comparable on each variable used in the adjustment. 
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There may be multiple ratings for this item for different categories of exposure (e.g. ever vs. 
never, current vs. previous or never) 
Please see the accompanying background sheet to determine what confounders are considered 
important for each review topic. 
If the outcome/condition of interest is gender-specific (i.e. depression in pregnancy), only 
evaluate ‘a’ on whether or not the researchers controlled for age. 

a) study controls for age/sex
b) study controls for any additional factor* 

 (the most important factor)* 

OUTCOME 
1) Assessment of outcome 
For some outcomes (e.g. fractured hip), reference to the medical record is sufficient to satisfy the 
requirement for confirmation of the fracture. This would not be adequate for vertebral fracture 
outcomes where reference to x-rays would be required. 

a) independent or blind assessment stated in the paper, or confirmation of the outcome by 
reference to secure records (x-rays, medical records, etc.)* 
b) record linkage (e.g. identified through ICD codes on database records)* 
c) self-report (i.e. no reference to original medical records or x-rays to confirm the outcome) 
d) no description. 
2) Was follow-up long enough for outcomes to occur 
Please see the accompanying background sheet to determine what the minimum required follow-
up period is for each review topic. 

a) yes* 
b) no 
If the follow-up period is reported with a mean and a range, and the mean is longer than the 
required minimum, rate it as ‘yes.’ 
 3) Adequacy of follow-up of cohorts 
This item assesses the follow-up of the exposed and non-exposed cohorts to ensure that losses 
are not related to either the exposure or the outcome. 

a) complete follow-up, all subjects accounted for* 
b) subjects lost to follow-up are unlikely to introduce bias – small number lost <20% 
c) follow-up rate <80% and no description of those lost 
d) no description or unclear 
If follow-up rates vary by outcome, use the outcome included in the meta-analysis of the 
systematic review the article is included in. 
If <20% of subjects were lost to follow-up, but the difference between groups is large consider 
downgrading to ‘c,’ especially if no reasons for difference in follow-up are provided.
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Appendix F. Supplementary Information for NOS 
Assessments 

Additional background information provided to study participants to assist in making quality 
assessments. Information was based on the initial systematic reviews, or where necessary, expert 
opinion. 

Breastfeeding and Maternal and Infant Health Outcomes in Developed Countries (AHRQ 
Report Number 153) 
Source: Figure 9. Meta-analysis of prospective cohort studies of the association between asthma risk 
and breastfeeding ≥3 months for children without family history of asthma or atopy (page 46) 

 
Key Question: What are the benefits and harms for infants and children in terms of short-term 
outcomes, such as infectious diseases (including otitis media, diarrhea, and lower respiratory tract 
infections), sudden infant death syndrome and infant mortality, and longer-term outcomes such as 
cognitive development, childhood cancer (including leukemia), type 1 and 2 diabetes, asthma, atopic 
dermatitis, cardiovascular disease (including hypertension), hyperlipidemia, and obesity, compared 
among those who mostly breastfeed, mostly formula feed, and mixed feed; and how are these 
outcomes associated with duration of the type of feeding? Do the harms and benefits differ for any 
specific subpopulations based on socio-demographic factors? 

-risk of developing asthma 
Primary Outcome: 

 

-healthy term infants in developed countries; preterm infants in developed countries (for NEC and 
cognitive development); healthy mothers in developed countries 

Population: 

 

-maternal age 
Comparability: 

-socioeconomic status, parental smoking, [family history of atopy] 
 

-minimum duration of followup: 5 years (60 months) 
Followup: 
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-≥80% considered adequate 
Adequacy of followup: 

 
Cardiac Resynchronization Therapy and Implantable Cardiac Defibrillators in Left 
Ventricular Systolic Dysfunction (AHRQ Report Number 152) 
Source: Figure 15. Metagraph of all-cause mortality: ICD alone (page 157) [only 9 of 11 studies] 

 
Key Question: In adult patients with symptomatic or asymptomatic left ventricular (LV) systolic 
dysfunction, what is the efficacy and effectiveness of cardiac resynchronization therapy (CRT) 
alone, implantable cardiac defibrillators (ICD) alone, or combined CRT-ICD devices compared to 
usual medical therapy? What is the efficacy and effectiveness of single-chamber ICD compared to 
that of dual-chamber ICD? How safe is CRT alone, ICD alone, or combined CRT-ICD devices? 
Which patients would benefit from ICD alone, CRT alone, or combined CRT-ICD devices? 

-all cause mortality 
Primary Outcome: 

-patients with asymptomatic LV systolic dysfunction or symptomatic heart failure (HF) and left 
ventricular ejection fraction (LVEF) ≤ 35% 

Population: 

-since the implantation procedure can only be performed in specialized centers, review authors 
determined that all facilities were representative of patients in usual practice 

-NYHA class 
Comparability: 

-age, sex, race, etiology of heart failure (e.g., ischemic), LVEF, QRS width, rhythm (normal sinus 
rhythm, atrial fibrillation), medication use 

-minimum duration of followup: 1 year (12 months) 
Followup: 

  
 

≥80% considered adequate 
Adequacy of followup: 
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Diagnosis, Prognosis, and Treatment of Impaired Glucose Tolerance and Impaired Fasting 
Glucose (AHRQ Report Number 128) 
Source: Figure 6. Meta-analysis of annualized RR for progression to DM in IGT group (page 47) 

 
Key Question: What is the relationship between IFG and IGT? For those individuals identified with 
impaired fasting glucose (IFG) or impaired glucose tolerance (IGT), what are the short- and long-term 
risks for developing negative health outcomes? Does this risk vary by subpopulation, such as sex, 
race, obesity, age, or other such risk factors as blood pressure or elevated lipid levels? 

-progression from IFG or IGT to diabetes mellitus 
Primary Outcome: 

-pt with IFG or IGT (cutoff criteria varies) 
Population: 

- age, sex 
Comparability: 

-blood pressure, elevated lipid levels 

-minimum duration of followup: 3 years (36 months) 
Followup: 

->=80% considered adequate 
Adequacy of followup: 
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A Review and Meta-analysis of Prospective Studies of Red and Processed Meat Intake and 
Prostate Cancer (Alexander, Mink, Cushing, Sceurman. Nutrition Journal 2010;0:50) 
Source: Figure 1. Meta-analysis of prospective studies of red meat intake and prostate cancer  

 
Objective/Aim: To estimate the summary associations between red or processed meat intake and 
prostate cancer; evaluate associations among men with advanced disease; estimate dose-response 
trends; evaluate potential sources of heterogeneity; assess the potential for publication bias?  

-occurrence of prostate cancer 
Primary outcome:  

 
Participants:
-men only 

  

 

-age, race 
Comparability:  

-energy intake, smoking, family history of cancer 
 

-minimum duration of followup: 5 years (60 months) 
Followup: 

 

≥80% considered adequate 
Adequacy of followup: 
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A Meta-analysis of Depression During Pregnancy and the Risk of Preterm Birth, Low 
Birth Weight and Intrauterine Grown Restriction (Grote, Bridge, Gavin, Melville, Iyengar 
and Katon. Arch Gen Psychiatry 2010;67(10):1012-24) 
Source: Table 2. Effect of antenatal depression on outcomes of PTB, LBW, and IUGR (p. 1016). 
(exclude Suri and Wisner—Case Series) 

 
Objectives/Aims: To estimate the risk of preterm birth (PTB), low birth weight (LBW), and 
intrauterine growth restriction (IUGR) associated with antenatal depression 

-preterm birth (PTB was defined as birth prior to 37 weeks’ gestation) 
Primary outcome: 

 

-pregnant women only 
Participants: 

 

-maternal age 
Comparability: 

-smoking/substance abuse, race/ethnicity or SES, previous pre-term birth, SSRI antidepressant 
use, educational level, marital status 
 

-Not applicable (outcomes [preterm birth/birth weight] are obtained as soon as birth occurs) 
Followup: 

 

-≥80% considered adequate 
Adequacy of followup: 
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Treatment Outcomes among Patients with Extensively Drug-Resistant Tuberculosis: 
Systematic Review and Meta-Analysis (Jacobson, Tierney, Jeon, Mitnick and Murray. Clinical 
Infectious Diseases 2010;51(1):6-14) 
Source: Figure 2. Weighted proportion of favorable outcomes for the selected studies (page 11) 

 
Objective/Aim: To assess extensively drug-resistant (XDR) tuberculosis treatment outcomes 
and to identify therapeutic approaches associated with favorable outcomes 

-number of patients with favorable outcomes [Favorable outcomes as defined by WHO—Cure: 
treatment completion plus at least 5 consecutive negative cultures during the last year of 
treatment; Treatment completion: treatment completion but <5 cultures performed in the last year 
of treatment] 

Primary outcome: 

-confirmed XDR TB by drug susceptibility testing of M. tuberculosis cultures 
Participants: 

-age 
Comparability: 

-HIV prevalence among patients with XDR TB receiving treatment; sex; number of drugs in 
treatment regimens; number of “likely active drugs” in a treatment regimen; percentage of 
patients who received a latergeneration fluoroquinolone; percentage of patients who received 
linezolid; percentage of patients who underwent surgery 

-minimum duration of followup: 1 year (12 months) 
Followup: 

≥80% considered adequate 
Adequacy of followup: 

 
  



F - 7 

 

The effect of statins on mortality from severe infections and sepsis: A systematic review 
and meta-analysis (Janda, Young, FitzGerald, Etminan, Swiston. Journal of Critical Care 
2010;25:656e7—656e22) 
Source: Figure 2. Mortality from any cause. (page e15) (excluding Frost and Tseng—RCTs) 

 
Objective/Aim: The aim of this study was to systematically review the literature on the effect of 
statins on mortality in patients with infection and/or sepsis 

-mortality (all cause) 
Primary outcome: 

-both adult and pediatric patients 
Participants: 

-included sepsis or various infections: bacteremia, pneumonia, HIV, hepatitis B, C, and A, and 
cytomegalovirous 

-age 
Comparability: 

-sex, severity of disease, co-morbidities, history of illness, medication use 

-minimum duration of followup: 30 days 
Followup: 

≥80% considered adequate 
Adequacy of followup: 
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Overweight and Obesity in Mothers and Risk of Preterm Birth and Low Birth Weight 
Infants: Systematic Review and Meta-Analyses (McDonald, Han, Mulla, and Beyene. BMJ 
2010;341:c3428). 
Source: Figure 2. Forest plot of risk of preterm birth before 37 weeks in overweight and obese 
women compared with women of normal weight in cohort studies (page 7)  

 
Objectives/Aims: To determine the relation between overweight and obesity in mothers and 
preterm birth and low birth weight in singleton pregnancies in developed and developing 
countries. 

-preterm birth (<37 weeks gestation) 
Primary outcome: 
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-pregnant women with singleton pregnancies only 
Participants: 

 

-age 
Comparability: 

-race, parity, smoking, marital status, education, socio-economic status, co-morbidities (e.g., 
diabetes, pre-eclampsia, gestatitional diabetes) 
 

-Not applicable (outcomes [preterm birth/birth weight] are obtained as soon as birth occurs) 
Followup: 

 

-≥80% considered adequate 
Adequacy of followup: 
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Appendix G. Description of Randomized Controlled 
Trials 

 
Publication characteristics (N=154) 

  Overall risk of bias assessment 
Variable n (%) High Unclear Low 

Number of authors (mean, SD) 6.8 (3.3)    
Working group 
     Yes 
     No 

 
14 (9.1) 

139 (90.9) 

 
11 
61 

 
3 

78 

 
0 
1 

Type of journal 
     General medical journal 
     Specialty medical journal 

 
19 (12.3) 

135 (87.7) 

 
10 
62 

 
9 

72 

 
0 
1 

Country of corresponding author 
     Australia 
     Austria 
     Belgium 
     Canada 
     Chile 
     China 
     Denmark 
     Egypt 
     Finland 
     France 
     Germany 
     Greece 
     India 
     Iran 
     Italy 
     Japan 
     Mexico 
     the Netherlands 
     New Zealand 
     Norway 
     Poland 
     Scotland 
     Singapore 
     South Africa 
     South Korea 
     Spain 
     Sweden 
     Taiwan 
     Turkey 
     United Kingdom 
     U.S. 

 
7 (4.6) 
1 (0.7) 
1 (0.7) 
3 (2.0) 
1 (0.7) 
6 (3.9) 
2 (1.3) 
1 (0.7) 
1 (0.7) 
4 (2.6) 
6 (3.9) 
4 (2.6) 
1 (0.7) 
2 (1.3) 
13 (8.4) 
5 (3.3) 
1 (0.7) 
6 (3.9) 
1 (0.7) 
3 (2.0) 
1 (0.7) 
1 (0.7) 
3 (2.0) 
2 (1.3) 
2 (1.3) 
2 (1.3) 
5 (3.2) 
2 (1.3) 
5 (3.3) 
13 (8.4) 

49 (31.8) 

 
5 
1 
0 
2 
0 
3 
1 
0 
1 
0 
2 
0 
0 
0 
3 
2 
0 
3 
0 
1 
0 
0 
1 
2 
0 
1 
3 
0 
1 
7 

33 

 
2 
0 
1 
1 
1 
3 
1 
1 
0 
4 
4 
4 
1 
2 

10 
3 
1 
3 
1 
2 
1 
1 
2 
0 
2 
1 
2 
2 
4 
6 

15 

 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

Impact factor (mean, SD) 5.0 (7.6)    
SD = standard deviation 
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Trial characteristics (N=154) 
  Overall risk of bias assessment 

Variable n (%) High Unclear Low 
Study design 
     RCT crossover 
     RCT factorial 
     RCT parallel 
     RCT split body 

 
21 (13.6) 
3 (2.0) 

126 (81.8) 
4 (2.6) 

 
10 
2 
59 
1 

 
11 
1 

66 
3 

 
0 
0 
1 
0 

Study type 
     Efficacy/Superiority 
     Equivalence 
     Non-inferiority 
     None of the above 
     Unclear 

 
130 (84.4) 

9 (5.8) 
2 (1.3) 
6 (3.9) 
7 (4.5) 

 
61 
4 
2 
1 
4 

 
69 
4 
0 
5 
3 

 
0 
1 
0 
0 
0 

Unit of randomization 
     Cluster 
     Individual 

 
7 (4.6) 

147 (95.5) 

 
5 
67 

 
2 

79 

 
0 
1 

Nature of intervention 
     Behavioral/Psychological 
     Device 
     Drug 
     Natural health product 
     Surgical 
     Vaccine 
     Other 

 
17 (11.0) 
10 (6.5) 

82 (53.3) 
6 (3.9) 

18 (11.7) 
1 (0.7) 

20 (13.0) 

 
9 
3 
42 
1 
7 
1 
9 

 
8 
7 

39 
5 

11 
0 

11 

 
0 
0 
1 
0 
0 
0 
0 

Intervention type 
     Nonpharmacological 
     Pharmacological 

 
67 (43.5) 
87 (56.5) 

 
29 
43 

 
38 
43 

 
0 
1 

Dosing 
     Fixed dose 
     Flexible dose 
     Not applicable 
     Unclear 

 
79 (51.3) 
31 (20.1) 
41 (26.6) 
3 (2.0) 

 
38 
13 
21 
0 

 
40 
18 
20 
3 

 
1 
0 
0 
0 

Placebo controlled 
     Yes 
     No 
     Unclear 

 
55 (35.7) 
97 (63.0) 
2 (1.3) 

 
27 
45 
0 

 
27 
52 
2 

 
1 
0 
0 

Number of arms (median, range) 2 (2-7)    
Multicenter 
     Yes 
     No 
     Unclear 

 
40 (26.0) 

100 (64.9) 
14 (9.1) 

 
25 
40 
7 

 
14 
60 
7 

 
1 
0 
0 

Number of centers (range) 1-327    
Multinational 
     Yes 
     No 

 
7 (4.6) 

147 (95.5) 

 
5 
67 

 
2 

79 

 
0 
1 

Sample size (median, IQR) 63 (39-123)    
Sample size calculation reported 
     Yes 
     No 

 
80 (51.9) 
74 (48.1) 

 
40 
32 

 
39 
42 

 
1 
0 

Funding source (all that apply) 
     Academic 
     Foundation 
     Government 
     Industry 
     No funding 
     Not declared 
     Other 

 
18 (11.7) 
26 (16.9) 
40 (26.0) 
42 (27.3) 
7 (4.6) 

47 (30.5) 
8 (5.2) 

 
6 
11 
22 
33 
3 
13 
2 

 
12 
15 
18 
9 
3 

34 
6 

 
0 
0 
0 
0 
1 
0 
0 
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Primary Diagnostic Category  
n (%) 

Acute Respiratory Infections 1 (0.7) 
Airways 6 (3.9) 
Anesthesia 5 (3.2) 
Back 1 (0.7) 
Bone, Joint and Muscle Trauma 4 (2.6) 
Breast Cancer 2 (1.3) 
Colorectal Cancer 5 (3.3) 
Cystic Fibrosis and Genetic Disorders 1 (0.7) 
Depression, Anxiety and Neurosis 6 (3.9) 
Drugs and Alcohol 3 (2.0) 
Ear, Nose and Throat Disorders 2 (1.3) 
Exercise Physiology 6 (3.9) 
Eyes and Vision 7 (4.6) 
Fertility Regulation 3 (2.0) 
Gynecological Cancer 1 (0.7) 
HIV/AIDS 2 (1.3) 
Heart 11 (7.1) 
Hepato-Biliary 4 (2.6) 
Immune System 3 (1.9) 
Incontinence 1 (0.7) 
Infectious Diseases 2 (1.3) 
Inflammatory Bowel Disease and Function 2 (1.3) 
Lung Cancer 1 (0.7) 
Menstrual Disorders and Subfertility 3 (2.0) 
Metabolic and Endocrine Disorders 6 (3.9) 
Musculoskeletal 8 (5.2) 
Neuromuscular Disease 1 (0.7) 
Oral Health 3 (2.0) 
Other 17 (11.0) 
Pain, Palliative and Supportive Care 1 (0.7) 
Peripheral Vascular Diseases 4 (2.6) 
Pregnancy and Childbirth 5 (3.3) 
Prostatic Diseases and Urologic Cancers 1 (0.7) 
Public Health 1 (0.7) 
Renal 7 (4.6) 
Schizophrenia 4 (2.6) 
Skin 6 (3.9) 
Stroke 4 (2.6) 
Tobacco Addiction 1 (0.7) 
Upper Gastrointestinal and Pancreatic Diseases 2 (0.7) 
Wounds 1 (0.7) 
RCT = randomized controlled trial



G - 4 

 

Outcomes and conclusions (N=154) 
  Overall risk of bias assessment 

Variable n (%) High Unclear Low 
Primary outcome 
     Objective 
     Subjective 

 
74 (48.1) 
80 (51.9) 

 
33 
39 

 
41 
40 

 
0 
1 

Source of outcome assessment 
     Administrative data 
     Automated data 
     Clinician assessment 
     Laboratory measure 
     Self-report 

 
7 (4.6) 

21 (13.6) 
54 (35.1) 
36 (23.4) 
36 (23.4) 

 
4 
10 
24 
14 
21 

 
3 
11 
29 
22 
15 

 
0 
0 
1 
0 
0 

 
 
Risk of bias assessments by domain (N=161)* 
 Risk of bias assessments – n (%) 
Domain High Unclear Low 
Sequence generation 1 (0.6) 75 (46.6) 85 (52.8) 
Allocation concealment 3 (1.9) 124 (77.0) 34 (21.1) 
Blinding 21 (13.0) 79 (49.1) 61 (37.9) 
Incomplete data 29 (18.0) 30 (18.6) 102 (63.4) 
Selective reporting 17 (10.6) 19 (11.8) 125 (77.6) 
Other sources of bias 33 (20.5) 90 (55.9) 38 (23.6) 
Overall risk of bias 74 (46.0) 86 (53.4) 1 (0.6) 
*All studies assessed for risk of bias 
 
 
Risk of bias assessments by domain (N=154)* 
 Risk of bias assessments – n (%) 
Domain High Unclear Low 
Sequence generation 0 (0.0) 70 (45.5) 84 (54.6) 
Allocation concealment 2 (1.3) 119 (77.3) 33 (21.4) 
Blinding 21 (13.6) 75 (48.7) 58 (37.7) 
Incomplete data 29 (18.8) 27 (17.5) 98 (63.6) 
Selective reporting 16 (10.4) 19 (12.3) 119 (77.3) 
Other sources of bias 33 (21.4) 86 (55.8) 35 (22.7) 
Overall risk of bias 72 (46.8) 81 (52.6) 1 (0.7) 
*Non-intervention studies from original sample replaced with trials evaluating healthcare interventions 
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Appendix H. Data Used for Kappa Calculations 
The following (Tables H-1 to H-7) are 3x3 tables which were the basis for the kappa 

calculations to assess inter-rater agreement between two reviewers. One table is provided for 
each domain. The number of studies (assessments made) was 124. 
 
Table H-1. 3x3 Table for Sequence Generation 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 57 9 - 
Unclear 3 53 2 
High - - - 

 
Table H-2. 3x3 Table for Allocation Concealment 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 10 8 - 
Unclear 18 82 5 
High - 1 - 

 
Table H-3. 3x3 Table for Blinding 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 26 6 2 
Unclear 27 35 14 
High 5 2 7 

 
Table H-4. 3x3 Table for Incomplete Outcome Data 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 60 24 9 
Unclear 1 5 3 
High 6 6 10 

 
Table H-5. 3x3 Table for Selective Outcome Reporting 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 73 19 2 
Unclear 12 4 2 
High 6 2 4 

 
Table H-6. 3x3 Table for Other Sources of Bias 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low 22 14 3 
Unclear 23 40 9 
High 3 5 5 

 
Table H-7. 3x3 Table for Overall Risk of Bias 
  Reviewer 2 
  Low Unclear High 

Reviewer 1 Low - - - 
Unclear 2 50 30 
High - 15 27 
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The following (Tables H-8 to H-11) are 3x3 tables which were the basis for the kappa 
calculations to assess inter-rater agreement for overall risk of bias across the four EPCs. One 
table is provided for each EPC. The number of studies (assessments made) was 30. Table H-12 
shows the summary of consensus assessment for the four EPCs. 

 
Table H-8. 3x3 Table for EPC1 
  Reviewer 2  Consensus 
  Low Unclear High   
Reviewer 1 Low - - -  - 

Unclear - 6 3  8 (unclear) 
High - 6 15  22 (high) 

 
 
Table H-9. 3x3 Table for EPC2 
  Reviewer 2  Consensus 
  Low Unclear High   
Reviewer 1 Low - - -  - 

Unclear - 7 4  15 (unclear) 
High - 10 9  15 (high) 

 
 
Table H-10. 3x3 Table for EPC3 
  Reviewer 2  Consensus 
  Low Unclear High   
Reviewer 1 Low - 1 4  - 

Unclear - 9 9  17 (unclear) 
High - 4 3  13 (high) 

 
 
Table H-11. 3x3 Table for EPC4 
  Reviewer 2  Consensus 
  Low Unclear High   
Reviewer 1 Low - 1 -  1 (low 

Unclear 1 12 3  19 (unclear) 
High - 6 7  10 (high) 

 
 
Table H-12. Summary of consensus assessments for four EPCs 
 Low Unclear High 
EPC 1 - 8 22 
EPC 2 - 15 15 
EPC 3 - 17 13 
EPC 4 1 19 10 
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Appendix I. Inter-rater Reliability on Risk of Bias Assessments, by Domain 
and Study-level Variable With Confidence Intervals 

The following table provides the same information as in Table 7 of the main report with 95% confidence intervals included. 
 

Table. Inter-rater reliability on risk of bias assessments, by domain and study-level variable with 95% confidence intervals 
Variable Risk of bias domain, κ (interpretation)* 

 SG AC Blinding Incomplete outcome 
data 

SOR Other 

Overall 0.79  
(0.70, 0.88) 

(Su) 

0.24  
(0.05, 0.43) 

(F) 

0.33  
(0.17, 0.49) 

(F) 

0.34  
(0.17, 0.52) 

(F) 

0.27  
(0.06, 049) 

(F) 

0.24  
(0.06, 0.41) 

(F) 
Nature of intervention       
     Pharmacological 0.82  

(0.69, 0.96)  
(AP) 

0.26  
(0.02, 0.50)  

(F) 

0.33  
(0.08, 0.58)  

(F) 

0.36  
(0.12, 0.61)  

(F) 

0.12  
(-0.13, 0.37)  

(Sl) 

0.38  
(0.16, 0.60)  

(F) 
     Nonpharmacological 0.77  

(0.63, 0.90)  
(Su) 

0.24  
(-0.09, 0.57)  

(F) 

0.37  
(0.17, 0.58)  

(F) 

0.26  
(-0.03, 0.56)  

(F) 

0.36  
(0.04, 0.69)  

(F) 

-0.06  
(-0.34, 0.22)  

(P) 
     p-value 0.57 0.94 0.79 0.61 0.25 0.02 
Nature of outcome       
     Objective 0.71  

(0.55, 0.87)  
(Su) 

0.22  
(-0.05, 0.49)  

(F) 

0.54  
(0.34, 0.74)  

(M) 

0.33  
(0.09, 0.58)  

(F) 

0.41  
(0.11, 0.70)  

(M) 

0.09  
(-0.16, 0.33)  

(Sl) 
     Subjective 0.88  

(0.77, 0.98)  
(AP) 

0.27  
(-0.01, 0.55)  

(F) 

0.18  
(-0.05, 0.42)  

(Sl) 

0.32  
(0.03, 0.60)  

(F) 

0.07  
(-0.18, 0.33)  

(Sl) 

0.45  
(0.22, 0.69)  

(M) 
     p-value 0.09 0.81 0.02 0.93 0.09 0.04 
Study design       
     Parallel 0.78  

(0.67, 0.89)  
(Su) 

0.32  
(0.14, 0.50)  

(F) 

0.27  
(0.08, 0.45)  

(F) 

0.32  
(0.11, 0.53)  

(F) 

0.21  
(-0.05, 0.47)  

(F) 

0.23  
(0.04, 0.42)  

(F) 
     Other 0.88  

(0.64, 1.00)  
(AP) 

-0.07  
(-0.16, 0.03)  

(P) 

0.77  
(0.57, 0.97)  

(Su) 

0.34  
(-0.09, 0.76)  

(F) 

0.46  
(0.11, 0.81)  

(M) 

0.30  
(-0.09, 0.69)  

(F) 
     p-value 0.47 0.0002 0.0004 0.94 0.26 0.75 
Trial hypothesis       
     Efficacy/superiority 0.79  

(0.69, 0.90)  
(Su) 

0.24  
(0.02, 0.47)  

(Sl) 

0.33  
(0.15, 0.51)  

(F) 

0.32  
(0.11, 0.53)  

(F) 

0.38  
(0.14, 0.62)  

(F) 

0.25  
(0.05, 0.45)  

(F) 
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     Other 0.81  
(0.56, 1.00)  

(AP) 

0.29  
(-0.11, 0.70)  

(F) 

0.44  
(0.04, 0.83)  

(M) 

0.33  
(-0.12, 0.78)  

(F) 

-0.31  
(-0.48, -0.14)  

(P) 

0.31  
(-0.11, 0.74)  

(F) 
     p-value 0.92 0.83 0.64 0.97 <0.0001 0.79 
Funding       
     Industry 0.63  

(0.40, 0.87)  
(M) 

-0.10  
(-0.50, 0.30)  

(P) 

0.52  
(0.19, 0.86)  

(M) 

0.42  
(0.11, 0.73)  

(M) 

0.51  
(0.17, 0.85)  

(M) 

0.39  
(0.09, 0.68)  

(F) 
     No industry 0.85  

(0.75, 0.95)  
(AP) 

0.38  
(0.18, 0.58)  

(F) 

0.28  
(0.10, 0.46)  

(F) 

0.29  
(0.06, 0.52)  

(F) 

0.13  
(-0.13, 0.40)  

(Sl) 

0.21  
(-0.01, 0.43)  

(F) 
     p-value 0.10 0.03 0.21 0.50 0.09 0.34 
*AP=almost perfect, Su=substantial, M=moderate, F=fair, Sl=slight, P=poor;  
AC = allocation concealment; SG = sequence generation; SOR = selective outcome reporting 
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Appendix J. Sources of Disagreement Across 
Consensus Assessments Using the Risk of Bias Tool 

General Observations 
Sequence generation: Agreement was good overall. The main discrepancies were when the 
study described using stratification or block randomization, which would be assessed differently 
by different centers. 
Allocation concealment: Discrepancies were mainly introduced when components of ‘sealed, 
sequentially numbered, opaque envelopes’ were reported, but not the full set of three elements. 
Blinding: Some discrepancies were driven by having to combine assessments for 
participants/personnel and outcome assessors. If one group was blinded and the other wasn’t, the 
RoB assessments varied by which group was interpreted as taking precedence. The other major 
source of discrepancies was the interpretation of unblinded studies (or unblinded groups) with 
objective outcomes, or those with subjective outcomes and blinded outcome assessors. 
Incomplete outcome data: Discrepancies are largely due to different EPCs finding/using 
different information to make judgments. 
Selective outcome reporting: Discrepancies are likely due to the interpretation by each EPC of 
how strictly to require ‘matching’ of outcomes in the Methods and Results sections. 
Other sources of bias: In addressing source of funding, discrepancies were due to differences in 
interpretation. In addressing baseline characteristics, discrepancies were due to EPCs not finding 
the same information. 
 
 
Table: Examples of sources of disagreement between consensus assessments 
Author Example 

Sequence Generation 

Bisser, S All four EPCs noted block randomization – 2 interpreted as low RoB; 2 interpreted as unclear RoB 

Pronyk, P At least 1 reviewer from each EPC found the same description – 1 low; 2 unclear; 1 high RoB 

Fagnani, F Two EPCs found no description (unclear), while two EPCs found description of stratification but 
interpreted it differently (1 low; 1 high RoB) 

Allocation Concealment 

Gigantesco, 
A 

At least 1 reviewer from each EPC found the description of central allocation – 2 low; 2 unclear RoB 

Hartvig,P Three EPCs found the same description – 2 interpreted as high RoB; 1 interpreted as low RoB, but 
this is likely a data entry error (1 reviewer said high, 1 said unclear); fourth EPC did not find 
description (unclear) 

Baker, R All four EPCs found the description of ‘sealed envelopes’ – 1 low; 2 unclear; 1 high RoB 

Pronyk, P The two EPCs that rated this domain unclear did not find the description; the two EPCs that rated the 
domain low RoB found the same information 

Lim, Y All four EPCs found the same description (sealed, opaque envelopes) – 3 interpreted as low RoB; 1 
interpreted as high RoB 

Hirose, Y All four EPCs found the same description (numbered, sealed envelopes) – 1 low; 2 unclear; 1 high 
RoB 



J-2 

Blinding 

Mentzer, R Described as ‘double-blind’, but with an objective outcome – 2 interpreted as low RoB; 2 interpreted 
as unclear RoB 

Bisser, S Two EPCs rated as unclear RoB, but for different reasons; open-label with objective outcomes 
interpreted differently (1 low, 1 unclear RoB); 1 EPC rated as high RoB, but only 1 reviewer from all 
EPCs found the information that this decision was based on 

Geyer, C All four EPCs found the same description (open-label, blinded outcome assessor) – 2 low; 1 unclear; 
1 high RoB 

Pappone, C Three EPCs found description of blinded outcome assessor (1 low, 1 unclear, 1 high RoB; the high 
also used additional information not found by the other reviewers); one EPC found no description of 
blinding (unclear) 

Gigantesco, 
A 

All four EPCs found description of blinded outcome assessors – 2 interpreted as low RoB; 2 
interpreted as unclear RoB 

Andersen, F All four EPCs found the same description of blinding – 2 interpreted as low RoB; 2 interpreted as 
unclear RoB 

Hartvig, P Blinding not explicitly stated, but unlikely to have occurred – 2 interpreted as unclear RoB; 2 
interpreted as high RoB 

Carlbring, P Three EPCs rated as high RoB since it was an unblinded study with a self-reported outcome; the 
other EPC rated as low RoB since there was a blinded outcome assessor 

Hinman, R Differing interpretations of how to assess an unblinded study with a subjective outcome, but blinded 
outcome assessor – 1 low; 1 unclear; 2 high RoB 

Baker, R Differing interpretations when blinding was not addressed and the outcome was self-reported – 2 
unclear; 2 high RoB 

Steinkruger, 
G 

Differing interpretations when patients were blinded but others were not – 1 low; 2 unclear; 1 high 
RoB 

Fregni, F Differing interpretations when patients and personnel blinded, but no mention of outcome assessors 
– 2 low; 2 unclear RoB 

Vassallo, B One EPC did not find a description of blinding (unclear); two found a description of unblinded 
surgeons (high); one found a description of blinded surgeons (low) 

Lim, Y Described as double-blind, with specification that outcome assessor was blinded – 2 interpreted as 
low; 2 interpreted as unclear RoB 

Fagnani, F All four EPCs used the same description of blinding – 2 unclear; 2 high RoB 

Olsen, E One EPC found information on blinding (low); two did not find a description of specifics (unclear); one 
has no description (low) 

Pialoux, V No description of blinding (2 unclear; 1 high); one based assessment on objective outcome (low) 

Incomplete Outcome Data 

Mentzer, R All four EPCs commented on analysis of ~90% of participants (2 low; 1 unclear; 1 high); EPC rating 
as high RoB stated that ITT was not mentioned 

Geyer, C Two EPCs report detailed description of losses to follow up (low); one mentions <90% follow-up 
(high); one has no description (unclear) 

Martinez-
Mier, G 

Three EPCs report sufficient follow-up/analysis (2 low; 1 unclear – data entry error?); one found 
reporting unclear (unclear) 

Pappone, C Three EPCs report sufficient follow-up/analysis, but there were differences in interpretation of the 
study design (2 low; 1 high); one did not find details on drop-outs (unclear) 

Andersen, F Two EPCs found complete follow-up (low); two found insufficient information to judge (unclear) 

Carlbring, P One EPC questioned lack of data for the control group (high); three stated ITT analysis (low) 
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Kolak, M One EPC was unclear on whether drop-outs would impact results (unclear); one did not find details 
on completers (unclear); one found a complete dataset (low); one had no description (low) 

Hinman, R Three EPCs stated that all participants were accounted for and ITT analysis was used (low); one 
reported <90% follow-up (high) 

Baker, R One EPC stated that drop-outs were imbalanced between groups and follow-up was <90% (high); 
one stated that follow-up was <90% (high); one was unclear on validity of stated reasons for drop-
outs (unclear); one used 85% follow-up (low) 

Pronyk, P Two EPCs based judgment on low rate of individual follow-up (high); one based judgment on use of 
per protocol analysis (high); one based judgment on follow-up of clusters (low) 

Hirose, Y Three EPCs stated follow-up >90% (2 low; 1 unclear); one had no description (unclear) 

King, V Two EPCs stated follow-up <90% (high); one stated follow-up >90% (low); one had no description 
(unclear) 

Kim, L Three EPCs noted 81% follow-up (1 unclear; 2 high); one noted complete follow-up (low) 

Miwa, H All four EPCs noted the same description (2 unclear; 2 high) 

Salvadori, M Three EPCs stated high degree of loss to follow-up (high); one based judgment on modified ITT 
analysis (low) 

Marsh, A One EPC reported complete follow-up (low); three stated insufficient information to judge (2 unclear; 
1 no) 

Saari, T All four EPCs note high rate of drop-out – 2 unclear; 2 high RoB 

Iwase, T Two EPCs stated complete follow-up (low); one stated insufficient information (unclear); one had no 
description (unclear) 

Selective Outcome Reporting 

Gigantesco, 
A 

Two EPCs stated that the outcomes in the Methods matched those in the Results (low); two found 
that outcomes for the control group were not reported (unclear) 

Hartvig, P One EPC found missing data (high); two reported that all outcomes were reported (low); one found all 
outcomes reported but have a consensus decision of unclear RoB – likely a data entry error 

Carlbring, P Three EPCs found no evidence of selective outcome reporting (low); one found additional outcomes 
reported in the results section (high) 

Kemppainen, 
T 

Three EPCs found no evidence of selective outcome reporting (low); one found outcomes not 
reported in the results section (high) 

Lim, Y Two EPCs found no evidence of selective outcome reporting (low); two found outcomes not reported 
in the results section (high) 

Olsen, E Two EPCs found no evidence of selective outcome reporting (low); two found outcomes not reported 
in the results section (1 unclear; 1 high) 

Saari, T Two EPCs found no evidence of selective outcome reporting (low); two were unclear on the reporting 
(unclear) 

Other Sources of Bias 

Mentzer, R All four EPCs addressed the potential conflict of interest regarding industry involvement – 2 unclear; 
2 high RoB  

Andersen, F Differing interpretations of conflict of interest – 1 low; 2 unclear; 2 high RoB 

Pronyk, P Two EPCs addressed baseline imbalances (1 unclear; 1 high); two did not find any other sources of 
bias (2 low RoB) 

Vassallo, B Three EPCs reported no mention of baseline characteristics or source of funding (2 unclear; 1 low); 
one found no other sources of bias (low) 

King, V Three EPCs used the same information (2 low; 1 unclear); one based judgment on external validity 
(unclear) 



J-4 

Marsh, A Two EPCs addressed baseline imbalances (unclear); two considered baseline characteristics to be 
balanced (low) 

Saari, T All four EPCs addressed issues with funding – 2 unclear; 2 high RoB 

Iwase, T Two EPCs found no other sources of bias (low); two reported no mention of baseline characteristics 
or source of funding (unclear) 
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