
Web appendix (published as supplied by the authors) 

In this appendix we provide motivation and considerations for assessing the risk of bias for 

each of the items included in the Cochrane Collaboration’s risk of bias assessment tool. More 

detail is provided in the Cochrane Handbook for Systematic Reviews of Interventions.
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Selection bias  

The unique strength of randomization is that, if successfully accomplished, it prevents 

selection bias in allocating interventions to participants. Its success in this respect depends on 

fulfilling several interrelated processes. A rule for allocating interventions to participants must 

be specified, based on some chance (random) process. We call this generation of the 

allocation sequence. Furthermore, steps must be taken to secure strict implementation of that 

schedule of random assignments by preventing foreknowledge of the forthcoming allocations 

at the time that participants are recruited to the trial. We refer to this process as concealment 

of the allocation sequence.  

Random sequence generation 

While the theoretical basis for the use of randomization is strong, specific empirical evidence 

on its relationship with bias is limited.
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 The use of a random component should be sufficient 

for generation of an allocation sequence. However, we recommend that review authors be 

confident that the term has been used appropriately before assessing the risk of bias to be low. 

A simple statement such as ‘we randomly allocated’ is often insufficient. It is not uncommon 

for trial authors to use the term ‘randomized’ even when it is not justified.
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 If there is doubt, 

then the adequacy of sequence generation should be regarded as unknown and the risk of bias 

therefore unclear. Systematic methods, such as alternation, assignment based on date of birth, 

case record number and date of presentation, are not random although they are sometimes 

referred to as ‘quasi-random’. An important weakness with all systematic methods is that 

concealing the allocation schedule is usually impossible, which allows foreknowledge of 

intervention assignment among those recruiting participants to the trial, and biased allocations.  

Allocation concealment 

Efforts made to generate unpredictable and unbiased sequences are likely to be ineffective if 

those sequences are not protected by adequate concealment of the allocation sequence from 

those involved in the enrolment and assignment of participants. Knowledge of the next 

assignment – for example, from a table of random numbers openly posted on a bulletin board 

– can cause selective enrolment of participants on the basis of perceived prognosis. 

Participants who would have been assigned to an intervention deemed to be ‘inappropriate’ 

may be rejected. Other participants may be deliberately directed to the ‘appropriate’ 

intervention, which can often be accomplished by delaying a participant’s entry into the trial 

until the next appropriate allocation appears. Empirical evidence is strong that concealment of 

allocation sequence is associated with the effect size. On average, effect estimates are 

exaggerated by 18% when concealment is rated as inadequate or unclear.
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Strategies for avoiding bias due to inadequate concealment of an allocation sequence in 

individually randomized trials include central randomization (e.g. with a central 

randomization office remote from patient recruitment centres), and use of sequentially 

numbered, identical drug containers.
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 The use of fixed and known block sizes can, however, 

undermine allocation concealment. 



 

Performance bias 

Performance bias refers to systematic differences between groups in the care that is provided, 

or in exposure to factors other than the interventions of interest. We recommend assessment 

of risk of bias arising from lack of blinding of participants and personnel. 

Blinding of participants and personnel 

After enrolment into the trial, blinding (or masking) of trial participants and personnel may 

reduce the risk that knowledge of which intervention was received affects outcomes and 

outcome measurements. Effective blinding can also ensure that the compared groups receive a 

similar amount of attention, ancillary treatment and diagnostic investigations. Trial reports 

often describe blinding in broad terms, such as “double blind”. This term makes it impossible 

to know who was blinded.
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 Such terms are also used very inconsistently,
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 and should be 

avoided.  

 

Blinding is not always possible. However, the risk of bias due to lack of blinding must be 

assessed whether or not blinding is feasible. When blinding is employed, some have 

suggested that it would be sensible to ask trial participants at the end of the trial to guess 

which treatment they had been receiving.
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  Evidence of correct guesses exceeding 50% 

would seem to suggest that blinding may have been broken, but in fact can simply reflect the 

patients’ experiences in the trial: a good outcome, or a marked side effect, will tend to be 

more often attributed to an active treatment, and a poor outcome to a placebo.
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 Therefore 

evaluations of the success of blinding may need to be interpreted carefully. 

 

When considering the risk of bias from lack of blinding in participants and personnel, it is 

important to consider first exactly who was and was not blinded; and second the implication 

of these for the risk of bias in actual outcomes (e.g. due to co-intervention or differential 

behaviour). Blinding will often need to be addressed for different outcomes separately. 

 

Detection bias 

Detection bias refers to systematic differences between groups in how outcomes are 

determined. We recommend assessment of risk of bias arising from lack of blinding of 

outcome assessment. 

Blinding of outcome assessment 

Most outcome assessments can be influenced by lack of blinding, although there are particular 

risks of bias with more subjective outcomes (e.g. pain or number of days with a common 

cold). It is therefore important to consider how subjective or objective an outcome is when 

considering blinding of outcome assessment. Seemingly objective assessments, e.g. doctors 

assessing the degree of psychological or physical impairment, can be subjective.
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 In 

empirical studies, lack of blinding in randomized trials has been shown to be associated with 

intervention effects that are exaggerated by 9% on average, measured as an odds ratio.
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Those studies have dealt with a variety of outcomes, some of which are objective. The 

estimated effect is more biased, on average, in trials with subjective outcomes.
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Attrition bias 

Attrition bias refers to differences between intervention groups in withdrawals from the trial. 

Missing outcome data, due to attrition (drop-out) during the trial or exclusions from the 

analysis, raise the possibility that the observed effect estimate is biased. We use the term 



 

incomplete outcome data to refer to both attrition and exclusions. When an individual 

participant’s outcome is not available we shall refer to it as missing. 

Incomplete outcome data 

Attrition may occur in a clinical trial for several reasons. Participants might withdraw, or be 

withdrawn, from the trial (e.g. because of an adverse effect); they may fail to attend specific 

appointments; they may fail to provide specific data; or simply be lost to follow up. Rarely, 

some data or records may be lost or destroyed. In addition, some participants may be 

excluded from analysis by the trial investigators, for example if they are enrolled but later 

found to be ineligible; or if an “as-treated” (or per-protocol) analysis is performed (in which 

participants are included only if they received the intended intervention in accordance with 

the protocol). 

 

Assessing the risk of bias due to incomplete outcome data is complex and involves several 

considerations. Simply observing whether an analysis was described as “intention-to-treat”, or 

determining whether there are more missing data than a pre-specified threshold, are 

inadequate. Considerations include the extent to which intention-to-treat principles were 

followed; the proportion of participants with missing outcome data, and whether there is an 

imbalance between intervention groups; the reasons for missing outcome data; the effect size, 

and hence the potential impact of missing outcome data on it; and the extent to which bias can 

be overcome by the review author (e.g. by re-instating excluded participants). Information 

about these issues should be collected systematically and used to inform a judgement about 

the risk of bias in the effect estimates presented in the systematic review.  

 

Reporting bias 

Reporting bias refers to systematic differences between reported and unreported findings. A 

widely recognized reporting bias is publication bias: that is, the publication or not of whole 

reports of studies on the basis of their findings.
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 When assessing the risk of bias in a 

specific trial, however, the relevant biases arise from selective reporting of particular analyses 

and findings. We recommend the assessment of bias due to selective reporting of outcomes. 

Selective outcome reporting 

Within-trial selective reporting bias is a substantial problem in clinical trials.
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 Selective 

reporting of outcomes takes several forms, including suppression of all data for an outcome, 

selection of a biased analysis strategy for the outcome and selection of a biased subset of the 

data.
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A thorough assessment of the potential for selective reporting bias will be labour intensive. If 

the protocol for the trial can be located, then outcomes in the protocol and published report 

can be compared. Alternatively, the trial may have details in a trials registry. If not, 

particularly for older trials, then outcomes listed in the methods section of an article can be 

compared with those whose results are reported. If non-significant results are mentioned but 

not reported adequately (e.g. if only a P value is available), bias in a meta-analysis is likely to 

occur. Review authors might also consider a small number of key outcomes that are routinely 

measured in the area in question and report which trials report data on these and which do not. 

A useful first step is to construct a matrix indicating which outcomes were recorded in which 

trials, for example with rows as trials and columns as outcomes. Complete and incomplete 

reporting can also be indicated in such a matrix. A schema for assessing risk of bias due to 

selective outcome reporting has recently been described.
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The assessment of risk of bias due to selective reporting of outcomes should be made for the 

trial as a whole, rather than for each outcome. Although it may be clear for a particular trial 

that some specific outcomes are subject to selective reporting while others are not, we 

recommend the trial-level approach because it is not practical to list all fully reported 

outcomes in the risk of bias table. The free-text description should be used to describe the 

outcomes for which there is particular evidence of selective (or incomplete) reporting. The 

trial-level judgement provides an assessment of the overall susceptibility of the trial to 

selective reporting bias. 

Other biases 

The final domain includes other sources of bias. This domain allows review authors to add 

one or more specific items that address issues particular to their review, and for which the 

considerations above do not completely cover anticipated risks of bias. For example, some 

potential biases are relevant only to particular trial designs (e.g. carry-over effects in cross-

over trials and recruitment bias in cluster-randomized trials); and there may be sources of bias 

that are only found in particular clinical settings (e.g. contamination, a form of performance 

bias in whereby participants experience some or all of an intervention allocated to a different 

group). Specific items for this domain should preferably be pre-specified in the review 

protocol, along with a decision as to whether they will be assessed for trials as a whole, or for 

individual (or grouped) outcomes within each trial.  

 

Items included in this domain should be direct causes of bias, and should not be (i) sources of 

heterogeneity (e.g. choice of comparator, length of follow-up), (ii) sources of imprecision or 

over-precision (e.g. failure to account for clustering); or (iii) quality indicators that are not 

direct causes of bias (e.g. sample size calculations; ethical approval, source of funding). 
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