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Abstract

A systematic review identifies, appraises and
synthesises all the empirical evidence from studies
that meet prespecified eligibility criteria to answer a
specific research question. As part of the appraisal,
researchers use explicit methods to assess risk of
bias in the results’ from included studies that
contribute to the review’s findings, to improve
our confidence in the review’s conclusions.
Randomised controlled trials included in Cochrane
Reviews have used a specific risk of bias tool to
assess these included studies since 2008. In 2019,
a new version of this tool, Risk of Bias 2 (RoB
2), was launched to improve its usability and to
reflect current understanding of how the causes
of bias can influence study results. Cochrane
implemented RoB 2 in a phased approach, with
users of the tool informing guidance development.
This paper highlights learning for all systematic
reviewers (Cochrane and non-Cochrane) from the
phased implementation, highlighting differences
between the original version of the tool and RoB
2, consideration of reporting systematic review
protocols or full review reports that have used RoB
2, and some tips shared by authors during the pilot
phase of the implementation.

Introduction

A systematic review identifies, appraises and
synthesises all the empirical evidence from
studies that meet prespecified eligibility criteria to
answer a specific research question. Researchers
conducting systematic reviews seek to use
explicit, systematic methods that are selected with
a view aimed at minimising bias and impreci-
sion to inform decision making. Assessing risk of
bias in the design, conduct and reporting of the
included studies in the review is a key step. This
helps systematic reviewers, and the users of these
reviews, to understand whether there is any risk
of bias in the included study’s results that could
distort the review’s results. This helps improve our
confidence in the review’s conclusions and that it
accurately represents the truth (that the true effect
of the intervention has not been overestimated or
underestimated).

Cochrane defines bias in this context as ‘a
systematic error, or deviation from the truth, in
results.! Before the mid-2000s, tools that crit-
ically assessed studies within reviews typically
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WHAT IS ALREADY KNOWN ON THIS
TOPIC

= Assessing risk of bias in the results
of included studies of a systematic
review is a key step in ensuring our
confidence in the review’s findings.
A new tool for assessing risk of
bias in the results from randomised
controlled trials was launched in 2019
called Risk of Bias 2 (RoB 2). During
the phased implementation of RoB 2
in Cochrane, guidance for authors was
developed.

WHAT THIS STUDY ADDS

= This paper details the differences
between the original risk of bias
tool and RoB 2, as well as guidance
developed by Cochrane for authors on
using RoB 2 in systematic reviews that
include randomised controlled trials
which can be applied to non-Cochrane
systematic reviews.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE OR POLICY

= This paper provides recommendations
for reporting systematic review
protocols or full review reports
that have used RoB 2, along with
additional tips shared by Cochrane
authors, to guide authors of any
systematic review that includes
randomised controlled trials and
wants to use RoB 2 to assess the risk
of bias in the studies’ results.

considered the broader notion of ‘methodological
quality’ which often involved a combination of
risk of bias, imprecision, relevance, applicability,
ethics and completeness of reporting. However,
this breadth of concepts was not based on any
particular underlying theoretical framework
for ‘quality’ assessment and therefore different
tool resulted in different assessments for the
same study.2 To address this, in 2008, Cochrane
released a risk of bias tool to focus on the single
concept of risk of bias in randomised controlled
trials (RCTs) included within its reviews of inter-
ventions.” Other concepts are now considered at
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other stages in the review process. For example, precision (the
extent to which results are free of random errors) and external
validity (directness, applicability or generalisability) are domains
of GRADE (Grading of Recommendations, Assessment, Develop-
ment and Evaluations).*

In 2019, a new version of the tool, Risk of Bias 2 (RoB 2), was
launched to improve its usability, address some of the limitations
of the original version®® and to reflect current understanding of
how the causes of bias can influence study results.” ® A recent
study by Minozzi et al’ found that 69% (95/137) reviews published
between 2019 and 2021 adhered to RoB2 by assessing an outcome
rather than the study. However, the majority of these reviews only
included a single primary outcome and when the analysis was
restricted to reviews with at least two primary outcomes, adher-
ence decreased to 29%.

Cochrane used a phased implementation approach to introduce
RoB 2 to authors of its systematic reviews. It aimed for a supported
and gradual roll-out to observe and address common issues as
they arose.® Following the publication of the first Cochrane Review
from the pilot phase,'® RoB 2 is now the recommended tool for
assessing risk of bias in RCTs in Cochrane Reviews, though the
original risk of bias tool is still acceptable (https://community.
cochrane.org/news/status-and-expectations-implementation-
risk-bias-2-cochrane-intervention-reviews).

Over 150 Cochrane Reviews are now in development that use
RoB 2. In this paper, the team that led the implementation and
members of the Cochrane Bias Methods Group share the guidance
developed to support authors using RoB 2 in systematic reviews.

Online supplemental appendix 1 details the key resources,
training, tools, software and template recommended by Cochrane
that are available for systematic review authors to help them learn
about and use RoB 2.

Differences between the original risk of bias tool and RoB 2

A comparison of the differences between the two tools can be
seen in table 1. One key difference between the two is that risk of
bias assessments for RoB 2 are more explicitly associated with a
specific result for an outcome from each included study (result-
level assessment).

This recognises that different outcomes from one study could
have different issues that affect the risk of bias, for example, an
objective outcome (eg, maximal cardiorespiratory fitness) versus
a subjective outcome (eg, health-related quality of life) as seen in
Williams et al'® Cochrane Review on physical activity interventions
for people with congenital heart disease. For one of the studies
(‘Sandberg 2018’), the authors judged the health-related quality
of life result to be of high risk of bias because the participants
both reported the outcome and were aware of the intervention,
and they felt that this knowledge would have likely influenced the
outcome (RoB 2, domain 4; blinding of the outcome assessment).
In contrast, they judged this same domain in the same study to be
at low risk of bias for the maximal cardiorespiratory fitness result
because most of the assessors were blinded and for those who
were not blinded, the authors felt that this knowledge would not
have influenced the measurement as it is an objective outcome.

In addition, RoB 2 recognises that different results for the same
outcome from one study could have different issues that affect the
risk of bias. As an example, a Cochrane Review by Kew et al'' on
increasing the dose of inhaled corticosteroids when asthma symp-
toms worsen to reduce the need for further treatment included the
outcome of treatment failure. This outcome was assessed in two
populations; all randomised participants and those participants
who started their study inhaler. The result for each outcome (treat-
ment failure in all randomised participants vs treatment failure
in only those who took their study inhaler) were different and

Table 1 Differences between the original risk of bias tool and RoB2 for assessing randomised controlled trials

Original risk of bias tool

RoB 2

Focus of

Outcome level, for example, subjective and objective outcomes

Result level, such that a numerical result is specified as the focus of

assessment  should be assessed separately (however, in practice, this tool has the assessment (if there is no numerical result for an outcome from

often been used at the study level)

a specific study, then there is no need to complete a risk of bias
assessment as it will not be contributing to the review)

Five fixed bias domains
Signalling questions
Risk of bias judgement for each domain and overall

Bias arising from the randomisation process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Plus ‘Overall risk of bias’

vVVVYYVYY

Signalling questions answered yes; probably yes; probably no; no;
no information with suggested algorithm for reaching judgement

Low risk—some concerns—high risk (plus optional direction of bias)

Structure Seven recommended bias domains, with the option of adding or  Preliminary considerations
deleting domains
Risk of bias judgement for each domain only
Domains » Random sequence generation (‘selection bias’)
» Allocation concealment (‘selection bias’)
» Blinding of participants and personnel (‘performance bias’)
» Blinding of outcome assessment (‘detection bias’)
» Incomplete outcome data (‘ttrition bias’)
» Selective reporting (‘reporting bias’)*
» Other biast
Basis of Author derived
judgement
Judgement Low risk—unclear—high risk
options

Guidance for using the original risk of bias tool is available in V.5.2 of the Cochrane Handbook.

*As RoB 2 assesses risk of bias in a numerical result, risk of bias due to missing results (from non-publication of trials or results) is not part of the
revised tool. This can be assessed using the Risk of Bias-Missing Evidence; available on the Risk of Bias tools website (https://www.riskofbias.info/

welcome/rob-me-tool).

tRoB 2 does not include an ‘other bias’ domain. All domains within RoB 2 include trial features that directly influence the risk of bias; those that
indirectly influence the risk of bias should be assessed in other stages of the review, or example,for conflicts of interest a Tool for Addressing

Conflicts of Interest in Trials is in development.t®

RoB2, Risk of Bias 2.
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Treatment failure - need for systemic corticosteroids
In all randomised participants (intention-to-treat effect)
Critical, primary outcome

Treatment failure - need for systemic corticosteroids
In those starting the study inhaler (per-protocol effect)
Important, secondary outcome

Odds ratio Risk of Bias Odds ratio Risk of Bias

Study or Subgroup IV, Fixed, 95% CI A B CDEF Study or Subgroup IV, Random, 95% CI A B CDEF
Fitzgerald 2004 1.43[0.58 , 3.49) ®O 7 ® 2 @ | Fitzgerald 2004 1.64 [0.62 , 4.33] (X X X EX )
Garrett 1998 5.38[0.25, 117.24] @OO® 2 ® | Garett 1998 (1) 5.61[0.25, 125.45] ®20® 20
Harrison 2004 0.94[0.51,1.74] ®@O®@®® 2 @ | Harrison 2004 0.71[0.36 , 1.41] P0P®~2 0
Jackson 2018 1.38[0.79 , 2.41] 270D ®® | Martinez20M 1.17 [0.57 , 2.40] PPP®20
Martinez 2011 1.17[0.57 , 2.40] @SS 2 ® | oborne 2009 0.27[0.11, 0.67] 20070
Oborne 2009 0.60[0.32, 1.13] @®®® 2 ® | Rice-McDonald 2005 1.00 [0.33, 3.07] Y X X EX )
Rice-McDonald 2005 1.00[0.33, 3.07] ®OO®® ? @® | wainwright 2009 0.79[0.44 , 1.40] P0P®”2 0
Wainwright 2009 0.78 [0.46 , 1.31] 200 2 2

Risk of bias legend

(A) Bias arising from the randomization process

(B) Bias due to deviations from intended interventions
(C) Bias due to missing outcome data

(D) Bias in measurement of the outcome

(E) Bias in selection of the reported result

(F) Overall bias

Figure 1 Example of how different results from the same outcome from one study or the effect of interest (intention to treat vs per-protocol) can have

implications on risk of bias assessments using RoB 2.* ROB 2, Risk of Bias 2.

for each result there were different issues that affected the risk of
bias, as seen in figure 1. For one of the studies (‘Oborne 2009’), the
authors judged the treatment failure in all randomised participants
result to be of low risk of bias because all participants contributed
data for the intention-to-treat analysis up to the point at which
they left the study (RoB 2 domain 3; missing outcome data). In
contrast, they judged this same domain in the same study to be of
high risk of bias for the treatment failure in only those who took
their study inhaler result as this population represents a relatively
small, non-randomised proportion of the full cohort, there was
an imbalance in the number of people in each group who took
the study inhaler, and patients who discontinued who did not use
the study inhaler might have done so for reasons relating to their
disease worsening. Another hypothetical example is a systematic
review interested in a outcome measured at end of treatment, such
as 4weeks, and at longest follow-up, such as months or years
later. These two results for the same outcome may theoretically
have different risk of biases, that is, a lower risk of bias at end
of treatment and higher risk of bias at longest follow-up due to
missing outcome data.

Another important development is that RoB 2 requires authors
to specify whether the result being assessed is being interpreted
as the effect of assigning participants to interventions (the
intention-to-treat effect) or the effect of participants adhering
to their assigned intervention according to the trial protocol (the
per-protocol effect). Authors need to think carefully about the
aim of their systematic review, and which is most appropriate
for each result. The effect of interest will have implications for
the risk of bias due to deviations from the intended intervention
(RoB 2, domain 2). An example of this is again seen in Kew et al
Cochrane Review!! where, in the included trials, the randomised
population only starts the intervention at the onset of treatment
failure. The critical outcome for the review was treatment failure
in all randomised participants (the intention-to-treat effect), and
an important secondary outcome was treatment failure in partic-
ipants using the study inhaler (the per-protocol effect); the same

outcome in different populations resulted in different effects of
interest and different risk of bias assessments (see figure 1).

By considering the specific result for each outcome of interest
from a study separately, we can more accurately assess bias for
those results which will increase our confidence in the evidence
presented in the systematic review.

Richter and Hemmingsen'? compared RoB 2 to the original
tool and found that the mean assessment times were comparable
and there were few difficulties achieving agreement between
raters with both tools. The biggest divergence between the tools
was with subjective outcomes in open-label studies, where the
original tool was more likely to penalise than RoB 2. The original
tool led to harsher judgements due to the options available (high/
low/unclear risk) whereas the signalling questions and guidance
made RoB 2 easier to work through complexity and context.

This paper concentrates on guidance for parallel RCTs only.
The RoB 2 tool has two supplemental variants, one for cluster RCTs
and one for crossover RCTs, both available from the Risk of Bias
tools website (https://www.riskofbias.info/welcome/rob-2-0-tool).

RoB 2 considerations for systematic review protocol development
It is important to consider carefully at the protocol stage how
RoB 2 will be used in a review. As RoB 2 is a result-level tool
and does not need to be completed for all the outcomes and
all the studies in the systematic review, prioritisation of which
outcomes to assess is likely to be needed. Without considering
this, reviewers can increase their workload substantially and are at
risk of using the tool incorrectly, that is, with a study-level focus
instead of the correct results-level focus. Cochrane recommends
that review authors limit the RoB 2 assessments to the results
for their outcomes planned for inclusion in a summary of find-
ings table, that is, those outcomes deemed to be the most critical
and important outcomes for decision making. Table 2 details these
considerations.

Rows highlighted green are core to the context of a systematic
review and must be prespecified to facilitate the accurate use of
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Table 2 10 items Cochrane’s evidence production and methods directorate recommends authors consider and report when developing a protocol for

a systematic review that plans to use the RoB 2 tool

What to report Further details

Methods section—‘Assessment of risk of bias in included studies’

5. State who will assess RoB2 (initials), how many  Guidance: section 7.3.2 of the Cochrane Handbook," item 11 of PRISMA 2020

and whether independently and duplicate
6. List the domains of the tool
Handbook.*

7. List the judgement options (high, some
concerns, low) and how overall risk of bias
is reached, for example, using the signalling
questions/tool algorithms

8. State if there are plans to use any tools to
manage the assessment of bias using RoB 2

Methods section—‘Data synthesis’

Guidance: section 1.3 of the detailed guidance (via riskofbias.info); section 8.2.3 of the Cochrane

Guidance: section 1.1, section 1.2.1 and section 1.2.3 of the detailed guidance (via riskofbias.info); section
8.2.3 and section 8.2.4 of the Cochrane Handbook.*

For example, the RoB 2 Excel tool to implement RoB 2 (available via riskofbiasinfo.org)
Guidance: section 7.3.2 of the Cochrane Handbook.!

Methods section—‘Subgroup analysis and investigation of heterogeneity’

(If applicable) Specify if subgroup analysis is
planned based on risk of bias

Consider whether overall risk of bias should be used as the basis for any subgroup analysis.
Subgroup analyses may be done as a means of investigating heterogeneous results, or to answer specific

questions about particular patient groups, types of intervention or types of study (as well as clinical
heterogeneity there is methodological heterogeneity).
Guidance: section 10.11.2"® and section 7.6.2 of the Cochrane Handbook."

Methods section—‘Sensitivity analysis’

(If applicable) Specify if sensitivity analysis based ~ Consider whether overall risk of bias should be used as the basis for any sensitivity analysis.

on risk of bias is planned

A sensitivity analysis is a repeat of the primary analysis or meta-analysis in which alternative decisions or

ranges of values are substituted for decisions that were arbitrary or unclear. With respect to risk of bias,
review authors may perform sensitivity analyses to show how conclusions might be affected if studies at
high risk of bias, or high risk bias and some concerns, were included or excluded.

Guidance: section 10.14'® and section 7.6.2 of the Cochrane Handbook," item 11 of PRISMA 2020

Methods section—‘Summary of findings and assessment of the certainty of the evidence’

Other considerations

Authors should not make any changes to the RoB 2 tool (Sterne et al 2019).”

State how detailed RoB2 data will be stored and presented—the RoB 2 tool may generate a large amount of
data. We recommend that the consensus decisions for the signalling questions are available to readers in
the full review so that the rational for each judgements is transparent. This could be via a repository or as
online supplemental file 1 to the review.

Guidance: section 7.3.2 of the Cochrane Handbook," item 27 of PRISMA 2020."

See this published protocol as an example:

Contraception decision aids to improve care and effective method use®®

GRADE, Grading of Recommendations, Assessment, Development and Evaluations; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses;

RCT, randomised controlled trial; RoB 2, Risk of Bias 2.

RoB 2 during risk of bias assessments. Includes guidance from
chapter 7' and chapter 8 of the Cochrane Handbook," as well as
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) 2020."

RoB 2 considerations for reporting the full systematic review
Table 3 details the considerations needed when reporting the full
systematic review.

Note that this checklist only highlights RoB 2 considerations
for review reporting. Rows highlighted green are core to under-
standing the risk of bias assessments in the context of a system-
atic review’s conclusions. Some journals may have specific
guidance on use of tables and figures, so this guidance may
need to be adapted to meet those journal requirements. Includes
guidance from chapter 7 and chapter 14 of the Cochrane Hand-
book.'*
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Table 3 Seven items Cochrane recommends authors report in a completed systematic review that used the RoB 2 tool

What to report Further details

Methods—‘Assessment of risk of bias in included studies’
1. Include all the RoB 2

Ensure the review includes all the RoB 2 information from the protocol. If there were any deviations from the

considerations from the Protocol.  protocol, these should be detailed in the review’s methods section, along with justification.

2. State the version of the RoB 2

tool that was used. version used is stated.

Results—‘Risk of bias in included studies’

The riskofbias.info website lists the current version and archived versions of the RoB 2 tool. Ensure that the

4, State how to access detailed

risk of bias assessments data other.
(with consensus responses to the
signalling questions).

5. Provide a brief overview of the
risk of bias assessments.

Authors should state how the data can be accessed, for example, via a online supplemental file 1, repository or

Consider overall comments on key aspects of the risk of bias assessments, for example, the quality of
randomisation and extent to which blinding was implemented.

Consider whether there are important differences in risk of bias by outcome.

If risk of bias assessments are very similar (or identical) for all outcomes in the review, a summary of the
assessments across studies should be presented here.

If risk of bias assessments are very different for different outcomes, this section should be very brief, and
summaries of the assessments across results should be discussed with other GRADE considerations in the

Discussion (see point 7 below).
Results—Describing the effects of interventions

Results—‘Subgroup analysis’

(If applicable) Discuss any
subgroup analysis conducted that relating to specific domains.
relates to the overall risk of bias
judgements.
Results—‘Sensitivity analysis’
(If applicable) Discuss any
sensitivity analysis conducted that relating to specific domains.
relates to the overall risk of bias
judgements.

When preparing subgroup analyses it is advisable to use the ‘overall’ judgement of bias, rather than using bias

Guidance: section 7.6.2 of the Cochrane Handbook."

When preparing sensitivity analyses it is advisable to use the ‘overall’ judgement of bias, rather than using bias

Guidance: section 7.6.2 of the Cochrane Handbook.

Discussion—‘Certainty of the evidence’ (previously the ‘Quality of the evidence’ section

GRADE, Grading of Recommendations, Assessment, Development and Evaluations; RoB 2, Risk of Bias 2.

RoB 2 tips
In this section, we bring together some of the key takeaways from
the RoB 2 pilot phase of implementation.

Create a RoB 2 decision tool following protocol development

While RoB 2 is a result-based assessment, considering which
domains are expected to be consistent across results within a
study and designing the data collection form accordingly can
save a lot of time. This early investment goes a long way. Some
teams have created a risk of bias decision tool that is specific to
their review, to help reviewers make consistent decisions and to
ease the process of assessing bias, for example, issues in rando-
misation will be common to all outcomes, issues of missing data
may differ for outcomes at different time points, and issues of

outcome assessment may be different between patient-reported
outcomes and outcomes derived from routine data sources.'® The
first few assessments may take some time to get right but once
done, subsequent assessments naturally become much easier and
faster.

Disagreements are no bad thing

Practising a couple of assessments will always highlight differ-
ences that can be ironed out, but inter-rater discrepancies beyond
that should be expected and may even improve the review. The
signalling questions in RoB 2 provide a clearer framework for
discussing differences in judgements and justifications than the
old tool, and the process of doing so is a key part of gaining
understanding and interrogating the evidence.
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Risk of bias domains

0000000060
00000008
000000008®
000000000
0000000080
00000006

D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -

Judgement

@ High

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

‘ Low

Figure 2 Example of a risk of bias figure for one result for one outcome. Generated using robvis software.?

Back to bias assessment as it was always intended

Shifting from assessing studies to assessing results may initially
feel like a daunting task but, once a rhythm is found, it can refocus
the mind on why bias assessment is so important in systematic
reviews. RoB 2 provides a framework for building meaningful bias
considerations through reviews, from protocol planning to writing
up results and implications for practice.

Authors are not expected to assess risk of bias for all results from
allincluded studies

The risk of bias assessment should focus on results of studies that
contribute information to outcomes that users of the review will
find most useful. This will generally correspond to the results that
are used to populate outcomes in summary of findings tables;
however, this will depend on the review question and protocol,
which may have specified other outcomes for risk of bias assess-
ment.

Conclusions

RoB 2 is the recommended tool to assess the risk of bias of specific
results included in a systematic review. It has some fundamental
differences from the original Cochrane risk of bias tool and these
need to be understood before the tool is applied. This includes
whether the authors are interested in the effect of assignment or
adherence and which results they plan to assess. Prespecifying
some items from RoB 2 can aid implementation of the tool. Trans-
parency is key and all supporting material should be submitted

alongside the full review and for peer review. An Excel tool is
available on the risk of bias website (www.riskofbias.info) to facil-
itate completion of the assessments. Assessing the risk of bias for
specific results allows us to see the impact this has on a synthesis
or meta-analysis, whereas previously a study was usually judged
for bias overall and might have left some results with a worse
assessment of bias than was warranted.
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