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Risk-of-bias assessment using Cochrane’s revised tool for randomized
trials (RoB 2) was useful but challenging and resource-intensive:
observations from a systematic review
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Abstract

Objectives: To report our experience using version 2 of the Cochrane risk-of-bias tool for randomized trials (RoB 2).

Study Design and Setting: Two reviewers independently applied RoB 2 to results of interest in a large systematic review of complex
interventions and reached consensus. We recorded the time taken, and noted and discussed our difficulties using the tool, and the resolutions
we adopted. We explored the time taken with regression analysis and summarized our experience of implementing the tool.

Results: We assessed risk of bias in 860 results of interest in 113 studies. Staff resource averaged 358 minutes per study (SD 183).
Number of results (8 = 22) and reports (8 = 14) per study and experience of the team (6 = —6) significantly affected assessment time.
To implement the tool consistently, we developed cut points for missingness and considerations of balance regarding missingness, assumed
some concerns with intervention deviations unless otherwise prevented or investigated, some concerns with measurements from unblinded
self-reporting participants, and judged low risk of selection for certain dichotomous outcomes despite the absence of an analysis plan.

Conclusion: The RoB 2 tool and guidance are useful but resource-intensive and challenging to implement. Critical appraisal tools
and reporting guidelines should detail risk of bias implementation. Improved guidance focusing on implementation could assist
reviewers. © 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://creativeco
mmons.org/licenses/by/4.0/).
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1. Introduction (RoB) is an essential element of systematic reviews and one
step toward establishing the degree of confidence or cer-
tainty in the synthesis [1,2]. Methods for evaluating RoB
have evolved from study quality checklists to an increasing

Systematic reviews that synthesize evidence of the effec-
tiveness of interventions are a cornerstone of clinical guide-
lines and evidence-based medicine. Evaluating risk of bias
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What is new?

Key findings

e It took 5h 58m of staff time to assess risk of
bias per study on average using version 2 of
the Cochrane tool for assessing risk of bias in
randomized trials (RoB 2) in a systematic review
of community-based complex interventions.

e Variation in time per study was largely explained
by models including the number of results of inter-
est, the experience of the reviewers with the use of
the RoB 2 tool, and, for individual assessments,
number of reports.

e Despite the extensive guidance, we had difficulty
implementing aspects of most domains.

What this adds to what was known?

e This is the first research to identify the impact of
number of results of interest and number of reports
on the time taken to assess RoB 2, and adds to a
limited body of published evidence about how re-
viewers have implemented the RoB 2 tool.

What is the implication and what should change

now?

e Improved guidance is needed to further assist re-
view authors in implementing the RoB 2 tool and
to encourage reporting details of their approach
to implementation.

focus on factors that affect the internal validity of the re-
sults of studies. In 2008, the Cochrane Collaboration pub-
lished a tool to evaluate RoB in randomized controlled
trials (RCTs) which became the standard for such assess-
ments [3—5].

Version 2 of the Cochrane risk-of-bias tool for random-
ized trials (RoB 2) was published in 2019 [6,7]. This
revised version, developed through an expert consensus
process, introduced substantial changes. For example, each
relevant result of a study was now assessed instead of the
study as a whole and an overall judgment was to be
reached. There was some restructuring of the domains of
bias in response to theoretical developments. Additionally,
a series of signaling questions (SQs) and accompanying al-
gorithm were provided for each domain to try to improve
reviewers’ agreement [8].

RoB 2 has been widely cited in the 3 years since its pub-
lication (over 8,000 citations according to Google Scholar)
suggesting  widespread uptake. A recent meta-
epidemiological study identified 196 completed systematic
reviews that applied RoB 2 [9]. Two studies have estimated
the time taken to apply RoB 2, finding it demanding with

problematic reliability and recommending the development
of operational criteria specific to the review to improve im-
plementation [10,11].

We used RoB 2 to assess RoB in a large, robust system-
atic review with network meta-analysis. This article reports
our experiences, including details to help reviewers plan-
ning to use RoB 2, how we operationalized aspects of it,
and recommendations for those maintaining and developing
the tool.

2. Methods
2.1. Overarching systematic review

We undertook a systematic review and network meta-
analysis of community-based complex interventions to sus-
tain independence in older people [12]. The review fol-
lowed standard procedures, was prospectively registered
on PROSPERO (CRD42019162195), and the protocol pub-
lished [13].

Briefly, the methods of relevance to our use of RoB 2
were as follows:

Following a comprehensive search, we included RCTs
or cluster-RCTs that measured outcomes at least 24 weeks
after baseline. Participants were older people living at home
(>65 years). Eligible interventions were community-based
complex interventions targeted at the individual, focused on
sustaining independence. Eligible comparators were usual
care, placebo, attention control, or a different complex
intervention which met our criteria.

Two researchers independently screened records (title
and abstract), assessed eligibility, and extracted data.

Our outcomes of interest comprised six dichotomous
outcomes and seven continuous outcomes. Each compari-
son between two trial arms (e.g., experimental and control
interventions) for an outcome of interest at a particular
timepoint for which an effect estimate was reported or
could be calculated is referred to henceforth as a result of
interest. Results of interest were extracted for three
timeframes.

2.2. Risk of bias assessment using RoB 2

Two reviewers independently assessed RoB in each
result of interest from each included study using RoB 2
[6—8]. We were interested in the effect of assignment to
the intervention (‘intention-to-treat’ effect). Disagreements
were resolved by consensus between the reviewers or
through discussion with the Programme Management
Group which included expert clinicians, trialists, and
statisticians.

For individually randomized studies, we assessed RoB
in five domains: (1) the randomization process; (2) devia-
tions from intended interventions; (3) missing outcome
data; (4) measurement of the outcome; and (5) selection
of the reported result. Domain 1 was assessed at the study
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level and the other domains were assessed at the result
level. Cluster-RCTs were assessed similarly, except with
two domains of allocation bias in place of domain 1: (la)
the randomization process and (1b) the identification or
recruitment of participants [14].

For each domain, we made a judgment of high RoB, low
RoB, or some concerns. We used the SQs and algorithm
and considered whether to override the algorithm result,
recording our reasons and supporting evidence. We reached
an overall judgment at least as severe as the most severe
domain risk.

Reviewers who conducted RoB 2 assessments read the
guidance and watched the Cochrane RoB 2: Learning Live
webinars [8,14,15]. Two reviewers had previous experience
of using the original Cochrane RoB tool (T.C., N.L.) and
three were new to assessing RoB (C.B., M.J., M.P.).

2.3. Evaluation of RoB 2 usage

We recorded details of the time taken per study to
conduct assessments (per reviewer) and reach consensus.
We discussed and noted our difficulties with using the tool
and the resolutions we adopted.

We produced graphs, summary statistics, and conducted
multivariable linear regression to explore whether the time
taken to assess RoB for a study (per individual, per
consensus meeting, overall) was influenced by:

e the number of results to be assessed (increasing time);
e experience using RoB 2 (decreasing time);
e number of reports per study (increasing time).

Additionally, we anticipated variability between individ-
ual reviewers and so included this as a categorical variable
for regressions of individual assessment time.

In these analyses, we only included studies with time
data for two individual assessments. We calculated resource
used in person-hours, and full-time equivalent as one per-
son working 7.5 hours per day, 5 days per week, with
33 days leave per year (including public holidays):
142.3 hours per month.

We summarized our approach and reasoning to RoB 2
implementation.

3. Results
3.1. Overarching systematic review

Our literature searches produced 40,112 records after
deduplication. We included 129 studies consisting of 496
reports, of which 113 reported results of interest (see
Appendix A). Among these studies, there were 860 results
of interest for which we assessed RoB,' ranging from 1 to
33 per study (median 6).

' 34 were unsuitable for inclusion, 826 results are presented in
Appendix B.

3.2. RoB 2 assessments

In every result of interest, we judged there to be at least
some concerns about overall RoB (28%), with 72% at high
RoB. A description of RoB by domain is provided in
Appendix B.

3.3. RoB 2 assessment process time

Mean time per study to conduct an individual assess-
ment (per reviewer) was 127 minutes (2h 7m; standard de-
viation [SD] 67) and 54 minutes (SD 43) for the consensus
meeting (see Table 1). We had complete timing data for 99
studies; overall these included 35,472 minutes of worktime
(591.2 person-hours or 2.1 months of 2 x full-time equiv-
alent work) including each individual assessment and two
people in a consensus meeting (Sh 58m per study, 47m
per result).

3.3.1. Factors influencing process time

Graphs and results of regression analyses are presented
in Appendix C. The number of results of interest per study
affected time to conduct individual assessments and
consensus meetings, adding 22 minutes per result (95%
confidence interval [CI] 18 to 26) to overall worktime.
Number of reports affected time to conduct individual as-
sessments but not the consensus meetings, adding 14 mi-
nutes per report (95% CI 6 to 22) to overall worktime.
Experience reduced time taken to conduct individual as-
sessments and consensus meetings. Additionally, there
was substantial variation between individual reviewers.

Thirty-two studies were assessed by two experienced re-
viewers who had each previously assessed at least 25
studies in this review using RoB 2. For these studies, over-
all worktime was 5 hours 15 minutes per study or 44 mi-
nutes per result on average. Regression analysis estimated
this to be 178 minutes per study (Zh 58m; 95% CI 139 to
2128) plus 19 minutes per result (95% CI 15 to 24) (adjusted
R”.73).

3.4. Challenges implementing RoB 2

Although the guidance for RoB 2 is extensive, reviewers
found certain aspects of the guidance to be lacking speci-
ficity sufficient to operationalize it.

3.4.1. Deviations from the intended interventions

We were uncertain what evidence should be considered
sufficient to indicate there were ‘probably no’ deviations
from the intended intervention that arose because of the
trial context (SQ 2.3). This signaling question often decided
the judgment for the domain because we were unable to
answer that both participants and personnel were unaware
of their allocation for any of these complex intervention
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Table 1. Descriptive data for time taken to conduct risk of bias assessments and consensus meetings

Individual assessments® Consensus meetings” Resource for overall process®
Studies with complete data (n) 106¢ 105° 99'

7.4 (5.7) [1 to 33] 7.8 (6.0) [1 to 33] 7.6 (5.8) [1 to 33]

3.8 (2.8) [1 to 12] 3.9(2.8)[1 to 12] 3.9(2.8)[1 to 12]

127 (67) [32 to 421] 54 (43) [6 to 271] 358 (183) [98 to 976]

Time per result of interest (mins)® 17 6.9 47

Results of interest per study
Reports per study

Time per study (mins)

Data are presented as mean (SD) [min to max] unless otherwise stated.

@ Studies with timing data for two complete individual assessments only. Times are presented per reviewer so total resource use is double.

b Studies with timing data for consensus meetings (following two independent individual assessments). Times are presented for the meeting in
which two reviewers were present so total resource use is double.

¢ Studies with timing data for two complete individual assessments and a consensus meeting. Times are presented for total resource use count-
ing both reviewers.

9 Seven studies missing: four with missing timing data for at least one reviewer, and three with more than two reviewers involved in the
assessment.

¢ Eight studies with missing timing data for the consensus meeting.

f Fourteen studies not analyzable for the overall process. Of the 106 studies with timing data for (only) two complete individual assessments,

seven did not have timing data for the consensus meeting.
g Only means are presented as times were recorded per study.

studies (SQ 2.1 and 2.2). The guidance provided an
example of trial enrollment and randomization potentially
leading control participants to feel in need and unlucky
and thus seek other interventions they would not have
otherwise. This seemed like a risk that was always plau-
sible although, perhaps, often unlikely, and one that was
very difficult for trialists to investigate.

We answered ‘probably no’ for four studies: three where
authors had specifically investigated control group behav-
iors and found no concerns; and one where we considered
the stepped-wedge design would make such deviation un-
likely. We answered ‘no information’ for most studies,
answering ‘probably yes’ for nine studies with evidence
of contamination.

3.4.2. Missing outcome data

We found several difficulties in implementing the guid-
ance regarding the assessment of missing outcome data.
Firstly, standardizing the assessment of ‘nearly all’ data be-
ing available (SQ 3.1). We operationalized this as at most
5% of participants missing as a proportion of: the number
allocated for continuous outcomes; or, recorded cases for
binary outcomes (e.g., 1 person missing if 20 people died
regardless of sample size).

SQ 3.2 asks “Is there evidence that the result was not
biased by missing outcome data?”’ [8]. We judged there
was insufficient evidence, even when study authors had
conducted multiple imputations with multiple measured
variables to correct for bias. Our outcomes of interest were
so distal it was unlikely all relevant variables were included
in such models (we were uncertain whether this could ever
be a plausible assumption).

For almost all results where some data were missing, it
was plausible that missingness could have depended on the
true value of the outcome (SQ 3.3). This was because

outcomes were health outcomes and reasons for missing-
ness typically included mortality, care home admission,
or withdrawal. SQ 3.4 delineates between a judgment of
some concerns and high risk. It asks whether it is likely
missingness depended on the true value of the missing
result; the elaboration indicates we should answer ‘(prob-
ably) yes’ if “reported reasons for missing outcome data
provide evidence that missingness in the outcome depends
on its true value” [8]. Therefore, when we first applied the
tool we invariably answered ‘probably yes’ to SQ 3.4 based
on our reason for SQ 3.3. Almost all results were therefore
judged high risk. It seemed inappropriate and at odds with
the preceding guidance that we would judge a high RoB
due to missingness when losses were relatively small and
balanced in numbers and reasons; for example, for a contin-
uous outcome where 5.1% of participants had died in both
arms.

To decide between a judgment of some concerns and
high risk, we first considered whether more than 45% of
participants/cases were missing overall, regardless of how
balanced, as an arbitrary upper limit. Secondly, we consid-
ered whether differences in total numbers or reasons
missing differed by our threshold values of 5%, or if insuf-
ficient detail regarding reasons was given. In any of these
cases, we would make a judgment of high risk. For remain-
ing results, where between 5% and 45% of participants/
cases were missing overall, we sought increasing balance
in the numbers and reasons of missingness to judge the
result some concerns only.

We decided against answering ‘no information’ to SQ
3.4 (which would have resulted in a judgment of high risk)
in the common situation where numbers and reasons for
losses were presented by group for a trial overall but not
for each specific result of interest, although we were uncer-
tain this was how we were supposed to interpret the
guidance.
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3.4.3. Measurement of the outcome

For participant-reported outcomes (PROs) (‘“‘involving
judgment’”), we had to judge the likelihood that knowledge
of the intervention influenced assessment (high risk) or not
(some concerns) (SQ 4.5). Based on the guidance, we
considered the degree of participant judgment for each
outcome, whether certain interventions (e.g., alternative
medicine) or closely related outcomes (e.g., activities of
daily living training for activities of daily living outcomes)
should indicate high risk, and whether studies with active
comparators should only be rated ‘some concerns’ despite
some of these features. We were concerned that such judg-
ments were predicated on assumptions rather than evi-
dence, risking our own biases influencing the assessment.
In the absence of stronger empirical evidence regarding
the factors influencing RoB for PROs, we decided that
knowledge of the intervention could influence assessment
but that this was unlikely (‘some concerns’ in the absence
of other problems). Our reasoning was that unblinded ob-
servers were a greater risk than unblinded self-reporting
participants, many of the interventions may not be recog-
nized as departures from usual care by participants, and
measurements would often be temporally distant from
intervention receipt. We were able to judge this domain
low risk for some PRO results for which we concluded that
the participants were probably unaware of the intervention
received, usually in cluster trials.

3.4.4. Selection of the reported result

Domain five considers selective reporting of results. To
reach a judgment of low risk, the algorithm requires the
result of interest to have been analyzed in accordance with
a prespecified analysis plan. Such plans are rarely available.
When a dichotomous outcome that could only be measured
in one way (e.g., mortality) was reported as the number of
participants, we considered that this was equivalent to a sit-
uation where we gathered and reanalyzed individual patient
data, and therefore judged the risk as low, regardless of a
prespecified plan.

4. Discussion

This article detailed the substantial resource taken to
conduct RoB 2 assessments in a systematic review
(358 mins/study) and estimated that multiple results and
study reports increased time per study, while experience
reduced time taken. We have detailed the way we opera-
tionalized guidance for missing outcome data, deviations
due to trial context, knowledge of the intervention influ-
encing assessment, and selection of the reported result.
Overall, we found the SQs and algorithms helpful. Howev-
er, sections of the guidance seemed unnecessarily discur-
sive and theoretical with insufficient practical advice for
interpreting the SQs. We also found the wording for some
SQs misleading. Additionally, completing the SQs and

the supporting free-text boxes for each SQ and each result
in each study was time-consuming.

Our results relate to one particularly challenging system-
atic review with network meta-analysis of pragmatic trials
of complex interventions that required deliverer and partic-
ipant involvement. Therefore, the time taken and some of
our difficulties may not manifest for other reviews. Howev-
er, the findings are from a real-world review without special
support from the Cochrane Methods Support Unit. The or-
der in which we reviewed studies was not randomly
selected and so estimates of the effect of experience are
limited in this regard. We did not attempt to clarify uncer-
tainties regarding RoB with study authors, as recommended
for domain 5 [8]; such action may have affected the time
we took as well as our judgments. The approaches we took
to implementing RoB 2 were based on extensive reading of
the guidance and discussion among the authors who
comprise experienced trialists and systematic reviewers.
Nonetheless, they may not fit with the intentions of the tool
authors, so we advise caution in following these
approaches.

We are aware of only one other study that reports upon
the implementation of the RoB 2 tool in a systematic re-
view: Minozzi et al. analyzed the impact an implementation
document had on times and inter-rater reliability of their
RoB 2 assessments in a review of cannabis and cannabi-
noids for people with multiple sclerosis [11]. The supple-
mentary implementation document details their approach
to similar challenges. Like Minozzi et al. we identified an
improvement in speed over time, although to a lesser
extent. We additionally estimated how number of results
and reports per study affected time. Minozzi et al. imple-
mented a 90% cut point for judging nearly all data being
available, while we implemented a 5% rule relating to miss-
ingness (SQ 3.1). More specific guidance from the RoB 2
tool authors would help to develop consistency between re-
view teams, in the absence of which reviewers are likely to
develop their own cut points. We decided that none of the
analyses that attempted to correct for missing outcome data
were sufficient to judge a low RoB whereas Minozzi et al.
accepted these. For bias due to assessment of the outcome
being influenced by knowledge of the intervention received
we both decided that PROs requiring judgment should be
treated as some concerns rather than high risk, although
their position was informed by relevant evidence.

We agree with Minozzi et al. [11] that review authors
should develop guidance specific to their review to estab-
lish how to assess issues such as those described in this
article and assure consistency across assessed results. Re-
view authors can use our findings to plan the time it will
take to assess RoB, although this may vary substantially.
Review users should be aware that RoB 2 implementation
will affect judgment and thus certainty assessments.

Our findings suggest refined guidance from the tool de-
velopers is warranted, with a focus on operationalizing the
tool. We would welcome further specific examples directly
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related to the SQs, and more examples of ‘judgment calls’
rather than extremes. For example, the What Works Clear-
inghouse Standards Handbook provides boundaries for un-
acceptable RoB for combinations of overall and differential
attrition under cautious and optimistic assumptions [16],
the former being similar to our implementation for SQ
3.4. However, we recognize that it is important to limit
the overall volume of guidance. Sometimes the theoretical
background included factors that were not to be assessed;
these and empirical evidence could be moved to an appen-
dix. Reporting guidelines and critical appraisal tools should
also include details of RoB implementation (e.g., Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses 2020 [17], A MeaSurement Tool to Assess systematic
Reviews 2 [18]).

5. Conclusion

The RoB 2 tool is a positive development from the orig-
inal RoB tool, with the addition of SQs and an algorithm
likely to improve consistency if carefully followed. Assess-
ing individual results is useful for differentiating within-
study RoB between outcomes and timepoints, particularly
in domains such as missing outcome data. This combined
with an overall RoB judgment assists in progressing to an
assessment of the certainty of the evidence. Nonetheless,
conducting assessments with RoB 2 is a substantial and
challenging undertaking. We recommend reporting guide-
lines and critical appraisal tools reflect this, requiring im-
plementation details. Furthermore, the burden on
reviewers should be reduced by improving the guidance
with greater emphasis on the application of, and location
of dividing lines for, each signaling question.
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