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Plan for the workshop

• Bias in randomized trials

• Brief introduction to the tool

• An example trial

• Hands on: bias due to the randomization process

• The effect of interest

• Hands on: bias due to deviations from intended intervention



• random error 
due to sampling 
variation

• reflected in the 
confidence 
interval

• bias can occur in 
well-conducted 
studies

• not all 
methodological 
flaws introduce 
bias

QualityImprecision Reporting

• good methods 
may have been 
used but not 
well reported 

What is risk of bias?

Bias = Systematic error or deviation from the truth

Risk of bias 
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Foam dressings for venous leg ulcers



Some issues raised with existing tool

• Used simplistically: guidance not followed

• Used inconsistently: domains added or removed

• Modest agreement rates

• Challenges with unblinded trials

• Challenges in assessing selective reporting

• No overall risk of bias judgement



Bias due to 
missing 

outcome data

Bias in measurement of 
the outcome

Bias arising from the 
randomization process

Bias due to deviations from 
intended interventions

Omissions 
from analysis

Risk of bias in randomized trials

Treatment

Control

Disease?

Disease?

Randomization
Blinding of participants

and experimenters

Concealment of 
allocation

Blind 
assessment

Truly 
random?

Bias in selection of the 
reported result

Honest reporting



RoB 1 RoB 2

Random sequence generation 
(selection bias)

Bias arising from the randomization process
Allocation concealment 

(selection bias)

Blinding of participants and personnel 
(performance bias)

Bias due to deviations from intended interventions

Incomplete outcome data 
(attrition bias)

Bias due to missing outcome data

Blinding of outcome assessment 
(detection bias)

Bias in measurement of the outcome

Selective reporting 
(reporting bias)

Bias in selection of the reported result

Other bias N/A

N/A Overall bias



A note on vested interests

• Funding and vested interests to be addressed but not to contribute to overall risk of bias 
assessments

• working group led by Asbjørn Hróbjartsson and Isabelle Boutron



Signalling questions and judgements

• Signalling questions are introduced to make the tool easier (and more transparent)

• ‘Yes’, ‘Probably yes’, ‘Probably no’, ‘No’, ‘No information’ 

• Risk of bias judgements follow from answers to signalling questions (can be over-ridden)

• ‘Low risk of bias’, ‘Some concerns’, ‘High risk of bias’

• A change in the interpretation of the judgements, so that a ‘High risk of bias’ judgement 
in one domain puts the whole study at high risk of bias

• Overall risk of bias judgement can then be completed automatically (can be over-
ridden)



Key innovations in RoB 2.0

• Result-based assessments

• Even more specific than outcome-based assessments

• Inclusive bias domains

• Reasonably factual ‘Signalling questions’ facilitate risk of bias judgements

• ‘Yes’ or ‘Probably yes’, ‘No’ or ‘Probably no’, ‘No information’

• Algorithms to suggest risk of bias judgements based on answers to signalling questions

• ‘Low risk of bias’, ‘Some Concerns’, ‘High risk of bias’

• No ‘Unclear’ option

• Overall risk of bias, as worst rating of any individual domain

• So domain assessments need to be calibrated carefully

• Important distinction between effects of interest

• effect of assignment vs adhering to intervention

• Selective reporting focussed on reported result (not unreported results)



Overall risk of bias judgement

Low risk of bias The study is judged to be at low risk of bias for all domains for 
this result.

Some concerns The study is judged to be at some concerns in at least one 
domain for this result.

High risk of bias The study is judged to be at high risk of bias in at least one 
domain for this result.
OR
The study is judged to have some concerns for multiple domains
in a way that substantially lowers confidence in the result.



riskofbias.info
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Let’s try it out



Example trial: Engebretsen 2009 BMJ

• Exercise: What is the PICO addressed by this trial?



Example trial: Engebretsen 2009 BMJ

P: Shoulder pain (subacromial impingement syndrome)

I: Radial extracorporeal shockwave treatment (1x p.w. 4-6 weeks)

C: Supervised exercises (2x p.w. 12 weeks)

O: Shoulder pain and disability index; pain at rest and during 
activity, function, active range of motion, work status



Engebretsen 2009 BMJ

We will focus on one outcome and one specific result, and use only information in the 
BMJ paper

Outcome: Shoulder pain and disability index (SPADI) score at 18 weeks

Quick exercise: what’s the result for this outcome?



Engebretsen 2009 BMJ

We will focus on one outcome and one specific result, and use only information in the 
BMJ paper

Outcome: Shoulder pain and disability index (SPADI) score at 18 weeks

Answer:

Result for inclusion in meta-analysis:

Mean difference -8.4 (95% CI -16.5 to -0.6) (Table 2)



Bias arising from the randomization 
process



Bias arising from the randomization process

• Biased allocation to comparison groups

• Prognostic factors influence allocation to treatment arms, e.g. due to inadequate 
randomization (confounding)

• Biased enrolment into the study

• Prognostic factors influence whether participant is enrolled into the study or not 
(selection bias)



Randomization: a two-step process

• Generate an unbiased allocation sequence 

• good: Computer algorithm, random numbers tables

• not good: alternation, dates, patient record numbers



Randomization: a two-step process

• Generate an unbiased allocation sequence 

• good: Computer algorithm, random numbers tables

• not good: alternation, dates, patient record numbers

• Conceal the allocation sequence

• good: sequentially numbered sealed opaque envelopes, sequentially
numbered identical drug containers, central randomization (e.g. 
pharmacy)

• not good: transparent envelopes, assignments posted on staff room 
wall



Bias arising from the randomization process

• Indicators from baseline imbalance that randomization was not performed adequately 
include the following:

• Substantial differences between intervention group sizes, compared with the 
intended allocation ratio

• A substantial excess in statistically significant differences in baseline characteristics 
between intervention groups, beyond that expected by chance

• Imbalance in key prognostic factors, or baseline measures of outcome variables, that 
are unlikely to be due to chance

• [other examples: see guidance]

• RoB 2 does not aim to identify imbalances in baseline variables that have arisen due to 
chance



Bias arising from the randomization process

1.1 Was the allocation sequence random?

1.2 Was the allocation sequence concealed until participants 
were enrolled and assigned to interventions?

1.3 Did baseline differences between intervention groups suggest 
a problem with the randomization process? 

Randomization 
methods

Additional 
evidence of 
problems



Bias arising from the randomization process



Exercise

Assess the risk of
Bias arising from the randomization 

process



Bias domain Signalling Questions Response Rationale

Bias arising from 
the randomization 
process

1.1 Was the allocation sequence
random?

PY “A statistician not involved in data collection or analysis 
randomly allocated patients to treatment groups in blocks 
of four to six. Randomisation was stratified by sex. A person 
not involved in the treatments opened the sealed 
envelopes and assigned appointments according to 
treatment group.”

1.2 Was the allocation sequence 
concealed until participants were 
enrolled and assigned to 
interventions?

PY

1.3 Did baseline differences between 
intervention groups suggest a 
problem with the randomization 
process? 

PN “The groups were similar at baseline with regard to age, 
education, dominant arm affected, duration of pain, sick 
leave, shoulder pain and disability index score, and 
secondary outcome variables Seventeen (33%) patients in 
the radial extracorporeal shockwave group and 12 (23%) in 
the supervised exercise group were on sick leave because 
of shoulder pain.”

Risk of bias judgement Low Allocation sequence was adequately generated and 
concealed, and baseline imbalances appear to be 
compatible with chance.

Bias arising from the randomization process



Bias due to deviations from intended 
interventions



What is the effect of interest?

• Investigators conducted a large randomized trial of screening for colorectal cancer:

• Patients registered with family doctors were individually randomised to receive an 
invitation to attend for screening.

• 55% of patients in the intervention arm attended screening

• All patients were followed up for colorectal cancer 10 years after randomization, 
using routine data

• What can we learn from this trial? Who would be interested in the results?



The effect of interest

• The 2011 tool has very little to say about situations in which blinding is not feasible 

• (other than to classify as not blind hence high risk of bias)

• Issues of performance bias very different for “ITT effects” and “per-protocol” effects, yet 
poorly addressed in the 2011 tool

• “ITT effect”: effect of assignment to intervention

• e.g. the question of interest to a policy maker about whether to introduce a screening 
programme

• “Per protocol effect”: 
effect of adhering to intervention

• e.g. the question of interest to an individual about whether to attend screening



Estimating the effect of assignment to intervention

• We should use an ‘intention-to-treat’ (ITT) analysis:

1. analyse participants in the intervention groups they were randomized to, 
regardless of the intervention received;

2. include all randomized participants in the analysis; and

3. measure outcome data on all participants.

• An ITT analysis maintains the benefit of randomization: that the intervention groups 
do not differ systematically with respect to measured or unmeasured prognostic 
factors. However:

• In a placebo-controlled trial with non-adherence, an ITT analysis usually 
underestimates the effect that would have been seen if all participants had 
adhered

• ITT effects may not be conservative in trials comparing two or more active 
interventions, and are problematic for non-inferiority or equivalence studies, or 
for estimating harms. 



Problematic approaches to estimating
per-protocol effects

• Two commonly used approaches to analysis may be seriously biased:

• ‘as-treated’ analyses: participants analysed according to the intervention received, 
even if their randomized allocation was to a different treatment group;

• naïve ‘per protocol’ analyses restricted to individuals in each group who started and 
adhered to the interventions





Rate ratio comparing attenders with control: 

0.68 (95% CI 0.65, 0.71); p<0.001





“In the analysis of all-cause mortality, there were 

25 459 deaths in the intervention group vs

28 306 deaths in the control group

(RR 0.99 [95%CI 0.94 to 1.03]; P = .49)”
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ITT analysis: rate ratio comparing 

intervention with control practices

0.96 (95% CI 0.85, 1.08); p=0.58

IV analysis: adherence-adjusted

rate ratio 0.93 (95% CI 0.67, 1.29);

p=0.66



Estimating per-protocol effects



Bias due to deviations from intended 
intervention 

• Deviations from intended intervention are not important when interest is on the effect 
of assignment to intervention

• e.g. some people don’t respond to invitations to be screened

• ...providing these deviations did not arise because of the experimental context

• But deviations such as poor adherence, poor implementation and co-interventions may 
lead to bias when interest is in the effect of adhering to intervention

• We therefore have different tools for these two effects of interest



Bias due to deviations from intended interventions 

Effect of assignment to intervention

2.1. Were participants aware of their assigned intervention during 
the trial?

2.2. Were carers and people delivering the interventions aware of 
participants' assigned intervention during the trial?

2.3. If Y/PY/NI to 2.1 or 2.2: Were there deviations from the 
intended intervention that arose because of the experimental 
context?

2.4. If Y/PY to 2.3: Were these deviations from intended 
intervention balanced between groups?

2.5 If N/PN/NI to 2.4: Were these deviations likely to have affected 
the outcome?

2.6 Was an appropriate analysis used to estimate the effect of 
assignment to intervention?

2.7 If N/PN/NI to 2.6: Was there potential for a substantial impact 
(on the result) of the failure to analyse participants in the group 
to which they were randomized?

Blinding

Deviations

Appropriate 
analysis



Bias due to deviations from intended interventions
- effect of assignment to intervention



Bias due to deviations from intended interventions 

Effect of adhering to intervention

2.1. Were participants aware of their assigned intervention 
during the trial?

2.2. Were carers and people delivering the interventions aware 
of participants' assigned intervention during the trial?

2.3. If Y/PY/NI to 2.1 or 2.2: Were important co-interventions 
balanced across intervention groups?

2.4. Could failures in implementing the intervention have 
affected the outcome?

2.5. Did study participants adhere to the assigned intervention 
regimen?

2.6. If N/PN/NI to 2.3 or 2.5 or Y/PY/NI to 2.4: Was an 
appropriate analysis used to estimate the effect of adhering 
to the intervention?

Blinding

Specific 
deviations

Overcome by 
analysis?



Bias due to deviations from intended interventions
- effect of adhering to intervention



Exercise

Assess the risk of
Bias due to deviations from the intended 

intervention (effect of assignment to intervention)



Bias domain Signalling Questions Response Rationale

Bias due to 
deviations from 
the intended 
intervention

2.1. Were participants aware of their 
assigned intervention during the trial?

Y Patients knew which interventions they could be 
assigned to: “The patients were referred to the 
investigator (KE, a physiotherapist), received oral and 
written information about the two treatments, and gave 
their informed consent before the baseline evaluation.”

2.2. Were carers and people delivering the 
interventions aware of participants' 
assigned intervention during the trial?

Y

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention 
that arose because of the experimental 
context?

PN “All the patients were asked not to have any additional 
treatment except analgesics (including anti-
inflammatory drugs) … between the start of treatment 
and the 18 week follow-up.”
“Thirteen patients in the radial extracorporeal 
shockwave group and three patients in the supervised 
exercise group received additional
treatment (cortisone injections, chiropractic treatment, 
physical therapy/supervised exercises) between 12 and 
18 weeks (odds ratio 5.5, 95% confidence interval 1.3 to 
26.4; P=0.014).”

2.4. If Y/PY to 2.3: Were these deviations 
from intended intervention balanced 
between groups?

NA

Bias due to deviations from the intended intervention



Bias domain Signalling Questions Response Rationale

Bias due to 
deviations from 
the intended 
intervention

2.5 If N/PN/NI to 2.4: Were these 
deviations likely to have affected the 
outcome?

NA

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to 
intervention?

Y “One patient crossed over to the supervised exercise 
group after one treatment with radial extracorporeal 
shockwaves”. However, authors stated that “We analysed 
data according to the intention to treat principle, in 
which the study groups are compared in terms of the 
treatment to which they were randomly allocated.”

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) of 
the failure to analyse participants in the 
group to which they were randomized?

NA

Risk of bias judgement Low More patients in the radial extracorporeal shockwave 
group sought unintended co-interventions (13 vs 3), but 
this could be considered reflective of usual practice.

Bias due to deviations from the intended intervention



Summary of the ROB 2 tool (1)
Bias domain Issues addressed*

Bias arising from the 

randomization process

1. Whether the allocation sequence was random.

2. Whether the allocation sequence was adequately concealed.

3. Whether baseline differences between intervention groups suggest a problem with the 

randomization process.

Bias due to deviations from 

intended interventions

When the review authors’ interest is in the effect of assignment to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.

3. (If applicable) Whether deviations from the intended intervention arose because of the 

experimental context (i.e. do not reflect usual practice); and, if so, whether they were balanced 

between groups and likely to have affected the outcome.

4. Whether an appropriate analysis was used to estimate the effect of assignment to intervention; 

and, if not, whether there was potential for a substantial impact on the result.

When the review authors’ interest is in the effect of adhering to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.

3. (If applicable) Whether important co-interventions were balanced across intervention groups.

4. Whether failures in implementing the intervention could have affected the outcome.

5. Whether study participants adhered to the assigned intervention regimen.

6. (If applicable) Whether an appropriate analysis was used to estimate the effect of adhering to the 

intervention.



Summary of the ROB 2 tool (1)
Bias domain Issues addressed*

Bias arising from the 

randomization process

1. Whether the allocation sequence was random.

2. Whether the allocation sequence was adequately concealed.

3. Whether baseline differences between intervention groups suggest a problem with the 

randomization process.
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6. (If applicable) Whether an appropriate analysis was used to estimate the effect of adhering to the 

intervention.
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Bias domain Issues addressed*

Bias arising from the 

randomization process

1. Whether the allocation sequence was random.

2. Whether the allocation sequence was adequately concealed.

3. Whether baseline differences between intervention groups suggest a problem with the 

randomization process.

Bias due to deviations from 

intended interventions

When the review authors’ interest is in the effect of assignment to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.

3. (If applicable) Whether deviations from the intended intervention arose because of the 

experimental context (i.e. do not reflect usual practice); and, if so, whether they were 

balanced between groups and likely to have affected the outcome.

4. Whether an appropriate analysis was used to estimate the effect of assignment to 

intervention; and, if not, whether there was potential for a substantial impact on the result.

When the review authors’ interest is in the effect of adhering to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.

3. (If applicable) Whether important co-interventions were balanced across intervention groups.

4. Whether failures in implementing the intervention could have affected the outcome.

5. Whether study participants adhered to the assigned intervention regimen.

6. (If applicable) Whether an appropriate analysis was used to estimate the effect of adhering to the 

intervention.



Summary of the ROB 2 tool (1)
Bias domain Issues addressed*

Bias arising from the 

randomization process

1. Whether the allocation sequence was random.

2. Whether the allocation sequence was adequately concealed.

3. Whether baseline differences between intervention groups suggest a problem with the 

randomization process.

Bias due to deviations from 

intended interventions

When the review authors’ interest is in the effect of assignment to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.

3. (If applicable) Whether deviations from the intended intervention arose because of the 

experimental context (i.e. do not reflect usual practice); and, if so, whether they were balanced 

between groups and likely to have affected the outcome.

4. Whether an appropriate analysis was used to estimate the effect of assignment to intervention; 

and, if not, whether there was potential for a substantial impact on the result.

When the review authors’ interest is in the effect of adhering to intervention (see Section 8.3):

1. Whether participants were aware of their assigned intervention during the trial.

2. Whether carers and people delivering the interventions were aware of participants' assigned 

intervention during the trial.
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Summary of the ROB 2 tool (2)

Bias domain Issues addressed*

Bias due to missing outcome 

data

1. Whether data for this outcome were available for all, or nearly all, participants randomized.

2. (If applicable) Whether there was evidence that the result was not biased by missing 

outcome data.

3. (If applicable) Whether the proportions of missing outcome data differ between intervention 

groups.

4. (If applicable) Whether missingness in the outcome could depend on its true value; and 

whether this was likely.

Bias in measurement of the 

outcome

1. Whether the method of measuring the outcome was inappropriate.

2. Whether measurement or ascertainment of the outcome could have differed between 

intervention groups.

3. Whether outcome assessors were aware of the intervention received by study participants.

4. (If applicable) Whether assessment of the outcome could have been influenced by knowledge of 

intervention received; and whether this was likely.

Bias in selection of the reported 

result

1. Whether the trial was analysed in accordance with a pre-specified plan that was finalized before 

unblinded outcome data were available for analysis.

2. Whether the numerical result being assessed is likely to have been selected, on the basis of the 

results, from multiple outcome measurements within the outcome domain.

3. Whether the numerical result being assessed is likely to have been selected, on the basis of the 

results, from multiple analyses of the data.



Summary of the ROB 2 tool (2)

Bias domain Issues addressed*
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Summary of the ROB 2 tool (2)
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Closing remarks
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Piloting

• RoB 2 has undergone multiple phases of piloting

• informed development and refinement

• more is always welcome

• Formal studies of inter-rater agreement not yet performed

• Full guidance available at riskofbias.info

• initial draft, subject to minor refinements



Some unresolved issues

• How many results to assess per study?

• How much free text to include to support assessments?

• How should assessments be presented in the review?

• Implementation

• RoB 2 approved by Cochrane Scientific Committee (it will become mandatory in time)

• But this will not happen until software and training materials are in place



Concluding remarks

• We believe RoB 2 offers considerable advantages over the existing tool

• Once programmed into software, we expect the tool will be easy to use and integrate 
into the interpretation of results

• We are extremely grateful to all those who have contributed to the development of
RoB 2

• RoB 2 is available at riskofbias.info



Bias in selection of the reported result



Outcome non-reporting bias

• Current tool emphasises assessment of selective non-reporting or partial reporting of 
outcomes:

• e.g. trialists measure pain, function and QoL, but only report data for pain

• e.g. trialists report P values but no means & SDs for pain

• Review authors often rate a study at high risk of bias if one outcome is not reported

• e.g. “All outcomes were reported except for pain”

• e.g. “Some outcomes were not reported”



• Two trials are rated at high risk of bias because pain was not 
reported

• But this is a meta-analysis of function, so it does not make 
sense to display these high risk ratings here



We include only selection of the reported result in the RoB 2 tool
Selective non-reporting biases the result of the meta-analysis ...and 

should be assessed in a different way (it’s like publication bias)



Bias in selection of the reported result

• Trial result is biased because it has been selected on the basis of the results from 
multiple:

• Outcome measurements 

• e.g. scales, definitions of an event, time points

• Analyses

• e.g. unadjusted vs adjusted models, final values vs change from baseline, 
dichotomization of continuous outcome



Bias in selection of the reported result

5.1  Was the trial analysed in accordance with a pre-
specified plan that was finalized before unblinded 
outcome data were available for analysis?

Is the numerical result being assessed likely to have 
been selected, on the basis of the results, from...

5.2. ... multiple outcome measurements (e.g. scales, 
definitions, time points) within the outcome 
domain?

5.3 ... multiple analyses of the data?

Selective outcome 
reporting

Selective analysis 
reporting

Pre-specified analysis 
plan?



Bias in selection of the reported result



Exercise

Assess the risk of  
Bias in selection of the reported result



Bias domain Signalling Questions Response Rationale

Bias in 
selection of the 
reported result

5.1  Was the trial analysed in accordance 
with a pre-specified plan that was finalized 
before unblinded outcome data were 
available for analysis ?

PN No statistical analysis plan available. 

Is the numerical result being assessed likely 
to have been selected, on the basis of the 
results, from...
5.2. ... multiple outcome measurements 
(e.g. scales, definitions, time points) within 
the outcome domain?

PN The reported scale (SPADI) and time point 
(18 weeks) were pre-specified in 
ClinicalTrials.gov.

5.3 ... multiple analyses of the data? NI No statistical analysis plan available, so it is 
unclear if the reported approach to 
analysing this outcome was pre-specified 
or influenced by the results. 

Risk of bias judgement Some 
concerns

Unclear if the reported analysis approach 
was pre-specified or influenced by the 
results.

Bias in selection of the reported result


