
Announcement of revised tools to assess risk of 

bias in randomized trials 

and in non-randomized studies

Julian Higgins, Jonathan Sterne, Jelena Savovic

University of Bristol, UK

1



Purpose of this session

• To announce the availability of two new tools for assessing risk of 

bias

• RoB 2.0: a revised tool for risk of bias in randomized trials

• ROBINS-I: a new tool for Risk Of Bias In Non-randomized 

Studies - of Interventions

• Outline

• Why new tools?

• Innovations common to both tools

• Remarks on the RoB 2.0 tool (Jelena)

• Remarks on the ROBINS-I tool (Jonathan)

• Opportunity for questions

2



3

BMJ 2011; 343: d5928



4

Foam dressings for venous leg ulcers



Current Cochrane tool for risk of bias in 

randomized trials

• Cochrane RoB tool is very widely used (Jørgensen 2016)

• 100 out of 100 Cochrane reviews from 2014 (100%)

• 31 out of 81 non-Cochrane review (38%) 

• >2700 citations from non-Cochrane sources

• The scientific debate on risk of bias has continued

• Evaluation studies of the tool

• User experience: survey and focus groups (Savovic 2014)

• Inter-agreement studies (e.g. Hartling 2009 & 2013)

• Actual use in reviews and published comments (Jørgensen

2016)



Some issues raised with existing tool

• Used simplistically

• Used inconsistently (domains added or removed)

• Modest agreement rates

• RoB judgements are difficult for some domains

• Challenges with unblinded trials

• Not well suited to cross-over trials or cluster-randomized trials

• Not well set up to assess overall risk of bias



Need for a tool for 

non-randomized studies

• Systematic reviews on the effects of interventions may need to 

including non-randomized studies (NRSI)

• long-term or rare outcomes (esp. adverse effects)

• interventions at population or organization level

• lack of randomized trials

• Reviews need to critique included studies, but existing tools for 

NRSI were

• not adequate 

• or not closely aligned with the approach of the existing 

Cochrane tool for trials 
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Two new tools

• Revised tool for risk of bias in randomized trials

• Current working title RoB 2.0

• New tool for risk of bias in non-randomized studies of 

interventions

• Initially called ACROBAT-NRSI

• Now called ROBINS-I
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Funding

• The revised tool for randomized trials (RoB 2.0) was supported by 

the UK Medical Research Council Network of Hubs for Trials 

Methodology Research (MR/L004933/1- N61)

• Initial development of the tool for non-randomized studies 

(ROBINS-I) and extensions for cross-over and cluster trials was 

funded by the Cochrane Methods Innovation Fund

• Ongoing work on ROBINS-I is funded by the UK Medical Research 

Council Methodology Panel (MR/M025209/1)
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ROBINS-I: development chronology

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1

20132011 2012 2014 2015

Cochrane 

MIF 

application 

Meeting in Paris agreed to 

establish working groups 

on individual bias domains

Face to face meeting of all 

collaborators agreed main 

features of the new tool

Revision 

following 

initial piloting

Launched at 

Hyderabad, posted at 

www.riskofbias.info

Initial scoping meeting at the 

Madrid Colloquium

Online survey of 

review groups Initial version of the tool 

presented at Quebec 

Colloquium

Piloting and 

cognitive 

interviews

Training/piloting 

event with key 

Cochrane 

personnel in Paris

Working groups 

established and briefing 

document circulated

Changes to 

improve 

understanding 

and usability

Further funding 

from MRC

Paper 

submitted

Co-Eds

decide not 

to adopt it

2016



ROBINS-I: contributors

• Core group: 

• Jonathan Sterne, Barney Reeves, Jelena Savović, Lucy Turner, Julian Higgins

• Collaborators:  

• David Moher, Yoon Loke, Elizabeth Waters, Craig Ramsay, Peter Tugwell, 

George Wells, Vivian Welch

• Additional working group members: 

• Doug Altman, Mohammed Ansari, Nancy Berkman, Isabelle Boutron, 

Belinda Burford, James Carpenter, An-Wen Chan, David Henry, Miguel 

Hernán, Asbjørn Hróbjartsson, Peter Jüni, Jamie Kirkham, Terri Piggott, 

Deborah Regidor, Hannah Rothstein, Lakho Sandhu, Lina Santaguida, Bev 

Shea, Ian Shrier, Jeff Valentine, Meera Viswanathan

• And: Jan Vandenbroucke, Jon Deeks, Toby Lasserson, Rachel Churchill, 

Alexandra McAleenan, Roy Elbers, Matthew Page, Rebecca Armstrong, Sasha 

Shepperd, Hugh Waddington, Su Golder ...



RoB 2.0: development chronology

• Revision of the RoB tool started in May 2015

• 1st Development meeting held in Bristol in August 2015

• First ‘working draft’ of the tool completed January 2016

• Piloting phase Feb – March 2016

• Revised ‘working draft’

• 2nd Development meting held in Bristol on 21-22 April 2016

• Development of further guidance and piloting

• Released for Seoul Colloquium
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RoB 2.0: contributors

• Core group: 

• Jelena Savović, Julian Higgins, Matthew Page, Asbjørn Hróbjartsson, Isabelle 

Boutron, Barney Reeves, Roy Elbers, Jonathan Sterne

• Working Group members: 

• Doug Altman, Natalie Blencowe, Mike Campbell, Christopher Cates, Rachel 

Churchill, Mark Corbett, Nicky Cullum, Francois Curtin, Amy Drahota, Sandra 

Eldridge, Jonathan Emberson, Bruno Giraudeau, Jeremy Grimshaw, Sharea

Ijaz, Sally Hopewell, Asbjørn Hróbjartsson, Peter Jüni, Jamie Kirkham, Toby 

Lasserson, Tianjing Li, Stephen Senn, Sasha Shepperd, Ian Shrier, Nandi 

Siegfried, Lesley Stewart, Penny Whiting

• And: Henning Keinke Andersen, Mike Clarke, Jon Deeks, Geraldine MacDonald, 

Richard Morris, Mona Nasser, Nishith Patel, Jani Ruotsalainen, Holger 

Schünemann, Jayne Tierney



Key innovations common to both tools 

• Result-focussed assessments

• Fixed (inclusive) bias domains, not modifiable

• “Signalling questions” to facilitate risk of bias judgements

• New response options for risk of bias, without ‘Unclear’ option

• Formal overall risk of bias judgement, as worst rating of any 

individual domain

• Some rethinking of the assessment:

• Important distinction between effects of interest

• Selective reporting focuses on reported result 
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The effect of interest

• The current 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 current RoB tool
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The effect of interest

• The current 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 current RoB 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 starting and adhering to intervention

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

attend screening

• Not to be confused with ITT or per protocol analyses
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The effect of interest

• When interested in effect of assignment to intervention

• Deviations from intended intervention are not important 

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

• ...providing these deviations reflect routine care

• rather than behaviour that reflects expectations of a 

difference between intervention and comparator

• When interested in effect starting and adhering to intervention 

• Deviations such as poor adherence, poor implementation and 

co-interventions may lead to risk of bias

• We therefore have different tools for these two effects of interest
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Selective outcome non-reporting bias

• Current tool takes a broad approach to selective reporting

• Any evidence of it in the trial reports?

18

We include only selection of the reported result 

in the tools

...and consider selective non-reporting in other 

ways



More about RoB 2.0

for randomized trials
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RoB 1.0 RoB 2.0

Random sequence generation 

(selection bias) Bias arising from the randomization 

processAllocation 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

Funding and vested interests to be addressed, 

but not within this part of the wider framework

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)
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Some excerpts from the tool
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Bias arising from 

the randomization process

1.1 Was the allocation sequence random?

1.2 Was the allocation sequence concealed until 

participants were recruited and assigned to 

interventions?

1.3 Were there baseline imbalances that suggest a 

problem with the randomization process? 

26

Randomization 

methods

Additional 

evidence of 

problems



Algorithm
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1.2 Was the 

allocation 

sequence 

concealed?

1.1 Was the 

allocation 

sequence 

random?

1.3 Were there 

baseline 

imbalances that 

suggest a problem 

with 

randomization?

Low risk

Some 
concerns

1.3 Were there 

baseline 

imbalances that 

suggest a problem 

with 

randomization?

Some 
concerns

Some 
concerns *

1.1 Was the 

allocation 

sequence 

random?

1.3 Were there 

baseline 

imbalances that 

suggest a problem 

with 

randomization?

Some 
concerns

High risk

1.1 Was the 

allocation 

sequence 

random?

1.3 Were there 

baseline 

imbalances that 

suggest a problem 

with 

randomization?

High risk

Y/PY

NI

N/PN

Any response

Any response

Any response

N/PN

Y/PY/NI

N/PN/NI

Y/PY

Y/PY

Y/PY

N/PN/NI

N/PN/NI



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 trial personnel 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 beyond what would be expected in usual 

practice?

2.4. If Y/PY to 2.3: Were these deviations from intended 

intervention unbalanced between groups and likely to have 

affected the outcome?

2.5 Were any participants analysed in a group different from the 

one to which they were assigned?

2.6 If Y/PY/NI to 2.5: Was there potential for a substantial impact 

(on the estimated effect of intervention) of analysing 

participants in the wrong group?

Blinding

Deviations 

reflect 

usual 

practice?

First ITT 

principle of 

ITT



Bias due to deviations 

from intended interventions 

Effect of starting and adhering to intervention

2.1. Were participants aware of their assigned intervention 

during the trial?

2.2. Were carers and trial personnel 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. Was the intervention implemented successfully?

2.5. Did study participants adhere to the assigned intervention 

regimen?

2.6. If N/PN/NI to 2.3, 2.4 or 2.5: Was an appropriate analysis 

used to estimate the effect of starting and adhering to the 

intervention?

Blinding

Specific 

deviations

Overcome by 

analysis?



Bias in selection of the reported result

Are the reported outcome data likely to have 

been selected, on the basis of the results, 

from...

5.1. ... multiple outcome measurements (e.g. 

scales, definitions, time points) within the 

outcome domain?

5.2 ... multiple analyses of the data?

30

Selective outcome 

reporting

Selective analysis 

reporting



riskofbias.info
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More about ROBINS-I
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Scope

• The tool concerns the risk of bias (RoB) in the results of a NRSI 

that compares the health effects of two or more interventions

• quantitative studies 

• estimating effectiveness (harm or benefit) of an intervention

• did not use randomization to allocate units (individuals or 

clusters) to comparison groups

34

Before-after studies

Cohort studies Time series studies

Case-control studies

Non-randomized 
experimental studies



Key differences from assessing randomized 

trials

• It is very difficult

• The assessment uses the idea of a hypothetical randomized trial 

as a reference

• There are some things to think about before hand (at protocol 

stage)

• Careful thinking needed afterwards

• consistent message despite risk of bias?

• how to include in syntheses?
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Assessing risk of bias in

relation to a target trial

• RoB assessment facilitated by considering NRSI as an attempt to 

mimic a high quality hypothetical randomized trial of 

interventions of interest

• “target trial”

• need not be feasible or ethical

36

The NRSI Target RCT
Research 

question

Risk of bias Applicability



Overview of the tool

• Preliminary considerations

• Identify key confounding domains & co-interventions

• Define target (idealized) randomized trial to match the study

• specify PICO and the effect of interest

• Bias domains of (result-level) assessment

• Signalling questions 

• Free text descriptions

• Risk of bias judgements

• Overall (result-level) risk of bias judgement 

• feed into GRADE
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Dimensions of bias
Bias dimension Note

Bias due to confounding Selection bias as it is often used in relation to clinical trials

(and currently in widespread use within The Cochrane 

Collaboration)

Bias in selection of participants 

into the study

Selection bias as it is usually used in relation to 

observational studies; Inception bias; Lead-time bias; 

Immortal time bias

Bias in classification of 

interventions

Awareness of treatment when measuring outcome;

Objectivity and comparability of outcome measurement

Bias due to deviations from 

intended interventions

Treatment switches; Co-interventions; Fidelity;

Performance bias

Bias due to missing data Completeness of outcome data; Imbalance and reasons for 

missing data; Completeness of intervention (exposure) data; 

Other missing data; Statistical methods; Attrition bias

Bias in measurement of the 

outcome

Awareness of outcome when measuring intervention; 

Detection bias

Bias in selection of the reported 

result

Multiple outcomes/time points; Multiple analyses; 

Reporting a subset of participants



Dimensions of bias
Bias dimension Note

Bias due to confounding Selection bias as it is often used in relation to clinical trials

(and currently in widespread use within The Cochrane 

Collaboration)

Bias in selection of participants 

into the study

Selection bias as it is usually used in relation to 

observational studies; Inception bias; Lead-time bias; 

Immortal time bias

Bias in classification of 

interventions

Awareness of treatment when measuring outcome;

Objectivity and comparability of outcome measurement

Bias due to deviations from 

intended interventions

Treatment switches; Co-interventions; Fidelity;

Performance bias

Bias due to missing data Completeness of outcome data; Imbalance and reasons for 

missing data; Completeness of intervention (exposure) data; 

Other missing data; Statistical methods; Attrition bias

Bias in measurement of the 

outcome

Awareness of outcome when measuring intervention; 

Detection bias

Bias in selection of the reported 

result

Multiple outcomes/time points; Multiple analyses; 

Reporting a subset of participants

Pre-treatment features, for which considerations of 

bias in observational studies are mainly distinct from 

those in RCTs

Post-treatment features, for which many 

considerations of bias in observational studies are 

similar to those in RCTs
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An epidemiological perspective

Confounding

Misclassification 

bias

Selection bias

Pre-intervention

Post-intervention

Post-intervention

At-intervention

Pre-intervention

Post-intervention

...confounding

...deviations from 

intended intervention

1

4

...missing data

...selection of 

participants...

2

5

...classification of 

interventions

...measurement of 

the outcome

3

6

Selective 

reporting bias
...selection of the 

reported result
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An example of the complexity in 

considering risk of bias in non-

randomized studies

(... if there is time)
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Skip
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Time

Outcome

No intervention (comparator)

Lead time

Start of use of intervention

Outcome

Existing (prevalent) user of intervention

Bias due to selection of follow up time

Unseen outcome



Risk of bias judgements

Response option Interpretation

Low risk of bias The study is comparable to a well-performed randomized trial 

with regard to this bias dimension.

Moderate risk of bias The study is sound for a non-randomized study with regard to 

this bias dimension but cannot be considered comparable to a 

well-performed randomized trial.

Serious risk of bias The study has some important problems in this dimension of 

bias.

Critical risk of bias The study is too problematic in this dimension of bias to 

provide any useful evidence.

No information No information on which to base a judgement about risk of 

bias for this dimension.
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It is usually impossible to exclude bias due to residual or unmeasured confounding 

of the results of an non-randomized study. Therefore we expect very few NRSI to 

be assessed as at low risk of bias due to confounding
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www.riskofbias.info



Closing remarks
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Piloting and implementation

• Both tools have undergone multiple phases of piloting

• informed development and refinement

• More is always welcome

• Formal studies of inter-rater agreement not yet performed

• Full guidance for both tools available at riskofbias.info

• ROBINS-I is official version 1 (BMJ paper)

• RoB 2.0 is initial draft, subject to minor refinements

• Implementation

• We are implementing ROBINS-I in an interactive online system

• RoB 2.0 is very new; implementation options yet to be 

discussed in detail
49



Some unresolved issues

• How many results to assess per study?

• How to integrate into data collection process

• How to present assessments in a review?

• Ongoing work on ROBINS-I adaptations to case-control studies, 

before-after studies, interrupted time series, instrumental 

variables, regression discontinuities, ...

• RoB 2.0 available for parallel group trials, crossover trials and 

cluster-randomized trials

• what else is needed?
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RoB 1.0 RoB 2.0 ROBINS-I

Random sequence generation 

(selection bias) Bias arising from the 

randomization process
Bias due to confounding

Allocation concealment 

(selection bias)

N/A N/A Bias in selection of 

participants into the study

N/A N/A
Bias in measurement of 

interventions

Blinding of participants and 

personnel 

(performance bias)

Bias due to deviations from 

intended interventions

Bias due to deviations from 

intended interventions

Incomplete outcome data 

(attrition bias)

Bias due to missing 

outcome data

Bias due to missing data

Blinding of outcome assessment 

(detection bias)

Bias in measurement of the 

outcome

Bias in measurement of the 

outcome

Selective reporting 

(reporting bias)

Bias in selection of the 

reported result

Bias in selection of the 

reported result

Other bias N/A
N/A

N/A Overall bias Overall bias


