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 The risk that [a study included in a systematic 
review] will overestimate or underestimate 
the true intervention effect (Cochrane)



ROB ROB2
Selection Bias Risk of bias arising from the randomization process
Performance Bias Risk of bias due to deviations from the intended 

interventions
Detection Bias Risk of bias due to deviations from the intended 

interventions 
Attrition Bias Risk of bias due to missing outcome data
Reporting Bias Risk of bias in measurement of the outcome 
Other Bias Risk of bias in selection of the reported result 



Selection Bias
Random sequence generation
Allocation concealment

Performance Bias
Blinding of participants and personnel

Detection Bias
Blinding of outcome assessment

Attrition Bias
Incomplete outcome data

Reporting Bias
Selective reporting

Other Bias
Other sources of bias



Domain Support for judgement Review authors’ judgement

Selection bias.

Random sequence generation. Describe the method used to 
generate the allocation sequence 
in sufficient detail to allow an 
assessment of whether it should 
produce comparable groups.

Selection bias (biased allocation to 
interventions) due to inadequate 
generation of a randomised sequence.

Allocation concealment. Describe the method used to 
conceal the allocation sequence in 
sufficient detail to determine 
whether intervention allocations 
could have been foreseen in 
advance of, or during, enrolment.

Selection bias (biased allocation to 
interventions) due to inadequate 
concealment of allocations prior to 
assignment.



RANDOM SEQUENCE GENERATION
Selection bias (biased allocation to interventions)

Criteria for a judgement of 
‘Low risk’ of bias.

The investigators describe a random component in the sequence generation process such as:
• Referring to a random number table;
• Using a computer random number generator;
• Coin tossing;
• Shuffling cards or envelopes;
• Throwing dice;
• Drawing of lots;
• Minimization*.
*Minimization may be implemented without a random element, and this is considered to be equivalent 

to being random.
Criteria for the judgement 
of ‘High risk’ of bias.

The investigators describe a non-random component in the sequence generation process. Usually, 
the description would involve some systematic, non-random approach, for example:
• Sequence generated by odd or even date of birth;
• Sequence generated by some rule based on date (or day) of admission;
• Sequence generated by some rule based on hospital or clinic record number.

Other non-random approaches happen much less frequently than the systematic approaches 
mentioned above and tend to be obvious. They usually involve judgement or some method of non-
random categorization of participants, for example:
• Allocation by judgement of the clinician;
• Allocation by preference of the participant;
• Allocation based on the results of a laboratory test or a series of tests;
• Allocation by availability of the intervention.

Criteria for the judgement 
of ‘Unclear risk’ of bias.

Insufficient information about the sequence generation process to permit judgement of ‘Low risk’ or 
‘High risk’.



ALLOCATION CONCEALMENT
Selection bias (biased allocation to interventions)

Criteria for a judgement of 
‘Low risk’ of bias.

Participants and investigators enrolling participants could not foresee assignment because 
one of the following, or an equivalent method, was used to conceal allocation:
• Central allocation (including telephone, web-based and pharmacy-controlled 

randomization);
• Sequentially numbered drug containers of identical appearance;
• Sequentially numbered, opaque, sealed envelopes.

Criteria for the judgement of 
‘High risk’ of bias.

Participants or investigators enrolling participants could possibly foresee assignments and 
thus introduce selection bias, such as allocation based on:
• Using an open random allocation schedule (e.g. a list of random numbers);
• Assignment envelopes were used without appropriate safeguards (e.g. if envelopes 

were unsealed or nonopaque or not sequentially numbered);
• Alternation or rotation;
• Date of birth;
• Case record number;
• Any other explicitly unconcealed procedure.

Criteria for the judgement 
of ‘Unclear risk’ of bias.

Insufficient information to permit judgement of ‘Low risk’ or ‘High risk’. This is usually the 
case if the method of concealment is not described or not described in sufficient detail to 
allow a definite judgement – for example if the use of assignment envelopes is described, 
but it remains unclear whether envelopes were sequentially numbered, opaque and sealed.



Risk of Bias Interpretation Within a Trial Across Trials
Low Risk of Bias Bias, if present, is 

unlikely to alter the 
results seriously

Low risk of bias for 
all key domains

Most information is 
from trials at low 
risk of bias

Unclear Risk of 
Bias

A risk of bias that 
raises some doubt 
about
the results

Low or unclear risk 
of bias for all key
domains

Most information is 
from trials at low 
or unclear risk
of bias

High Risk of Bias Bias may alter the 
results seriously

High risk of bias 
for one or more 
key
domains

The proportion of 
information from 
trials at high risk
of bias is sufficient 
to affect the 
interpretation of
results





ROB2: Cochrane 2019
Risk of 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?
Risk of bias due to deviations from the intended interventions

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 trial context?
2.4: If Y/PY to 2.3: Were these deviations likely to have affected the outcome?
2.5: If Y/PY/NI to 2.4: Were these deviations from intended intervention balanced 

between groups?
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?



ROB2: Cochrane 2019 (continued)
Risk of bias due to deviations from the intended interventions
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 applicable:] If Y/PY/NI to 2.1 or 2.2: Were important non-protocol interventions 

balanced across intervention groups? 
2.4: [If applicable:] Were there failures in implementing the intervention that could have 

affected the outcome? 
2.5: [If applicable:] Was there non-adherence to the assigned intervention regimen that 

could have affected participants’ outcomes? 
2.6: If N/PN/NI to 2.3, or Y/PY/NI to 2.4 or 2.5: Was an appropriate analysis used to 

estimate the effect of adhering to intervention? 
Risk of bias due to missing outcome data
3.1 Were data for this outcome available for all, or nearly all, participants randomized? 
3.2 If N/PN/NI to 3.1: Is there evidence that the result was not biased by missing 

outcome data? 
3.3 If N/PN to 3.2: Could missingness in the outcome depend on its true value? 
3.4 If Y/PY/NI to 3.3: Is it likely that missingness in the outcome depended on its true 

value? 



ROB2: Cochrane 2019 (continued)
Risk of bias in measurement of the outcome
4.1 Was the method of measuring the outcome inappropriate? 
4.2 Could measurement or ascertainment of the outcome have differed between 

intervention groups? 
4.3 If N/PN/NI to 4.1 and 4.2: Were outcome assessors aware of the intervention 

received by study participants? 
4.4 If Y/PY/NI to 4.3: Could assessment of the outcome have been influenced by 

knowledge of intervention received? 
4.5 If Y/PY/NI to 4.4: Is it likely that assessment of the outcome was influenced by 

knowledge of intervention received? 
Risk of bias in selection of the reported result
5.1 Were the data that produced this result analysed in accordance with a pre-specified 

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

5.3 ... multiple eligible analyses of the data? 



Signalling questions Elaboration Response 
options 

1.1 Was the 
allocation sequence 
random? 

Answer ‘Yes’ if a random component was used in the sequence generation process. Examples include computer-
generated random numbers; reference to a random number table; coin tossing; shuffling cards or envelopes; 
throwing dice; or drawing lots. Minimization is generally implemented with a random element (at least when the 
scores are equal), so an allocation sequence that is generated using minimization should generally be 
considered to be random. 
Answer ‘No’ if no random element was used in generating the allocation sequence or the sequence is 
predictable. Examples include alternation; methods based on dates (of birth or admission); patient record 
numbers; allocation decisions made by clinicians or participants; allocation based on the availability of the 
intervention; or any other systematic or haphazard method. 
Answer ‘No information’ if the only information about randomization methods is a statement that the study is 
randomized. 
In some situations a judgement may be made to answer ‘Probably no’ or ‘Probably yes’. For example, , in the 
context of a large trial run by an experienced clinical trials unit, absence of specific information about generation 
of the randomization sequence, in a paper published in a journal with rigorously enforced word count limits, is 
likely to result in a response of ‘Probably yes’ rather than ‘No information’. Alternatively, if other (contemporary) 
trials by the same investigator team have clearly used non-random sequences, it might be reasonable to assume 
that the current study was done using similar methods. 

Y/PY/PN/N/NI 

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

Answer ‘Yes’ if the trial used any form of remote or centrally administered method to allocate interventions to 
participants, where the process of allocation is controlled by an external unit or organization, independent of the 
enrolment personnel (e.g. independent central pharmacy, telephone or internet-based randomization service 
providers). 
Answer ‘Yes’ if envelopes or drug containers were used appropriately. Envelopes should be opaque, sequentially 
numbered, sealed with a tamper-proof seal and opened only after the envelope has been irreversibly assigned to 
the participant. Drug containers should be sequentially numbered and of identical appearance, and dispensed or 
administered only after they have been irreversibly assigned to the participant. This level of detail is rarely 
provided in reports, and a judgement may be required to justify an answer of ‘Probably yes’ or ‘Probably no’. 
Answer ‘No’ if there is reason to suspect that the enrolling investigator or the participant had knowledge of the 
forthcoming allocation. 

Y/PY/PN/N/NI 



Signalling
questions 

Elaboration Response 
options 

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

Note that differences that are compatible with chance do not lead to a risk of bias. A small number of differences 
identified as ‘statistically significant’ at the conventional 0.05 threshold should usually be considered to be compatible 
with chance. 
Answer ‘No’ if no imbalances are apparent or if any observed imbalances are compatible with chance. 
Answer ‘Yes’ if there are imbalances that indicate problems with the randomization process, including: 
(1) substantial differences between intervention group sizes, compared with the intended allocation ratio; 

or 
(2) a substantial excess in statistically significant differences in baseline characteristics between intervention groups, 
beyond that expected by chance; or 
(3) imbalance in one or more key prognostic factors, or baseline measures of outcome variables, that is very unlikely 
to be due to chance and for which the between-group difference is big enough to result in bias in the intervention 
effect estimate. 

Also answer ‘Yes’ if there are other reasons to suspect that the randomization process was problematic: 
(4) excessive similarity in baseline characteristics that is not compatible with chance. 
Answer ‘No information’ when there is no useful baseline information available (e.g. abstracts, or studies that 
reported only baseline characteristics of participants in the final analysis). 
The answer to this question should not influence answers to questions 1.1 or 1.2. For example, if the trial has large 
baseline imbalances, but authors report adequate randomization methods, questions 1.1 and 1.2 should still be 
answered on the basis of the reported adequate methods, and any concerns about the imbalance should be raised in 
the answer to the question 1.3 and reflected in the domain-level risk-of-bias judgement. 
Trialists may undertake analyses that attempt to deal with flawed randomization by controlling for imbalances in 
prognostic factors at baseline. To remove the risk of bias caused by problems in the randomization process, it would 
be necessary to know, and measure, all the prognostic factors that were imbalanced at baseline. It is unlikely that all 
important prognostic factors are known and measured, so such analyses will at best reduce the risk of bias. If review 
authors wish to assess the risk of bias in a trial that controlled for baseline imbalances in order to mitigate failures of 
randomization, the study should be assessed using the ROBINS-I tool. 

Y/PY/PN/N/NI 



Signalling questions Elaboration Response options 

Risk-of-bias 
judgement See Table 3, Table 4 and Figure 1. Low / High / Some 

concerns 

Optional: What is the 
predicted direction of 
bias arising from the 
randomization 
process? 

If the likely direction of bias can be predicted, it is helpful to state this. The direction might be 
characterized either as being towards (or away from) the null, or as being in favour of one of the 
interventions. 

NA / Favours
experimental / 
Favours comparator 
/ Towards null 
/Away from null / 
Unpredictable 



Low risk of bias (i) The allocation sequence was adequately concealed 
AND 
(ii.1) Any baseline differences observed between intervention groups appear to be compatible with chance 
OR 
(ii.2) There is no information about baseline imbalances 
AND 
(iii.1) The allocation sequence was random 
OR 
(iii.2) There is no information about whether the allocation sequence was random 

Some concerns (i.1) The allocation sequence was adequately concealed 
AND 
(i.2.1) The allocation sequence was not random 
OR 
(i.2.2) Baseline differences between intervention groups suggest a problem with the randomization process 
OR 
(ii.1) There is no information about concealment of the allocation sequence 
AND 
(ii.2) Any baseline differences observed between intervention groups appear to be compatible with chance 
OR 
(iii) There is no information to answer any of the signalling questions 

High risk of bias (i) The allocation sequence was not adequately concealed 
OR 
(ii.1) There is no information about concealment of the allocation sequence 
AND 
(ii.2) Baseline differences between intervention groups 
suggest a problem with the randomization process 



Signalling Questions Domain-level Judgement

1.1 
Sequence random? 

1.2 
Allocation 
concealed? 

1.3 
Imbalance suggest 
problem? 

Default risk of bias Remarks 

Y/PY/NI Y/PY NI/N/PN Low 

Y/PY Y/PY Y/PY Some concerns There is considerable room for 
judgement here. Substantial baseline 
imbalance despite apparently sound 
randomization methods should be 
investigated carefully, and a judgement 
of ‘Low’ risk of bias or ‘High’ risk of bias 
might be reached. 

N/PN/NI Y/PY Y/PY Some concerns Substantial baseline imbalance may 
lead to a judgement of ‘High’ risk of 
bias, especially if the method of 
sequence generation is also 
inappropriate. 

Any response NI N/PN/NI Some concerns 

Any response NI Y/PY High 

Any response N/PN Any response High 





We suggest that RoB 2 assessments are presented as follows. More 
work is required in this area. 

 For full transparency of the process, review authors may wish to 
present the answers, free-text supports and judgements for each 
assessor separately. Since these may be confusing to the reader, 
we recommend that they are not presented prominently, so might 
be included in an appendix or supplementary document. 

 Present the domain-level judgements in the main review document 
(e.g. as a table, or a figure, or within a forest plot of the results). 
Only consensus judgements across multiple assessors should be 
presented. If space permits, abridged free-text justifications for each 
judgement would be an attractive supplement to this within the main 
review document. 

 Provide answers for each signalling question and the free text 
support for each of these answers in an appendix or supplementary 
document. Only consensus answers across multiple assessors 
should be presented. 



Domains are named differently

Use of signaling questions (ROB2) vs criteria (ROB)  to 
assist the assessors in their risk of bias judgment

ROB2 provides more guidance on reaching risk of bias 
judgments by domain for individual studies

ROB ROB2
Selection Bias Risk of bias arising from the 

randomization process
Performance Bias Risk of bias due to deviations from the 

intended interventions
Detection Bias Risk of bias due to deviations from the 

intended interventions 
Attrition Bias Risk of bias due to missing outcome data

Reporting Bias Risk of bias in measurement of the 
outcome 

Other Bias Risk of bias in selection of the reported 
result 



ROB2 provides an algorithm for risk of bias judgement for 
each domain



ROB provides better guidance 
on summary assessment within 
and across studies

Risk of Bias Interpretation Within a Trial Across Trials
Low Risk of Bias Bias, if present, is 

unlikely to alter the 
results seriously

Low risk of bias for 
all key domains

Most information is 
from trials at low risk 
of bias

Unclear Risk of Bias A risk of bias that 
raises some doubt 
about
the results

Low or unclear risk 
of bias for all key
domains

Most information is 
from trials at low or 
unclear risk
of bias

High Risk of Bias Bias may alter the 
results seriously

High risk of bias for 
one or more key
domains

The proportion of 
information from 
trials at high risk
of bias is sufficient 
to affect the 
interpretation of
results

ROB2 states that more work is required in the area of risk of bias 
presentation
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