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Non-reporting bias
Arises when decisions about whether, 
when, where or how to report results of 
eligible studies are influenced by the P 
value, magnitude or direction of the results

Typically involves suppression of 
statistically non-significant studies or results

Can lead to bias in a meta-analysis



Too much focus on funnel plots



Too little focus on the impact of selective reporting
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Risk of bias due to missing evidence
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ROB-ME tool
ROB-ME = “Risk Of Bias due to Missing Evidence”, a new tool for integrating 
assessment of risk of bias in meta-analyses due to:

• missing studies (‘publication bias’) 
• missing study results (‘selective reporting bias’)

Primarily designed to assess meta-analyses of the effects of interventions

Development informed by 
• review of existing tools (Page et al. BMJ Open 2018)
• expert consensus
• piloting



Page et al. BMJ 2023;383:e076754 



https://www.riskofbias.info 

https://www.riskofbias.info/


https://training.cochrane.org/handbook/current/chapter-13 

https://training.cochrane.org/handbook/current/chapter-13


Overview of the             
ROB-ME tool



ROB-ME tool
1. Select and define which meta-analyses will be assessed for risk of bias due to 

missing evidence

2. Determine which studies meeting the inclusion criteria for the meta-analyses have 
missing results and thus cannot contribute to the meta-analyses

3. Consider the potential for missing studies across the systematic review

4. Assess risk of bias due to missing evidence in each meta-analysis 



ROB-ME tool: Step 1
Select which meta-analyses will be assessed for risk of bias:

• Strive to assess meta-analyses of outcomes that are most important 
for decision making (typically those in ‘Summary of findings’ tables)

Specify the PICO for each meta-analysis and type of study results 
eligible for inclusion (e.g. eligible measurement instruments, time points, 
methods of analysis)  



ROB-ME tool: Step 1
Specify PICO for each 

meta-analysis
Specify eligible results 
for each meta-analysis



ROB-ME tool: Step 2
Assemble various sources of information about each study meeting the 
inclusion criteria of the review
• registration info
• protocol
• journal articles
• clinical study reports (CSRs) and other regulatory documents 
• info from authors or sponsors



ROB-ME tool: Step 2
For each study meeting the inclusion criteria of the meta-analyses:

1. Compare information about outcomes that were measured with results 
that were available

2. Record whether results of interest were available for the study

3. If unavailable, consider whether this is because of the nature of the 
findings (e.g. statistical non-significance, unfavourable direction of 
effect) or some other reason (e.g. outcome not measured)



ROB-ME tool: Step 2
May be reasonable to suspect selective non-reporting if:

• outcome was pre-specified yet no result is available, and no 
explanation for its absence is provided

• outcome is almost certain to have been recorded but no results are 
available (refer to core outcome sets)

• authors have conflicts of interest that might have led them to withhold 
unfavourable results



ROB-ME tool: Step 2
Results might be unavailable for a reason other than                                        
selective non-reporting, e.g.

• the outcome was clearly not measured (based on an                      
examination of the protocol or statistical analysis plan)

• the instrument or equipment needed to measure the outcome were 
not available at the time the study was conducted

• the data were not analysed owing to a fault in the measurement 
instrument, or substantial missing data



ROB-ME tool: Step 2

Matrix template modified from Kirkham et al. BMJ 2018;362:k3802

Record availability of 
results for each study



ROB-ME tool: Step 3
Consider whether circumstances indicate potential for there to be 
additional studies that were not identified because of the P value, 
magnitude or direction of results generated

Less concerned when reviewing set of studies known to have been 
initiated, irrespective of their results 
• e.g. prospective meta-analysis
• e.g. meta-analysis restricted to prospectively registered studies



ROB-ME tool: Step 3
More concerns about additional missing studies if:

• research area is not one for which all studies are expected to have 
been prospectively registered

• no study registers were searched

• search strategy designed to retrieve studies only if they reported a 
particular outcome



ROB-ME tool: Step 3 Answer 
questions

Draw conclusion about 
potential for missing 

studies



ROB-ME tool: Step 4
Assess risk of bias due to missing evidence in each meta-analysis
• Similar structure as RoB 2 and ROBINS-I

Signalling questions to facilitate risk of bias judgements
• Yes’, ‘Probably yes’, ‘Probably no’, ‘No’, ‘No information’, ‘Not applicable’

Risk of bias judgements follow from answers to signalling questions                                   
(can be over-ridden)
• ‘Low risk of bias’, ‘Some concerns’, ‘High risk of bias’



ROB-ME tool: Step 4
Answer signalling 

questions

Reach risk-of-bias 
judgement



ROB-ME tool: Step 4 signalling questions
Are any of the studies identified missing or potentially missing from the meta-
analysis because of the P value, magnitude or direction of the result?                        
If so, would the summary effect estimate change notably if the omitted results 
had been included?
Do circumstances indicate potential for additional missing studies? 
If so, are the additional missing studies likely to have had eligible results?
Does the pattern of study results suggest the meta-analysis is missing results 
that were systematically different from those observed?
Do sensitivity analyses suggest the summary effect estimate was biased due 
to missing results?
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ROB-ME tool: Step 4 signalling questions
Are any of the studies identified missing or potentially missing from the meta-
analysis because of the P value, magnitude or direction of the result?                        
If so, would the summary effect estimate change notably if the omitted results 
had been included?
Do circumstances indicate potential for additional missing studies? 
If so, are the additional missing studies likely to have had eligible results?
Does the pattern of study results suggest the meta-analysis is missing results 
that were systematically different from those observed?
Do sensitivity analyses suggest the summary effect estimate was biased due 
to missing results?



ROB-ME tool: Step 4 signalling questions
Consider findings of graphical and statistical methods, when appropriate
• contour-enhanced funnel plots
• tests for funnel plot asymmetry
• sensitivity analyses

Consult a statistician before                                                                              
proceeding with tests and                                                                               
sensitivity analyses

Source: Sterne JAC, et al. BMJ 2011;342:d4002



ROB-ME tool: Step 4 signalling questions
Guidance for answering signalling questions available 

in cribsheet on riskofbias.info



Algorithm 
for ROB-ME 
judgement



ROB-ME algorithm: example
Consider the findings of each approach to reach an overall judgement of 
risk of bias due to missing evidence. For example, if:
• selective non-reporting of results was not detected in any of the 

studies identified…
• …but the search strategy was designed to retrieve studies only if 

they reported a particular outcome, or a contour-enhanced funnel 
plot suggests the meta-analysis is likely to be missing results that 
were systematically different from those observed…

• …the meta-analysis is at high risk of bias



Example





ROB-ME Step 1: Select meta-analyses to assess
Meta-analysis 1: Postoperative complications                                                    

       RR 0.58, 95% CI 0.45 to 0.75 (10 studies, 617 participants)

Gravier et al. Effects of exercise training in people with non-small cell lung cancer before lung resection: a systematic                      
review and meta-analysis. Thorax 2022 May;77(5):486-496



ROB-ME Step 1: Define PICO and eligible results
P: People with scheduled lung resection surgery for non-small cell lung 
cancer
I: Preoperative aerobically demanding types of exercise training
C: Usual care
O: Postoperative complications

Eligible study designs: Randomized trials
Eligible outcome definitions: Any postoperative complication
Eligible methods of analysis: No restrictions reported



ROB-ME Step 2: Results matrix



ROB-ME Step 2: Results matrix

Postop complications not 
reported as an outcome.      
P value for all between-
group and within-group 
differences were <0.05

Postop complications 
specified in protocol but not 
reported in conference 
abstract. P value for all 
outcomes in the abstract 
were <0.05



Page et al. BMJ 2023;383:e076754 



ROB-ME tool: Step 4 signalling questions
Are any of the studies identified missing or potentially missing from the meta-
analysis because of the P value, magnitude or direction of the result?                        

Answer:   

If Yes, would the summary effect estimate change notably if the omitted results 
had been included?

Answer:



ROB-ME tool: Step 4 signalling questions
Are any of the studies identified missing or potentially missing from the meta-
analysis because of the P value, magnitude or direction of the result?                        

Answer: Yes. Two studies are missing from the meta-analysis 

If Yes, would the summary effect estimate change notably if the omitted results 
had been included?

Answer: Probably yes. Inclusion of one or more studies with 
unfavourable results could shift the summary effect estimate



ROB-ME tool: Step 4 signalling questions
Do circumstances indicate potential for additional missing studies? 

Answer:

If Yes/Probably yes, are the additional missing studies likely to have had 
eligible results?

Answer:



ROB-ME tool: Step 4 signalling questions
Do circumstances indicate potential for additional missing studies? 

Answer: Yes. The review question is not one for which we would expect 
all trials conducted to be identifiable (e.g. registered publicly), and no 
trials registers were searched.

If Yes/Probably yes, are the additional missing studies likely to have had 
eligible results?

Answer: Probably yes. Postoperative complications are commonly 
measured in trials with a surgical component.



ROB-ME tool: Step 4 signalling questions
Does the pattern of study results suggest the meta-analysis is missing results 
that were systematically different from those observed?

Answer:

Do sensitivity analyses suggest the summary effect estimate was biased due 
to missing results?

Answer:





ROB-ME tool: Step 4 signalling questions
Does the pattern of study results suggest the meta-analysis is missing results 
that were systematically different from those observed?

Answer: Probably yes. There is slight asymmetry in the funnel plot (some 
studies missing from the area of statistical non-significance)

Do sensitivity analyses suggest the summary effect estimate was biased due 
to missing results?

Answer: No. No sensitivity analyses performed



ROB-ME tool: Overall assessment
Summary:
• There was evidence of selective non-reporting of results in some of the 

studies identified
• Inclusion of these missing results could change the summary estimate
• Circumstances indicate potential for additional missing studies with eligible 

results
• There is some evidence of funnel plot asymmetry due to non-reporting bias
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ROB-ME tool: Overall assessment
Summary:
• There was evidence of selective non-reporting of results in some of the 

studies identified
• Inclusion of these missing results could change the summary estimate
• Circumstances indicate potential for additional missing studies with eligible 

results
• There is some evidence of funnel plot asymmetry due to non-reporting bias

ROB-ME judgement: High risk of bias



Take home message
ROB-ME provides a framework for considering risk of bias due to 
missing evidence in meta-analyses included in your review 

The ROB-ME tool should be used alongside other tools (e.g. RoB 2, 
TACIT) to facilitate appropriate interpretation of results

See https://www.riskofbias.info/welcome/rob-me-tool for more detail

https://www.riskofbias.info/welcome/rob-me-tool
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