
Trusted evidence.
Informed decisions.
Better health.

Risk of Bias in systematic 
reviews of prognostic factor 
and model 
studies



Conducting a systematic review of prognosis studies

1. Formulate review question (PICOTS) 

2. Searching for studies

3. Screening and Selection of articles

4. Extraction of data

5. Risk of Bias assessments 

6. Synthesis of data (meta-analysis)

7. Interpretation and conclusions



Risk of Bias tools

• Overall prognosis studies

– RoB-OPS – in preparation

• Prognostic factor/predictor finding studies

– QUIPS – J Haydn, Ann Int Med 2006 + 2013

• Prognostic (prediction) model studies (development and validation)

– PROBAST+AI – Moons, BMJ 2025

– PROBAST-2019 E&E – Moons, Ann Int Med 2019



RoB-OPS draft structure

Step 1: Define the questions

Step 2: Rate applicability

Step 3: Rate risk of bias

Step 4: Present the assessment(s)

Step 1: Define the questions

Step 4: Present the assessment(s)
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RoB-OPS Next steps

Internal piloting

Stakeholder survey

StG 
discussion

External piloting

Second draft of the RoB-OPS tool

StG 
discussion

StG 
discussion

Implementation phase

E & E PMG Handbook Templates

Contact: nina.kreuzberger@uk-koeln.de

mailto:nina.kreuzberger@uk-koeln.de


Risk of Bias tools

• Overall prognosis studies

– RoB-OPS – in preparation

• Prognostic factor/predictor finding studies

– QUIPS – J Haydn, Ann Int Med 2006 + 2013

• Prognostic (prediction) model studies (development and validation)

– PROBAST+AI – Moons, BMJ 2025

– PROBAST-2019 E&E – Moons, Ann Int Med 2019



Prognostic Factor Studies
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Adapted from: Fletcher & Fletcher, Clinical Epidemiology – The Essentials. Chapter 6. Williams & Wilkins, Baltimore. 1996



RoB prognostic factor studies: QUIPS Tool

Domain-based evaluation + signaling questions/items

• Follows QUADAS-2, ROBINS-I, RoB-2

• Assessments made separately for different bias domains

• Domains:

1. Study participation

2. Study attrition

3. Prognostic factor measurement

4. Outcome measurement

5. Covariate adjustment

6. Analysis and presentation



QUIPS  (J Hayden, Ann Int Med 2006 + 2013)



Opportunities for bias

Adults with 

RA
Study 

Sample
Follow-up Study 

population

Joint 

Damage
Functional 

Disability

Enter 

Study

PF 

Measurement

Adapted from: Fletcher & Fletcher, Clinical Epidemiology – The Essentials. Chapter 6. Williams & Wilkins, Baltimore. 1996



Risk of Bias tools

• Overall prognosis studies

– RoB-OPS – in preparation

• Prognostic factor/predictor finding studies

– QUIPS – J Haydn, Ann Int Med 2006 + 2013

• Prognostic (prediction) model studies (development and validation)

– PROBAST+AI – Moons, BMJ 2025

– PROBAST-2019 E&E – Moons, Ann Int Med 2019



Specific issue in prediction model studies

• Quality of prognostic model development

• Overfitted models 

– too large ROC area

– too optimistic calibration plot or outcome classification

• Wrong estimated predictor weights

• Wrong estimated intercept

• Unfortunately: often don’t know from development study → only visible until model 
validation → ideally external 



Slope < 1.0
• Low prob too low

• High prob too high



Systematic 
overestimation 
predicted probabilities

Intercept (outcome 
incidence) development 
study too high!
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Focus

• Diagnostic and prognostic prediction models

• Development and evaluation (validation) studies

• All types of predictors and health outcomes 

• All types of techniques

– Incl. Machine Learning / Artificial Intelligence



Structure of PROBAST

Also domain-based: each with section quality / risk of bias + applicability

Quality refers to the methodological quality of the model development or 

production process.

Risk of bias is a systematic error in the estimates of the model’s true 

predictive performance. The predictive performance is ideally evaluated 

using calibration, discrimination, and clinical utility. 

Applicability refers to the extent to which the prediction model from the 

study matches your systematic review question, for example in terms of the 

population or outcomes of interest.



PROBAST 4 phases
Step Task When to complete

1 Specify the intended purpose of the prediction model 

assessment or of the prediction model systematic 

review

Once per assessment or systematic review

2 Classify the type of prediction model study 

(development or evaluation or both)

Once for each prediction model of interest in each publication 

assessed, for each relevant outcome

3 Assess quality and applicability to the intended 

purpose of the prediction model for model 

development for the separate domains

&

Assess risk of bias and applicability to the intended 

purpose of the prediction model for model evaluation 

for the separate domains

Once for each model development for each distinct prediction model 

in a publication

Once for each model evaluation for each distinct prediction model in 

a publication

4 Assess the overall quality, risk of bias, and 

applicability of the prediction model (study)

Once for each distinct assessment of each prediction model in a 

publication



Step 3: Assess quality and/or risk of bias, and applicability



Practical
Split group in subgroups



QUIPS



PROBAST+AI



Go to: 
https://methods.cochrane.org/prognosis/wo
rkshops-and-events 
And download the workshop materials for either QUIPS or PROBAST+AI

Or scan the QR code: 

https://methods.cochrane.org/prognosis/workshops-and-events
https://methods.cochrane.org/prognosis/workshops-and-events


EXTRA

What to do with your risk of bias 
assessments?



Presentation of Risk of Bias

‘Risk of Bias’ table (transparent reporting)

Judge the specific domains for each study:

• Low risk of bias

• Moderate risk of bias

• High risk of bias

Provide complete descriptions from studies supporting judgments



Quality assessment/Risk of Bias Tool 

prognostic factor studies
Presentation across studies 



Quality assessment/Risk of Bias Tool 

prognostic factor studies
Presentation RoB summary



Incorporating Assessments into Analyses

Not appropriate to ignore potential biases

Trade-off between bias and precision

• Including all eligible studies will produce a result with high precision

• But results may be biased due to flaws

Cautious analysis and interpretation



Approaches to Include RoB Results in Analysis

Restrict primary analysis to ONLY studies with low risk of bias (e.g. on 
all domains)

• Threshold-type of approach (arbitrary)

• Sensitivity analysis including higher risk studies

Explore the impact of individual bias domains

• Graphically according to risk of bias

• Comparison of subgroups



Overall prognosis studies - What is most likely course (outcome) of individuals 
with certain health condition

Predictor finding studies - which predictors contribute to prediction of particular 
prognostic/diagnostic outcome – aim not to develop a model for individualised 

predictions

Model development studies – to develop prediction model from data: identify 
important predictors; estimate predictor weights; construct model for 

individualised predictions; quantify predictive performance; internal validation

Model validation studies –  test (validate) predictive performance of previously 
developed model in participant data other than development set 

Model impact studies – quantify effect/impact actually using model on 
participant/physician management and health outcomes – relative to not using 

the model → comparative studies.

QUIPS (Hayden, Ann Intern Med 2005)

Comparative, intervention studies – RoB Cochrane (Higgins BMJ 2011)

PROBAST+AI (2025) – Formal Risk of Bias tool

Prognostic and Diagnostic

Bouwmeester et al. PLoS Med 2012

Take home messages

RoB-OPS (in preparation)



Reporting guideline prediction 
modeling studies

www.tripod-statement.org
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