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Agenda for today

10:00-11:30 Introduction to prognosis reviews

11:30-12:00 Risk of bias (lecture)

12:00-12:45 Lunch

12:45-14:45 Risk of bias (practical)

14:45-15:15 Break

15:15-16:30 Meta-analysis



Introduction, design and 
protocol for systematic 
reviews of prognostic studies



Outline

Presentations:

• Introduction to types of prognosis research

• Introduction to types of SR of prognosis studies 

• Defining the review question

• Data extraction and critical appraisal

Lecture + practicals



Systematic reviews (SRs)

• Applicable to all fields of medical research

– Therapeutic studies (RCTs): Cochrane Intervention

Reviews 

– Diagnostic accuracy studies: Cochrane Diagnostic Test 

Accuracy Reviews

• Next: prognosis studies 



Why?

• Essence of precision, personalized or risk-based medicine

• Booming number of primary prognosis studies

– Biomarkers, prognostic factors, models, algorithms

– Further increase with introduction of AI/ML

• Reviews prognosis studies sharply increased past decade

– Aggregate and IPD reviews

– Cochrane library: Ongoing or published prognosis reviews = 42

• Reviews of prognosis studies ‘more’ challenging: 

– More variation in types of questions, designs, effect measures, analyses

– But many recent method developments -> Cochrane PMG community



http://methods.cochrane.org/prognosis

http://methods.cochrane.org/prognosis


Group exercise – 10 minutes

1. What is prognosis?

2. Why do we prognosticate?

3. Types of prognosis studies?



What is prognosis?

Forecast of the  course and outcome for an individual in a certain health state 

• Not necessarily sick people

• More technical: probable course/prediction of specific future outcomes in 

subjects with certain health condition or within a certain health state

• Disease does not have a prognosis → an individual does

Answer

See BMJ series 2009 (Altman, Moons, Royston, Vergouwe) + Progress series BMJ/Plos Med 2013



Why prognosticate:

• To provide information to patients/individuals

• Identify groups for treatment or other management (e.g. lifestyle) – including 
abstine of management 

• To target specific prognostic factors that modify treatment effects

• Select high/low risk patients for inclusion in RCTs

• Adjust for case-mix differences in comparison of healthcare institutes 
(benchmarking)

Answer



Types of prognosis studies?

1. Average/overall prognosis: 'What is most likely course (outcome) of 
individuals with certain health condition?’

2. Prognostic factor studies: 'Which factors are associated with specific outcome 
in individuals with certain health condition?

3. Prognostic modeling studies: ‘What combination of prognostic factors predict, 
and how well, a certain outcome in individuals with  a certain health condition?’

Answer

See Progress series BMJ/Plos Med 2013



Types of prognosis studies

1. Average/overall prognosis: 'What is most likely course (outcome) of 
individuals with certain health condition?’

2. Prognostic factor studies: 'Which factors are associated with specific outcome 
in individuals with certain health condition?

3. Prognostic modeling studies: ‘What combination of prognostic factors predict, 
and how well, a certain outcome in individuals with  a certain health condition?’



Prognostic factor studies

Aim:

• To identify factors associated with subsequent outcomes in subjects with certain 
health condition

• Not necessarily sick people (patients)

• Independent predictors



Prognostic Factor Study Example

Adults with 

RA
Study 

Sample
Follow-up Study 

population

Joint 

Damage
Functional 

Disability

Enter 

Study

?

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

Baltimore. 1996



Types of prognosis studies

1. Average/overall prognosis: 'What is most likely course (outcome) of 
individuals with certain health condition?’

2. Prognostic factor studies: 'Which factors are associated with specific outcome 
in individuals with certain health condition?

3. Prognostic modeling studies: ‘What combination of prognostic factors predict, 
and how well, a certain outcome in individuals with  a certain health condition?’



Exercise 10 min

Prognostic Model Studies

1. What is a prognostic model study, and what is the difference with 
multivariable analysis of multiple prognostic factors?

2. There are three phases of prediction modelling – which three?



Combination of 2 or more predictors in some kind of algorithm/formula  that convert predictor values into an absolute 
probability of … 

 …(presence of disease/result of reference test – diagnostic prediction model)

 …future occurrence of certain outcome – prognostic prediction models

A prediction model is developed for use in new individuals  to estimate their individual (diagnostic or prognostic) 
probability. Focus is on accuracy of entire model (discrimination + calibration). Predictors in the model not main interest.

Multivariable analysis of prognostic factors not focus on model, but rather on which are the independent predictors – 
Focus on HRs of the factors (adjusted HRs)

Answer

Prediction Model



3 Phases of Prediction Modelling studies

1. 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

2. Model evaluation (validation) studies –  evaluate (validate) predictive 
performance of a developed model in participant data other than 
development set 
 Apparent performance;
 Internal validation performance;
 External (validation) performance

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

What is the difference between 3 versus 1 and 2?

Answer

BMJ series 2009/Bouwmeester 2012/PROGRESS series 2013 (BMJ/Plos  Med) 



Big difference = 3 are comparative studies → ideally randomised

1 and 2 are by definition single cohort studies- no inherent comparison

3 are thus ideally RCTs – for SRs of prediction model impact studies use the 
Cochrane tools available for RCTs of intervention studies

Answer

3 Phases of Prediction Modelling studies

BMJ series 2009/Bouwmeester 2012/PROGRESS series 2013 (BMJ/Plos  Med) 



Everything we say from here on also applies to 
SRs of diagnostic prediction model studies 

 You need no separate course for that! 
 We use generic term: prediction model

Interesting and booming field – stay in it!



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

Available via http://methods.cochrane.org/prognosis

http://methods.cochrane.org/prognosis


Step 1. Well-formulated review question: PICOTS

22

Guidance for framing review question: CHARMS checklist

Plos Med 2014    

BMJ 2017  BMJ 2019 



Item Comment 

1. Population Target population in which  the prognostic factor(s) under review will be used.

2. Index prognostic factor(s) Index prognostic factor(s) whose prognostic ability is under review. 

3. Comparator prognostic 

factor(s) 

One or more comparator prognostic factors can be reviewed, if applicable. E.g.

comparing prognostic ability of certain index factor to other (i.e. comparator)

prognostic factors. Or review of the adjusted prognostic ability of a certain

index factor, adjusted for other (i.e. comparator) prognostic factors. If aim is

summarise unadjusted prognostic effect of index factor, then no comparator

factor is addressed.

4. Outcome(s) Outcome(s) of interest for the factor(s) under review.

5. Timing (two elements) (i) at what time-point(s) prognostic factors (index and comparators) are to

be used (time point of prognostication);

(ii) over what time period outcome(s) are predicted.

6. Setting Define the intended setting (role) of the prognostic factor(s) under review. 

PICOTS for SRs of Prognostic factor(s)



PICOTS of SRs of Prognostic (prediction) 

model(s)
Item Comment
1. Population Target population in which  prediction model(s) under review will be 

used.

2. Index prediction model(s) Index prediction model(s) under review

3. Comparator prediction model(s) One can compare the predictive ability of the index model to one or 

more other prediction models, if applicable.

4. Outcome(s) Outcome(s) of interest for the model(s) under review.

5. Timing (two elements) 1. At what time-point(s) predicton models (index and comparators)

are to be used (time point of prognostication);

2. Over what time period (notably for prognostic prediction models) 

outcome(s) are predicted. 
6. Setting Intended setting (role) of the prediction model(s) under review. 



Exercise: 

• Define a review question + PICOTS

Practical



Possible answer (but more answers are possible)

Population Patients with COVID-19, proven with PCR

Index factor(s) Any laboratory test (blood, urine, etc.)

Comparator Not applicable (or , e.g., added to self tests or added to patient’s symptoms and signs)

Outcomes Overall Mortality (or, e.g., ICU admission, or combination)

Timing 
1. Moment of prognostication: at COVID-19 diagnosis with PCR test

2. Time horizon: within 2 weeks

Setting Secondary care



Methods

Medline searched from 1966 to 1 April 2011. 

Inclusion criteria

• Model had to predict the occurrence cardiovascular 
disease in people with type 2 diabetes

• However, when model was designed for use in general 
population but included diabetes as a predictor

• Study described the development, validation or impact 
assessment 

Different clinical questions possible → depending 
on aim of the SR?
Group exercise: 

• Define a review question + PICOTS



Two possible answers (out of many possibilities)

Population Patients with TBI surviving the first 24 hours Patients with TBI right after accident

Index 

model(s)
All models IMPACT model (i.e., focus on 1 specific model)

Comparato

r
Not applicable CRASH model (i.e., one another specific model)

Outcomes Daily functioning Mortality

Timing 
1. Prediction T0:  24 hours after accident/injury

2. Three months prediction of outcome

1. Prediction T0:  right after accident/injury

2. Within 30 days

Setting Patients in hospital surviving a TBI after 24 hours Prediction in ambulance (or at battle field)



Types of SR prognostic/prediction model 

questions

•  Review all models for specific outcome in specific target population

– Models predicting fatal/non-fatal coronary heart disease in middle-aged general 
population; models predicting stroke in 60+ of general population;

– Models predicting survival after cardiac surgery ; predicting Length of stay after cardiac 
surgery ; predicting quality of life after surgery 

•  Review all existing models in a particular clinical field

– e.g. all models for any cardiovascular disease outcome in general population; all developed 
models in obstetrics.  



Types of SR prognostic/prediction model 

questions

•  How good is predictive performance of a specific model for a specific target 
population (validation studies only) 

– Predictive performance of Framingham risk model / GAIL model  

•  Review on added predictive value of a specific predictor/biomarker/test to a 
specific model

– Adding CRP to Framingham risk score; D-dimer to Wells Rule

– Adding imaging results to ‘basic risk scores’ (cancer models)



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



Search strategies

• No optimal, reliable methods for searching the literature for prognostic information

– As for RCTs and Diagnostic Test Accuracy Studies 

• A few published

– Altman DG (2001): single prognostic factors

– Wong SS (2003): very generic

– Ingui BJ (2001): prediction models

– Geersing (2012): validation Ingui (2001) and updated (new) search strategy 

– Kavanagh (2021): Optimizing a literature surveillance strategy to retrieve sound overall 
prognosis and risk assessment model papers. 

– Stallings (2022): Development and evaluation of a search filter to identify prognostic 
factor studies in Ovid MEDLINE.





Geersing et al 2012

Conclusions

Updated search strategy for prognosis research good in retrieving
“Prediction model studies” (Se 0.78 to 0.89)

Less value in retrieving “Predictor Finding/prognostic factor” and

“Prediction Model Impact Studies”

Strategy for “Predictor Finding / prognostic factor” studies still sub-

optimal but good starting point!



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



Study selection

• Not different from other types of reviews



Exercise 10 minutes:

1. Assume this forest plot is of  RCTs on 
intervention X to prevent outcome Y in 
patients with disease Z. 

– Is this pooling ok? 

– Why or why not? 

2. Assume this forest plot is of  studies on 
prognostic factor X, to predict outcome
Y in patients with disease Z. 

– Is this pooling ok? 

– Why or why not? 

Intermezzo Challenge  

Meta-analysis/Pooling of prognostic factor studies



Meta-analysis/Pooling in prognostic factor 

studies

• If RCTs

– Pooling is ok – provided correctly randomised 

– Then the 3 HRs are unbiased (provided no other risks of biases) so can easily pool them

– Clear effect of intervention X to prevent outcome Y 

– In frequentist world, at alpha 0.05 – even statistically significant result. 

• If prognostic factor studies? 

– Non randomised -> even if a study was based on a RCT – the prognostic factor analysis is per arm and 
thus non randomised

– Can not assume that the 3 HRs are unbiased

– Only pool them if studies have adjusted for the same co-variates – or largely for the same co-variates – 
e.g. the same big 6 or 7 (the eighth co variate probably did not change the HR further)

– So pooling of prognostic factor studies only if same adjustment  -- otherwise do stratified pooling (e.g. 
over studies with similar adjustment)

Answer



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



• Extraction of characteristics/data of included studies + 
Critical appraisal
• CHARMS – Table 2

• 11 domains + signaling items

• Has been adapted for prognostic factors as well:

CHARMS



Data Extraction Key issues CHARMS checklist



Data Extraction Key issues CHARMS checklist



43



44



Take home messages

• 4 main types of prognosis studies

• 3 main types of prognostic model studies

• Systematic reviews of prognostic factor and model studies largely same as for 
intervention SRs 

• Different and indeed more challenges in SRs of prognosis studies 

• Tools available for all familiar steps of SR → prognosis studies



Defining review question and 

developing criteria for including studies

Searching for studies

Assessing risk of bias  and applicability in included studies

Selecting studies and collecting data

Analysing data and undertaking meta-analyses

Interpreting results and drawing conclusions

Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 - http://handbook.cochrane.org/

Reporting of primary study

Guidance for defining review question, design of the review 
and checklist for critical appraisal and data extraction 

(CHARMS) – Moons et al 2014 PLOS Med

Meta-Analysis of clinical prediction models
Ahmed et al. BMC Res Meth 2014; Debray et al. Stat Med 2012; 

Debray et al. Stat Med 2014; Debray et al BMJ 2016

Assessment of risk of bias and applicability (PROBAST+AI) – 
Moons et al. 2025 BMJ; Moons et al. E&E 2019 Ann Intern Med

Guidance for interpretation of results
Iorio et al. BMJ 2015; Huguet 2013 Syst Rev; Foroutan 

2020&2022&2024 JCE

Search filters for prediction studies – Geersing et al. 2012 
PLOS One; Ingui et al. 2002 J Am Med Inform Assoc; Wong et 

al. 2003 AMIA Annual Symp Proc                                              

Guidance for defining review question, design of the review 
and checklist for critical appraisal and data extraction 

(CHARMS) – Moons et al 2014 PLOS Med

Transparent reporting of prediction models for prognosis and 
diagnosis (TRIPOD+AI) – Collins et al. 2024 BMJ; Moons et al. 

2015 Ann Intern Med

Reporting of systematic reviews

Assessing risk of bias of systematic reviews

Transparent reporting of systematic reviews and meta-
analysis (PRISMA 2020 & TRIPOD-SRMA)
Page et al. BMJ 2021; Snell et al. BMJ 2023

Risk of bias in systematic reviews (ROBIS)
Whiting et al. J Clin Epid 2015

Conducting systematic reviews of prediction model studies
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