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Prediction

• Risk prediction = foreseeing / foretelling

… (probability) of something that is yet unknown

• Turn available information (predictors) into a statement 

about the probability: 

… of having a particular disease -> diagnosis

… of developing a particular event -> prognosis 

• Use of prognostic information:

– to inform patients and their families

– to guide treatment and other clinical decisions

– to create risk groups 

– … 



How do we predict?

• Combine information from multiple predictors

– Subject characteristics (e.g. age, gender)

– History and physical examination results (e.g. blood pressure)

– Imaging results

– (Bio)markers (e.g. coronary plaque)

• Develop a multivariable statistical model

– Need for patient data from large cohort studies

– Many strategies available (Regression, decision trees, neural networks, …)



Prediction

What is a good model?

• Generates accurate predictions in individuals from 

potential population(s) for clinical use

• Ability to discriminate between different risk groups

• Improves patient outcomes by informing treatment 

decisions



Common pitfalls

Most models are not as good as we think

• Poor quality of prognostic modelling studies 

– Limited sample size

– Incomplete registrations & reporting

– Absent study protocols

• Poor transportability

– Case-mix variation across populations

– Differences in measurement methods

– Time-varying predictor effects

– Changes in standards of care and treatment strategies

• Lack of external validation



Use of multiple IPDs



Prediction research using IPD-MA

Potential advantages of multiple IPDs

• Development of better prediction models

– Reduced risk of overfitting

– Ability to address wider spectrum of patients

– Ability to investigate more complex associations

– Ability to “borrow strength” (e.g. in case of missing data)

• More extensive testing of model performance

– Ability to externally validate across multiple settings

(also upon model development)

– Ability to investigate sources of poor or inconsistent model 

performance

– Ability to assess usability of prediction models across 

different situations



IPD-MA prediction studies (general)



Big differences with intervention research

The presence of heterogeneity between IPD sets may 
substantially affect the transportability of developed models!



Model development in IPD-MA

Need to identify whether aggregation of IPD is justifiable, 
and how to adjust for heterogeneity.

• Allow for different baseline risks in each of the IPD 

studies

– Account for differences in outcome prevalence (or incidence) 

across studies

– Examine between-study heterogeneity in predictor effects and 

prioritize inclusion of (weakly) homogeneous predictors

– Appropriate intercept for a new study can be selected using 

information on outcome prevalence (or incidence)

• Implement a framework that uses internal-external 

cross-validation



Internal-external cross-validation (IECV)



Internal-external cross-validation (IECV)
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Internal-external cross-validation (IECV)

The IECV approach allows for many external validations



Assessing model performance

Meta-analysis of performance estimates

• A ‘good’ prediction model will have 

– satisfactory performance on average

– little or no between-study heterogeneity in performance

• Need to summarize estimates of model performance…

– To estimate likely performance in new studies

– To calculate probability of “good” performance

– To evaluate sources of between-study heterogeneity



Meta-analysis of performance estimates



Meta-analysis of performance estimates

Compare competing modeling strategies

• Choice of predictors

• Dealing with heterogeneity

• Non-linear effects

• Interaction terms



Meta-analysis of performance estimates

Identify & address sources of heterogeneity

• Differences in patient spectrum

• Differences in baseline risk

• Differences in predictor effects

Facilitate tailoring of developed models!



Further research

• Dealing with differences in variable definitions

• Assessing data quality

• Imputation of missing data

• Variable selection

• Addressing heterogeneity

• Reporting

• …


