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Diagnosis and Prognosis 
are pivotal in medicine

• Screening 

• Diagnosis 

• Therapy

For high risk people

For patients



Prediction Models &  Decision-Making

• Traditionally, the probabilities of diagnostic and 

prognostic outcomes are implicitly assessed.

• Medicine has been much more subjective than in the 
current era of “evidence-based medicine”.

• Moving towards sharing decision-making with 
patients by communication about risks and benefits.



Prediction Models &  Decision-Making

• Clinical prediction models provide the evidence-based 
input for shared decision-making, by providing estimates 
of the individual probabilities of risks and benefits

• Clinical prediction models combine a number of 
characteristics (e.g., related to the patient, the disease, or 
treatment) to predict a diagnostic or prognostic outcome.

• Publications with clinical prediction models have 
increased steeply over recent years



“Statistical Modelling”

To Explain or to Predict?

• Causal explanation (Testing theories)

• Prediction

• Description









In explanatory modeling the focus is on minimizing bias to obtain the

most accurate representation of the underlying theory. In contrast,

predictive modeling seeks to minimize the combination of bias and

estimation variance, occasionally sacrificing theoretical accuracy for

improved empirical precision.

“wrong” model can sometimes predict better than the correct one.



The process of statistical modeling through the explain/predict lens, 

differ from goal definition to model use and reporting.



Applications of Prediction Models

Public health

– Targeting of preventive interventions

Framingham for CVD  &  BCDDP, BRCAPRO for breast cancer

Clinical practice

– Diagnostic work-up (e.g. test ordering in renal artery stenosis )

– Starting treatment (threshold for treatment)

Therapeutic decision-making

– Intensity of treatment 

– Surgical decision making 

– Delaying treatment



Risk factors in four prediction models for breast cancer

BRCAPRO was shown to perform at least as 
good as experienced genetic counselors
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Prediction rule for renal artery stenosis as implemented in an 

Excel spreadsheet

The diagnostic accuracy of the regression model was similar to that of renal 

scintigraphy, which had a sensitivity of 72% and a specificity of 90%.



Applications of Prediction Models

Public health
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Probability of Deep Venous Thrombosis



Applications of Prediction Models

Public health

– Targeting of preventive interventions

Framingham for CVD  &  BCDDP, BRCAPRO for breast cancer

Clinical practice

– Diagnostic work-up (e.g. test ordering in )

– Starting treatment (threshold for treatment)

Therapeutic decision-making

– Intensity of treatment (e.g. chemotherapy or statin therapy)

– Surgical decision making 

– Delaying treatment



Graphical illustration of weighing 
benefit and harm of treatment.
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Surgical decision-making on short-term vs. long-term 
risk in replacement of a risky BScc heart valve.



Patient characteristics used in the decision analysis of 

replacement of risky heart valves
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Score chart to estimate the chance of
spontaneous pregnancy within 1 year





Why Study This Book?

The development and applications of prediction models are often suboptimal 

in medical publications.



Issues include:

(a) Better predictive modelling is sometimes easily possible; 

e.g. a large data set

with high quality data is available, but all continuous predictors are dichotomized,

which is known to have several disadvantages.

(b) Small samples are used:

- Studies are underpowered, with unreliable answers to difficult questions such

as “Which are the most important predictors in this prediction problem?”

- The problem of small sample size is aggravated by doing a complete case 

analysis.

- Predictors are omitted that should reasonably have been included based on

subject matter knowledge. 

- Stepwise selection methods are abundant, which are especially risky in small 

data sets.

- No attempts are made towards validation, or validation is done inefficiently.



(c) Claims are exaggerated:

- Often we see statements such as ‘the predictors were identified’; in many

instances such findings may not be reproducible and may largely represent

noise.

- Models are not internally valid, with overoptimistic expectations of model

performance in new patients.

- One modern method with a fancy name is claimed as being superior to a more

traditional regression approach, while no convincing evidence exists.

(d) Poor generalizability:

- If models are not internally valid, we cannot expect them to generalize.

- Models are developed for each local situation, discarding earlier findings on

effects of predictors and earlier models; a framework for continuous improvement

and updating of prediction models is required.



The Book Structure

It has been found that people learn by example, by checklists, and by own discovery!



• The book is aimed at epidemiologists and applied biostatisticians who want 

to develop or apply a prediction model. 

• Only a basic knowledge of regression analysis is required, including linear 

regression, logistic regression, and Cox regression. 

• The book contains few formulas and little theoretical justification, so a 

strong background in mathematics is not required. 

• Also provided is R code for implementing many of the techniques 

discussed in the book, which will be very useful for readers to reinforce the 

ideas being presented. 



• There is a discussion of issues in designing studies for prediction research, including 

selecting study subjects and choosing predictors and outcome variables.

• The book includes a 7-step checklist to be considered when developing a valid 

prediction model.

• There are enlightening discussions about missing values, selection of main effects and 

interactions, estimation of model parameters with shrinkage methods  and evaluation 

of performance and clinical usefulness.



Structure of the Book 

Part I: 

Prediction Models in Medicine

Part II: 

Developing Valid Prediction Models 

Part III: 

Generalizability of Prediction Models

Part IV: 

Applications
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