
M19-527: Development, Validation, and Application of Risk Prediction Models   

Spring 2019, January 14 – May 3, Monday 2-4pm 

Richmond teaching room (TAB, 2nd floor) 

Instructors: Yikyung Park (yikyungpark@wustl.edu)  

Teaching Assistant: Ying Liu (yliu3@wustl.edu)  

This course will present detailed discussion of the methods of predictive modeling, with 
applications to clinical and population health settings. Risk stratification models can be used to 
assess eligibility to clinical trials and interventions, to identify those at risk for fro more intensive 
therapy, and to guide prevention priorities.  When does adding another variable to prediction 
improve classification? What are the trade-offs to consider when moving to implementation in real 
world settings?  
 
The philosophy of the course is that learning should move away from the dictionary definition, “to 
receive instruction, to be informed, to commit to memory” to one that works for how computers 
learn, where committing to memory is a trivial task: things (students in a course like this?) learn 
when they change their behavior in a way that makes them perform better in the future. A 
performance based definition. We explore how prediction models fit into this concept of learning 
focusing on their development and implementation to improving health outcomes. 
 
Building from traditional risk factor identification through regression analysis to model refinement 
and validation of prediction, a number of statistical approaches will be reviewed. Each method is 
motivated by clinical examples. Topics covered will include model development and validation; 
regression approaches, model selection, inference, averaging; classification and regression trees, 
and other topics. Approaches to validation will be discussed and strategies for estimation of added 
value with expanded variable lists will be a key focus of this applied quantitative methods course. 
Issues in moving to implementation and evaluation in clinical settings will round out the course. 

Through examples, class discussion, and homework, students will become familiar with the 
methods for development, validation, and implementation of prediction models. Students will 
critically read and discuss a range of prediction model manuscripts.  They will prepare an analysis 
plan for design and implementation of a prediction model to improve health outcomes. 

Course note: Biostatistics I and II (M21-560 and M21-570) or equivalent are required 
prerequisites. SAS software required. (R or STATA could be used.) 

Competencies: Develop the knowledge and skills to design, conduct, and analysis of risk 
prediction modeling, implement, and evaluate epidemiology-related, health services or clinical 
research projects of clinical or public health significance including: 

• Obtain the knowledge and principles in basic issues involved in the clinical prediction rules, 
including design, development, validation, implementation, and interpretation of results for 
their application in clinical or public health settings. 

• Develop the knowledge and skills with biostatistical methods and computer software for 
performing appropriate analyses of public health services or clinical outcomes data. 

• Develop the knowledge and skills to critically evaluate existing risk prediction models and its 
translation to inform decision making of clinicians and policymakers. 

• Apply principles of study design and evaluation to clinical research and implementation 
projects. 

 

mailto:yikyungpark@wustl.edu
mailto:yliu3@wustl.edu


Text: (available on reserve at the library) 

Recommended reading: Clinical Prediction Models: A practical guide to development, validation, 
and updating. E. W. Steyerberg, Springer, 2009 
 
Additional resources: A more statistical theory based text for reference is  

• The Elements of statistical learning. Data mining, inference, and prediction. Hastie T, 
Tibshirani R, Friedman J. Springer, 2011. 

• Readings posted in each class   

Evaluation and Grading: Grading will be based on 1) class participation (10%), 2) two homework 
assignments (20% each), and 3) a final project and presentation (50%).  

Class participation: Focusing on applied learning, we will use published papers to promote class 
discussion. You must review each assigned paper in advance, be prepared to discuss the paper 
in class, and contribute to class discussion.   

Homework: There will be two homework assignments, including data analysis and interpretation. 
Homework should be submitted by the due date indicated.    

Final project and presentation: You will write a final paper that proposes a project to develop 
and/or validate a clinically relevant risk prediction model or update an existing model in your area 
of interest. The paper should provide rationale for developing, validating, or updating a risk 
prediction model; describe your method to develop and/or validate a model and alternative 
strategies assuming your original plan did not work; and include discussion on strengths and 
weaknesses of your method/model. The final paper should be 5 pages double spaced using Arial 
font size 11 with 1” margins and submitted by the due date as indicated. Rational/introduction 
should be less than 1 page. You will present your final paper to the class on an assigned date.   

 
Mental Health Services are available for full-time students enrolled on the Medical School campus. 
Students can self-refer to a counselor (phone: 314-362-2404, Option # 1 or Option # 2); or make 
an appointment with Dr. Karen Winters through Student Health Services (SHS), telephone: 314-
362-3523, and follow the prompts.   
 
There are also contractual mental health service providers who are available off-campus. More 
information regarding this coverage and a list of participating providers are accessible via 
https://wusmhealth.wustl.edu/  and then clicking on Students and scrolling down to Mental Health 
Information https://wusmhealth.wustl.edu/students/mental-health-information/.  Please do not 
hesitate to reach out to the MPHS program leadership (https://mphs.wustl.edu/contact/), or to any 
of our off-campus providers https://wusmhealth.wustl.edu/ 
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Course Schedule (Tentative)  
 
Week 1: Overview of Clinical and Public Health Risk Prediction  
 
Reading:  

- Chapter 2 in the Clinical Prediction Models (E.W. Steyerberg) 
- Wald N. When can a risk factor be used as a worthwhile screening test? BMJ 1999; 

319:1562-5 
- Moons et al. Prognosis and prognostic research: what, why, and how? BMJ 2009;338:b375. 
- Moons C. et al Prognosis and prognostic research: application and impact of prognostic 

models in clinical research. BMJ 2009:338:b606 
 
Week 2: Study Design and General Issues  
 
Reading:  

- Chapter 3, 4, & 9 in the Clinical Prediction Models (E.W. Steyerberg) 
- Royston P et al. Prognosis and prognostic research: developing a prognostic model. BMJ 

2009;338:b604    
 

Additional reading:  
- To be announced 

 
Week 3: Risk Prediction Model Development and Evaluation    
 
Reading:  

- Chapter 7, 10, 11, 15.1 & 15.2 in the Clinical Prediction Models (E.W. Steyerberg) 
- Cook NR: Use and misuse of the receiver operating characteristic curve in risk prediction. 

Circulation 2007, 115:928-935. 
 

Additional reading:  
- Steyerberg et al.  Assessing the performance of prediction models, A framework for 

traditional and novel measures. Epidemiology 2010; 21:128-138 
- To be announced  

 
Week 4: Data Analysis Practice Session I – Model Development  
 
GUSTO-I data  
 
Reading:  

- Chapter 22 in the Clinical Prediction Models (E.W. Steyerberg) 
- Lee KL, Woodlief LH, Topol EJ, et al. Predictors of 30-day mortality in the era of reperfusion 

for acute myocardial infarction. Results from an international trial of 41,021 patients. 
GUSTO-I Investigators. Circulation 1995; 91(6): 1659-68.  

- Steyerberg EW, Vergouwe Y. Towards better clinical prediction models: seven steps for   
development and an ABCD for validation. European heart journal 2014; 35(29): 1925-31. 

 
Week 5: Model Calibration and Validation  
 
Reading:  

- Chapter 15.3 & 17 in the Clinical Prediction Models (E.W. Steyerberg)   
- Altman et al. Prognosis and prognostic research: validating a predictive model. BMJ 

2009;338:b605. 
 
Additional reading:  

http://circ.ahajournals.org/content/115/7/928.long


- To be announced 
 
Week 6: Class Discussions - Model Development and Validation    
 
Reading:  

- To be announced 
 
Additional reading:  

- To be announced 
 
Week 7: Improving Existing Risk Prediction Models   
 
Reading:  

- Leening MJG, Vedder MM, et al. Net reclassification improvement: computation, 
interpretation, and controversies. Ann Int Med 2014;160:122-31. 

- Cook NR, Paynter NP. Performance of reclassification statistics in comparing risk prediction 
models. Biom J 2011; 53:237-58 

- Kerr KM, Wang Z, et al. Net reclassification indices for evaluating risk prediction 
instruments. A critical review. Epidemiol 2014;25:114-21. 

 
Additional reading:  

- To be announced 
 
Week 8: Data Analysis Practice Session II - Model validation   
 
Reading:  

- Chapter 22 
- Lee KL, Woodlief LH, Topol EJ, et al. Predictors of 30-day mortality in the era of reperfusion 

for acute myocardial infarction. Results from an international trial of 41,021 patients. 
GUSTO-I Investigators. Circulation 1995; 91(6): 1659-68.  

- Steyerberg EW, Vergouwe Y. Towards better clinical prediction models: seven steps for    
development and an ABCD for validation. European heart journal 2014; 35(29): 1925-31. 

 
Additional reading:  

- To be announced 
 
Week 9: Reporting a Prediction Model  
 
Reading:  

- Chapter 18 in the Clinical Prediction Models (E.W. Steyerberg) 
- Moons KG et al. Transparent Reporting of a multivariable prediction model for Individual 

Prognosis or Diagnosis (TRIPOD): explanation and elaboration. Annals of internal 
medicine. 2015;162(1):W1-73. 
 

Additional reading:  
- To be announced 

 
Week 10: Other Approaches for Prediction I: Classification and regression trees (Guest 
lecture) 
 
Reading: 

- Fonarow GC, Adams KF, Jr., Abraham WT, Yancy CW, Boscardin WJ. Risk stratification for 
in-hospital mortality in acutely decompensated heart failure: classification and regression 
tree analysis. Jama. 2005;293(5):572-80. 

http://annals.org/article.aspx?articleid=1814428
http://onlinelibrary.wiley.com/doi/10.1002/bimj.201000078/epdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=24240655


- Goldstein BA, Navar AM, Carter RE. Moving beyond regression techniques in 
cardiovascular risk prediction: applying machine learning to address analytic challenges. 
European heart journal. 2017;38(23):1805-14.   

 
Additional reading:  

- Shameer K, Johnson KW, Glicksberg BS, Dudley JT, Sengupta PP. Machine learning in 
cardiovascular medicine: are we there yet? Heart (British Cardiac Society). 2019. Jan 19. 
doi: 10.1136/heartjnl-2017-311198. [Epub ahead of print] 

- To be announced 
 
Week 11: Application of Risk Prediction Models in Clinical Settings (Guest lecture) 
 
Reading:  

- To be announced  
 
Week 12: Your Disease Risk (Guest lecture) 
 
Your Disease Risk website: https://siteman.wustl.edu/prevention/ydr/    
 
Reading: 

- Colditz GA, Atwood KA, Emmons K, Monson RR, Willett WC, Trichopoulos D, Hunter DJ.   
Colon cancer prevention. Volume 4: Harvard Cancer Risk Index Working Group, Harvard  
Center for Cancer Prevention. Cancer Causes Control 2000;11:477-488. 

- Kim DJ, Rockhill B, Colditz GA. Validation of the Harvard Cancer Risk Index: A prediction  
tool for individual cancer risk. J Clin Epi 2004;57(4):332-40. 

- Colditz GA, Rosner B (2000) Cumulative risk of breast cancer to age 70 years according  
to risk factor status: data from the Nurses’ Health Study. Am J Epidemiol 152(10):950–964 

- Rosner B, Colditz G, et al. Validation of Rosner-Colditz breast cancer incidence model  
using an independent data set, the California Teachers Study. Breast Ca Res Treat 2013  
Breast Cancer Res Treat. 2013 Nov;142(1):187-202. 

 
Week 13: Other Approaches for Prediction II (Guest lecture) 
 
Reading:  

- To be announced  
 
 
Week 14: Risk Communication (Guest lecture) 
 
Reading:  

- To be announced  
 
 
Week 15 & 16: Student Presentations 

https://siteman.wustl.edu/prevention/ydr/

