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3. Timeline:  This would combined work from two finished masters paper, so could be 
finished by May 1, 2009.  
 
4.   Rationale: Several parameters are in use for evaluating the benefits of adding risk 
factors to accepted models of longterm risk prediction.  Some of these have ignored the 
censoring and time-dependency inherent in the application of these methods to longterm 



survival data.  The parameters include area under the ROC curve (AUC), an extended 
AUC  suggested by Harrell,  proportion of total variance explained by the regression 
variables (R2),  population attributable risk (PAR) related to having elevated risk score, 
the ratio of predicted risks in the  top and bottom quintiles of risk score, and correlation 
between risk score and time of event.  When traditional risk prediction models are 
compared with newer extended models, differences in these parameters between the 
models can be considered. Pencina et al have named the difference in R2 the integrated 
discrimination improvement (IDI), and  have also introduced the net reclassification 
improvement (NRI) index.  For completeness we will also discuss some statistical tests of 
goodness-of-fit of the models, the Hosmer Lemeshow chi-squared test and the 
Gronnesby-Borgan test.  
 
5. Main Hypothesis/Study Questions:  The purpose of this paper is to extend the 
application of these parameters to survival data and to compare estimates of the extended 
parameters with those ignoring censoring and time-dependency, using both real data from 
the ARIC study, for prediction of risk of CHD, and from simulated data, in which the true 
values of the parameters are known.  We will also provide SAS macros for computation 
of the extended parameters. 
 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 
variables of interest with specific reference to the time of their collection, summary 
of data analysis, and any anticipated methodologic limitations or challenges if 
present). 
 
The study design is that of a longterm cohort study, with risk factors measured at baseline 
used to predicted incident event over time.  The analysis tool will be the Cox proportional 
hazard model, though the methods are applicable to parametric survival models.  
Comparison be will be made to parameter estimation that uses logistic regression.  For 
illustration the ARIC cohort data will be used  to model incidence of coronary heart 
disease, through 2004.  The risk factors included will be those in traditional risk scores, 
such as Framingham’s or in the ARIC risk prediction papers.  Analysis will be separate 
by sex.  Race will be included as a covarariate instead of a stratification variable.  No true 
“novel” risk factors will be included – instead each of the traditional risk factors will be 
treated as a “novel” factor, to investigate the benefit of its  addition to a model excluding 
it. 
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