Appendix S3:  Methodology to arrive at descriptions 


A:   Using existing descriptions based on fitting regression models 


The conditional distribution of a characteristic C given age A can be described by a regression model. In the case of a continuous characteristic C this can be the classical simple linear regression model 

    with    
   
If this model has been fitted and the estimates of  , , and  have been reported, we can use this description. 

Often, the characteristic C is a score representing a staging system taking values between  and . Such a staging system represents typically an ordinal scale, i.e., distances between the numerical staging values should not be interpreted. To describe the conditional distribution of  given age an ordinal probit regression model can be used, and this choice is rather popular. 

The ordinal probit model can be written as 



with  taking values between  and  and  denoting the cumulative distribution function of a standard normal distribution.  The parameters  are increasing real numbers with  and . The parameter  can be interpreted together with the other parameters in the following way: a normally distributed term  with mean 0 and standard deviation  is added to the true age a, and the resulting value is compared with the thresholds  in order to determine the true stage s. If this model has been fitted and the resulting parameter estimates have been reported, this description can be used. 

Standard statistical packages such as Stata use typically a slightly different parameterization for this model in the spirit of a regression model. This parametrization reads 

)


B:   Generating descriptions based on fitting regression models to publicly available data 

If data on the true age and the characteristic from the reference data is publicly available, a description can be obtained by fitting one of the regression models mentioned above. However, the great advantage of having access to the original data is the opportunity to optimize the model. For example, it is rather popular to use the logarithm of age instead of age in fitting the ordinal probit model, and it can be easily checked whether such a transformation improves the model fit. In other fields of research, the use of ordinal logistic regressions is popular, replacing  by the distribution function  of a logistic distribution.  Again, it can be checked whether this improves the fit of the model. Similarly, it can be checked whether there is a need to consider sex-specific descriptions. 




C: Generating descriptions based on published mean values and standard deviations of age

Many publications on scoring methods developed in a reference sample report mean values and standard deviations of age within strata defined by application of the staging system. If also the number of subjects in each stratum is known and age follows a normal distribution within each stratum, then the conditional distribution can be derived as 



with   denoting the prevalence of stage s ,  denoting the mean age of subjects in stage s,  denoting the standard deviation of age of subjects in stage s, and  denoting the density of a standard normal distribution. 

Typically  there is no information in the publications allowing to judge the validity of the assumption of a normal distribution within each stratum. As a stratum is defined by a single or few adjacent score values, the variation of age should be limited and reflect mainly biological differences between the individuals. This allows us to use the central limit theorem to justify at least an approximate normal distribution. 


 D: Reversing a regression equation 

If a regression equation for the regression of  given  of the type 


 
and some additional information is given, it is possible to determine the parameters of the 
reverse equation 



This is possible, as all parameters can be expressed as function of the mean and variance of A and C and the covariance between A and C. Introducing the notations , , , , and  for these quantities, and for the adjusted  from the first regression, we can make use of the following relations: 

 



 
 
   
  
   

 

 


One specific situation is that we know in addition to the regression equation the mean   and the  value of the regression.  

Then we can perform the following calculations (using successive the seven equations shown above): 

 



 



   






to obtain the necessary parameter values for the reverse equation, i.e., the description of interest. 



