
Project: Missing data in nested case control studies 

Supervisor: Ørnulf Borgan 

In medical statistics, one is often interested in studying the lifetimes (or times to onset of a 

specific disease) for a group of individuals, and how they depend on covariates. To this end, it 

is quite common to apply Cox's regression model, where it is assumed that the hazard rate 

ℎ(𝑡|𝒙) of an individual with vector of covariates x takes the form 

 ℎ(𝑡|𝒙) = ℎ0(𝑡)𝑒𝜷𝑇𝒙.       (1) 

Here ℎ0(𝑡) is an arbitrary non-negative function and 𝜷 is a vector of regression parameters 

that describes the effect of the covariates. Estimation of the regression parameters is 

performed by maximizing Cox's partial likelihood 

 𝐿(𝜷) = ∏
exp(𝜷𝑇𝒙𝑖𝑗

)

∑ exp(𝜷𝑇𝒙𝒍)𝑙∈𝑅𝑗
𝑡𝑗  ,      (2) 

where 𝑡1 < 𝑡2 < 𝑡3 < ⋯ are the times when deaths (or occurrences of the disease) are 

observed, 𝑖𝑗 is the individual who dies (or get diseased) at 𝑡𝑗, and 𝑅𝑗 is the set of all 

individuals who is under observation at time 𝑡𝑗 (denoted a "risk set"). 

 

Estimation in Cox's regression model requires information of the values of the covariates of 

all individuals in the studied group. If some covariates are expensive to measure (e.g. 

biological markers), one may apply a nested case-control study where covariate information is 

collected only for the individuals ("cases") who die (or get diseased) and for a small number 

of "controls" selected at random from those individuals who are under observation ("at risk") 

when an individual dies (or get diseased). Estimation in model (1) from nested case-control 

data may be based on a partial likelihood similar to (2), but where the risk set 𝑅𝑗 is replaced 

by the sampled risk set 𝑆𝑗 consisting of the case at 𝑡𝑗 and its sampled controls. 

 

Sometimes some covariate information may be missing for one or more individuals in some 

of the sampled risk sets. This will cause problems when estimating 𝜷. How serious the 

problems are, depend on whether covariate information is missing for a case or a control and 

on the number of sample controls per case. A number of options are available for handling 

nested case-control data with missing covariate information. Some of them are: 

 Complete data analysis: Omit the sampled risk set where the values of one or more 

covariates are missing. 

 Missing indicator method: Define missing as a new category (for categorical 

covariates). 

 Mean imputation: Fill in missing covariate values by their means (among 

cases/controls). 

 Single imputation: Fill in missing covariate values using their "nearest neighbour" 

(among cases/controls). 

 Multiple imputation. 

 

The aim of the project is to explore the performance of the various methods for handling 

missing covariates in nested case-control studies. To this end, both real and simulated data 

will be used. 


