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3. Timeline: 1 year 
 
 
4. Rationale:  
 
Approaches to perform multiple imputation of missing data need to be adapted when applied to 
nested case-control and case-cohort studies.  
 
5. Main Hypothesis/Study Questions: 
 



We will outline extensions of (1) multiple imputation by chained equations and (2) the 
substantive model compatible imputation approach for imputation of missing values in nested 
case-control and case-cohort studies. Our methods will be assessed using simulation studies and 
illustrated using example data from ARIC. Example code in Stata and R will be provided in 
supplementary materials.   
 
 
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). 
 
Here we describe the proposed analysis on the ARIC study, to be used as an illustration of our 
methods.  
 
We will assume the model of interest is a Cox proportional hazards model, with time to first 
CVD event as the outcome of interest, and (Framingham) covariates of interest to include: sex, 
age, HDL, total cholesterol, smoking status, SBP and history of diabetes. We will first explore 
the extent of missing values, and if not substantive for illustrating our methods we will induce 
further missing data under an assumed Missing At Random assumption.  
 
From the full ARIC cohort, we will then create (i) a nested case-control study by matching on 
age and sex each case to 2 controls and (ii) an unmatched case-cohort study using a subcohort of 
5% of individuals.  
 
The two proposed multiple imputation approaches will then be applied to the full cohort, the 
nested case-control study and the case-cohort study. We will compare the model regression 
coefficients and their standard errors along with the 10-year baseline survival estimate. Similar 
results from the different study designs and MI methods will illustrate how our methodological 
extensions work in this study (note – we have already performed more rigorous simulation 
studies).  
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