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4. Rationale:  

Type 2 diabetes is an epidemic in the United States, affecting around 7% of the 
population and leading to significant increases in morbidity, mortality, and long-term 
healthcare costs (Rahman et al. 2008; Kolberg et al. 2009).  There is evidence that type 2 
diabetes is a risk factor for several cancers including colon, prostate, and breast cancers 
(Xue and Michels 2007; Folsom et al. 2009).   Pathophysiological explanations have been 
generated to explain the connections between these diseases and several genes associated 
with type 2 diabetes risk have also been found to be associated with cancer outcomes 
such as prostate and colorectal cancer (Severi et al. 2007; Folsom et al. 2008; Pal et al. 
2009; Meyer et al. 2010).  However, to date there have been no extensive searches of 
GWA datasets for evidence of shared genetic regions between type 2 diabetes and cancer 
outcomes.    
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5. Main Hypothesis/Study Questions: 
We will use the GWA data in ARIC to look for genes that are associated with 

both incident type 2 diabetes and colorectal cancer and if numbers permit, prostate and 
breast cancer outcomes.   We will do so by summarizing variation across nominally 



associated loci into quantitative risk scores and determining if these scores are associated 
with type 2 diabetes and cancer outcomes.  Furthermore, we will conduct a pathway 
analysis to determine if biochemical pathways are shared between the type 2 diabetes and 
cancers.    
 
 
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). 
 Analyses will be restricted to Caucasian participants.  Individuals with a history of 
cancer or prevalent diabetes at the baseline examination will be excluded from analysis in 
addition, to individuals with missing risk factor data.  All remaining participants will be 
followed through 2006, which is the most recent data available on incident cancer 
outcomes.  Incident type 2 diabetes is defined a history of physician-diagnosed diabetes, 
current use of anti-diabetes mediation, having a fasting serum glucose ≥126 mg/dL, or 
having a non-fasting glucose measure ≥200 mg/dL.  Incident cancer outcomes in this 
cohort have been ascertained by linkage to cancer registries.   
 To analyze events for the GWA, we will use Cox proportional hazard models to 
calculate hazard ratios and corresponding 95% confidence intervals using SAS v.9.2 
(Cary, NC) and assuming an additive genetic model.  Cox models will be adjusted for 
age, sex, and field site.  Following the GWA, we will randomly divide the ARIC dataset 
into two sub-sets of equal size, the training and the testing sets.  To create a risk score in 
the training dataset, we will reduce the number of SNPs available for analysis by filtering 
on minor allele frequency, genotyping rate, and linkage disequilibrium independent of 
their association with type 2 diabetes.  We will use the training set to obtain sets of alleles 
that are significantly associated with type 2 diabetes at increasingly liberal thresholds 
(PT<0.01, 0.2, 0.3, 0.4, and 0.5) in Cox regression.  For each individual in the testing set 
we will calculate the number of score alleles they have, weighted by the log hazard ratio 
for each allele, from the training dataset.  To assess whether the aggregate scores reflect 
diabetes risk, we will test for higher mean scores in cases compared to controls (Purcell et 
al. 2009).  We will also examine diabetes risk by quantiles of aggregate scores to 
examine the pattern and strength of association and determine the degree to which these 
patterns differ according to the threshold used to select SNPs.   
 In order to determine if genes are shared between diabetes and cancers, we will 
test whether the derived diabetes risk score is associated with colorectal, prostate, and/or 
breast cancer outcomes for any PT thresholds.  If there is an association between the 
diabetes risk score and any cancer, we will examine the risk by quantiles of aggregate 
scores to examine the pattern and strength of association and determine the degree to 
which these patterns differ according to the threshold used to select SNPs 
  Subsequently, we will use the SNPs that were filtered by minor allele 
frequency, genotyping rate, and linkage disequilibrium and look for pathways that 
overlap between disease outcomes.  We will enter a list of these SNPs and their 
corresponding p-values into the Gene Set-based Analysis of Polymorphism (GeSBAP), 
which will return significant functional categories, the associated p-values, and the genes 
included in each category that are connected with both cancer and diabetes outcomes.  



GeSBAP selects SNPs that map into genes or their neighborhoods (±5 kb).  The SNP 
with the highest association to the trait studied is taken as the proxy of the gene.   All the 
genes are mapped to their corresponding functional categories, which we will select a 
priori, and ranked accordingly to their proxy polymorphisms.  A gene set analysis (GSA) 
test is used to check for functional categories showing significant associations to the trait 
studied.   We will compare the pathways between diabetes and cancer outcomes to 
identify those that overlap.     
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