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4. Rationale:  
 
Type 2 diabetes mellitus (T2DM) is a major health burden with over 20 million 
Americans estimated to be living with the disease 1. T2DM is a heterogeneous disease 
with a complex etiology including a strong genetic component. Genes that contribute to 
genetic susceptibility to T2DM function in numerous biochemical pathways. Genome 
wide association studies in large populations have resulted in the identification of 
numerous T2DM susceptibility genes 2. To date, TCF7L2 has the strongest association 
with T2DM and is consistently replicated across populations 3-9. We propose to conduct a 
genome-wide association study to identify variants associated with T2DM within this 
well characterized cohort. 
 
5. Main Hypothesis/Study Questions: 
  
We propose to study the association of ~ 2.5 Million genotyped and imputed SNPs from 
the Affy 6.0 array in ARIC Study participants and prevalent type 2 diabetes at the ARIC 
baseline exam. 
 
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). 
 
Study design and inclusion/exclusion: subjects and sample size 
 The following exclusion criteria will be applied; 1) subjects who did not consent to 
genetic research, 2) subjects who self-reported race other than “white”, and 3) subjects 
missing measurements needed to assess diabetes at baseline.  
 
The final baseline sample will therefore consist of successfully genotyped individuals 
among 7116 white ARIC participants.  
 
Publication Strategy 
Preliminary analyses indicate that there is one novel region that reaches genome-wide 
significance for prevalent T2DM in ARIC.  We have a tentative agreement with the 
Diabetes Genetics Replication And Meta-analysis (DIAGRAM) consortium 2 to provide 
replication results for this region. DIAGRAM has assembled GWAS results on over 
10,000 T2DM cases and 10,000 controls of European ancestry.  In return, ARIC will 
exchange in silico replication results for 25 novel regions/SNPs that have been identified 
in DIAGRAM consortium’s latest meta-analysis.  Once the exchange with DIAGRAM is 
made, a separate ARIC manuscript proposal will be submitted to document ARIC’s 
participation as a replication cohort in the DIAGRAM paper that is currently in 
development.  Finally, ARIC has agreed to contribute GWAS results for prevalent T2DM 
if the DIAGRAM consortium decides to update its meta-analysis at some future date.   



Exposure Measurements and Definitions 
This manuscript proposal is concentrated on the analyses of the SNP data at ~2.5 Million 
genotyped and imputed SNPs. 
 
Quality Control of Genotyping Data 
Called genotype data using the Birdseed algorithm will be transferred from the Broad 
Institute where genotyping is conducted to the ARIC coordinating center. Quality control 
analyses of the ARIC genotype data will be conducted centrally by Dr. Boerwinkle’s 
group at UT Houston, and will occur prior to the distribution of the genotype data to the 
ARIC study sites. Quality control procedures will include the analyses of blind duplicates 
and evaluation of missing data (both at the individual and SNP level) and allele/genotype 
distribution. Exclusions will be data-driven and include excessive missing data (likely 
>20%), lack of chromosomal coordinates, monomorphic SNPs, severe deviations from 
Hardy-Weinberg equilibrium (likely p<10-6), excessive autosomal heterozygosity, and 
genetic outliers.  
  
Outcome Measurements and Definitions 
Prevalent diabetes are defined as any participant who self reported a physician diagnosis 
of diabetes or high blood sugar, used diabetic medication, had a fasting glucose ≥ 126 
mg/dL, or a non-fasting glucose of ≥ 200 mg/dL at the baseline exam.  To increase 
specificity, non-cases are defined subjects with fasting glucose < 110 mg/dL. Glucose 
was measured using a hexokinase/glucose-6-phosphate dehydrogenase procedure.  
Height was measured while participants were standing without shoes, heels together 
against a vertical mounted ruler.  A Detector Platform Balance was used to measure 
weight. BMI was calculated as weight (kg)/height2 (m2).  Hip and waist circumferences 
were measured at the maximal protrusion of the hips and at the level of the umbilicus 
with the participant standing erect.  Medical and personal histories were ascertained via 
interview.   
 
Statistical Analysis 
Genotypes will be modeled using an additive genetic model in order to reduce the 
number of tests, because this model has been shown to fit reasonably well in prior GWAS 
analyses of common variants. Covariates will include age, study center, gender, and 
measures of adiposity and physical activity. The outcomes will be evaluated using 
logistic regression with adjustment for the covariates. All analyses will be conducted 
using the software PLINK10 and probABEL11. Moreover, analyses will be conducted on 
combining the new findings with previous T2DM GWAS findings, such as SNP* SNP 
effect. Further secondary analyses will likely be necessary depending on the nature of the 
findings.  
 
Population stratification can cause spurious association in the analysis of GWAS data.12 
We are currently evaluating whether we will use the IBS clustering feature provided as 
part of the software plink, or whether we will use principal components analyses as 
implemented in the software Eigenstrat.13 An estimate of ancestry can be obtained from 
either method, which can then be adjusted for as a covariate in the association analyses if 
we found that estimates of ancestry are associated with both the outcome and the SNP of 



interest. We will also estimate the genomic control parameter to obtain an overall 
estimate of potential stratification. 
 The issue of multiple testing, which is a threat to inferences from genome-wide 
association studies, will be addressed by replicating association findings by DIAGRAM. 
We will further evaluate results corrected for multiple testing applying the Bonferroni 
correction as well as the FDR method.14 
 Finally, we will use bioinformatics tools to obtain information about informative 
SNPs, both with respect to linkage disequilibrium as well as to function. SNPs will be 
evaluated for their location, SNP type, across-species conservation, and association with 
gene expression. For nonsynonymous coding SNPs, we will evaluate the predicted 
consequence of the amino acid change. Collaborations with additional scientists to 
functionally study promising SNPs may be initiated as scientifically justified and agreed 
upon within the working group. 
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