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4. Rationale: The clustering of cardiovascular risk factors such as glycemic traits 
(impaired fasting glucose, diabetes mellitus and related measures) altered lipid levels, 



obesity, increased blood pressure, and several biomarkers within individuals is 
established in the literature.1 While the individual risk factors have heritable 
components,2 it is less clear whether the observed clustering has a common biologic 
basis.3, 4 In the recent wave of genome-wide association studies (GWAS), susceptibility 
loci for some of the individual metabolic components have been discovered, such as for 
diabetes mellitus,5, 6 serum triglyceride and other blood lipid levels,7 as well as 
biomarkers related to the metabolic syndrome.8, 9 Many of these studies identified genetic 
loci that only seem to confer risk for the respective discovery trait, based on the data 
available so far. In light of the clustering of metabolic risk factors, it is therefore of 
particular interest to investigate genetic loci that have demonstrated pleiotropy, i.e. 
association to more than one phenotype. Common variants in the glucokinase regulator 
(GCKR) gene, and specifically the single nucleotide polymorphism (SNP) rs780094, have 
recently been reported by independent GWAS as associated with serum triglyceride 
levels10, 11 and serum C-reactive protein levels.8 Moreover, candidate gene studies have 
linked this polymorphism to fasting insulin levels, impaired glucose tolerance, and type 2 
diabetes mellitus.12 We therefore propose to study the SNP rs780094 in GCKR in the 
ARIC Study. We are specifically interested in its association with metabolic traits, 
including all glycemic traits, obesity, lipid traits, blood pressure, and also with 
biomarkers related to the metabolic syndrome such as CRP and urate levels, as well as 
markers of kidney function in order to evaluate a common genetic/biologic basis to the 
clustering observed for these traits. Depending on the availability of the data from the 
ARIC GWAS, our study may be extended to other variants in the region of the GCKR 
gene. Furthermore, data from other cohorts may be included as independent study 
samples during the course of the project. 
 
 
5. Main Hypothesis/Study Questions: 
 
1. Do the recently described associations of rs780094 and serum triglycerides, glycemic 

traits, and serum CRP replicate in white and black participants of the ARIC Study? 
2. Is there an independent association with more than one or all components of the 

metabolic syndrome? Is the risk allele for each such observed association the same? 
3. Do the observed independent associations extend to biomarkers that have been linked 

to the metabolic syndrome?  
4. Is the rs780094 variant associated with cross-sectional and prospective endpoints, 

such as cardiovascular disease, diabetes mellitus, kidney disease and gout? 
5. In case genome-wide data are available, are there other variants in the GCKR gene 

region more significantly associated with the traits of interest in ARIC participants, 
and specifically in black ARIC participants? 

 
 
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 
Analyses will be conducted using data from 10,929 white and 3,960 black ARIC 
participants who consented to genetic research and had genotypes at rs780094 available.   
The cross-sectional association with metabolic traits will be evaluated at the baseline 
examination (visit 1) to maximize sample size, except for the traits measured at visit 4 
only (CRP, OGTT, markers of kidney function and damage). Prospective analyses will be 
conducted using visit 1 as the baseline and incorporating follow-up data through January 
1, 2005. 
  
Exposure Measurements and Definitions 
The rs780094 variant was genotyped by the central ARIC DNA laboratory in Houston. 
Race-specific measures of genotyping quality control will include genotyping call rate, 
evaluation of conformation to Hardy-Weinberg proportions, comparison of the minor 
allele frequency to the ones in the respective HapMap referent population, and the 
evaluation of genotyping of blind duplicate samples by the ARIC coordinating center. 
 
Outcome Measurements and Definitions 
Primary cross-sectional outcomes are the individual outcomes previously described as 
associated with rs780094. These outcomes will be used as measured at the baseline visit 
(triglycerides, fasting glucose) or visit 4 (CRP). Diabetes mellitus will be defined as a 
self-reported diagnosis of diabetes, the current intake of diabetes medications, or fasting 
plasma glucose ≥126 mg/dl or non-fasting glucose ≥200 mg/dl. Further primary cross-
sectional outcomes include the components of the metabolic syndrome, defined following 
the US National Cholesterol Education Program Adult Treatment Panel III13 
recommendations as 1) waist circumference ≥102 cm (male) or ≥88 cm (female); 2) 
plasma triglycerides ≥150 mg/dl or lipid lowering treatment; 3) plasma HDL-cholesterol 
<40 mg/dl (male) or <50 mg/dl (female); 4) systolic/diastolic blood pressure ≥130/85 
mmHg or the current intake of antihypertensive medications; and 5) fasting plasma 
glucose ≥100 mg/dl.  
 Secondary cross-sectional outcomes include a) measures of kidney function and 
damage, estimated glomerular filtration rate and the urinary albumin-to-creatinine ratio, 
calculated and defined as described previously;14 and b) serum urate measured at visit 1 
and gout defined as a self-report of the disease at study visit 4. 
 Primary prospective outcomes are incident diabetes mellitus, defined as described 
previously.15 Secondary incident outcomes include incident cardiovascular disease as 
well as incident kidney disease.14, 16, 17    
 
Statistical Analysis and Anticipated Challenges 
Analyses will be conducted stratified by race. We will use an additive genetic model, and 
analyses will be divided into primary and secondary analyses (see outcomes section). 
After the conduct of standard quality control analyses as outlined in the exposure section 
above, linear or logistic regression modeling will be conducted as appropriate to evaluate 
the cross-sectional outcomes. Cox-proportional hazards analyses will be conducted to 
evaluate associations with the prospective outcomes, and appropriate model checks will 
be conducted. First, minimally adjusted analyses (adjustment for age, sex, and study 
center) will be conducted to replicate previously observed associations and to examine 



the association with each of the outcomes. Then, fully adjusted models will be evaluated 
to assess whether these different metabolic traits are independently associated with 
rs780094, beyond the known associations. For example, we will assess whether the 
association with CRP remains significant after adjusting for serum triglycerides and 
fasting glucose. Similar analyses will be conducted in a step-wise fashion to evaluate 
whether the SNP is independently associated with more than one component of the 
metabolic syndrome as defined above, and with other traits associated with the metabolic 
syndrome such as impaired kidney function. Additional secondary data analyses may be 
added depending on the results of the analyses.   
 Since several associations of rs780094 and metabolic traits have been reported 
already, replication of these associations in further independent study samples will not be 
necessary, and the significance threshold for these associations will be set at α=0.05. In 
case associations with additional metabolic traits are detected, other cohort data may be 
included. Moreover, in case of association to additional metabolic traits, we will consider 
more complex analyses such as a network analysis or factor analysis. 
 In case of a positive association among the black ARIC participants, we will repeat 
these analyses adjusting for % European ancestry derived from a panel of ancestry 
informative markers genotyped in the ARIC Study.  
 The issue of testing multiple phenotypes will be addressed by dividing the analyses 
into primary and secondary outcomes as detailed above, and assigning a significance 
threshold of α=0.01 to the secondary outcomes.  
 All analyses will be conducted using Stata software. Should the analysis be extended 
to include additional GWAS data in the GCKR region, we will use the software plink to 
analyze the data.  
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