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4. Rationale:  
 

Hyperuricemia is associated with multiple diseases, including gout, cardiovascular disease, and 

renal disease. Serum uric acid concentrations are highly heritable suggesting a strong genetic 

component, yet genome wide association studies of single nucleotide polymorphism (SNP) and 

serum uric acid concentrations explain only a small fraction of the heritability.  Therefore, it is 

hypothesized that some of the missing heritability might be attributed to copy number variants.  

The association of copy number variants (CNV) and risk of hyperuricemia has not been reported. 

 

5. Main Hypothesis/Study Questions: 
 

We will test the hypothesis that copy number variants are associated with serum urate. 

 



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:  
We will perform CNV discovery association analysis on participants who consented for genetic studies 

and were genotyped on the Affymetrix 6.0 platform.  Exclusions include: individuals who did not consent 

to genetic research; individuals whose self-reported race is not “White”; samples missing outcomes or 

covariates; first-degree relatives; and individuals with excess autosomal heterozygosity, a mismatch 

between genotypic and phenotypic gender, or that are genetic outliers.  
 

 Methods for CNV discovery will include the hidden Markov model (HMM) implemented in PennCNV 

(Wang et al., 2007) and a HMM implemented in the R package VanillaICE (VI) (Scharpf et al., 2008).  

DNA sample quality will be ascertained by the variance of low-level summaries of copy number, as well 

as the number of CNVs called by PennCNV/VI. 

 

Linear regression models will be used to test the association of serum uric acid (measured at the first visit) 

and CNV while adjusting for age, sex, and study site.  CNV will be modeled as a three-category variable 

(deletion, normal, gain).  A 2-degree of freedom test for significance will be used.  In addition, we will 

assess and adjust for technical factors known to impact copy number estimates in genotyping arrays as 

needed.  If an association of CNV and serum uric acid is found within a megabase (Mb) of a Genome-

Wide Association study index SNP, the level of linkage disequilibrium between the index SNP and the 

CNV will be calculated and the models will include a term for genotypes. 

 

There are several methodological challenges to CNV discovery and association analyses.  First, low-level 

summaries of relative copy number, such as log R ratios, are noisy and highly susceptible to technological 

source of variation such as batch effects (Leek et al., 2010). We will leverage the genotypes at 

polymorphic markers on the array, which are more robust to batch effects, to guide the estimation of the 

low level summaries (Scharpf et al., 2011). Secondly, biases in PCR efficiency can occur as a result of 

differences in the GC content of probes.  These biases can vary in magnitude and direction between 

samples, and manifest as waves in plots of normalized intensities versus physical position. Without 

correction, CNV calls may contain a number of false positives as peaks and valleys in the waves are 

confused with copy number alterations.  We will explore previously published tools for wave correction 

(e.g, Diskin et al., 2008) and extend such methods for the analysis of ARIC samples as needed.  Finally, 

there will be a number of samples for which the DNA quality is too poor or for which the above 

preprocessing steps do not adequately remove technical artifacts. Such samples will be excluded prior to 

assessing the association of copy number and serum uric acid. 
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12.  Manuscript preparation is expected to be completed in one to three years.  If a 

manuscript is not submitted for ARIC review at the end of the 3-years from the date of 

the approval, the manuscript proposal will expire. 


