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3. Timeline: 
Genotyping is complete.  Data analysis will begin immediately.  

 
4. Rationale:  

 Homeostasis of ions such as sodium, potassium, and magnesium is important for 
maintaining health and preventing disease,1-12 yet the mechanisms of ion 
homeostasis are not yet clear. Blood sodium, potassium, and magnesium levels are 
heritable traits.13, 14 Genome-wide association (GWA) analysis of sodium, 
potassium, and magnesium levels can provide new information about genetic 
contributions to homeostasis of these important ions.  
 A recent GWA study in the BRIGHT study found no significant associations with 
blood levels of sodium and potassium in hypertensive whites.15 Since hypertension 
and related treatments can alter sodium and potassium levels, it is important to 
explore GWA of these ions in samples from the general population as well as among 
untreated individuals. GWA analysis of blood magnesium has not yet been reported. 
We propose a GWA study of blood sodium, potassium, and magnesium levels in 
whites from ARIC and other cohorts participating in the CHARGE consortium 
(AGES, CHS, FHS, and RS) to better understand the genetics of ion homeostasis in 
the general population. For the SNPs that reach genome-wide significance (5x10-7) 
in association with blood ion levels, we propose to examine the association between 
the SNPs and important health outcomes including hypertension and type 2 diabetes. 

 
5. Main Hypothesis/Study Questions: 
 

Primary Hypothesis:  Common SNPs are associated with baseline quantitative 
measures of blood sodium, potassium and magnesium. 
Secondary Hypothesis:  SNPs found to be associated with baseline blood sodium, 
potassium and magnesium will be associated with cardiovascular outcomes 
including hypertension and type 2 diabetes. 
 

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). 
 
Overview: 
 The analysis will be conducted by Tamra Meyer and supervised by Eric Boerwinkle. 
Both parties have signed the data distribution agreement. Both observed genotypes and 
genotypes imputed to the HapMap (Build35) will be modeled. To ensure quality of 
genotyping, SNPs will be excluded for missing data >10% and for deviation from Hardy-
Weinberg equilibrium (P<10-4). Individuals missing >5% of SNP data will also be 
excluded. Additive genetic effects on sodium, potassium, and magnesium levels will be 
determined using linear regression in ProbABEL software. The ProbABEL software 
allows consideration of covariables and probability estimates for imputed SNPs. A P-
value of 5x10-7 will be considered statistically significant at the genome-wide level. Since 



hypertension treatment can affect blood ion levels, we will confirm findings from the 
entire ARIC cohort in those without treated hypertension at baseline. 
 
Outcome variables:  
 Primary Hypothesis: Baseline blood sodium, potassium, and magnesium levels 

Secondary Hypothesis: Baseline hypertension and type 2 diabetes 
Exposure variables: 2.5 million HapMap SNPs 
Exclusions:  
 All analyses: Race other than white; restrictions on DNA use 

Sensitivity analysis: treated hypertension  
Covariables: Age, sex, field center 
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