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4. Rationale:  

 



 Magnesium, the second most common intracellular cation, is important in many 

enzymatic reactions and the regulation of mitochondria function and vascular tone.
1
 Low 

serum magnesium levels have been shown to be associated with cardiovascular diseases
2, 

3
 and incident hypertension,

4
 and diabetes.

5
 In addition, population-based studies, 

including the ARIC study, have shown that African Americans (AA) have lower 

magnesium levels then European Americans (EA)
4
.  African Americans were reported to 

have lower dietary magnesium intake.
6
 However, no studies have examined the influence 

of genetics on magnesium levels in AA.  

 

 A previous genome-wide association study in individuals of European Ancestry 

identified five significant loci associated with serum magnesium levels with each index 

single nucleotide polymorphisms (SNPs) explaining 0.1% to 0.57% of the phenotypic 

variance.
7
  However, there has been no genome-wide study of serum magnesium levels in 

AA.  Therefore, we would like to determine whether the loci that are associated with 

serum magnesium in EA are also associated in AA and whether additional loci exist in 

this population. Testing for the association of known EA loci in AA may help fine 

mapping the known loci if these populations share the same causal gene or variants. 

Identifying common genetic variants associated with serum magnesium levels in African 

Americans may potentially inform the possible causes of lower magnesium levels in this 

population and the mechanisms underlying the association of magnesium levels and 

common diseases.    

 

5. Main Hypothesis/Study Questions: 

 

1. Common genetic variants are associated with serum magnesium levels in AA 

2. The associated common variants may partly explain the racial disparity in 

magnesium levels between AA and EA 

 

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 

 

Genetic association study  

 

Inclusion criteria 

 

All individuals in ARIC with self-reported race of white or black and serum magnesium 

and genome-wide array data. 

 

Exclusion:    

1. Individuals with estimate glomerular filtration rate < 30 because research 

indicated the kidney’s ability to maintain magnesium homeostasis through 



reabsorption and excretion deteriorates sharply in individuals with advanced 

chronic kidney disease.
8
  

2. Individuals whose genome-wide array data did not pass quality control, which 

included the identification of related individuals, genetic outliers, sex check, and 

missing genotype data rate > 5%. 

 

 

Outcome 

 

Average ofserum magnesium levels at visits 1 and 2 because the average of repeated 

measures can provide more statistical power than a single measure by reducing 

measurement errors.
9
 

 

Covariates 

 

Age at visit 1, gender, center 

 

Predictor 

 

Imputed genotype dosage using 1000 genomes reference panels 

 

Statistical analysis 

All SNP association analyses will be stratified by self-reported race (EA vs AA) 

 

1. Test of genetic association. We will perform linear regression to test for the 

association between genetic variants and serum magnesium levels assuming an 

additive genetic model. For the GWAS of serum magnesium levels in AA, the 

suggestive significant threshold is set at 10
-6

.
10

   

2. Interrogation of known loci. For published associated loci in EA, we will 

interrogate the region within 1Mb of the EA index SNP in the African American 

data in ARIC. Significant threshold is set at the 0.05 divided by the number of 

SNPs with variance inflation factor<2 within the 1Mb region or between two 

closest recombination hot spots, whichever is smaller.  

3. Power for interrogation of known loci. The percentage of phenotypic variance 

explained by the published index SNPs in EA ranged from 0.1% to 0.57%.
7
 Based 

on a sample size of 2750 in ARIC AA, at an alpha level of 0.05, we have over 

79% power to detect an index SNP that explains at least 0.3% of the phenotypic 

variance.  For region interrogation, assuming having 10 independent SNPs in a 

region, at an alpha of 0.005, we have 77% power to detect an association that 

explains 0.5% of the phenotypic variance. SNPs with lower minor allele 

frequency (MAF) would need larger effect sizes to explain the same amount of 

phenotypic variance as a SNP with higher minor allele frequency. To explain a 

phenotypic variance of 0.5%, a SNP with MAF of 45% would have an additive 

beta of approximately 0.01mmol/L, and a SNP with MAF of 30% would need an 

additive beta of approximately 0.24mmol/L. 



Power at genome-wide level. For genome-wide significance, based on a sample 

size of 2750 in ARIC AA, we have 64% power to detect a SNP explaining 1% of 

the phenotypic variance at an alpha level of 10
-6

. 

4. Associated loci and racial disparity in serum magnesium level. To examine 

whether associated variants in EA and AA may partly explain the racial disparity 

in serum magnesium levels, we will compute a genetic score based on the effect 

size and imputed dosage of the associated index SNPs in each population and 

conduct regression analyses combining both EA and AA populations to assess 

whether including the genetic score as a covariate changes the association 

between serum magnesium levels and self-reported race controlling for age and 

gender. 

5. Association of serum magnesium index SNPs in AA with blood pressure and 

diabetes traits. To examine whether serum magnesium associated loci in AA 

may partly explain the association between serum magnesium levels and 

hypertension and diabetes, we will test for the association of the associated index 

SNPs and the genetic score with systolic blood pressure and fasting glucose in 

AA.   

 

Strengths and Limitations 

 

A strength of this study is sufficient sample size for testing the association of known EA 

loci in the ARIC AA population. The limitations include low statistical power for 

detecting novel loci with modest effect size in AA and the lack of external AA cohort for 

replicating potential novel loci in AA.  
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