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3. Timeline: 

Data analysis will start immediately.  A manuscript is expected to be prepared within 
6 months.   

 
4. Rationale:  
We have previously developed methods to determine mitochondrial DNA copy number 
(mtDNA-CN) from existing ARIC genotyping arrays, and demonstrated that mtDNA-CN 
measured in peripheral blood cells declines longitudinally with age and is associated with 



general health among the elderly, and ultimately, mortality (age- and sex-adjusted 
relative risk comparing the lowest to the highest quintiles mtDNA-CN of 1.47 (95% CI 
1.33-1.63, P=4.24x10-14) 1. The entire ARIC cohort is currently undergoing whole-exome 
(WES) and/or whole-genome sequencing (WGS) (WES/WGS is already available on 
>6,000 samples, and the remaining ~9,000 will be released over the next 6 months). 
Recent tools have been developed to extract mtDNA sequence from WES/WGS, 
moreover, with the deep sequencing coverage (>1000x), we are also able to detect 
heteroplasmy (often due to somatic mutation) down to ~0.5% 2. We will begin the 
analysis with calculation of mtDNA-CN from Affymetrix 6.0 microarray data using the 
Genvisis software package.  
 
DNA methylation is the covalent addition of a methyl group to cytosine at CpG sites and 
can influence gene transcription. Methylation changes can be inherited or modified by the 
environment. Recently, it has been suggested that mitochondria play a direct role in the 
regulation of epigenetics and its role in human disease (for review, see 3). While some 
evidence exists for mtDNA copy number influencing methylation, with both hyper- and 
hypo-methylation observed in cell lines depleted for mitochondria 4, this has not been 
examined directly in human subjects.    
 
The goals of this study are to whether mitochondrial variation (measured as copy number, 
heteroplasmy, and inherited genetic variation) is associated with methylation. 
 
5. Main Hypothesis/Study Questions: 
 
Variation in mitochondria will be associated with epigenetic modifications. Secondarily, 
we propose that these epigenetic modifications will contribute to physical function and 
aging-related disease (phenotypes associated with reduced mtDNA-CN). 
 
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: cross-sectional for mitochondria/methylation association, prospective 
cohort study for downstream phenotypes (frailty, successful aging, mortality). 
 
Inclusion criteria: participants with HM450K data passed quality control in both African 
American (n=2802),5 and Caucasian samples (n=~3000) with data on mitochondrial 
variation, and values in covariates.  
 
Outcomes (cross-sectional): percent of methylation at 473,788 CpG sites passed quality 
control 
 
Predictor (cross-sectional): mtDNA-CN, mtDNA SNPs, mtDNA heteroplasmy  
 
Outcomes (prospective): frailty, successful aging, mortality (see MP #2529) 



 
Predictor (prospective): percent of methylation at CpG sites associated with 
mtDNA-CN, mtDNA SNPs, and/or mtDNA heteroplasmy  
 
Other variables of interest: age, sex, visit, race, smoking status, diabetes, hypertension, 
BMI, white blood cell count, hsCRP, 10 principal components generated using 
Affymetrix 6.0 autosomal genotype data to control for population substructure, surrogate 
variables generated using the SVA package on methylation data. 
 
Data analysis:  The methylation data will be first adjusted for batch effect using the 
Combat approach, an empirical Bayesian method,6 and then adjusted for the first 10 
surrogate variables generated from the percent methylation at each site using Surrogate 
Variable Analysis (SVA)7,8. While the surrogate variable adjustment will reduce potential 
confounding due to differential white blood cell count, we will also explore the use of 
imputed WBC type distribution, which has been derived using the Houseman algorithm9. 
The standardized residuals from the adjustment will be used as a outcome. The predictors 
will be mtDNA copy number, mtDNA heteroplasmy, and mtDNA SNPs, together with 
the covariates. Association between percent methylation and incident frailty/successful 
aging/mortality will be evaluated using Cox regression. 
 
Significance threshold: the epigenetic-wise significant threshold will be set at 1x10-7 
(=0.05/473,788). For candidate CpG site interrogation of prospective phenotypes, the 
significant threshold will be set at 0.05/number of genes.  
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