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3. Timeline: First manuscript is already drafted.  The CHD analyses are on-going, and 

we anticipate a manuscript will be ready by the end of summer 2014. 

 

 

4. Rationale: Energy metabolism has long been hypothesized to play a role in 

human disease and aging.  We have shown association of a mitochondrial allele variation 



in the D-loop hypervariable region of the mitochondrial genome with the frailty 

phenotype in older adults (Moore et al., 2010). Given the central role of the D-loop in 

replication and maintenance of the mitochondrial genome, we hypothesized that this 

associated variant is likely to affect mitochondrial stability and copy number of the 

mitochondrial genome, and thereby influence the frailty phenotype and successful aging. 

Preliminary analyses in ~4,000 European ancestry individuals from the Cardiovascular 

Health Study (CHS) indicate that mtDNA copy number is significantly associated with 

baseline age (P=1.94x10
-6

), and is a strong predictor of overall mortality (RR=0.85, 

95%CI 0.80-0.89, P=4.23x10
-11

), after adjustment for age.  We further observed a strong 

association with baseline CHD (P=4.77x10
-10

).  The goals of the proposed study are to 

validate these results in a larger cohort, explore the role of mtDNA copy number on CHD 

risk factors, and expand results to include African Americans. 

 

5. Main Hypothesis/Study Questions: 

We hypothesize that mtDNA copy number will be a significant predictor of overall 

mortality in ARIC, as well as incident CHD and specific CHD risk factors.   

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). 

Initial analyses will rely upon existing genotyping microarray data to extract mtDNA 

copy number, and all variables used will be drawn from the visit at which the DNA was 

collected.  Given the effect sizes in CHS, we are fully powered to observe an effect on 

mortality and incident CHD in ARIC whites.  We propose using the entire cohort to allow 

us to perform sub-group analyses, and to look for association between mtDNA and 

specific CVD risk factors (e.g. inflammatory markers, HTN, DM, lipids, etc..).  We also 

propose looking in blacks, to see if the effects are replicable across ethnic groups. 

Assuming positive results with initial analyses, we propose to look at longitudinal 

changes in mtDNA copy number, by examining DNA isolated from different visits.  

Specifically, we are using qPCR to assess mtDNA copy number from DNA obtained at 

visit 1 (see AS 2013.23), and will compare that to results obtained from microarrays, 

which are drawn mostly from visits 2 and 3.  We will compare baseline effects to change 

in mtDNA copy number over time, and explore whether using mtDNA copy number 

measurements closer to the incident event has greater predictive utility. 

Exploratory data analyses with individuals stratified into quintiles based on mtDNA 

copy number will incorporate standard descriptive statistics and graphing methods to 

represent baseline demographic, anthropometric, and disease related characteristics of the 

study population, and independent variables of interest, as well as baseline CHD and 

mortality.  We anticipate needing to adjust quintiles for age (using age at DNA 

collection) and sex based on findings in CHS. 

Survival analyses methods will be employed to evaluate potential differences in the 

incidence of CHD and mortality by mtDNA copy number (treated as a continuous 

quantitative trait).  After model construction steps, to accommodate the survival outcome 

and potential for sex specific differences, we anticipate that final models will incorporate 

age, sex, and be stratified on self-reported race to address population substructure.  The 



magnitude, direction, and statistical significance of coefficients will be assessed.  We will 

also examine the relationship between mtDNA copy number and CHD and mortality, 

incorporating known CHD risk factors, as part of a mediation analysis to see whether 

mtDNA copy number is acting through specific pathways. Similar analyses will be 

performed using longitudinal measures of mtDNA copy number.  Additionally, we will 

explore using change in mtDNA copy number, as well as using measures from multiple 

DNA isolations (using liner mixed models). 

For genetic associations, mtDNA copy number will be treated as a continuous 

quantitative trait, and association with specific DNA variants and mitochondrial 

haplogroups will be determined using a linear regression frame-work, with mtDNA copy 

number as the dependent variable.  Covariates will include age, sex and BMI.  For each 

haplogroup, we will compare that haplogroup vs. all others combined, and use 

permutation to account for multiple testing.   

To address the possibility that observed results may be a consequence of unique 

characteristics of the data or subgroups within the population a series of sensitivity 

analyses will be conducted after each phase of analysis.  Stratification by levels of 

physical activity, diseases not previously excluded with suggested relationships to 

mitochondria such as diabetes and Parkinson’s disease (Wallace DC, 2005), and by use 

of medications that may impact muscle strength such as ACE inhibitors (Di Bari M, van 

de Poll-Franse LV et al., 2004) will be explored.  Additional analyses will explore cause 

specific mortality as well as addressing concerns regarding, interview mode, and missing 

data.   
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