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4. Rationale:  
 
 Changes in DNA methylation patterns occur in response to external and internal 
stimuli over the life course, and it may be possible to characterize these changes as a 
proxy for the rate of aging (i.e., slowed or accelerated). Recent studies have reported sets 
of cytosine-guanine dinucleotides (CpGs) that can be used to accurately predict 
chronological age (1,2). Using methylation data from 82 publicly available datasets 
consistent of 51 healthy tissue and cell types, Horvath (1) developed a model based on 
353 CpG sites to predict age. Correlations between chronological and predicted age using 
blood DNA were strong (r=0.95) in datasets of subjects ranging widely in age from 
infants to elderly and modest (r=0.6 to 0.8) in datasets restricted to middle- or older-aged 
adults. Using DNA from whole blood of 482 individuals aged 19 to 101 years, Hannum 
et al. (2) developed a similar age predictor consisting of 71 CpG sites and demonstrated a 
high correlation with chronological age (r=0.9) in 174 independent samples. The Horvath 
and Hannum et al. age predictors share only 6 CpG sites in common. 
 Age acceleration, defined as the difference between DNA methylation age and 
chronological age, predicts all-cause mortality (3). One cross-sectional study compared 
levels of DNA methylation age among different vascular tissues in patients undergoing 
surgery for severe coronary artery stenosis (4), but to our knowledge no studies have 
assessed whether methylation age predicts incident coronary heart disease (CHD), heart 
failure (HF), or peripheral arterial disease (PAD) events. 
 
5. Main Hypothesis/Study Questions: 
 
Higher age acceleration (DNA methylation age – chronological age) will be associated 
with greater risk of incident CHD, HF, and PAD and greater prevalence and extent of 
subclinical atherosclerotic disease. 
 
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). 
 
Design: prospective; cross-sectional 
 



Endpoints:  
 Incident event endpoints: CHD incidence (defined as hospitalized myocardial 

infarction or fatal CHD); HF incidence; PAD incidence [defined as ABI<0.9 at 
Visits 3 or 4 or from hospital discharge diagnoses (ICD codes: 440.21, 440.22, 
440.23, 440.24, 443.9, 785.4, 84.11, 84.12, 84.15, 84.17, 38.18, 39.25, 39.29, 
39.50, 39.90, 00.55)] 

 Cross-sectional subclinical endpoint: carotid intimal medial thickness (IMT) 
 
Exposure: DNA methylation age acceleration 
 
Covariates: chronological age, sex, study center, education, smoking (status and pack-
years), alcohol intake, physical activity, body mass index, systolic blood pressure, use of 
antihypertensive medication, diabetes, total cholesterol, HDL cholesterol, use of 
cholesterol medication, and white blood cell type proportions (as estimated from DNA 
methylation levels by the Horvath online calculator (1)). 
 
DNA methylation age: Methylation status was measured from DNA extracted from 
whole blood white cells using the Illumina HM450 chip. Degree of methylation was 
determined using Illumina GenomeStudio 2011.1, Methylation module 1.9.0 software. 
The methylation score for each CpG was represented as a beta (β) value calculated by 
dividing the fluorescence intensity of the methylated allele by the sum of the intensities 
of the methylated allele and unmethylated allele. Background subtraction was conducted 
with the GenomeStudio software using built-in negative control bead types on the array. 
An average normalization was applied to minimize scanner-to-scanner variation. We will 
perform additional normalization and imputation for missing beta values epigenetic clock 
software by Horvath (1). The main exposure variables will be the DNA methylation age 
acceleration measures “BioAge4HOAdjAge” and “BioAge4HAAdjAge,” which are 
described further in the online tutorial (1). 
 
Inclusion: 2,786 African American participants with DNA methylation measured at Visit 
2 or Visit 3 meeting DNA methylation QC criteria (listed in exclusions). 
 
Exclusions: Prevalent CHD/HF/PAD prior to the date of DNA collection and those 
whose DNA methylation has integrity issues (failed bisulfite conversion, pass rate <95%, 
possible gender mismatches).  
 
Data analysis:  
 For the incident event endpoints, we will run separate Cox proportional hazards 
regression models with incident CHD, HF, and PAD as the events of interest and DNA 
methylation age acceleration (separate models for Horvath and Hannum et al. predictors) 
as the exposure of interest. As a sensitivity analysis, we will also run separate models for 
CHD subcomponent events (myocardial infarction and fatal CHD). Follow-up time will 
be defined as the time from the date of DNA collection to date of incident disease, death, 
loss to follow-up, or December 31, 2012, whichever comes first. We will examine the 
shape of the age acceleration—outcome relationships using restricted cubic spline models 
to decide whether to model age acceleration continuously or in categories for the 



regression models. Models will be adjusted for the potential confounding factors listed 
above. 
 For subclinical outcomes, we will assess the association of age acceleration with 
carotid IMT using linear regression models, again modeling age acceleration either 
continuously or in categories depending on the shape of association. Models will be 
adjusted for the potential confounding factors listed above. 
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