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3.  Timeline: Submission for publication in late summer 2018
4. Rationale:

The human epigenome contains DNA methylation marks that change progressively as we age, in
part due to risk factors for chronic disease. Previous studies have constructed aging clocks based
on blood DNA methylation marks and linked those measures to mortality. However, the clocks
have been constructed to predict current chronological age, but not to predict mortality. Indeed,
no large-scale analysis has yet been conducted to identify variations in DNA methylation at
individual 5’-cytosine-phosphate-guanosine-3’ (CpG) sites associated with future risk of death.

5. Main Hypothesis/Study Questions:

Results from epigenome-wide methylation analysis of 12 American and European studies will be
meta-analyzed to determine whether site-specific DNA methylation predicts all-cause mortality,
independently of age, lifestyle, and previous morbidity.

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).

ARIC will contribute results for African Americans only.

Each cohort will independently run a common pre-specified statistical analysis in R. We will
evaluate the association between locus-by-locus blood DNA methylation levels and all-cause
mortality in each cohort with a Cox-regression model. Each cohort will adjust for two sets of
harmonized covariates; age (categories for decades), gender, technical covariates (plate, chip,
row and column) in the basic model; the previous set plus education level, self-reported
recreational physical activity, smoking status and cumulative smoking (pack-years), body mass
index, alcohol intake, hypertension, diabetes and any personal history of cancer in the fully
adjusted model. All cohorts will independently estimate cell type proportions by using the
reference-based Houseman method extended by Horvath.

We will perform inverse variance-weighted fixed-effects meta-analysis to combine results across
cohorts. We will account for multiple testing by controlling at 5% both the Bonferroni correction
and the false discovery rate (FDR) using the Benjamini-Hochberg procedure.

We will evaluate whether the CpG sites associated with mortality were enriched with genomic
features provided in the Illumina annotation file. We will also test each gene mapped to the
newly identified CpGs for tissue specific expression using data from the Genotype Tissue
Expression (GTEX) project as integrated by the Functional Mapping and Annotation (FUMA)
tool, which allows us to extract and interpret the relevant biological information from publicly
available repositories and provide interactive figures for prioritized genes. To functionally
interpret the genomic information identified from the FDR-significant CpGs, we will use the
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database, which links genomic



information with higher order functional information. In KORA, a total of 998 individuals had
both valid methylation and blood gene expression data, which will be used to assess whether
DNA methylation was correlated to gene expression.
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