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Age has a significant effect on brain morphology and age-related morphological changes
in the brain accompany age-related cognitive decline. Age, when measured
chronologically, may not be a reliable indicator of an individual’s rate of decline or
physiological changes related to the aging process. Therefore, there has been a long-
standing interest in the development of blood-based biomarkers of aging that could be
used to predict changes in brain morphology and/or cognitive decline. Several authors
have recently developed a novel biomarker of aging based on DNA methylation levels. In
particular, using 82 Illumina DNA methylation array data sets involving 51 healthy
tissues and cell types, Horvath developed a multi-tissue predictor of age which allows
one to estimate the DNA methylation (DNAm) age of most tissues and cell types (2013).

Here we will test the hypothesis that this novel biomarker of aging (applied to blood) is
more significantly associated with MRI-defined changes in brain morphology and
cognitive decline than chronological age.

5.  Main Hypothesis/Study Questions:

We hypothesize that aging effects measured by DNA methylation in blood tissue predict
both morphological changes in the brain (as measured on MRI) as well as cognitive
decline.

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).

We will use the previously-collected DNA methylation data on ~2900 African-
Americans. Methylation at 485,577 CpGs was assessed using the GenomeStudio
Methylation Module on the intensity files (.idat) produced by the Illumina iISCAN
system. Methylation fraction values with detection p-values>0.01 were set to missing and
quality control (QC) analyses were performed on the processed data. Sample-level QC
analyses excluded sample data with >1% missing values across all probes; probe-level
QC analyses excluded probes with >1% missing values across all samples.

While we have used the Subset-quantile Within Array Normalization (SWAN) method
for data normalization, in order to make our data comparable to that of Horvath, we will
apply the same normalization method (BMIQ). While normalization alleviates the batch
effect problem known to occur with high throughput data, it does not sufficiently control
for unwanted variability in the data stemming from experimental or other sources.
Principal variance component analysis was used to determine which sources of variability
are most prominent. Using the eigenvalues associated with their corresponding
eigenvectors as weights, associated variations of all factors are standardized and the
magnitude of each source of variability is presented as a proportion of total variance. We
identified Plate Number, ChipID, Chip Row, and Visit as strongest sources of unwanted
variation, which will be corrected for in the analyses.



We will use the 353 CpG identified by Horvath (2013) to define DNA methylation age. R
scripts are available to calculate DNAm age based on the coefficient values of an elastic
net regression model in a training set developed by Horvath and will be applied here.

(1) We will first evaluate the correlation between DNA methylation age and
chronological age in the ARIC sample.

(2) We will evaluate whether age acceleration (defined as either the difference between
DNAm age and chronological age or the regression value of the DNAmM age on the
chronological age) is associated with brain MRI phenotypes, including brain volume,
hippocampal volume, lobar volumes (frontal, occipital, temporal and parietal), white
matter volume and integrity, and grey matter volume.

(3) We will evaluate whether age acceleration (defined as either the difference between
DNAm age and chronological age or the regression value of the DNAm age on the
chronological age) is associated with longitudinal change in brain MRI phenotypes
between V3 and ARIC NCS.

(4) We will evaluate whether age acceleration (defined as either the difference between
DNAm age and chronological age or the regression value of the DNAm age on the
chronological age) is associated with cognitive decline (between V2 and NCS) and
dementia status (at NCS visit). Cognitive function will be measured by three standard
test, including delayed word recall (DWRT), Digit Symbol Substitution (DSST), and
word fluency test (WFT).

(5) We will repeat the analyses above DNAmM age and chronological age in the models to
examine whether DNAm age is associated with changes in brain MRI phenotypes and
cognitive decline above and beyond chronological age.

Linear (or logistic) regression models modeling brain MRI phenotypes (or dementia
status) in relation to age acceleration (defined as either the difference between DNAmM
age and chronological age or the regression value of the DNAmM age on the chronological
age), adjusting for sex, field center, blood pressure, and DNAm technical covariates will
be used to estimate cross-sectional associations. Statistical analyses will be performed
incorporating sampling weights (derived by the ARIC coordinating center) to account for
the ARIC NCS brain MRI selection process that was designed to oversample cognitively
impaired individuals.

To evaluate the association of age acceleration with measures of cognitive decline, we
will use generalized estimating equations (GEE), which take into account the intra-
individual correlation of scores on repeated cognitive tests. We will assume an
unstructured correlation. The models will include age acceleration, follow-up time, and
their interaction term, and sex, smoking, diabetes, hypertension, APOE genotype,
education. Persons with substantial cognitive impairment are more likely to drop out of
the study or the die before the next study visit. Therefore, we will consider inverse
probability of attrition weighting (IPAW) to account for differential dropout.
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