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4. Rationale:

The soluble receptor for advanced glycation end-products (SRAGE) has emerged as
a marker of cardiovascular disease (1-5) and all-cause mortality (4-7). Interactions
between RAGE and its ligands activate signaling pathways resulting in cellular
dysfunction (8). SRAGE is a circulating, soluble form of RAGE which prevents binding
of RAGE ligands to cellular RAGE thereby serving as a decoy for ligands and preventing
these RAGE-ligand interactions (9).

In prospective studies, blood levels of SRAGE have been associated with important
clinical outcomes across studies heterogeneous in design and study population, although
the direction of associations has varied. Some studies have demonstrated an association
between higher SRAGE levels and incident cardiovascular disease (1; 5), cardiovascular
mortality (2), and all-cause mortality (2; 5), but others have reported a significant inverse
association between SRAGE and cardiovascular disease (4), progression of carotid
atherosclerosis by intima media thickness (3), and all-cause mortality (4; 7).

A striking finding from studies of SRAGE in humans is the substantial differences in
levels across racial and ethnic groups. In multi-ethnic studies, , non-Hispanic blacks
(Dallas Heart Study and Atherosclerosis Risk in Communities Study (4; 10) and
Hispanics (Northern Manhattan Study) (11) had statistically significantly lower SRAGE
levels (range 229 to 366 pg/ml) than whites, which persisted even after adjustment for
multiple potential confounding variables (4; 11). Given the lack of other obvious factors
to explain the racial/ethnic difference in circulating SRAGE levels, it is possible that
genetic variation may contribute to this difference.

The AGER gene encodes RAGE, and the T allele of the promoter SNP,
rs114177847, was associated with lower SRAGE levels compared to the C allele in a
Dutch population (12). AGER variants have not been studied in other racial and ethnic
populations and, along with other genetic variation, may contribute to the racial
differences seen in prior studies (4; 10; 11). Furthermore, evaluation of the association of
genetic determinants of SRAGE with clinical outcomes could clarify mixed findings from
prior studies.

5. Main Hypothesis/Study Questions:

The objectives of this study are



1. To evaluate the genetic determinants of SRAGE through 1) genome-wide
association studies in whites and blacks separately; 2) evaluation of the
association between previously-identified AGER SNPs and SRAGE levels

2. To evaluate the association between genetic determinants of SRAGE and
outcomes including coronary heart disease, congestive heart failure, diabetes,
chronic kidney disease, and mortality

3. To evaluate genetic determinants of the black-white difference in SRAGE through
study of local ancestry in blacks.

We hypothesize that we will confirm the prior association between genetic variation in
the AGER gene and SRAGE levels and that we will identify genetic loci that could
explain at least part of the black-white difference in SRAGE levels.

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: Genome wide association study of SRAGE and analysis of local ancestry
for sSRAGE

Inclusion: Participants with data on SRAGE from visit 1 or visit 2 without prevalent
diabetes at visit 2

Exclusions: Participants missing data on visit 2 variables (genotyping and self reported
race (Objectives 1-3) and those without SRAGE measured at visit 1 or 2 (Objectives 1
and 3).

Outcomes:

Plasma sRAGE (visit 1 and 2); plasma sRAGE at visit 1 will be calibrated to visit 2 using
age as a covariate

Clinical outcomes: Incident coronary heart disease, congestive heart failure, diabetes,
chronic kidney disease, and mortality as previously defined in ARIC (through latest
available follow up data). Note, for this analysis, we will not restrict to the cohort with
SRAGE levels and will include all participants with data on genotyping and clinical
outcomes (See exclusions above).

Covariates: age, sex, center, BMI, physical activity, smoking alcohol, hypertension,
CHD, eGFR, fasting glucose, fasting LDL, fasting HDL, fasting triglycerides (visit 2);
education, income, employment (visit 1)

Data analysis:



GWAS: We will perform linear regression to test for the association between genetic
variants and In plasma sSRAGE levels stratified by black and white race, assuming an
additive genetic model with a threshold of significance of 5 x 10°®. We will follow
standard ARIC quality control procedures for GWAS and adjust for principal
components of ancestry. Sample size: whites: N=2329; blacks: N=589.

Interrogation of known loci: We will evaluate the association between AGER SNPs and
In SRAGE levels in the proposed study using linear regression and assuming an additive
model.

Local ancestry (in blacks only): Local ancestry (0, 1, or 2 copies of African ancestral
alleles) will be estimated using LAMP-LD (13). We will use linear regression evaluate
the association between local ancestry and In SRAGE levels.

Association with clinical outcomes: We will use Cox PH modeling to estimate the effect
of SNPs associated with SRAGE levels on clinical outcomes (incident coronary heart
disease (whites: n=8562, blacks: n=2754), congestive heart failure (whites: n=8466,
blacks: n=2606), diabetes (whites: n=8130, blacks: n=2293), chronic kidney disease
(whites: n=8380, blacks: n=2476), and mortality (whites: n=9017, blacks: n=2871)). We
will adjust for selected covariates noted above to account for confounding. We will
exclude participants with prevalent disease at visit 2.

Limitations: The main limitation of this analysis is limited sample size for analyses of
SRAGE. However, a prior GWAS of SRAGE has not been conducted, and the effect size
of the black-white difference in SRAGE levels previously-demonstrated in ARIC is quite
large.
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