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4. Rationale:

Advanced glycation end products (AGES) are of interest as novel biomarkers because
they are the postulated etiologic link between hyperglycemia and diabetic complications.
AGEs can also bind a variety of receptors. When stimulated by AGEs, the receptor for
AGEs (RAGE) induces inflammation and is thought to fuel progression of chronic
disease through nuclear factor (NF)-kB mediated signaling (1-3). Circulating AGE and
RAGE levels are influenced by a number of endogenous (glucose, inflammation) and
exogenous (smoking, diet) factors known to play a role in risk of cardiovascular disease
and diabetes. Nonetheless, it is unclear if circulating AGE receptor levels provide useful
information regarding risk of long-term complications.

RAGE is a transmembrane-spanning receptor for AGEs, S100/calgranulins,
amyloid-p peptide and other molecules. RAGE is found on inflammatory cells and
endothelial cells. The C-terminus of the protein is located on the extracellular surface.
The N-terminus of RAGE is essential in activating pro-inflammatory NF-«kB mediated
signaling. The soluble receptor for advanced glycation end products (SRAGE) is the
isoform of RAGE found in serum and is formed by proteolytic cleavage of RAGE.
sRAGE has been described as a “sponge” for AGEs and may have protective functions as
it lacks the N-terminus and cannot activate NF-«xB signaling. Levels are dependent on cell
surface RAGE levels (4).

Recent studies have demonstrated epidemiological associations of serum sRAGE
with cardiovascular disease in persons with diabetes or kidney disease (5-8) but few
studies have been conducted in a general population and using robust ELISA methods (9-
14). A recent case-cohort study published in Diabetes showed that low levels of SRAGE
were associated with an increased risk of coronary heart disease but not stroke in an
observational re-analysis of data from the Collaborative Atorvastatin Diabetes Study, a
randomized clinical trial with 3.9 years of follow-up (14). Using data from Ancillary
Study 2006.16, we propose to characterize the epidemiology of serum sRAGE in a
subsample of the ARIC Study population and investigate the long-term prospective
association with cardiovascular outcomes, diabetes, and total mortality.

5. Main Hypothesis/Study Questions:

There is evidence from laboratory studies that soluble circulating RAGE (SRAGE)
counteracts the detrimental effects of RAGE by binding serum AGEs (15, 16), suggesting
that low levels of SRAGE may be a marker of long-term chronic disease risk. Thus, the
objectives of this study were:

Aim 1: To identify determinants of SRAGE in a community-based population.
Hypothesis 1: SRAGE levels will be inversely associated with age, body mass index,
C-reactive protein, and will be lower among men, persons with diabetes, blacks,
current smokers, and persons with poor kidney function.

Aim 2: To characterize the association of SRAGE with risk of incident coronary heart
disease, stroke, diabetes, and all-cause mortality.



Hypothesis 2: SRAGE will be inversely and independently associated with risk of
coronary heart disease, stroke, diabetes, and all-cause mortality.

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 population: SRAGE data are available for a random sample of 1289 ARIC
participants ages 47-68 (visit 2, 1990-92) with estimated GFR >60 mL/min/1.73 m? who
were included in Ancillary Study # 2006.16. The basis of this study population is the
random sub-cohort of participants selected for the parent case-cohort study of incident
chronic kidney disease. We will exclude those persons missing covariates of interest and
those with prevalent cardiovascular disease by visit 2. The final sample size will be
approximately 1200 participants.

Study Design: prospective cohort analysis of the association of SRAGE levels measured
in a random subcohort of ~1200 participants at visit 2 with incident CHD and stroke
events, and all-cause mortality. Using the most recent follow-up data available (through
2008), there have been 200 incident CHD events, 55 incident ischemic strokes, and 208
total deaths in this subsample (during a median follow-up of approximately 17 years). We
will also examine the cross-sectional associations between SRAGE and other visit 2
variables measured at baseline, focusing on traditional cardiovascular disease risk factors.

Exposure: SRAGE measured by ELISA (R&D Systems, CV<3%) from stored plasma
samples at ARIC visit 2.

Outcomes: incident CHD events (adjudicated events, procedures, and deaths), incident
ischemic stroke (adjudicated), and all-cause mortality. Incident diabetes will be defined
using two definitions: one that incorporates information from visits 2 and 4 (elevated
glucose measurements, diabetes medication use, self-reported physician diagnosis); and a
second that includes all post-visit 4 self-reported diabetes cases using diagnosis/diabetes
medication use identified during the AFU telephone calls. Analysis of incident diabetes
will be conducted after additionally excluding prevalent cases of diabetes at baseline.

Other variables of interest: We will examine the cross-sectional associations of SRAGE
with age, sex, race-center, body mass index, total cholesterol, systolic and diastolic blood
pressures, blood pressure-lowering medication use, smoking status, drinking status,
dietary data (FFQ), diabetes status (self-reported history, medication use, glucose,
HbA1c), C-reactive protein, physical activity level (Baecke index, visit 1), and education
level (visit 1). These variables will also be considered as confounders in our prospective
analyses of the association of SRAGE levels with incident cardiovascular events and total
mortality.




Statistical Analysis: We will use Cox proportional hazards models to investigate the
association between SRAGE and incident cardiovascular events, diabetes, and total
mortality with adjustment for potential confounders (listed above). The proportional
hazards assumption will be examined using log-(-log) plots and by testing risk factor-by-
time interactions; if the assumption is violated the interactions term(s) will be kept in the
model and the time-dependent nature of the risk will be interpreted accordingly. Quartiles
will be used in initial analyses and we will generate linear splines with knots
corresponding to the quartiles of the distribution of SRAGE. Restricted cubic splines will
also implemented to obtain a smoother fit to the data.

We will use logistic regression models to investigate the cross-sectional associations
between traditional cardiovascular risk factors measured at visit 2 and low SRAGE levels
(first quartile vs the other four). We will conduct sensitivity analyses examining the
associations of risk factors with very low SRAGE levels (first decile) and to examine
potential effect modification by age, sex and diabetes status.

Possible project extension: In this subsample of the ARIC Study population, our
preliminary analyses suggest significant independent associations between sSRAGE and
incident CHD events, but not stroke. Due to the design, we will have limited power to
detect small effect estimates since the sample size is limited to ~1200 persons with valid
SRAGE data who were included in the Ancillary Study # 2006.16 sub-cohort random
sample. Nonetheless, we can potentially take advantage of the case-cohort design of the
parent Ancillary Study and identify additional cardiovascular disease cases that may
overlap with the other case groups being examined in the CKD and ESRD analyses.
These additional cases can be “captured” and added to our existing cases occurring in the
sub-cohort random sample. Prospective analyses can then be conducted with a weighted
design with robust variance estimation (to account for the oversampling of cases) using a
modified Cox proportional hazards model.
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