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3. Timeline:

The data needed for this analysis are currently available; we plan to submit for
publication within 1-year (by December 2014).

4. Rationale:

Advanced glycation end products (AGESs) are hypothesized to contribute to the
pathophysiology of vascular disease in diabetes. * There is also evidence to suggest a
possible role of AGEs in vascular disease in persons without diabetes. ? The interaction of
AGEs with their cell-bound receptors (RAGE) results in cellular activation with ensuing
inflammatory processes and tissue injury. Soluble receptors of RAGE (SRAGE) compete
with RAGE by acting as a decoy receptor and thereby prevent cellular activation. *
SRAGE has been shown in a number of community-based studies to be strongly inversely
associated with markers of inflammation such as C-reactive protein*, TNF-a. > and white
blood cell count. ® This inverse association is thought to be a result of decreased binding
of AGEs with RAGE with resulting decreased inflammation.® Interestingly several recent
studies have shown that SRAGE rises in the setting of acute illness (e.g. pneumonia), ’
surgical interventions, ® and trauma. °

These studies suggest that inflammation may be a mediator of the association of SRAGE
with long-term cardiovascular outcomes. A role for inflammation in development and
progression of cardiovascular disease is well established. ° Since SRAGE has been
shown to be associated with decreased inflammation, it may also be associated with
lower cardiovascular disease incidence. The association of SRAGE with decreased
inflammation could help explain why sSRAGE is inversely associated with cardiovascular
disease incidence in community-based studies. A previous ARIC study has shown that
persons with higher levels of SRAGE at baseline had lower incidence of coronary heart
disease, diabetes, and mortality during long-term follow-up compared to those with lower
levels of SRAGE. * More recent work in ARIC has shown that SRAGE is strongly and
inversely associated with incident heart failure [Lazo et al MSP #2170, AHA-EPI
abstract, manuscript in progress]. Another ARIC study found that SRAGE was positively
associated with incident chronic kidney disease in crude models but not after adjustment
for baseline kidney function, suggesting the association of SRAGE with kidney disease
may be explained by its partial clearance by the kidney [Rebholz et al MSP #2192, AHA-
EPI abstract, manuscript under review by ARIC Publications Committee]. In a
prospective cohort study of Japanese adult men, high esRAGE (endogenous secretory
SRAGE), but not SRAGE, was associated with lowered incidence of metabolic
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syndrome.™ In a cross-sectional study of Latino youth, SRAGE was inversely and
independently associated with waist circumference, mean arterial pressure, and insulin
resistance but positively associated with HDL cholesterol. *?

Little is known about the association of SRAGE with atrial fibrillation (AF). A cross-
sectional study showed that patients with AF had higher levels of SRAGE. ** To our
knowledge, there are no prospective studies of SRAGE with incident AF. Since
inflammation is associated with increased risk of AF '* and SRAGE is associated with
lower inflammation, we hypothesize that persons with lower levels of SRAGE at baseline
would have a higher incidence of AF during long-term follow-up compared to those with
higher SRAGE levels, and this association may be partially mediated by inflammation (as
assessed by CRP).

5.  Main Hypothesis/Study Questions:

Aim 1: To characterize the association of SRAGE with baseline inflammatory status and
change in inflammatory status (defined by C-reactive protein).

Hypothesis 1: Lower SRAGE will be independently associated with higher baseline
CRP and an increase in CRP over 6 years.

Aim 2: To characterize the association of SRAGE with incident atrial fibrillation.

Hypothesis 2: Lower SRAGE will be associated with increased risk of atrial
fibrillation.

Aim 3: To determine if the prospective association of SRAGE with atrial fibrillation is
mediated by inflammation (defined by C-reactive protein).

Hypothesis 3: The association of SRAGE and AF will be partially mediated by
progression of inflammation as assessed by changes in CRP during the first 6 years
of follow-up.

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 and Inclusion/Exclusion criteria:

This is a prospective cohort analysis using a random subcohort of ~1200 participants with
normal kidney function (as per the original design of the parent case-cohort ARIC
Ancillary Study), without prevalent AF or CHD, and with SRAGE levels measured at
visit 2. Using the most recent follow-up data available (currently through December
2010), we will examine the association of baseline (visit 2) SRAGE with incident cases of
atrial fibrillation in the cohort random sample. We will also examine the cross-sectional



and prospective association between SRAGE and CRP using CRP measurements from
both visit 2 and visit 4 and the possible mediating effect of CRP on the association of
baseline SRAGE with risk of AF.

Exposure:
SRAGE: sRAGE was measured in 2010 by ELISA (R&D Systems, Minneapolis, MN)

using samples that had been stored since collection in 1990-1992. The intra-assay CV
was 2.8% and the inter-assay CV was 9.6%.

Outcomes:
1. Incident atrial fibrillation events occurring after visit 2. Incident AF will be defined
using a standard ARIC definition: ©°
a. EKGs performed at study visits
b. Hospitalization discharge codes for AF or atrial flutter (ICD-9 codes 427.31 or
427.32) not accompanied by a code for cardiac surgery (ICD-9 codes 35.X or 36.X)
c. AF or Atrial Flutter listed as cause of death.
Note: Using the most recent follow-up data available (through December 2010), there
have been 131 incident cases of atrial fibrillation (median follow-up period 18 years) in
the cohort random sample.

2. High-sensitivity C-reactive protein.
a. Visit 2: CRP was measured in 2012-2013 in serum sample stored since collection
in 1990-1992 using the Roche (Roche Modular P800 autoanalyzer) at the University
of Minnesota. *
b. Visit 4: CRP was measured in 2010 in plasma samples stored since collection in
1996-1998 with a high sensitivity immunonephelometric assay on a BNII analyzer
(Siemens Healthcare Diagnostics, Deerfield, Illinois) at the Baylor College of
Medicine. The reliability coefficient for the hs-CRP assay at visit 4 was 0.99 (based
on 421 blinded replicate samples). °
Note: A formal calibration study was conducted to compare measurements in serum at
University of Minnesota to measurements in plasma at Baylor [Parrinello, MSP# 2243].
Among participants who had plasma available at all five visits, 200 participants were
selected using stratified random sampling based on 5-year baseline age, gender and
race/ethnicity. The ARIC Coordinating Center identified additional exclusions for
participants who had events between visits. University of Minnesota results from visit 2
serum were compared to the previously obtained values from visit 4 plasma at Baylor,
accounting for differences between specimen type, lab, and calendar time in a single
regression. These analyses showed that CRP measured from frozen visit 4 plasma were
comparable to CRP measured from frozen visit 2 serum and it was concluded that no
calibration would be needed for CRP.

Covariates:

Age (years), sex (male; female), race-center (Minnesota whites; Maryland whites; North
Carolina whites; North Carolina blacks; Mississippi blacks), smoking status (current;
former; never), alcohol use (current; former; never), blood pressure medication use;
systolic blood pressure and diastolic blood pressures (continuous variables, per mmHg),



total cholesterol (mg/dL), HDL cholesterol (mg/dL), diabetes status (self-reported
history, medication use, fasting glucose >126 mg/dl, HbAlc >6.5%), estimated
glomerular filtration rate, and BMI (kg/m?). We will also explore the possibility of
adjusting for the CHARGE-AF risk score, a predictive model for AG that includes all
major clinical risk factors for AGE (derived in ARIC, CHS, and Framingham). *’

Statistical Analysis:

We will analyze SRAGE both continuously and categorized in quartiles. In analyses using
quartiles, the highest quartile (Q4) will be the reference category. Baseline characteristics
of the population will be presented overall and by SRAGE quartile.

Aim 1:
We will study the cross-sectional and prospective associations between baseline SRAGE
and CRP using regression models before and after adjustment for covariates. We will use
logistic regression to evaluate the cross-sectional association between baseline SRAGE
and baseline high CRP (defined as >3 mg/L) versus normal/moderate CRP (<3 mg/L).
For our prospective analyses among the subsample of persons who also attended visit 4,
we will use adjusted multinomial logistic regression to look at the association between
baseline SRAGE and categories of CRP change:

CRP <3 mg/L at both visits 2 and 4 (always normal/moderate)

CRP <3 mg/L at visit 2 and >3 mg/L at visit 4 (normal/moderate to high)

CRP >3 mg/L at visit 2 and <3 mg/L at visit 4 (high to normal/moderate)

CRP >3 mg/L at visit 2 and >3 mg/L at visit 4 (always high).

Aim 2:

We will study the incidence of AF in participants by quartiles of SRAGE using Kaplan
Meier analyses. We will then use adjusted Cox proportional hazards models to estimate
the hazard ratios (95% confidence intervals) for the association of baseline SRAGE with
incident AF. The proportional hazards assumptions will be checked with the use of
Schoenfeld residuals and graphic methods. We will also look at the association of
SRAGE with incident AF continuously using linear splines with knots corresponding to
each of the quartiles and restricted cubic splines with knots at 10", 50", and 90"
percentiles.

We will use two main models for the above analyses:
Model 1: Adjusted for demographic factors: age, sex, race-center.

Model 2: Adjusted for demographic factors and cardiovascular risk factors: Model 1
+ smoking status, alcohol use, blood pressure medication use, systolic blood
pressure, diastolic blood pressure, total cholesterol, diabetes status, BMI.

We will conduct sensitivity analyses with additional adjustment for eGFR and
analyses using the CHARGE-AF risk score and we will also test for effect
modification by race.



Aim 3:

We will model CRP as a time-varying covariate (visit 2 and visit 4 CRP) in our Cox-
proportional hazards models to estimate the hazard ratios (95% confidence intervals) for
the association of baseline SRAGE with incident AF. We will compare the hazard ratios
(95% confidence intervals) in models with and without adjustment for CRP to see if there
is atteqléation when CRP is added to the model (suggesting partial or full mediation by
CRP).

Limitations:

e We only have one measurement of SRAGE at visit 2. Although SRAGE is known
to vary over time, the 3-year within-person variability in ARIC is similar to other
standard risk factors such as cholesterol. *°

e We have a relatively limited sample size because SRAGE was only measured for
a subpopulation, therefore we may have limited power to detect moderate
associations between SRAGE and AF. Nonetheless, we have extensive follow-up
in all participants in the subcohort and there have been >100 cases of AF in this
subsample.
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