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3. Timeline: Data analyses will begin early summer. Goal completion by Oct 2014.

4. Rationale:

Abdominal aortic aneurysm (AAA) is a condition in which a portion of the aortic
wall undergoes progressive dilation and weakening, potentially leading to aortic rupture
if untreated”. In the United States in 2009 aortic aneurysms (of which most are
abdominal) were the primary cause of 10,597 deaths and a contributing cause in more
than 17,215 deaths®.

Key features thought to underlie the pathogenesis of AAA are the progressive
degradation and remodeling of elastin and collagen fibers of the aortic wall**. Relatively
little is known about the etiology of AAA, though age, male sex, smoking status and
hypertension are believed to be important risk factors. Serum concentrations of fibroblast
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growth factor 23 (FGF-23), phosphorus, 25-hydroxyvtiamin D (vitamin D) and
parathyroid hormone (PTH) — all biomarkers on the vitamin D metabolic pathway — may
potentially contribute to AAA development. Although much interest in FGF-23 has
related to its potential role in left ventricular hypertrophy®, the coreceptor Klotho, which
is mandatory to induce FGF-23 signaling pathways®, is not expressed in the myocardium.
It is, however, expressed in both human and rat aortas, as has been reviewed recently®.
Additionally, in a rat experimental model of AAA, relative to controls those exposed to a
FGF-23 antagonist had smaller aortic diameters and experienced a preservation of elastic
fibers and smooth muscle cells’. FGF-23 has also been associated with endothelial
dysfunction®*° and inflammation*"*2. Phosphate excess, which is upstream to high FGF-
23, has been associated with vascular calcification'*** and myocardial fibrosis®.

If suboptimal vitamin D influences AAA risk, it likely does so predominantly by
elevating established CVD risk factors which may also be associated with greater risk of
AAA, namely hypertension'”? and inflammation®" *. In a recent cross-sectional study
which screened older men for AAA there was a dose-response relationship between low
vitamin D and greater abdominal aortic diameter®*. Higher PTH, which is downstream
from low vitamin D, has been associated with impaired endothelial function, increased
aortic pulse pressure, and decreased large artery elasticity™ .

To date, no epidemiologic studies have examined the association between FGF-23,
phosphorus, vitamin D, PTH and incidence of AAA.

5. Main Hypothesis/Study Questions:

Serum concentrations of FGF-23, phosphorus, and PTH are associated positively with
incidence of AAA, while serum vitamin D is associated inversely with AAA risk.

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).

Design: Prospective cohort from visit 2 (when biomarkers were measured) through the 2010
event follow-up for ARIC hospitalized AAAs, CMS through 2009 for CMS hospitalized and
outpatient AAAs, and the abdominal aortic ultrasound exam at Visit 5. If AAA
hospitalization and/or CMS events are updated, we will use the updated definition.

A time-to-event analysis will be used for hospital AAAs and CMS outpatient AAAS; a yes/no
analysis will be used for the ultrasound data. Data will be pooled using meta-analysis
techniques.

Outcome: All detected AAAs. ARIC does not have baseline data on AAA, so the
presumption is that everyone is free of AAA at baseline and at risk for incident AAA.

Exposures: Visit 2 serum FGF-23, phosphorus, vitamin D, and PTH



Covariates: age, race, field center, sex, height, weight, smoking status and amount,
diabetes, SBP and BP meds, TC, HDL, lipid meds, eGFR. Vitamin D and PTH will be
adjusted for seasonality, as has been done in previous ARIC analyses.

Data analysis: Cox proportional hazards models for clinical/hospital AAA analysis and
logistic regression for ultrasound AAA analysis.

The associations between baseline risk factors and AAA will be examined and reported
separately for clinical and ultrasound-detected AAAs. For analyses on hospital AAAs, we
will examine the proportionality assumption and use an appropriate form of Cox regression
model to examine the association between baseline risk factors and subsequent clinical
AAA:s. For analyses on ultrasound-detected asymptomatic AAAs, we will exclude
participants with known incident clinical AAA, and use logistic regression model to estimate
the odds ratios for the associations, on the condition of fixed lengths of follow-up time. If a
test of the homogeneity of associations for the two case groups is not rejected, results will be
pooled using meta-analysis techniques and the pooled results will also be reported. All
models will be adjusted for potential confounders.

Interactions will be tested by age, race, sex, smoking status, key vitamin D binding protein
SNPs (i.e. rs7041 and rs4588; for vitamin D only) and eGFR (for FGF-23 only). Subgroup
analyses will be reported, as appropriate.
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