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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
1
.  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
2
. 

 Key features thought to underlie the pathogenesis of AAA are the progressive 

degradation and remodeling of elastin and collagen fibers of the aortic wall
3, 4

. Relatively 
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little is known about the etiology of AAA, though age, male sex, smoking status and 

hypertension are important risk factors.   

 Retinal vessels share similar anatomical and physiological properties with other 

vessels in the circulatory system, and for decades they have been proposed as an easily 

and safely measured surrogate for coronary circulation.
5
 In ARIC retinal microvascular 

signs have been associated with numerous outcomes, including stroke,
6, 7

 congestive heart 

failure,
8
 coronary heart disease (women only)

9
 and  brain microvascular disease.

10
  

 Given that vascular dysfunction is the etiologic foundation of AAA, it is possible 

that retinal microvascular abnormalities may serve as an early indicator of AAA. To date, 

no epidemiologic studies have examined the association between retinal microvascular 

signs and incidence of AAA.    

 

5. Main Hypothesis/Study Questions: 

 

Hypotheses: Presence of retinopathy signs [i.e. retinal microaneurysms, hemorrhages 

(flame-shaped and blot), and soft exudates], and retinal vessel caliber measurements, 

specifically, narrower arteriolar and wider venular diameters at ARIC visit 3, will be 

independently associated with greater risk of incident AAA, and with higher prevalence 

of AAA by ultrasound at visit 5.  

 

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 3 (when eye measurements took place) through the 

2011 event follow-up for ARIC hospitalized AAAs, CMS through 2011 for CMS 

hospitalized and outpatient AAAs. The visit 5 abdominal aortic ultrasound data will be 

analyzed separately, and the abdominal aortic ultrasound exam at Visit 5.   

 

Exclusions: We will exclude from the analysis participants who indicated prior surgery 

on the aorta at ARIC study baseline, and those who developed AAA between Visit 1 and 

Visit 3. 

 

Exposures:  

 retinopathy signs [i.e. retinal microaneurysms, hemorrhages (flame-shaped and 

blot), and soft exudates]  

 retinal vessel caliber measurements 

o arteriolar diameter 

o venular diameter 

 

Outcome: All detected AAAs after Visit 3.   

Covariates: age, race-field center, sex, height, weight, smoking status and amount, 

diabetes, SBP and BP meds, total cholesterol, triglycerides, HDL-C, lipid-lowering 

medications.   

 



Data analysis:  Cox proportional hazards models for clinical/hospital AAA analysis and 

logistic regression for ultrasound AAA analysis.  

 

Visit 3 will be treated as baseline and AAAs detected before Visit 3 will be excluded. The 

associations between Visit 3 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 AAAs. 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. We will adjust for 

potential confounders. We anticipate that model 1 will adjust for age, sex, and race-center. In 

Model 2 we will further adjust for height, weight, smoking pack years, diabetes, SBP, blood 

pressure medications, total cholesterol, triglycerides, HDL-C, and lipid medication.  
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