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3. Timeline: Analysis and manuscript writing to be performed August 2024 – October 2024 
 
4. Rationale: 
Abdominal aortic aneurysm (AAA) has been associated with significantly increased risk of 
adverse cardiovascular disease outcomes.1 Most prominently, presence of AAA has been 
associated with significantly increased incidence of myocardial infarction (MI) and stroke.2,3,4 
For example, a retrospective registry-based study of over 40,000 participants in Denmark found 
that people who had previously undergone surgery to repair AAA had hazard ratios for MI and 
stroke of 2.1 and 1.8 respectively at a maximum of 20 years of follow-up, compared to the 
general population.2  
 
People with AAA have been shown to experience significant excess mortality compared to the 
general population, and aortic diameter has been positively associated with both increased risk of 
cardiovascular mortality and incident CVD events.4,5,6,7,8 A longitudinal population-based study 
of 6,640 participants in Norway, for example, reported an adjusted total mortality risk ratio of 
3.73 at 10 years, and cardiovascular mortality risk ratio of 9.24, in people with an abdominal 
aortic diameter of 3-3.4cm compared to people with an aortic diameter of 2.1-2.3cm.9 Among 
4,734 participants in the Cardiovascular Health Study, an association was demonstrated between 
infrarenal aortic diameter and risk of incident CVD events including coronary heart disease, 
stroke, and congestive heart failure over a 10-year follow-up period.7 Associations between AAA 
and MI, stroke, and excess mortality have therefore been established in existing literature for 
certain populations, particularly those comprised of disproportionately white, European subjects.  
 
The composite endpoint of Major Adverse Cardiovascular Events (MACE) was originally 
codified by the FDA in 2008 for evaluation of cardiovascular outcomes of anti-hyperglycemic 
therapies.10 In the context of observational studies, a three-point MACE outcome most 
commonly consists of acute MI, stroke, and all-cause death.11 Recent epidemiologic studies of 
AAA have made use of this outcome measure, including one large study of AAA population 
screening data from the United Kingdom which estimated an adjusted hazard ratio for MACE of 
1.79 among men with AAA compared to controls.12 Elevated long-term risk of MACE has been 
noted among patients who have undergone surgical repair of AAA and/or excluding aneurysm-
related events. For example, one retrospective study of 320 patients undergoing endovascular 
AAA repair found that subsequent to repair an estimated 89.4% of patients will survive free of 
MACE at 1 year, falling to 59.8% of patients at 5 years.13 The persistence of increased risk of 
MACE well beyond AAA repair has led to the suggestion that AAA may represent an 
independent predictor of cardiovascular mortality. 5,6,12,14,15  
 
Existing literature regarding AAA and risk of MACE is subject to several shortcomings. The 
relevant body of literature is comprised in large part of studies which examine outcomes 
following AAA-related intervention, typically endovascular or open surgical repair.13,2,16,17 As 
such, many studies fail to include adequate controls, including people who do not have AAA or 



J:\ARIC\Operations\Committees\Publications  September 2023 Version  
 

who do not undergo AAA-related intervention.  Moreover, population-based studies involving 
AAA, including (but not limited to) the Framingham Heart Study, have been substantially 
underpowered with regards to women and non-white, non-European populations.4,14 The 
majority of existing longitudinal studies of participants with AAA have a mean follow-up period 
of 10 years or less, which may not be sufficient to fully describe all meaningful CVD risk 
endpoints. Finally, increasing use of MACE alone as a clinical endpoint has the potential to 
obscure which, if any, of the underlying components of this composite measure may contribute 
disproportionately to outcomes among patients with AAA. 
 
Against this background, an improved understanding of the contemporary risk of MACE among 
people with AAA is needed. Data from the Atherosclerosis Risk in Communities (ARIC) Study, 
which includes a large, diverse, community-based cohort, will contribute to filling this gap in the 
literature.18 The ARIC study population includes a large cohort of participants identifying as 
African American, in addition to White participants, with a follow-up period of more than 20 
years. Moreover, ascertainment of the majority of AAA cases in ARIC occurred either 
incidentally during the course of a patient’s care, or through clinical manifestation of AAA 
symptoms, rather than through population screening at an arbitrary time point (although a 
smaller number of AAA were ascertained via population screening at visit 5). ARIC data will 
therefore allow for a more pragmatic longitudinal study of MACE risk following AAA 
ascertainment compared to existing studies, potentially bolstering external validity. Finally, 
concurrent analysis of individual components of MACE will help to elucidate whether MI, 
stroke, or all-cause mortality may represent meaningful targets for preventive care. Findings will 
help inform management of cardiovascular risk factors among patients with AAA, which 
remains an area of significant inconsistency among major clinical practice guidelines.19,20,21 
 
 
5. Main Hypothesis/Study Aims: 
We propose to utilize ARIC data to examine differences in risk of MACE and its components 
between study participants with and without AAA. We hypothesize that: 
1) Having a diagnosis of AAA will be associated with a greater risk of MACE and its 
components.  
2) The association between AAA and MACE will persist after accounting for participants who 
have undergone surgical repair of AAA.  
3) The strongest magnitude of association among MACE components will be found between 
AAA and overall mortality; however, independent associations will also exist between diagnosis 
of AAA, MI and stroke.  
 
6. Design and analysis - please address the following aspects: 

a) inclusion/exclusion 
Inclusion:  

• All ARIC participants who attended visit 1 
 

Exclusion: 
• Race other than white or African American 
• Prior AAA surgery at time of visit 1 
• History of prior MI or stroke at time of visit 1 
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• Missing data on covariates of interest 
 

b)  Study design 
Incident clinical AAA will be modeled as a time-varying event. By event follow-up to 2020 
supplemented by CMS data, we have identified a total of 833 clinical AAAs since visit 1 (partly 
contributed by the ARIC AAA ancillary study AS 2009.18). The outcomes (i.e. MI, stroke, 
death, as well as the composite MACE outcome) will be analyzed separately. Covariates will be 
modeled as fixed variables from baseline measurements only. Participants without history of 
MI/Stroke and AAA diagnosis will contribute person-time into the “non-AAA” category until 
the first occurrence of either MI, stroke, death, or end of study follow-up, whichever occurred 
first. If participants are diagnosed with AAA prior to censoring (date of MI, stroke, death from 
any cause, or end of study follow-up), they will begin contributing person-time to the “AAA” 
category until the first occurrence of either MI, stroke, death, or end of study follow-up. 
 

c) outcome and other variables of interest with specific reference to the time of their 
collection 

The primary outcomes will be:  
• Incident MI 
• Incident stroke 
• Death from any cause 
• A composite MACE indicator (any of the above three) 
• Fatal CHD 

Of note, CHD and stroke will be based on cases that have been adjudicated by ARIC physicians. 
  
Other variables of interest will be measured at baseline:  

• Demographic: age, race, sex, field center, education level 
• Smoking status and pack-years of smoking 
• BMI 
• Comorbid conditions: diagnosis of hypertension, diagnosis of diabetes, use of lipid-

lowering medications, use of aspirin 
• Surgical repair of AAA, either open (defined as a new ICD-9 procedure code 38.44 or 

new ICD-10 procedure code 04Q00ZZ) or endovascular (defined as a new ICD-9 
procedure code 39.71 or new ICD-10 procedure codes 04Q03ZZ or 04Q04ZZ) 

• AAA rupture, defined as a new ICD-9-CM code 441.3 or ICD-10-CM code I71.3 
 

d) summary of data analysis  
1. Baseline characteristics will be summarized by “AAA” and “non-AAA” category 
2. Number of AAA rupture events as well as number and type of surgical AAA repair 

procedures will be reported for the “AAA” category to contextualize study findings 
3. Multivariable Cox regression will be used to explore the association between incident 

clinical AAA and subsequent risk of MACE and its components. AAA diagnosis will be 
modeled as a time-varying event, measured at time of AAA diagnosis. Covariates will be 
modeled as fixed variables, measured at baseline only. Participants who were not diagnosed 
with AAA during follow-up will contribute person-time to the non-AAA group throughout. 
Participants who were diagnosed with AAA during follow-up will contribute person-time to 
the non-AAA group until the date of AAA diagnosis, and then to the AAA group thereafter 
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until censoring occurred. Participants whose MACE components occurred before AAA 
diagnosis will contribute person-time to the non-AAA group only. 

 
Covariates will be analyzed as fixed variables measured at baseline visit 1, as opposed to 
AAA diagnosis which will be modeled as a time-varying event. This approach will help to 
reduce selection bias that may occur when covariates from the most recent study visit with 
regard to the diagnosis date of AAA are analyzed.  
 
Cox regression will be used to measure the association between AAA and MACE, as well as 
between each of the individual components of MACE, adjusting for: age, gender, race, 
ARIC field center, education level, BMI, smoking status, pack-years of smoking, total 
cholesterol and HDL cholesterol, diagnosis of hypertension or diabetes, use of lipid 
lowering medications, and use of aspirin. Test of proportional hazard assumption will be 
conducted. 
 
Subgroup analysis will be performed according to comorbid conditions (diabetes, 
hypertension, and smoking status). Additional subgroup analysis of the “AAA” category 
will be performed comparing participants who underwent surgical repair of AAA (either 
open or endovascular) to participants with AAA who did not undergo surgical repair. 
Further sensitivity analysis will be performed, censoring MACEs occurring during 
hospitalization for AAA to preclude the influence of perioperative complications.  
 
In a secondary analysis, we will analyze covariates as time varying variables. In this 
approach, covariates from all visits until the censoring date will be incorporated into the 
model. 

  
 

e) Any anticipated methodologic limitations or challenges if present 
For the majority of incident AAA cases (those ascertained outside of ARIC visit 5 screening), 
measurement of maximum aortic diameter is not available. This will preclude stratification of 
participants by size of AAA. AAA status at visit 1, other than the history of abdominal aortic 
surgery, is not available in ARIC. However, the prevalence of AAA should be low at baseline 
given the age of participants at visit 1. This issue has been addressed in the ARIC AAA ancillary 
study AS 2009.18 (R01HL103695) and numerous ARIC publications on AAA. 
 

f) Will the author need Limited data to complete the proposed manuscript? ☐ Yes, 
Limited data is needed (Provide a brief (2-3 sentences) justification for requesting 
PHI data)      .  ☒ No, De-identified data will be sufficient. 

 
*Please note, Limited dataset access is strict and rarely provided. Limited data includes 
identifiable information such as dates (birthdays, visit dates, etc.).  CMS, Genomic, Geocoded, 
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
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