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4. Rationale:  
Abdominal aortic aneurysm (AAA) is an important vascular disease in older adults1 and rupture 
of AAA is associated with a high mortality rate.2 The etiology of AAA is complex and not well 
understood. Among established cardiovascular risk factors, age, male sex, smoking, and 
increased low-density lipoprotein or total cholesterol increase the risk of AAA.1, 3 Evidence from 
animal studies support the role of immune cells, including neutrophils, monocytes/macrophages, 
and lymphocytes,4-7 in the pathogenesis of AAA, which is characterized by progressive 



degradation and remodeling of extracellular matrix in the aortic wall.8-10 In ARIC, we identified 
a strong positive association of clinical AAA incidence with total white blood cell (WBC) counts 
over a median of 22.5 years of follow-up.11 This association was independent of other major 
AAA risk factors. WBC count was also associated with the prevalence of asymptomatic AAA 
detected by ARIC Visit 5 ultrasound exam.11  More recently, a UK study of 775,231 participants 
from an electronic health record database reported a positive association between neutrophil 
counts at baseline and AAA incidence over a median follow-up of 3.8 years (interquartile range: 
1.7 to 6.0 years), independent of eosinophil and lymphocyte counts.12 They also found a 
significant and positive, albeit weaker, association between monocyte counts and AAA.12 The 
major weakness of this study is the potential influence of reverse causality due to the short 
follow-up. Another study in the same population focused on low lymphocyte and eosinophil 
counts as risk factors for 12 cardiovascular diseases and failed to find a significant association 
for AAA.13 
 
5. Main Hypothesis/Study Questions: 
 
We hypothesize that white blood cell differential counts (e.g., neutrophils, monocytes, 
lymphocytes and eosinophils) measured in middle age will be associated positively with 
incidence of AAA over the next 20 years. 
 
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). 
 
WBC counts and differential percentages were measured in ARIC at Visit 1 for three of the four 
field centers (missing for about 86% of participants from Washington county) and at Visit 2 for 
two field centers (missing Washington county and Jackson). We will calculate counts of each 
WBC subtype by multiplying total WBC count by the percentage of the corresponding 
differential. Since neutrophil bands can normally be absent in most individuals, we will replace 
missing neutrophil bands by zero. Total neutrophil percent will be calculated by adding 
percentages of segmented neutrophil and band neutrophil. We will exclude individuals with sum 
of differential percentages less than 95% or greater than 105%.  
 
WBC differential counts derived for Visit 1 will be analyzed as the main exposures. We will 
apply the following exclusions: 1) WBC or differential counts greater or less than 6 SD from the 
mean;  2) race other than white or African American; 3) prior AAA surgery or uncertain AAA 
status during follow-up; 4) missingness for the exposures or important covariates.  
 
We will divide all differentials into 5 categories: below the normal range, three tertiles within the 
normal range, and above the normal range. We will conduct Cox proportional hazards regression 
to obtain hazard ratios of incident, clinical AAA associated with the five categories of each 
differential count in nested multivariate models, with the tertile 1 group within the normal range 
as the reference group. We will adjust for established risk factors for AAA and other potential 
confounders (i.e., age, gender, race-center, smoking status, pack-years of smoking, BMI, waist 
circumference, total cholesterol,  HDL cholesterol, triglycerides, use of cholesterol lowering 
medication, hypertension, peripheral artery disease, diabetes, and prevalent coronary heart 



disease at Visit 1) as well as the other differentials (as a continuous variable). We will test for 
trend in hazard ratios across the four groups (excluding the ‘below the normal range’ group) 
using an ordinal variable designating each of the four groups. The proportional hazards 
assumption will be evaluated by testing for interaction between each differential count exposure 
and log survival time.  
 
In a secondary analysis, we will analyze the association between the asymptomatic AAA 
detected at ARIC Visit 5 ultrasound exam and the differential counts that are significantly 
associated with clinical AAA. We will use logistic regression with weighting for the probability 
of survival to the Visit 5 exam. 
 
We will also conduct the following sensitivity analysis for clinical AAA: 1) remove AAAs who 
were diagnosed within 10 years from the baseline; 2) use race-specific cutpoints and also 
conduct the analysis in whites only to evaluate any residual confounding by race; 3) conduct the 
analysis separately in ever-smokers and never-smokers reported at baseline visit; 4) analyze the 
average of differential counts from Visits 1 and 2 as exposures. 
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