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4. Rationale:  
 
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and confers 
increased risks of morbidity and mortality. [1, 2] Prevalence of AF, frailty and arterial 
stiffness greatly increase with age. [3-6] Evidence from previous studies suggests that 
arterial system structural and functional changes might be associated with left atrial 
remodeling. [7-10] In fact, arterial stiffness is a well-known marker for poor 
cardiovascular outcomes in the community. [11] Stiff arteries increase left ventricular 
(LV) end-systolic pressure and workload, and over time, this can lead to left ventricular 
remodeling which may ultimately lead to left atrial changes. [12]  Recent studies have 
indicated that arterial stiffness might be associated with AF. However, they have been 
limited by the relatively younger age of subjects and the presence of significant 
comorbidities. [13] [14] We propose to investigate the association of arterial stiffness 
and incident AF in ARIC who completed visit 5 and have pulse wave velocity (PWV) 
measurements available. Our hypothesis is that higher PWV, as a marker of arterial 
stiffness, is associated with greater AF risk. To further study the impact of this 
association on AF related clinical endpoints, we also propose, as an exploratory aim, to 
study the association of arterial stiffness and AF-related outcomes among subjects with 
prevalent AF at visit 5. 
 
5. Main Study Question and Hypothesis: 
 
Hypothesis: 

- Increased central arterial stiffness as measured by carotid-femoral PWV 
(cfPWV) is associated with higher incidence of AF. 

Aims:  
1- To investigate if increased central arterial stiffness as measured by  cfPWV is 

associated with an increased risk of AF in ARIC subjects. 
2- As an exploratory analysis due to limited sample size, to study the association of 

increased arterial stiffness with adverse cardiovascular outcomes among ARIC 
subjects with prevalent AF. 

 
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 participants 
Eligible participants will be from the ARIC cohort who participated in visit 5 and have 
information on PWV at that visit. 
 
Exclusion criteria 

• Participants with AF at or prior to visit 5 (for aim 1). 



• Subjects who had conditions potentially compromising the quality of PWV 
measurements: major arrhythmias (Minnesota code 8-1-3, 8-3-1, and 8-3-2; 
(n=74), Minnesota code 8-1-2 with evidence of low quality PWV waveforms 
(n=9), self-reported history of aortic or peripheral revascularization or aortic graft 
(n=40), and echocardiographic evidence of aortic stenosis or moderate or greater 
aortic regurgitation (n=11). (for aims 1 and 2) 

• Participants with no prior history of AF at or prior to visit 5 (for aim 2). 
• Participants with race other than white or black, as well as non-whites from the 

Minnesota and Washington County field sites (because of very small numbers). 
• Participants with prevalent MI, ischemic stroke, heart failure who are being 

evaluated for any of these outcomes in AIM #2. 
 
Main exposure 
Aim 1: 
 
PWV- primarily central arterial stiffness through cfPWV. 
 
This variable will be transformed to a 4-level variable based on the cohort’s quartiles. We 
will only use variables collected at visit 5 as this was the only visit those measures were 
collected with the presence of follow up data for AF. 
 
Aim 2: 
 
PWV at visit 5 as a continuous variable- will also create a dichotomous variable based on 
cohort’s median, among subjects with established history of AF. Since our sample size 
might be limited, we will consider this as an exploratory analysis and our outcome of 
interest will be a composite outcome of MI, heart failure, stroke and CV mortality. 
 
Outcome definition 
 
Aim 1: 
Incident AF from the end of visit 5 through the end of 2017 for those who completed visit 
5. Prevalent AF will be defined according to 12-lead electrocardiograms (ECGs) 
obtained at study exams or prior history of AF hospitalization. Incident AF will be 
defined according to hospital discharge codes captured continuously during the follow-
up, and death certificates. We will exclude AF cases related to open cardiac surgery. A 
similar detailed description and validity of this approach has been previously 
published.23 Follow-up will be administratively censored at December 31st, 2017. 
 
Our preliminary analysis indicates there are 478 participants from those who presented 
for visit 5 had experienced AF during the follow up time. 
 
Aim 2: 
Incident adverse cardiovascular composite outcomes (MI, ischemic stroke, heart failure 
and cardiovascular death) as a composite outcome.  



Our preliminary analysis indicates there are 547 participants from those who presented 
for visit 5 had experienced AF prior to visit 5 (prevalent AF). Among those, 124 subjects 
experienced at least one event [MI (n=66), ischemic stroke (n=44), heart failure (n=140) 
or CV death (n=74)].  
 
Other Variables of Interest 
Sex, age, race, study center, education, BMI, height, systolic blood pressure (SBP), 
diastolic blood pressure (DBP), smoking status, alcohol using status, diabetes, use of 
antihypertensive medications, LVH by ECG, prevalent HF, and prevalent myocardial 
infarction (MI). We will also consider Echocardiographic data; LVH and LV dimensions 
as explanatory variables, and use of oral anticoagulants for the Aim 2 analysis. 
 
Analysis plan 
For Aim 1, we will study association with incident AF using Cox proportional hazards 
models, adjusting for the variables described above.  
 
For Aim 2, we will study the association of PWV and incident composite outcomes, among 
subjects with prior history of AF, using Cox proportional hazards models and adjusting for 
the variables described above. Depending on the number of events, we may limit the 
number of covariates or use a composite variable such as the CHA2DS2-VASc score. 
As a limitation, we acknowledge that we may not include asymptomatic AF or AF 
managed exclusively in an outpatient setting. Also, exclusion of participants with 
missing data on arterial indices could introduce selection biases into our analyses.  
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