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8. Rationale: 

Pulse wave velocity (PWV) is a reliable measure of arterial stiffness that predicts 

cardiovascular disease events and all-cause mortality in clinical and population- based studies 

[1].
   
Carotid-femoral PWV (cfPWV) reflects central arterial stiffness and is the most 

commonly used measure of PWV in research studies. PWV measurements simultaneously 
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measured with cfPWV in ARIC include femoral-ankle PWV (faPWV), a measure of 

peripheral arterial stiffness, and brachial-ankle PWV (baPWV), a composite measure of 

central and peripheral stiffness that is widely used in Asian countries. Little information is 

available on the longitudinal relationship of blood pressure with measures of arterial stiffness, 

in particular over an extended range of mid-life to older adulthood. 

 
PWV was measured in Visit 5 of ARIC using the VP-1000 Plus device. No pulse wave 

velocity measures were obtained in ARIC prior to Visit 5. The Visit 5 examination of the 

ARIC Study cohort allows us however to evaluate the longitudinal relationship of blood 

pressures antecedent to Visit 5 with central arterial stiffness (cfPWV) and femoral-ankle 

(faPWV) in a well characterized population of African American and Caucasian men and 

women.  

 
The aim of this report is thus to characterize the longitudinal relationships between sitting 

blood pressure measured according to a standardized protocol over the 5 ARIC visits and 

central arterial stiffness estimated from cfPWV at the ARIC Study at Visit 5. Mean arterial 

pressure and pulse pressure will also be calculated and their associations with PWV 

examined. Understanding this relationship can inform the line of research in this area on the 

long term effects of blood pressure on vascular stiffening. 

 
9. Main Hypothesis/Study Questions: 

 
1. Describe the longitudinal relationships of blood pressure variables with central 

arterial stiffness estimated from cfPWV, considering age, gender, ethnicity and 

heart rate (HR) as covariates. 

 

10. 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 design: Longitudinal for blood pressure measurements (visits 1 to 5); cross-sectional 

PWV measurements at ARIC visit 5. 

 
Exposure: 
Carotid-femoral PWV (cfPWV) was measured by the VP-1000 plus system (Omron 

Co., Ltd., Kyoto, Japan) and the path length was calculated as the distance between the 

suprasternal notch to carotid minus the carotid to femoral distance.  A minimum of two 

measurements were taken per participant and the last two usable measurements (i.e. 

non-zero values) were averaged. We will treat this variable as the exposure (rather than 

the outcome) because cfPWV was measured at Visit 5 only. This approach has been 

applied previously when using repeated measures data in a similar analysis, e.g., 

Ferreira et al. [2], and has been vetted by the members of this manuscript writing group. 

 

Outcomes at all visits: Sitting blood pressure variables at visits 1 through 5 (SBP, DBP, mean 

arterial pressure (MAP) and pulse pressure (PP). 

 



 

 

Covariates 

Covariates include gender, race, cardiovascular disease (coronary heart disease, stroke, heart 

failure) prevalent at baseline, age and heart rate at each visit, smoking habits, blood pressure 

lowering medication use and diabetes status. 

 

Inclusions: African American and Caucasian ARIC participants with PWV data obtained at 

Visit 5. 

 

Exclusions: Missing information on PWV, blood pressure, and antihypertensive 

medication use or other covariates of interest; not Caucasian or African-American; 

African American participants at the Minnesota and Maryland sites, and t h e  

f o l l o w i n g  exclusions recommended by the ARIC ABI/PWV Working group: 

participants with BMI>=40 kg/m
2
, and participants with major arrhythmias (based on 

ECG data for MN code 8-1-3, 8-3-1 or 8-3-2), self-reported aortic revascularization 

surgery or aortic graft, aortic aneurysm, abdominal aorta ≥ 5cm, MN codes 8-1-2 with 

evidence of biased PWV waveforms, aortic stenosis and moderate or greater aortic 

regurgitation, and PWV values > 3 standard deviations away from the mean. 

 
Statistical Analysis: 

 
Participant characteristics will be presented as means and standard errors, or as frequencies 

and percent, where appropriate and adjusted for age, gender, ethnicity and heart rate.  

Conventional statistics will be used if lack of normality is not a concern and a transformation 

is not required.  We will use non-parametric methods if normality is a concern. Multivariate 

models for pressure measurements will be fit using PWV, age, gender, ethnicity, body mass 

index, heart rate, and smoking status to determine the trajectories of pressure measurements 

relative to the distribution of cfPWV and faPWV at Visit 5.  

 
Consideration of selective loss to follow-up/cohort attrition 

 

Blood pressure levels, and likely several of the covariates to be included in the analyses are 

associated with loss to follow-up that could potentially bias the estimates of interest. We propose 

to use the two-step Heckman correction approach to account for selection bias. Coordination 

with other investigators in ARIC that are implementing the Heckman correction approach has 

been established. 

 

Limitations: 

 
Some PWV measurements were not collected due to sensor equipment failures, representing 

missing data that are not however systematically related to participant characteristics. Despite 

adjusting for HR, some residual confounding cannot be excluded. The cross-sectional design 

limits our ability to determine an antecedent-consequent relation between blood pressure in 

different life epochs and PWV. A temporal pattern of association between antecedent blood 

pressure across ARIC examination visits and PWV measured at Visit 5 is informative 

however, and would contribute novel information. 

 



 

 

Mortality or loss to follow-up before Visit 5 may be plausibly associated with arterial 

stiffness, leading to potential for informative censoring/selection bias. To address this we 

propose to use the two-step Heckman correction approach to correct for selection bias, as 

mentioned above. 
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