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3. Timeline: 

This ancillary study will basically use existing data, and we anticipate to complete the project in 

1 to 2 years depending on number of clinical outcomes of interest (see “Statistical Analyses” 

below).  

 

4. Rationale:  

Increased arterial stiffness (or reduced compliance) has been found to be an independent 

predictor of mortality and cardiovascular disease.
1
 Although several parameters of arterial 

stiffness have been proposed and explored, carotid-femoral PWV is in general considered the 

standard measurement of central artery stiffness.
1
 In this context, the American Heart 

Association has listed a new parameter of arterial stiffness, cardio-ankle vascular index (CAVI), 

with a few unique properties in their recent scientific statement.
2
 CAVI is based on the arterial 

stiffness parameter β and reportedly not affected by changes in blood pressure during 

measurement.
3
 CAVI reflects stiffness of various arteries including aorta, femoral artery, 

popliteal artery and tibial artery.
3
 Indeed, several studies have demonstrated a close link of CAVI 

to cardiovascular risk factors and the presence of atherosclerosis.
4
 Moreover, CAVI does not 



require probes for carotid and femoral arteries and is more easily measurable compared to 

carotid-femoral PWV.  

However, unlike carotid-femoral PWV,
5
 to our knowledge, no studies have assessed 

whether CAVI can predict future adverse health outcomes, limiting its ability as a parameter of 

arterial stiffness in clinical practice and research. In this context, using data of heart-ankle PWV 

measured at visit 5 of the Atherosclerosis Risk in Communities (ARIC) Study during 2011 and 

2013 and implementing algorithm behind CAVI, we will be able to “calculate” CAVI. Therefore, 

using this approach, we will assess whether CAVI will predict future adverse outcomes such as 

total mortality and cardiovascular outcomes and contrast its prognostic value with that of other 

arterial stiffness parameter such as carotid-femoral PWV, brachial-ankle PWV, and femoral-

ankle PWV. Contrasting these different parameters regarding their prognostic values would be 

important since age-related stiffening, as well as the risk factor profile associated with arterial 

stiffness, differ between the central – elastic – arteries and the peripheral – predominantly 

muscular – arteries.
6
 

 

5. Main Hypothesis/Study Questions: 

The main aim is to assess whether CAVI is associated with clinical outcomes and if so whether 

its prognostic value is similar to or greater than that of other arterial stiffness parameters, i.e., 

carotid-femoral PWV, brachial-ankle PWV, and femoral-ankle PWV. 

 

We hypothesize that CAVI will be associated with future adverse health outcomes and its 

association is similar to that of other PWV parameters. 

 

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 Design  

Analyses will include all black and white participants at visit 5 with data on heart-ankle PWV. 

Using a conversion algorithm provided from Fukuda Denshi, CAVI will be calculated from 

heart-ankle PWV measured at ARIC visit 5. PWV parameters were measured with OMRON VP-

1000 plus by certified technicians at ARIC visit 5 among 4,948 participants.  

 

Exclusions  

Race/ethnicity other than black or white 

Participants with missing data on heart-ankle PWV at visit 5 

Exclusions for tonometry data quality (body mass index [BMI] ≥40 kg/m
2
, major arrhythmias 

[Minnesota code 8-1-3, 8-3-1, and 8-3-2], Minnesota code 8-1-2 with evidence of biased PWV 

waveforms, aortic aneurysms, abdominal aorta ≥5 cm, history of aortic or peripheral 

revascularization or aortic graft, aortic stenosis, moderate or greater aortic regurgitation) 

 

Exposure Variables at Visit 5 

 CAVI calculated from heart-ankle PWV and systolic and diastolic blood pressures  

 Carotid-femoral PWV, brachial-ankle PWV, heart-ankle PWV, carotid-heart PWV, and 

femoral-ankle PWV, central pulse pressure, and augmentation index for contrast (“other 

arterial stiffness parameters”) 



 

Traditional risk factors at Visit 5 

 Demographics: age, sex, race, education 

 Medical history/comorbidities: history of cardiovascular disease (myocardial infarction, 

bypass grafting, percutaneous coronary intervention, heart failure, stroke, or peripheral 

artery disease), hypercholesterolemia, hypertension, diabetes mellitus  

 Laboratory/vital/lifestyle measures: cholesterol levels (total, HDL, LDL), triglycerides, 

glucose levels, kidney function and damage markers, heart rate, systolic blood pressure, 

diastolic blood pressure, ankle brachial index, body mass index, smoking and drinking 

status 

 Medications: antihypertensive medications, cholesterol-lowering medications, glucose 

lowering medication, and antiplatelet 

 

Outcome Variables: 

 All-cause mortality  

 Cardiovascular mortality 

 Coronary heart disease  

 Heart failure 

 Stroke 

 Peripheral artery disease 

 

Statistical Analyses  

We will first summarize baseline characteristics according to CAVI and the other arterial 

stiffness parameters (e.g., their quartiles). Also, we will evaluate correlations between those 

measures of arterial stiffness. Subsequently, we will quantify the association of CAVI with 

adverse outcomes using Cox proportional hazards models. CAVI and the other arterial stiffness 

parameters will be modeled as their quartiles and as continuous variables (1-SD as a linear term 

or spline terms, as appropriate). We will also evaluate whether these stiffness parameters can 

improve prediction statistics (calibration, discrimination, and reclassification) beyond traditional 

cardiovascular risk factors. We will repeat the analysis in several key demographic and clinical 

subgroups to evaluate the robustness of our findings.  

 

As of the end of 2012, there were 81 cases of cardiovascular outcomes or deaths during median 

follow-up time of 280 days. By April 2016, we anticipate to have outcomes through 2013 and 

anticipate a total of ~180 events. With 180 events, we will be able to detect hazard ratio of 1.52 

per 1-SD increment of cardio-ankle vascular index (CAVI) with statistical power of 80%. This 

effect size is comparable to relative risk of 1.47 reported for aortic pulse wave velocity (PWV) in 

a meta-analysis.
7
 In case, event accrual is slower than our projection, we will update the results 

using outcomes through 2014, which should be available no later than April 2017. 

 

Limitations 

As stated in the prior section, we anticipate having adequate numbers of outcomes of interest for 

the overall analysis, although we would need to carefully our results from the mix of fatal and 

non-fatal cardiovascular events of various kinds. Due to relatively short follow-up time, 

statistical power can be an issue for some subgroup analyses. Some PWV measurements were 

not collected due to technical errors, participant factors and scheduling conflicts in some ARIC 



participants. As with all observational studies, we cannot rule out the possibility of residual 

confounding.  
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