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3. Timeline: The analyses will use existing ARIC data, and manuscript preparation will be 

performed in the following 12 months. 

 

4. Rationale:  

The American Heart Association and the American College of Cardiology Guideline 

recommends ankle-brachial index (ABI) for refining the predicted risk of cardiovascular events 

among older adults (together with coronary artery calcium and high-sensitivity C-reactive 

protein) since prognostic values of traditional cardiovascular risk factors are attenuated in this 



population.1 However, the data regarding ABI as a predictor of cardiovascular outcomes in older 

adults are almost exclusively from studies conducted in 1980s or 1990s.2-6 Since medical 

environments and incidence of cardiovascular disease have changed considerably in the last few 

decades,7-9 a contemporary investigation is necessary. Therefore, using data from visit 5 (2011-

13) of the Atherosclerosis Risk in Communities Study, we will quantify ABI and short-term risk 

of cardiovascular outcomes among community-dwelling older adults. 

 

5. Main Hypothesis/Study Questions: 

Abnormal ABI is associated with increased risk of cardiovascular events. 

 

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: prospective cohort study 

 

Inclusion criteria: All black and white ARIC study participants at baseline examination (visit 5) 

with data of ABI. 

 

Exclusion criteria:  

- Participants who identified themselves as non-white/non-black. 

- Participants with missing variables of interest. 

 

Exposure: ABI at visit 5: The systolic blood pressure of both upper and lower extremity was 

measured simultaneously using an automated oscillometric device OMRON VP-1000 plus 

(Kyoto, Japan) by trained technicians twice (five minutes apart) according to ARIC Protocol.10 

At each measurement, an ABI was calculated for both sides, and the greater value of the right or 

left brachial systolic blood pressure was used as the denominator. The mean ABI of the two 

measurements was recorded for each leg. For this analysis, we used the lower value of the right 

and left ABI. However, the higher value was used when the higher ABI exceeded 1.3 and the 

lower ABI was normal (1.0-1.3), to avoid eluding potential pathophysiological information, 

since an extraordinary high ABI (>1.3-1.4) indicates arterial non-compressibility. 11-13 

 

 

Outcome: 

    The first cardiovascular event, after visit through December 31 2014, of the following: 

- Coronary heart disease: a definite or probable myocardial infarction, definite coronary 

 death, or coronary revascularization procedure. 

- Stroke: definite or probable cases of sudden or rapid onset of neurologic symptoms lasting 

for 24 hours or leading to death in the absence of another cause. 

- Heart failure: a definite or probable acute decompensated HF. 

- Composite of cardiovascular disease: coronary heart disease, stroke, or heart failure. 

- All-cause mortality: Since cardiovascular disease is a leading cause of death, we will also 

analyze all-cause mortality.  

 

Covariates: 

- Sociodemographics: age, race, gender, education level 



- Physical information: body mass index, systolic blood pressure, diastolic blood pressure  

- Lifestyle: smoking status and alcohol drinking habit 

- Comorbidities: diabetes, dyslipidemia, hypertension including, antihypertensive medication 

use, cholesterol-lowering medication use, kidney function, and history of coronary heart disease, 

stroke, or heart failure. 

 

Statistical analysis plan:  

The primary analysis is to use Cox proportional hazards models to quantify the prospective 

association of ABI at visit 5 with each of the outcomes after baseline. ABI will be analyzed as 

both continuous variables with splines and categorical variables, based on clinical categories of 

≤0.9, 0.9-1, 1.01-1.1, 1.11-1.2, 1.21-1.3, and >1.3 in the models (if there are too few outcomes in 

some categories, we will merge some of them). We will build several models to assess 

confounding by adjusting for the covariates listed above.  

    We also evaluate a few risk prediction statistics such as Hosmer-Lemeshow χ2, Harrell’s c-

statistics, and categorical net reclassification improvement by adding ABI beyond known 

predictors. 

    We will conduct a few sensitivity analyses. Firstly, we will repeat the analysis after stratifying 

the study sample by key demographic and clinical subgroups according to age, gender, race, 

smoking status, use of statins, and the presence/absence of diabetes, hypertension, reduced 

kidney function, and a history of cardiovascular diseases at visit 5. Given clinical implications, 

we are particularly interested in the subgroups by a history of cardiovascular disease. We will 

test interaction formally using likelihood ratio test. Secondly, given the potential competing risk 

of death in estimating the risk of cardiovascular outcomes, we will run Fine and Gray’s 

proportional subhazards models.14 
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