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4. Rationale: 
 
Derivatives of blood pressure, including ratios and differences between the four limbs, 
can provide additional information for health appraisal [1,2]. In particular, a large 
interankle systolic blood pressure (SBP) difference has been investigated as a predictor of 
adverse cardiovascular and cerebrovascular outcomes, as well as mortality [3-6]. The 
increased interankle SBP difference has often been attributed to the presence of 
peripheral artery disease (PAD) in one lower limb [1,7], as PAD decreases blood flow 
and perfusion pressure in the affected side [8]. The resultant interankle SBP difference 
might have prognostic value for overall and cardiovascular mortality given the presence 
of unequal limb atherosclerosis. However, recent evidence from us and others suggests 
that non-atherosclerotic characteristics of the blood vessels may also contribute to this 
association [4,6]. 
 
Arterial stiffness has emerged as a potential factor in the association between interankle 
SBP difference and adverse clinical outcomes [9]. Arterial stiffening leads to arterial 
wave reflection and elevates SBP [10-12]. Peripheral resistance of the lower body is 
believed to be one of the most important sites of arterial wave reflection [13]. An increase 
in arterial stiffness leads to greater transmission of pulsatile pressure into the 
microcirculation, causing subsequent end-organ damage [14]. Differences in arterial 
stiffness between the two sides of the body may indicate asymmetric or localized arterial 
stiffening, which might be manifested as an abnormal increase in interankle SBP 
differences [9].  
 
Previous research demonstrated that large differences in ankle SBP are associated with 
increased cardiovascular risk and mortality [3-6]. However, these studies have been 
cross-sectional, providing limited insights into how these differences change over time 
and into their longitudinal association with cardiovascular outcomes. Accordingly, the 
primary aim of this proposed study is to examine longitudinal changes in interankle SBP 
differences and to investigate their relationship with cardiovascular events and mortality.  
 
Longitudinal blood pressure data from Visits 5 and 6 or 7 of the Atherosclerosis Risk in 
Communities (ARIC) study provide a unique resource to address this gap in knowledge. 
The semi-automatic vascular screening device OMRON VP-1000 plus (Kyoto, Japan) 
was used to measure blood pressure simultaneously in the ankles after participants were 
in the supine position for 5–10 min. Bilateral posterior-tibial arterial pressure waveforms 
were detected over 10 s by extremity cuffs connected to a plethysmographic and an 
oscillometric pressure sensor wrapped on both ankles. Trained technicians recorded 
blood pressures at least twice, and the results of the two closest readings were averaged. 
This system has the advantage of measuring blood pressure in both ankles 
simultaneously, ensuring that beat-by-beat differences in blood pressure between limbs 
are minimized.  
 
5. Main Hypothesis/Study Questions: 
 
The specific aims include: 
 



1. To characterize how interankle SBP differences change at two distinct points: 
from midlife to older adulthood. 

2. To assess whether changes in interankle SBP differences are associated with 
incident cardiovascular events and all-cause as well as cardiovascular-specific 
mortality. 
 

Our main hypothesis is that increasing interankle SBP differences over time are 
independently associated with a higher risk of future cardiovascular events and all-cause 
and cardiovascular-specific mortality, even after adjusting for traditional cardiovascular 
risk factors. 

 
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 methodological limitations or challenges if 
present). 
 
Study design: Observational study utilizing longitudinal data on ankle SBP from ARIC 
Visits 5 and 6 or 7, and most updated data on all-cause and CVD mortality events. 
 
Inclusions: ARIC participants with available ankle SBP data obtained at both Visits 5 
and either 6 or 7. Interankle SBP differences will be calculated as the absolute value of 
the difference between the right and left sides. 
 
Exclusions: Nonwhite and nonblack participants, BMI ≥40 kg/m2, major arrhythmias 
(Minnesota code 8-1-3, 8-3-1, and 8-3-2), aortic aneurysms, history of aortic or 
peripheral revascularization or aortic graft, aortic stenosis, moderate or greater aortic 
regurgitation, history of coronary heart disease (CHD), heart failure or stroke for 
analyses of incident events, and missing covariates of interest.  
 
Exposure: Changes in interankle SBP differences, both as a continuous and as 
categorical variable (< 10 mmHg and ≥10 mmHg). Our previous study [6] demonstrated 
that an interankle SBP difference of ≥10 mmHg, was significantly and independently 
associated with all-cause mortality even after the adjustments for traditional 
cardiovascular risk factors, and extreme values of ankle-brachial index.  
 
Outcome: Incident cardiovascular disease (CHD, stroke, and heart failure), all-cause and 
cardiovascular-specific mortality.  
 
Other variables of interest: Age, sex, race, smoking status, hypertension defined as SBP 
≥140 mmHg, diastolic BP ≥90 mmHg, or reported use of hypertensive medication, 
diabetes defined as having a fasting serum glucose concentration of ≥126 mg/dl, a non-
fasting glucose of ≥200 mg/dl, a self-reported history of physician-diagnosis of diabetes, 
or the use of glucose-lowering medication, carotid-femoral pulse wave velocity, brachial-
ankle pulse wave velocity, carotid artery augmentation index, blood pressure, body mass 
index, fasting glucose, triglycerides, HDL-cholesterol, LDL-cholesterol concentrations, 



ankle-brachial index, and medication use (aspirin, β-blockers, calcium channel blocker, 
ACE inhibitors, and diuretics).  
 
Summary of Statistical Analysis: Variables will be presented as means ± standard 
deviation if continuous and as percent if categorical. Variables with skewed distribution 
will be naturally log transformed for analysis. Baseline characteristics (Visit 5) will be 
compared between individuals with and without interankle SBP difference ≥10 mmHg 
using t-tests and chi-squared test. Reproducibility of absolute interankle SBP difference 
≥10 mmHg from Visits 5 to 6/7 will be assessed and correlations between exams will be 
performed. We will describe the distribution of change in interankle SBP differences as 
the slope of change from earliest to latest value divided by the time interval between 
measures. We will analyze the change, both as a continuous and as categorical variable (< 
10 mmHg and ≥10 mmHg). Cox proportional hazards modeling will be used to evaluate 
the association of interankle SBP difference with all-cause and cardiovascular mortality. 
Multivariable analyses will adjust for age, sex, race, and traditional cardiovascular risk 
factors (body mass index, smoking status, diabetes, hypertension, triglycerides, HDL-
cholesterol, LDL-cholesterol, ankle-brachial index, carotid-femoral pulse wave velocity, 
and brachial-ankle pulse wave velocity). A two-sided p-value of <0.05 will be considered 
statistically significant. All analysis will be performed using SAS 9.4 (SAS Institute, 
Cary, NC).  
 
Limitations: 
 
Non-attendance at Visit 6/7 due to survivor bias and attendance bias may influence our 
analysis results. We will perform sensitivity analyses using inverse probability of attrition 
weights to account for non-random Visit 6/7 attendance.  
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