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Abstract

Objective—A low ankle-brachial index is associated with cardiovascular disease and reduced 

arterial compliance. A high ankle-brachial index is also associated with an increased risk of 

cardiovascular events. We tested the hypothesis that subjects with a high ankle-brachial index 

demonstrate a lower arterial compliance. In addition, we assessed whether pulse pressure 

amplification is increased among subjects with a high ankle-brachial index.

Methods—We studied 6,814 adults enrolled in the multiethnic study of atherosclerosis who 

were, by definition, free of clinical cardiovascular disease at baseline. Differences in total arterial 

compliance (ratio of stroke volume to pulse pressure), aortic and carotid distensibility (measured 

with magnetic resonance imaging and duplex ultrasound, respectively) were compared across 

ankle-brachial index subclasses (≤0.90, 0.91–1.29; ≥1.30) with analyses adjusted for 

cardiovascular risk factors and subclinical atherosclerosis.
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Results—Peripheral arterial disease was detected in 230 (3.4%) and high ABI in 648 (9.6%) of 

subjects. Those with high ankle-brachial index demonstrated greater aortic-radial pulse pressure 

amplification than those with a normal ankle-brachial index. In adjusted models aortic and carotid 

distensibility as well as total arterial compliance, were lowest among those with ankle-brachial 

index ≤ 0.9 (p < 0.01 vs. all), but were not reduced in subjects with an ankle-brachial index ≥1.3.

Conclusion—Lower aortic, carotid and total arterial compliance is not present in subjects free of 

overt cardiovascular disease and with a high ankle-brachial index. However, increased pulse 

pressure amplification contributes to a greater ankle-brachial index in the general population and 

may allow better characterization of individuals with this phenotype.
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1. Introduction

A high ankle-brachial index (ABI) is associated with increased cardiovascular disease 

(CVD) risk and mortality in population cohort studies1,2,3,4. A high ABI has been associated 

with increased left ventricular mass, chronic kidney disease, stroke and microvascular 

disease among healthy populations and diabetics, in some cases independently of 

atherosclerosis3,5–6. These patterns of end-organ damage differ from those associated with 

lower extremity atherosclerosis, and in many cases are associated with arterial stiffness and 

abnormal central (aortic) hemodynamics7,8,9. Moreover, although a high ABI is thought to 

reflect stiff, non-compressible infrageniculate arteries10,11, it may not reflect similar changes 

in large artery stiffness. Indeed, differential changes in the stiffness of muscular and large 

arteries occur with aging and with various risk factors12.

An additional important question regarding the phenotype of high ABI is the mechanism 

that leads to a greater systolic blood pressure in the ankle than in the arm. Although in 

clinical populations with a high prevalence of vascular disease calcification and 

incompressibility of infrageniculate arteries has been implicated10,11, this is probably less 

likely in the general population. Normally, the pulse pressure amplifies (and systolic blood 

pressure increases) as the energy wave generated by the heart travels to the periphery with 

summation of forward and reflected waves. Accordingly, higher ankle systolic pressures 

may simply reflect exaggerated amplification of the pressure pulse in some individuals, 

which increases ankle pressure relative to brachial pressure due to the comparably longer 

traveling paths13,14. Whether a high ABI is related to exaggerated pulse pressure 

amplification (PPA) has not been investigated.

Given the incomplete understanding of the underlying phenotypes among adults with a high 

ABI in the general population, we aimed to assess whether a high ABI is associated with: (1) 

A reduction in the compliance of central arteries; (2) Exaggerated PPA; (3) Evidence of 

calcification or atherosclerosis in coronary and non-coronary vascular beds.
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2. Materials and Methods

MESA Study Design

The MESA study design has been previously described15. Briefly, MESA is a prospective 

observational cohort study designed to identify the prevalence, risk factors, and progression 

of subclinical atherosclerosis in a diverse population. Individuals from different ethnic 

groups (white, Chinese, black, Hispanic) were recruited between July 2000 and August 2002 

from 6 geographical centers across the United States. All participants provided informed 

consent, and MESA was approved by the institutional review boards of each recruiting 

center.

Definition of Variables

Demographic and clinical variables (medical history, ethnicity, medication use) were 

obtained from standardized questionnaires. Smoking was determined by patient history, and 

categorized as current, former or never. Brachial blood pressures were collected in the seated 

position, after a subject had been resting for at least 5 minutes. Fasting blood samples were 

collected for determination of total, high-density lipoprotein cholesterol and triglyceride 

levels, as well as serum glucose and creatinine. Low-density lipoprotein cholesterol 

concentration was calculated by the Friedewald equation. Hypertension was defined 

according to the Seventh Report of the Joint National Committee on Prevention, Detection, 

Evaluation, and Treatment of High Blood Pressure (>140/90 or current anti-hypertensive 

medication use)16, and diabetes mellitus was defined as elevated fasting glucose (>126 

mg/dl) or the use of oral or subcutaneous hypoglycemic. Estimated glomerular filtration rate 

was determined by the abbreviated Modification of Diet in Renal Disease formula17.

Ankle Brachial Index

For ankle-brachial index, a hand-held Doppler and with the participant in the supine 

position, systolic blood pressure measurements were collected in bilateral arms, posterior 

tibial and dorsalis pedis arteries. The ABI was defined as the higher of two ankle pressures 

divided by the mean of two brachial artery pressures, unless right and left brachial systolic 

pressures differed by >10 mmHg, in which case the higher value was used in the 

denominator18. Individuals with ABI values >1.3 or <0.9 in either limb comprise the high 

and low subgroups, respectively, while those with ABI values between 0.91–1.29 in both 

limbs comprise the normal ABI subgroup. The cutpoint of 1.3 for defining a high ABI has 

been used previously19,20 and was chosen over a cutpoint of 1.4 given the limited number of 

subjects with ABI >1.4. When the ABI was analyzed by 5 subgroups (<0.90, 0.90–1.00, 

1.01–1.30, 1.31–1.40, >1.40), the mean ABI was used for individuals between 1.0 and 1.29, 

and those with individuals with opposing limbs < 0.9 and > 1.3 were excluded.

Total Arterial Compliance, Pulse Pressure and Pulse Pressure Amplification

Central aortic pressure waveforms were derived using a generalized transfer function applied 

to the radial pressure waveform acquired using arterial tonometry as previously described21. 

Aortic-radial pulse pressure amplification was computed as radial/aortic pulse pressure. 

Total arterial compliance was estimated using the left ventricular stroke volume divided by 
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the average brachial pulse pressure (collected before and after magnetic resonance imaging), 

and was expressed as ml/mmHg. Left ventricular stroke volume was assessed by magnetic 

resonance imaging using 1.5-Tesla scanners, with low inter-observer variability as 

previously described22. Brachial pulse pressure was recorded at commencement of 

magnetic resonance imaging. Sample size for total arterial compliance (TAC) analyses was 

limited to the 4,903 participants from whom magnetic resonance imaging data was available. 

TAC is more closely related to aortic, rather than brachial pulse pressure and therefore our 

TAC computations may have been affected by the variability in PPA. Therefore, 

comparisons were adjusted for PPA. Rather than attempting to compute a central pulse 

pressure value at the time of stroke volume measurements used for TAC computations, we 

elected to adjust for the population variability in PPA, which was assessed at a different time 

during the arterial tonometry procedure21.

Carotid and Aortic Distensibilty

Carotid distensibility was calculated from a 20-second acquisition of longitudinal images 

from the right distal common carotid artery. Carotid distensibility is defined as 2*(systolic – 

diastolic diameter)/(brachial pulse pressure × systolic diameter) as previously described24,25. 

Aortic distensibility was calculated by magnetic resonance imaging as previously 

described26, and defined as [(Maximum area — Minimum area) / (Minimum area × brachial 

pulse pressure)]*1000. Electrocardiogram-gated cross-sectional images were obtained at the 

level of the right pulmonary artery. Brachial pulse pressure was the average systolic – 

diastolic pressure from brachial blood pressures collected immediately before and after 

imaging. All images were interpreted at a central reading center by readers blinded to 

clinical information. Because distensibility is related to central, rather than brachial pulse 

pressure and our computations may have been affected by the variability in PPA. Therefore, 

comparisons were adjusted for PPA.

Subclinical Atherosclerosis

Indices of subclinical atherosclerosis, including coronary artery calcification (CAC), 

common (CcIMT) and internal carotid intima medial thickness (IcIMT), and aortic wall 

calcification (AWC) were collected at baseline, and methods for the measurement of these 

quantitative phenotypes in MESA have been previously described26,27,28. Coronary artery 

calcification was evaluated by multi-detector CT or a gated electron-beam CT scanner, and 

indexed to a known calcium concentration placed in the field of view. The mean Agatston 

score was determined from consecutive scans by a radiologist or cardiologist at a central 

reading center (Harbor-UCLA Medical Center). Aortic wall calcification refers to 

calcification existing from the lower border of the pulmonary artery bifurcation to the 

cardiac apex, in both the ascending and descending aorta. These regions were imaged in 

tandem with every coronary calcium scan, and scored using the same definitions as coronary 

artery calcium28. For the analysis of intimamedial thickness, the right and left carotid 

arteries were analyzed with high-resolution B-mode ultrasonography and interpreted at a 

central center (Tufts-New England Medical Center)28. Carotid intima-media thickness is 

expressed as the mean maximum thickness of the anterior and posterior walls of the right 

and left common (CcIMT) and internal (IcIMT) carotid arteries.
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Statistical Analysis

For statistical analysis, demographic and clinical features were compared across low (<0.9), 

normal (0.91–1.29) and high (>1.3) ABI subgroups. Categorical variables were expressed as 

percentages and continuous variables as medians with the inter-quartile range (25th and 75 

percentiles) or means (standard deviation) as appropriate. For categorical variables, 

differences in demographic and clinical features between the ABI groups were compared 

with the chi-square test unless the expected value for any one cell was <10 in which case the 

Fisher’s exact test was applied. For continuous variables, differences were analyzed using 

analysis of variance. Post-hoc testing for continuous variables was performed via least-

standard difference. Analysis of covariance was used to test the relationship between ABI 

subgroups with TAC. Sequential models were as follows: Model 1 (age, sex, race/ethnicity, 

height and weight); model 2 additionally incorporated cardiovascular disease risk factors 

(LDL-C, HDL-C, hypertension, diabetes, heart rate, mean arterial pressure, anti-

hypertensive medication use, smoking status, and estimated glomerular filtration rate); 

model 3 additionally incorporated subclinical atherosclerosis (CAC, AWC, CcIMT, IcIMT); 

and model 4 additionally incorporated PPA. CAC and AWC were rightward skewed, and 

were log-transformed for incorporation into the statistical models. SPSS 17.0 was used for 

all statistical analyses.

3. Results

There were 6,795 participants in MESA with ABI and compliance data (Table 1). Among 

these, the mean age was 62 years and 53% were female while 38% were Caucasian, 28% 

African American, 22% Hispanic and 12% Chinese. Two-hundred thirty participants had an 

ABI < 0.90 (3.4%) and 648 were found to have ABI > 1.3 (9.6%). Compared to those with 

normal ABI values (0.91 – 1.29), those with low ABI (<0.90) were older, more commonly 

African-American, and had a greater incidence of hypertension, diabetes, and current 

tobacco use. Those with elevated ABI values (>1.3) were more likely to be male, Caucasian, 

demonstrated a higher BMI and a lower incidence of hypertension and LDL-C levels. 

Systolic blood pressure, brachial pulse pressure and central pulse pressure had a graded and 

inverse relationship with ABI subclasses (Table 1). After adjustment for gender, subjects 

with a high ABI demonstrated a greater body height compared to those with a normal ABI 

(P<0.01), without significant differences in body height between subjects with normal vs. 

low ABI (P=0.49). Subjects with a high ABI demonstrated greater PPA than those with 

normal ABI (1.15 ± 0.11 vs 1.12 ± 0.10; p < 0.01; Table 1).

Subclinical coronary and carotid atherosclerosis across the ABI spectrum has been formerly 

reported in elegant detail19. The patterns of atherosclerotic calcification differed between 

ABI subclasses (Table 2). The prevalence of CAC was greater among those with either low 

(83.0%) or high ABI (56.6%) compared to those with normal ABI (47.5%, p<0.01 for both). 

However, the prevalence of AWC was higher only among those with low ABI (64.3%) but 

not high ABI (24.4%) compared to subjects with a normal ABI (26.7%; low vs normal p< 

0.01; high vs normal p = 0.42). The severity of CAC and AWC showed similar relationships 

to ABI subclasses. With respect to indices of carotid atherosclerosis, CcIMT was greater 

among those with low ABI (1.05 ± 0.27 mm) compared to those with a normal ABI (0.86 
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± 0.19 mm; p< 0.01) but did not differ between those with normal and high ABI (high ABI 

0.87 ± 0.22; p = 0.67). IcIMT showed had a similar relationship to ABI subclasses.

Total arterial compliance for the entire cohort was 1.64 ± 0.60 ml/mmHg, and varied by ABI 

subclass on unadjusted analysis (Table 3). A low ABI was associated with reduced TAC 

compared to those with normal ABI on unadjusted analysis (low ABI: 1.19 ± 0.04; normal 

ABI: 1.63 ± 0.59 ml/mm Hg, p < 0.01) and in models adjusted for age, sex, ethnicity, 

anthropomorphic features and cardiovascular risk factors. Upon adjustment for subclinical 

atherosclerosis, the association between low ABI and reduced TAC was no longer significant 

(low ABI 1.58 + 0.04, normal ABI 1.64 + 0.01 ml/mm Hg). A high ABI was associated with 

increased TAC in unadjusted models (high ABI 1.89 + 0.60; normal ABI 1.63 + 0.59 ml/mm 

Hg; p < 0.01), although this relationship was attenuated to non-significance with the 

incorporation of PPA (high ABI 1.70 + 0.02, normal ABI 1.65 + 0.01; p = 0.17).

On unadjusted analysis aortic (1.40 + 0.13/mm Hg × 103) and carotid distensibilty (1.96 

+ 0.93/mm Hg × 103) were lower among those with low ABI compared to normal ABI (1.87 

+ 0.013 and 2.53 + 1.1, respectively; p <0.01). However, these differences did not persist 

upon incorporation of age, gender, race and anthropomorphic variables (Tables 4 and 5). 

There were no differences in aortic or carotid distensibility among those with high compared 

to normal ABI on unadjusted analysis.

4. Discussion

We have identified reduced arterial compliance among individuals with low ABI, but not 

high ABI in a large sample of adults without overt cardiovascular disease from the general 

population. Individuals with low ABI (< 0.9) demonstrate increased incident CVD event 

rates and mortality3,29 in tandem with reduced TAC30,31,32,33. Increased CVD events have 

also been observed in the high ABI phenotype both in healthy populations and those referred 

for evaluation of vascular disease34,35,36 and in at-risk populations in whom ABI is 

preferentially performed33. Our findings suggest that the increased mortality and CVD event 

rates in this subgroup are not attributable to a reduction in aortic, carotid or total arterial 

compliance in a healthy population, an observation with important mechanistic and 

therapeutic implications.

TAC is primarily determined by large arteries, and has predictive value for CVD event and 

mortality rates in at-risk populations37,38,39. The relationship between lower extremity PAD 

and lower TAC identified herein is consistent with former studies30,31,32,33, and illustrates 

both the systemic nature of arterial disease and a mechanism distinct from luminal 

narrowing by which end-organ damage might occur40. The absence of considerable 

differences in aortic and carotid distensibility among the ABI subclasses likely reflects 

native heterogeneity in muscular and elastic arteries composition and the risk factors 

associated with altered compliance.

An elevated ABI in populations at risk for vascular disease is thought to represent poorly 

compressible vessels that are histologically characterized by medial arterial 

calcification10,11,41, a process associated with reduced arterial compliance and end-organ 
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damage in human and animal studies8,42. However, atherosclerosis and reduced arterial 

compliance often occur together, and discrimination is difficult due to the prevalence of 

CVD risk factors and the frequent overlap between atherosclerosis and medial arterial 

degeneration in the existing epidemiologic studies6,35,41. In the present cohort, a high ABI 

was not associated with extra-coronary subclinical atherosclerotic disease manifest by cIMT 

or aortic calcification19. Moreover, a notable finding of this study is that TAC was not 

reduced among subjects with an elevated ABI, even at cut-points where left ventricular 

hypertrophy or increases in aggregate CVD events have been reported1,34. Collectively, 

these findings suggest that although a high ABI is associated with increased CVD risk in 

populations with known or suspected vascular disease, this relationship is not generalizable 

to the healthy population represented herein.

The ABI was originally designed to detect an intra-arterial pressure drop across stenoses in 

the lower extremities that would non-invasively identify obstructive peripheral arterial 

disease. A high ABI was subsequently noted to occur in subjects with diabetes and calcified 

noncompressible vessels, leading to an artifactual measurement of lower extremity 

SBP10,11,41. However, a potentially overlooked mechanism for a high ABI is exaggerated 

amplification of the pulse pressure as the wave travels from the aorta to the periphery. An 

important finding of the present study is the presence of increased aortic to radial PPA in 

subjects with high ABI. PPA describes the amplification of pulse pressure from the aorta to 

peripheral arteries, owing to gradual reductions in vessel compliance and lumen size from 

the central aorta to the periphery, as well as the summation of forward and reflected 

waves13,14. Accordingly, exaggerated PPA would favor a higher ABI due to differences in 

traveling distance between the brachial and ankle vessels, particularly in taller subjects. This 

mechanism of a high PPA is in principle, independent of peripheral arterial 

incompressibility. Therefore, the group with a high ABI may represent a mixed population 

with different hemodynamic mechanisms (greater PPA and peripheral arterial stiffness / 

calcification with incompressibility). Interestingly, lower (not higher) PPA has been 

associated with an increased cardiovascular risk43. Therefore, although a high PPA does not 

explain the increased CVD risk in populations with a high ABI, it is possible that this 

measure may allow the distinction of subjects with a more benign phenotype of—artificially 

greater ABI purely on the basis of greater PPA from the aorta to the periphery (who may 

presumably have a lower CVD risk) from those with stiff, incompressible peripheral arteries 

(who may presumably have greater CVD risk). This hypothesis should be tested in future 

studies. Thus, the findings and methods applied herein may allow a better evaluation of the 

mechanisms of increased CVD events in subjects with this incompletely understood 

phenotype.

The strengths of the present study include its ethnic and geographic diversity, as well as the 

availability of temporally proximate assessments of subclinical atherosclerosis, ABI, and 

measures of arterial compliance. There are also limitations to this study, including its cross-

sectional and observational nature, which precludes conclusions regarding temporality. 

Although we report differences in the prevalence of high and low ABI between ethnic 

groups and we adjusted for race in our multivariable models, the number of participants that 

had low- or high-ABI, when stratified specifically by race was small, precluding a 

meaningful race-specific analysis of arterial compliance across the ABI spectrum or 
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adequately powered interaction analyses to assess whether race moderates the differences 

seen. Other limitations include the absence of compliance data for all participants within 

ABI subgroups, necessitating the evaluation ABI strata with the upper cut-point of 1.3, for 

which less observational and outcome data have been formerly published.
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Highlights

• We compared arterial compliance across the ankle-brachial index (ABI) 

spectrum.

• A low, but not high ABI was associated with reduced arterial compliance.

• Increased pulse pressure amplitude was observed in those with high ABI.

• Exaggerated pulse pressure amplification may account for high-ABI in 

healthy individuals.
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Table 1

Demographics and Clinical Characteristics Across ABI Subclasses

ABI ≤ 0.9 ABI 0.91 – 1.29 ABI ≥ 1.30 P value

n = 230 n = 5856 n = 648

Age (yrs) 72 (67,78) 62 (53,70) 61 (52,69) <0.01*‡

Female (%) 50.9% 55.3% 27.8% <0.01†‡

Race (%)

White 30.9 37.6 49.1 <0.01*†‡

Black 50.0 27.8 19.9

Hispanic 13.5 22.1 24.1

Chinese 5.65 12.64 6.94

Height, cm 165 ± 9.9 165.9 ± 10.0 171.1 ± 8.8 <0.01†‡

Weight, lbs 168.0 ± 36.9 171.6 ± 37.7 192.1 ± 38.0 <0.01†‡

BMI, kg/m2 (%) 27.7 ± 5.4 28.2 ± 5.4 29.7 ± 5.7 <0.01†‡

Hypertension (%) 74.4 44.3 37.2 <0.01*†‡

Diabetes (%) 28.3 11.8 13.5 <0.01*‡

Fasting Glucose (mg/dl) 105.5 ± 31.8 96.7 ± 29.3 100.1± 36.9 <0.01*†‡

Smoking (%)

Never 35.5 50.8 51.6 <0.01*

Former 39.5 36.2 39.0

Current 25.0 13.0 9.4 <0.01*†‡

Systolic blood pressure (mm Hg) 140.9 ± 27.4 126.5 ± 21.3 122 ± 18.7 <0.01*†‡

Diastolic blood pressure (mm Hg) 72 ± 11.4 72 ± 10.3 71.6 ± 9.8 0.65

Mean arterial pressure (mm Hg) 99.5 ± 16.3 93.8 ± 13.2 91.8 ± 12.1 <0.01*†‡

Brachial pulse pressure 69 ± 21.7 54.5 ± 17 50.4 ± 14.5 <0.01*†‡

Central pulse pressure 65.9 ± 19.4 53.1 ± 14.6 49.4 ± 13.0 <0.01*†‡

Pulse pressure amplification≠ 1.12 ± 0.11 1.12 ± 0.1 1.15 ± 0.11 <0.01†‡

Heart rate, bpm 64.2 ± 11.1 63.1 ± 9.5 62.6 ± 9.8 0.085

HDL cholesterol (mg/dl) 49.5 ± 14.7 51.2 ± 14.8 48.5 ± 14.2 <0.01†

Triglycerides (mg/dl) 127.6 ± 72.9 131.8 ± 90.8 130.5 ± 75.3 0.75

LDL cholesterol (mg/dl) 118.7 ± 33.9 117.5 ± 31.5 114.5 ± 30.2 0.05†

eGFR < 60 ml/min/1.73 m2 20.0 9.1 8.6 <0.01*‡

Urine albumin/creatinine (mg/g) 46.34 ± 146.55 22.6 ± 107.45 26.71 ± 155.31 0.02*‡

Values are mean + SD or percentages, or median (inter-quartile range);

*
low vs normal ABI group;

†
high vs normal ABI group;

‡
high vs low ABI group;

Atherosclerosis. Author manuscript; available in PMC 2018 July 12.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lilly et al. Page 13

BMI = body mass index; HDL = high density lipoprotein; LDL = low density lipoprotein; eGFR = estimated glomerular filtration rate; CAC = 
coronary artery calcium.

≠
radial/aortic pulse pressure.
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TABLE 2

Subclinical Atherosclerosis Across ABI Subclasses

ABI ≤ 0.9 ABI 0.91 – 1.29 ABI ≥ 1.30 P value

n = 230 n = 5856 n = 648

CcIMT(mm) 1.05 ± 0.27 0.86 ± 0.19 0.87 ± 0.21 <0.01*‡

IcIMT(mm) 1.65 ± 0.81 1.05 ± 0.59 1.04 ± 0.56 <0.01*‡

Coronary Artery Calcium Prevalence 83.0% 47.5% 56.6% <0.01*‡

Total Coronary Artery Calcium 458.6 ± 769.56 127.37 ± 374.28 194.41 ± 541.35 <0.01*†‡

Aortic Calcium Prevalence 64.3% 26.7% 24.4% <0.01*‡

Total Aortic Calcium 980.99 ± 2226.03 201.84 ± 792.68 167.6 ± 780.97 <0.01*‡

Values represent means ±standard deviation;

*
low vs normal ABI group;

†
high vs normal ABI group;

‡
high vs low ABI group.
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TABLE 3

Association of ABI with Total Arterial Compliance

ABI < 0.9 ABI 0.91 – 1.29 ABI > 1.30 P value

n = 157 n =4288 n =456

Unadjusted 1.19 ± 0.4 1.63 ± 0.59 1.89 ± 0.6 <0.01*†‡

Model 1 1.46 ± 0.04 1.64 ± 0.01 1.73 ± 0.02 <0.01*†‡

Model 2 1.53 ± 0.04 1.64 ± 0.01 1.70 ± 0.02 <0.01*†‡

Model 3 1.58 ± 0.04 1.64 ± 0.01 1.70 ± 0.02 0.01†‡

Model 4 1.58 ± 0.04 1.65 ± 0.01 1.70 ± 0.02 0.03‡

Values represent estimated marginal means (± S.E.M.) adjusted for indicated covariates; units are ml/mm Hg.

Model 1 is corrected for age, gender, race, height and weight; Model 2 additionally incorporates hypertension, total and HDL cholesterol, smoking 
status, eGFR, hypertension therapy, statin use, mean arterial pressure and heart rate; Model 3 additionally incorporates coronary and aortic wall 
calcification, along with maximum common carotid and internal carotid intima-medial thickness; Model 4 additionally incorporates PPA.

*
low vs normal ABI group;

†
high vs normal ABI group;

‡
high vs low ABI group. Analyzed subpopulation limited to those with that underwent magnetic resonance imaging.
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TABLE 4

Association of ABI with Aortic Distensibility

ABI ≤ 0.9 ABI 0.91 – 1.29 ABI ≥ 1.30 P value

n = 117 n = 3200 n = 326

Unadjusted 1.40 ± 0.13 1.87 ± 0.13 1.99 ± 0.11 <0.01*‡

Model 1 1.87 + 0.11 1.86 + 0.02 1.93 + 0.07 0.64

Model 2 2.00 + 0.11 1.86 + 0.02 1.88 + 0.07 0.49

Model 3 2.01 + 0.11 1.85 + 0.20 1.88 + 0.06 0.35

Model 4 2.01 + 0.12 1.87 + 0.02 1.90 + 0.07 0.49

Values represent estimated marginal means (± S.E.M.) adjusted for indicated covariates; units are 1/mm Hg × 103.

Model 1 is corrected for age, gender, race, height and weight; Model 2 additionally incorporates hypertension, total and HDL cholesterol, smoking 
status, eGFR, hypertension therapy, statin use, mean arterial pressure and heart rate; Model 3 additionally incorporates coronary and aortic wall 
calcification, along with maximum common carotid and internal carotid intima-medial thickness; Model 4 additionally incorporates PPA.

*
low vs normal ABI group;

†
high vs normal ABI group;

‡
high vs low ABI group. Analyzed subpopulation limited to those with that underwent magnetic resonance imaging.
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TABLE 5

Association of ABI with Carotid Distensibility

ABI ≤ 0.9 ABI 0.91 – 1.29 ABI ≥ 1.30 P value

n = 217 n =5637 n =638

Unadjusted 1.96 ± 0.93 2.53 ± 1.1 2.60 ± 0.11 <0.01*‡

Model 1 2.38 + 0.07 2.51 + 0.01 2.55 + 0.04 0.10

Model 2 2.45 + 0.06 2.51 + 0.01 2.49 + 0.04 0.49

Model 3 2.45 + 0.07 2.53 + 0.01 2.48 + 0.04 0.39

Model 4 2.47 + 0.07 2.52 + 0.01 2.50 + 0.04 0.59

Values represent estimated marginal means (± S.E.M.) adjusted for indicated covariates; units are 1/mm Hg × 103.

Model 1 is corrected for age, gender, race, height and weight; Model 2 additionally incorporates hypertension, total and HDL cholesterol, smoking 
status, eGFR, hypertension therapy, statin use, mean arterial pressure and heart rate; Model 3 additionally incorporates coronary and aortic wall 
calcification, along with maximum common carotid and internal carotid intima-medial thickness; Model 4 additionally incorporates PPA. Results 
were similar when Young’s Modulus was employed as the dependent variable.

*
low vs normal ABI group;

†
high vs normal ABI group;

‡
high vs low ABI group
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