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Abstract

Objective—Lower-extremity peripheral artery disease (LE-PAD), is strongly related to 

traditional risk factors (smoking, hypertension, dyslipidemia, diabetes). We hypothesized that the 

prevalence of LE-PAD in the absence of traditional CVD risk factors is not negligible, and that 

this condition would remain associated with subclinical atherosclerosis in other territories.

Methods—In the Multi-Ethnic Study of Atherosclerosis, we classified participants without any 

traditional risk factor according to their ankle-brachial index (ABI) into 3 groups: low (<1.00), 

normal (1.00–1.30) and high (>1.30) ABI. Coronary or carotid artery diseases were defined by the 

presence of any coronary artery calcification (CAC score > 0) or carotid plaque, respectively.

Results—Among the 6814 participants, 1932 had no traditional risk factors. A low- and high 

ABI were found in 176 (9%) and 149 (7.8%) cases, respectively. Lower glomerular filtration rate 

(OR: 0.88/10 units, p = 0.04) and higher Interleukin-6 levels (OR: 1.42/natural-log unit, p = 0.02) 

were associated with low ABI. Past smoking (cessation > 10 years) and pulse pressure had 

borderline association with low ABI. In adjusted models, low-ABI was significantly associated 

with CAC prevalence (OR: 1.22, p < 0.03). No significant association was found with carotid 

plaque.
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Conclusion—In the absence of traditional CVD risk factors, LE-PAD is still common and 

associated with coronary artery disease.
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The epidemiological studies during the last 50 years provided major findings on the risk 

factors for atherosclerosis and occurrence of cardiovascular events [1]. Besides age and 

gender, four other “modifiable” conditions, namely smoking, dyslipidemia, hypertension 

and diabetes, appeared as major contributors to the dramatic cardiovascular disease 

epidemic in western countries [2,3]. Clinical series and epidemiological studies have 

highlighted the role of these 4 traditional risk factors in the development of clinical and 

subclinical lower extremity peripheral artery disease (LE-PAD) [4,5]. These studies also 

demonstrate that PAD is frequently associated with atherosclerotic lesions in other vascular 

beds, especially the coronary and cerebrovascular territories [6,7]. However, a particular risk 

factor (i.e., smoking) does not affect all arteries to the same extent [8].

In several longitudinal studies, LE-PAD defined by a low ankle-brachial index (ABI) was 

associated with higher rates of fatal and non-fatal coronary and cerebrovascular events [9]. 

Recently, a meta-analysis showed that the association between LE-PAD and increased 

coronary events is present even in the presence of a low Framingham risk score [2], obtained 

by the summation of traditional risk factors [9].

Several potential risk factors including African-American ethnicity, other lipid disorders, 

psychosocial factors, inflammation, thrombotic and fibrinolytic factors are now considered 

as “novel” risk factors of LE-PAD [1,10–12]. However, the contribution of these risk factors 

in the development of LE-PAD in the absence of traditional risk factors is unknown. 

Additionally, the relationship between subclinical LE-PAD and subclinical CVD in other 

territories in the absence of traditional risk factors has not previously been assessed.

The Multi-Ethnic Study of Atherosclerosis (MESA) provides a unique opportunity to detect 

subjects free of CVD who may have LE-PAD in the absence of traditional risk factors. We 

propose to assess the prevalence of LE-PAD in the absence of the traditional risk factors, 

and its relationship with novel risk factors and other subclinical atherosclerotic CVD in this 

situation.

We hypothesized that in a low-risk subset of the MESA cohort, defined by the absence of 

the 4 traditional risk factors, a low ABI (<1.00) as well as an abnormally high ABI (>1.30) 

can still be present, and that they are both correlated with an increased prevalence of 

atherosclerosis in coronary and carotid arteries.

1. Methods

1.1. MESA population

MESA was initiated by the National Heart, Lung and Blood Institute, to investigate the 

prevalence, correlates, and progression of subclinical CVD in a multi-ethnic population-
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based sample of 6814 men and women aged 45–84 years without clinical CVD [13]. 

Participants were selected between 2000 and 2002 from six US field centers: Baltimore City 

and County, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; Northern 

Manhattan and the Bronx, NY; and St. Paul, MN. The Institutional Review Boards at all 

participating centers approved the study. All participants gave informed consent.

1.2. Definition of the low-risk group

Participants with any of the four traditional CVD risk factors (smoking, diabetes, 

hypertension and dyslipidemia) were excluded from the study. Participants were classified 

as smokers if they were currently smoking or had stopped smoking within the 10 years 

preceding the interview. Dyslipidemia was defined by a total/HDL-cholesterol ratio above 5 

or use of lipid-lowering agents [14]. Diabetes was defined by fasting blood glucose above 

1.26 g/L or use of anti-diabetic drugs. Systolic and diastolic blood pressures (SBP, DBP) 

were measured 3 times in the right arm of seated participants with a Dinamap model Pro 100 

automated oscillometric sphygmonanometer (Critikon, Tampa, FL). The average of the last 

2 measurements was used in the analyses. Participants were considered hypertensive if SBP 

was above 140 mmHg and/or DBP above 90 mmHg and/or the subject both self-reported a 

history of hypertension and was taking anti-hypertensive drugs.

1.3. Other clinical and socioeconomic variables

We estimated glomerular filtration rate (eGFR) using the Modification of Diet in Renal 

Disease (MDRD) equation [15]. We analyzed the contribution of the pulsatile component of 

blood pressure [16], expressed as the pulse pressure (PP = SBP − DBP). The level of 

education was dichotomized at high school graduation. Participants were considered as low 

income if their reported annual house-hold income was below $25,000/year. The estimated 

10-years risk of incident coronary heart disease, including coronary death, myocardial 

infarction, and angina was calculated according to the Framingham risk score [1].

1.4. Laboratory variables

Laboratory variables (blood glucose, total- and HDL-cholesterol, C-reactive protein (CRP), 

interleukin-6 (IL-6) and creatinine) were centrally measured on blood collected from 

enrollees and frozen at −70 °C. The methods of measurements are described elsewhere [13]. 

Glomerular filtration rate (eGFR) was estimated using the Modification of Diet in Renal 

Disease (MDRD) equation.

1.5. Ankle-brachial index (ABI)

After a 5-min rest in supine position, systolic blood pressures were measured in both arms 

and in posterior tibial (PT) and dorsalis pedis (DP) arteries of both ankles, using appropriate-

sized cuffs and a continuous wave Doppler probe. The ABI was computed separately for 

each leg, with the numerator the highest of the PT or DP systolic pressures and the 

denominator the highest of the right vs. left brachial systolic pressures. For each participant, 

the index ABI was the lower of the right vs. left ABI. However we defined high ABI as the 

higher of the two sides being >1.30 and the other side being >1.00. When the ankle artery 
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could not be occluded despite high (>250 mmHg) cuff pressure, the ABI was systematically 

categorized as >1.30.

1.6. Subclinical disease measures

Computed tomography of coronary arteries was performed as previously described 

[13,17,18]. We defined the presence of subclinical coronary disease by the presence of any 

coronary calcification (CAC score > 0).

Carotid ultrasound imaging protocol has been described else-where [7,13]. The images were 

analyzed off-line for the presence of carotid plaque, defined as any focal thickening of the 

carotid wall in the carotid bulbs or internal carotid arteries.

1.7. Statistical methods

Categorical and continuous variables were compared across ABI groups within each gender 

using Chi-squared tests and analysis of variance, respectively. Natural-log transformation 

was used as needed to stabilize variance prior to comparison of the means. Log-transformed 

variables were back-transformed for tabular presentation but statistical testing was 

performed on the log-transformed values. The novel risk factors selected here were based on 

a previous study on risk factors for LE-PAD in MESA [19]. Logistic regression models were 

used to assess the association of risk factors to a low- or high-ABI separately. In the model 

for low ABI, those with high ABI were excluded and vice versa.

To model the prevalence of CAC or carotid plaque as a function of low or high ABI, relative 

risk regression was used. That is, a generalized linear model with log link, Gaussian error 

structure, and robust standard errors. Scatterplots with superimposed running mean 

smoothers were used to illustrate the unadjusted relationships. For all the tests, a p < .05 was 

considered as significant.

2. Results

Among the 6814 men and women free of clinical CVD enrolled in the MESA, 1932 (781 

men and 1151 women) were selected for this analysis, in the absence of any of the 4 

traditional risk factors. This low CVD-risk group included 841 non-Hispanic whites 

(43.5%), 388 African Americans (20%), 400 Hispanics (20.7%) and 303 Chinese Americans 

(15.6%). The mean estimated Framingham risk score of all CHD was 6.1%. In this low 

CVD-risk group, a low ABI (<1.0) was found in 176 cases (9.0%) and a high ABI was 

present in 149 cases (7.8%). Interestingly, 17.5% of MESA participants with low-ABI had 

no traditional CVD risk factors.

The characteristics of the 3 ABI groups in our population study are presented in Table 1. 

Participants in the low-ABI group were older and included a higher proportion of female 

subjects. The ethnic distribution also differed, with a higher prevalence of African 

Americans and lower prevalence of Hispanic subjects among participants with a low ABI, 

compared to those with a normal ABI. Although all the participants were selected according 

to the absence of hypertension, those with a low ABI presented on average a higher pulse 

pressure than in the normal ABI group. Similarly, the average values of inflammatory 
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markers (CRP, IL-6) were higher in the low-ABI group than in the normal ABI group. Mean 

eGFR was slightly, but significantly, lower in the low-ABI group. Regarding the association 

with atherosclerosis in other vascular beds, a higher prevalence of CAC > 0 and carotid 

plaques were found among participant with low ABI, though the latter was of borderline 

significance (p = .07).

The high-ABI group also differed from the normal ABI-group, in that they included a higher 

proportion of men, had higher education levels, and a lower prevalence of participants with 

low-income. They also had a higher BMI than the normal ABI group. Finally, a greater 

prevalence of CAC was found in the high-ABI than in the normal-ABI group. In contrast, no 

difference was found regarding the rates of coexisting carotid plaque.

Two separate logistic regression models were performed to detect independent factors 

associated with low- and high-ABI. In each case, the group with normal ABI was the 

reference (Table 2). As compared to participants with normal ABI, those with low ABI 

included a higher proportion of females and African-Americans, and had higher levels of 

IL-6. Also, a borderline association was present with past-smoking (beyond the 10 last 

years), lower eGFR and Hispanic ethnicity. Regarding high ABI, only male gender and BMI 

were positively and significantly associated with this condition.

The association between the ABI and the presence of coronary artery calcification and 

carotid plaque are presented in Figs. 1 and 2. The association between the ABI and the 

probability for CAC score > 0 presented a U-shaped curve, with the lowest CAC prevalence 

for ABI values within the 1.10–1.20 interval. Both low- and high-ABI were positively 

correlated with the presence of CAC (CAC score > 0) in the unadjusted models (Table 3). In 

models adjusted for age, sex, ethnicity and risk factors significantly associated with a low or 

high ABI, the association remained significant for low ABI, but became non-significant for 

high ABI (Table 3).

The association between ABI and the presence of carotid plaque was nearly linear for ABI 

value >1.10 (Fig. 2). Below the ABI value of 1.10, the probability for the presence of carotid 

plaque increased progressively with decreasing ABI values. Using the regression models, 

only a borderline association was found between ABI < 1.00 and carotid plaque. No 

significant association of ABI with presence of carotid plaque was found in adjusted models 

(Table 3).

3. Discussion

This study confirms that even in a population free of any clinical CVD and without 

traditional CVD risk factors, a significant proportion of the population has subclinical LE-

PAD, defined by abnormal ABI values. In our pre-selected low-risk sub-sample of the 

MESA baseline cohort, a low ABI (<1.00) was found in 9% of participants, and additionally 

7.8% of participants had an elevated (>1.30) ABI. Almost one-fifth of the MESA 

participants with low (<1.00) ABI had no traditional CVD risk factors as defined above. 

Despite this, participants with a low ABI had a higher prevalence of subclinical coronary 

artery disease, compared to those with a normal ABI.
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Interestingly, we found a bordeline (p = .07) association between low ABI and past 

smoking, despite the “past smoking” definition of at least 10 years prior. Smoking is a major 

risk for LE-PAD and is associated with LE-PAD progression [20]. Smoking cessation is one 

of the most efficient methods to slow the disease progression and improve clinical prognosis 

in LE-PAD patients [21]. Our finding suggests that even 10 years after smoking cessation, 

ABI may still be lower in patients who previously smoked.

Among the non-traditional risk factors, we found higher IL-6 levels and lower eGFR levels 

in participants with PAD. An association between PAD and inflammatory markers such as 

IL-6 has been already shown in several epidemiological studies [20,22]. This is to our 

knowledge the first report showing that inflammation is associated with low ABI in a 

selected population free of CVD risk factors. Similarly, chronic kidney disease (CKD) is 

frequently associated with LE-PAD [23], but this report highlights the importance of CKD 

as a potential risk factor for the presence of subclinical PAD in the absence of CVD risk 

factors.

The strong association between female gender and low ABI in this setting suggests that a 

low ABI is more frequent in women than men in this sub-group, suggesting that novel risk 

factors might be more contributive for LE-PAD in women. However, neither in the whole 

MESA cohort [19] nor in other epidemiological studies [10] have any interactions between 

novel risk factors and gender been reported. Recent findings in the MESA baseline cohort 

suggest that ABI values may be intrinsically lower in women than men, even after taking 

into account a series of anthropometric, biological and socio-economic variables [24]. Yet, a 

lower “normal” ABI in women than in men could partially explain why female gender is 

positively associated with low (<1.00), and male gender with high (>1.30) ABI. Similarly, it 

has been suggested that African Americans have an intrinsically lower ABI than non-

Hispanic whites, and this may partly explain higher odds for a low ABI and lower odds for a 

high ABI, independent of other confounding variables [24].

The second major finding is that a low ABI even in the absence of traditional risk factors for 

CVD remains a marker of general atherosclerosis, especially coronary artery atherosclerosis. 

In an earlier study in the whole baseline population of MESA, McDermott et al. found that 

ABI values as high as 1.00 were associated with coronary and carotid atherosclerosis [7]. 

Interestingly, a linear relationship was found between ABI <1.0 and the probability of 

prevalent coronary calcification, so that the ABI remains useful to predict the presence of 

coronary artery disease even in the absence of traditional risk factors. This association might 

explain why even in patients with low Framingham risk score, a low-ABI <1.0 was 

associated with higher mortality rates in the ABI collaboration meta-analysis in general 

population [9].

The lack of association between low ABI and carotid plaque after adjustments is surprising. 

One possibility is that coronary calcification may occur at an earlier stage of atherosclerosis 

progression than a carotid plaque visualized by ultrasound. In line with this hypothesis, the 

overall rate of carotid plaque was lower than CAC > 0 in our population study, so the 

statistical power to detect any difference was lower.
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In this large cross-sectional study in a population free of clinical cardiovascular disease and 

classified at low risk for CVD events in the absence of any traditional risk factor, we found 

that still 16.8% of the population had an abnormal ABI (9% with low- and 7.8% with high 

ABI). Renal disease and inflammation represented respectively by the eGFR and IL-6 were 

associated with low (<1.0) ABI, while body-mass index was positively associated with 

elevated (>1.30) ABI. The presence of coronary calcium was associated with a low-ABI, 

although after adjustments for confounders. This study suggests that the ankle-brachial 

index may be still be a useful diagnostic marker for coronary atherosclerosis, even in the 

absence of traditional risk factors.
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Fig. 1. 
Probability of CAC > 0 according to the ABI values.
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Fig. 2. 
Probability of presence of carotid plaque according to the ABI values.
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Table 1

Characteristics of men and women without traditional cardiovascular disease risk factors, according to ankle 

brachial index categories (N= 1938).

Low ABI (<1.0), N= 176 p vs. normal Normal (1.0–1.3), N= 
1607 p vs. normal High (>1.3), N= 149

Mean ABI 0.96 (0.05) <0.001 1.13 (0.06) <0.001 1.36 (0.08)

Age (years) 61.4 (11.1) 0.002 59.0 (9.9) 0.97 59 (9.8)

Male gender (%) 34 (19.3) <0.001 647 (40.3) <0.001 100 (67.1)

Ethnicity (%)

NHW 79 (44.9) 679 (42.3) 83 (55.7)

Black 58 (33.0) <0.001 307 (19.1) 0.003 23 (15.4)

Hispanic 16 (9.1) 352 (21.9) 32 (21.5)

Chinese 23 (13.1) 269 (16.7) 11 (7.4)

High-school graduation (%) 152 (86.4) 0.72 1372 (85.4) 0.02 138 (92.6)

Low income (%) 41 (23.3) 0.54 408 (25.4) 0.002 21 (14.1)

Past smoker (%) 69 (39.2) 0.16 545 (33.9) 0.04 63 (42.3)

BMI (kg/m2) 27.3 (6.2) 0.17 26.7 (5.1) 0.002 28.1 (5.2)

SBP (mmHg) 115 (13.8) 0.30 114 (13.1) 0.23 113.0 (12.3)

DBP (mmHg) 65.9 (8.7) <0.001 68.3 (8.7) 0.73 68.6 (8.6)

PP (mmHg) 49.3 (11.5) <0.001 45.8 (10.7) 0.08 44.2 (9.1)

Total/HDL cholesterol 3.47 (0.80) 0.03 3.61 (0.79) 0.48 3.65 (0.78)

Glucose (mg/dL) 86.9 (10.0) 0.81 87.1 (9.8) 0.15 88.3 (9.8)

CRP (mg/L) 4.44 (6.6) 0.001 3.15 (6.0) 0.59 2.61 (3.8)

IL-6 (pg/mL) 1.63 (1.5) 0.001 1.26 (1.0) 0.36 1.38 (1.4)

GFR (mL/min/1.73m2) 79.6 (15.4) 0.01 82.5 (15.0) 0.07 80.2 (13.8)

CAC > 0 (%) 72 (40.9) 0.01 507 (31.5) 0.01 62 (41.6)

Carotid plaque (%) 54 (31.4) 0.07 399 (25.0) 0.82 36 (24.2)

Tests for differences in average glucose, CRP and IL-6 were conducted on log-transformed values.
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Table 2

Adjusted associations of clinical characteristics with presence of low ABI and high ABI, among individuals 

without traditional cardiovascular disease risk factors.

Risk factors Low ABI High ABI

OR (95%CI) p OR (95%CI) p

Age (10 years) 1.06 (0.86, 1.30) 0.59 0.99 (0.80, 1.23) 0.95

Male gender 0.35 (0.23, 0.54) <0.001 3.01 (1.99, 4.56) <0.001

Race/ethnicity

NHW Ref. Ref.

Black 2.02 (1.33, 3.08) 0.001 0.61 (0.36, 1.02) 0.06

Hispanic 0.42 (0.22, 0.78) 0.006 0.90 (0.54, 1.51) 0.69

Chinese 1.04 (0.58, 1.86) 0.90 0.54 (0.27, 1.10) 0.09

High-school graduation 0.74 (0.43, 1.26) 0.27 1.62 (0.77, 3.41) 0.21

Low income 0.89 (0.58, 1.37) 0.59 0.73 (0.42, 1.27) 0.27

Past smoking
a 1.39 (0.97, 1.97) 0.07 1.07 (0.74, 1.54) 0.71

Total/HDL-cholesterol 0.95 (0.76, 1.18) 0.64 0.83 (0.65, 1.06) 0.14

Blood glucose (ln mg/dL) 1.55 (0.29, 8.18) 0.61 0.95 (0.16, 5.57) 0.96

BMI (/m/kg2) 0.98 (0.95, 1.02) 0.44 1.07 (1.03, 1.12) 0.001

Pulse pressure (/10mmHg) 1.18 (0.99, 1.39) 0.06 0.88 (0.72, 1.08) 0.96

CRP (ln mg/L) 1.04 (0.87, 1.23) 0.69 0.89 (0.73, 1.08) 0.23

IL-6 (ln pg/mL) 1.42 (1.06, 1.91) 0.02 1.15 (0.84, 1.58) 0.38

GFR (/10 mL/min/1.73m2) 0.88 (0.78, 0.99) 0.04 0.91 (0.79, 1.04) 0.17

Each model is a logistic regression (one model for low ABI relative to normal ABI; and one model for high ABI relative to normal) including all 
indicated variables.

a
Past smoking refers to any smoking prior to 10 years previous. Other smokers who stopped smoking were excluding from the study population, 

along with the current smokers.
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Table 3

Associations of the ankle-brachial index categories with the presence of coronary artery calcium and carotid 

plaque.

Unadjusted Model 1 Model 2

RR (95% CI) p RR (95% CI) p RR (95% CI) p

Coronary artery calcium

Normal ABI Ref. Ref. Ref.

Low ABI (≤1.00) 1.30 (1.07, 1.57) 0.008 1.21 (1.03, 1.41) 0.019 1.19 (1.02, 1.39) 0.026

High ABI (≥1.30) 1.32 (1.08, 1.62) 0.008 1.07 (0.90, 1.27) 0.429 1.10 (0.93, 1.30) 0.280

Carotid plaque

Normal ABI Ref. Ref. Ref.

Low ABI (≤ 1.00) 1.26 (0.99, 1.59) 0.06 1.09 (0.86, 1.39) 0.46 1.04 (0.84, 1.30) 0.70

High ABI (≥1.30) 0.97 (0.72, 1.30) 0.82 0.91 (0.70, 1.20) 0.51 0.93 (0.71, 1.20) 0.56

Model 1 is adjusted for age, sex and ethnicity. Model 2 is additionally adjusted for past smoking, high school graduation, pulse pressure, GFR, 
BMI, cholesterol to HDL ratio, and IL-6.
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