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The authors studied associations between ankle-brachial index (ABI) and subclinical atherosclerosis in the Multi-
Ethnic Study of Atherosclerosis. Participants included 3,458 women (average age ¼ 62.6 years) and 3,112 men
(average age ¼ 62.8 years) who were free of clinically evident cardiovascular disease. Measurements included
ABI, carotid artery intima-media thickness, and coronary artery calcium assessed with computed tomography. Five
ABI categories were defined: <0.90 (definite peripheral arterial disease (PAD)), 0.90–0.99 (borderline ABI), 1.00–
1.09 (low-normal ABI), 1.10–1.29 (normal ABI), and �1.30 (high ABI). Compared with that in men with normal ABI,
significantly higher internal carotid artery intima-media thickness was observed in men with definite PAD (1.58 vs.
1.09; p < 0.001), borderline ABI (1.33 vs. 1.09; p < 0.001), and low-normal ABI (1.18 vs. 1.09; p < 0.001) after
adjustment for confounders. Fully adjusted odds ratios for a coronary artery calcium score greater than 20 de-
creased across progressively higher ABI categories in both women (2.85 (definite PAD), 1.27 (borderline ABI), 1.11
(low-normal ABI), 1.00 (normal ABI; referent), and 0.78 (high ABI); p for trend ¼ 0.0002) and men (3.26 (definite
PAD), 1.72 (borderline ABI), 1.14 (low-normal ABI), 1.00 (normal ABI; referent), and 1.43 (high ABI); p for trend ¼
0.0002). These findings indicate excess coronary and carotid atherosclerosis at ABI values below 1.10 (men)
and 1.00 (women) and may imply increased risk of cardiovascular events in persons with borderline and low-
normal ABI.

arterial occlusive diseases; arteriosclerosis; carotid artery diseases; coronary disease; heart diseases

Abbreviations: ABI, ankle-brachial index; CAC, coronary artery calcium; IMT, intima-media thickness; IQR, interquartile range;
MESA, Multi-Ethnic Study of Atherosclerosis; PAD, peripheral arterial disease.

Lower-extremity peripheral arterial disease (PAD) can
be detected noninvasively with the ankle-brachial index
(ABI), a ratio of Doppler-recorded systolic blood pressures
in the lower and upper extremities. In persons without
PAD, arterial pressures increase with greater distance from
the heart, because of increasing impedance with increasing

arterial taper (1), resulting in higher systolic blood pres-
sures at the ankle as compared with the brachial arteries.
Thus, persons without atherosclerosis typically have an
ABI greater than 1.00. An ABI less than 0.90 is highly
sensitive and specific for angiographically diagnosed PAD
(2, 3).
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In general medical practice, the prevalence of ABI <0.90
is 25–30 percent among patients selected for older age or
a history of diabetes or smoking (4–6). ABI <0.90 is asso-
ciated with a two- to threefold increased risk of cardiovas-
cular morbidity and mortality (7, 8). The prevalence and
significance of borderline ABI (i.e., ABI 0.90–0.99), low-
normal ABI (i.e., ABI 1.00–1.09), and elevated ABI (i.e.,
ABI �1.30) are less well studied.

We studied the prevalence of a priori defined categories of
ABI: PAD (ABI <0.90), borderline ABI (ABI 0.90–0.99),
low-normal ABI (ABI 1.00–1.09), normal ABI (ABI 1.10–
1.29), and high ABI (ABI �1.30) in an ethnically diverse
group of men and women participating in the Multi-Ethnic
Study of Atherosclerosis (MESA). We studied associations
between these ABI categories and severity of subclinical
atherosclerosis in the carotid and coronary arterial beds.
We hypothesized that borderline ABI, low-normal ABI, def-
inite PAD, and possibly high ABI would be associated with
more severe subclinical atherosclerosis in other vascular
beds in comparison with normal ABI values. We also eval-
uated whether there were ethnic differences in associations
between ABI and subclinical atherosclerosis in the carotid
and coronary arterial beds.

MATERIALS AND METHODS

Study cohort

The methods used in MESA have been described
previously (9). The MESA cohort consists of 6,814 men
and women aged 45–84 years who were enrolled at six
US field centers and were free of clinically evident cardio-
vascular disease at the time of enrollment. The study was
designed to include 38 percent Whites, 28 percent African
Americans, 23 percent Hispanics, 11 percent Asians, and
approximately 50 percent females. The six field centers
are located at the Johns Hopkins University (Baltimore,
Maryland), Northwestern University (Chicago, Illinois),
Wake Forest University School of Medicine (Forsyth
County, North Carolina), the University of California at
Los Angeles (Los Angeles County, California), Columbia
University (New York, New York), and the University of
Minnesota (St. Paul, Minnesota). This analysis included
6,570 subjects (3,112 men and 3,458 women); 244 were
excluded because ABI was not measured or other data were
missing. Institutional review board approval was obtained at
each participating center. Informed consent was obtained
from all participants.

Measurements

Height and weight were measured during the study visit.
Body mass index was calculated as weight (kg)/height (m)2.
Systolic blood pressure was measured three times in the
seated position with a Dinamap model pro 100 automated
oscillometric sphygmomanometer (Critikon, Inc., Tampa,
Florida) (10). The final two systolic blood pressure measure-
ments were used in the analyses.

Cigarette smoking was defined on the basis of self-
report. Participants brought their medication bottles to study

appointments. Medication names were recorded, coded, and
categorized. Diabetes mellitus was defined on the basis of
self-report, a fasting glucose level greater than or equal to
126 mg/dl, or reported use of diabetes medication. Fasting
glucose level was measured once.

Plasma lipids

Total plasma cholesterol and triglyceride levels were
measured using a cholesterol oxidase method and Triglyc-
eride GB reagent, respectively (Roche Diagnostics, Indian-
apolis, Indiana), with a Roche COBAS FARA centrifugal
analyzer in the Collaborative Studies Clinical Laboratory at
Fairview-University Medical Center (Minneapolis, Minne-
sota). High density lipoprotein cholesterol was measured in
ethylenediaminetetraacetic acid plasma using the choles-
terol oxidase method (Roche Diagnostics) after precipita-
tion of non-high density lipoprotein cholesterol with
magnesium/dextran. Low density lipoprotein cholesterol
was calculated in plasma specimens that had a triglyceride
value less than 400 mg/dl, using the formula of Friedewald
et al. (11).

Coronary artery calcium score

Computed tomography of coronary arteries was per-
formed with cardiac-gated electron-beam scanners at three
field centers (Imatron C-150; Imatron, Inc., San Francisco,
California) (12) or with a prospectively electrocardiogram-
triggered scan acquisition at 50 percent of the R-R interval
with multidetector scanners (13) at the remaining three cen-
ters. A previous study showed that these scanners in MESA
were comparable in their ability to measure calcium (14).
Participants were scanned along with phantoms of known
physical calcium concentration. Scans were read centrally
at Harbor-University of California Medical Center (Los
Angeles, California) for quantification of Agatston coronary
artery calcium (CAC) score. We defined significant CAC as
a score greater than 20, on the basis of a previous study (15).

Carotid artery intima-media thickness

Images of bilateral common carotid and internal carotid
arteries were obtained using high-resolution B-mode ultra-
sonography. Images of near and far walls were obtained, on
the basis of a previous study (16). A Logiq 700 ultrasound
machine (GE Medical Systems, Waukesha, Wisconsin) was
used at all centers. Central reading of intima-media thick-
ness (IMT) was done at the Tufts-New England Medical
Center (Boston, Massachusetts) (17, 18).

Ankle-brachial index

Measurements for calculation of ABI were obtained using
a hand-held Doppler instrument with a 5-mHz probe
(Nicolet Vascular, Golden, Colorado). Systolic blood pres-
sure measurements were obtained from bilateral brachial,
dorsalis pedis, and posterior tibial arteries (19). Brachial
artery pressures were averaged to obtain the ABI denomi-
nator. When the two brachial artery pressures differed by
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10 mmHg or more, the highest brachial artery pressure was
used as the denominator (19). For each lower extremity, the
ABI numerator used was the highest pressure (dorsalis pedis
or posterior tibial) from that leg. The lower of the right and
left ABI values was used to classify the participant into an
ABI category.

We defined five ABI categories. Definite PAD was de-
fined as ABI<0.90, on the basis of previous studies showing
that an ABI less than 0.90 is 94 percent sensitive and 99 per-
cent specific for angiographically diagnosed PAD (3) and is
associated with increased risk of cardiovascular morbidity
and mortality (7, 8). Borderline ABI was defined as ABI
0.90–0.99, since participants without lower extremity ath-
erosclerosis should have an ABI greater than 1.0 (1). Low-
normal ABI was defined as ABI 1.00–1.09. Normal ABI
was defined as ABI 1.10–1.29. High ABI (possibly indica-
tive of calcified lower extremity arteries) was defined as ABI
�1.30 (20). Some previous studies have used ABI �1.50 to
define the upper limit of normal (7, 8, 21, 22). However, the
optimal upper limit of normal ABI is unknown. Higher ABI
values are considered indicative of medial arterial calcinosis
and inability to accurately gauge the lower extremity arterial
obstruction. Recently, ABI >1.30 has been suggested as the
upper limit of normal for ABI (20).

Statistical analyses

Age-adjusted mean values for participant characteristics
by ABI group were determined using analysis of covariance.
To assess the linear trend of the relation of ABI as a contin-
uous variable with body mass index, lipid levels, and sys-
tolic and diastolic blood pressures, we used linear regression
analysis, adjusting for age. For diabetes, hypertension, and
smoking, we assessed linear associations using the Mantel-
Haenszel correlation chi-square test, adjusting for age in
10-year strata.

Analyses of covariance were used to estimate adjusted
mean values by ABI group for common carotid IMT and
internal carotid IMT. Logistic regression was used to esti-
mate the adjusted odds of CAC scores greater than 20 and
CAC scores greater than 0 for each ABI group as compared
with the normal ABI group (reference group, 1.10 � ABI �
1.29). For each subclinical atherosclerotic endpoint, results
were first adjusted for age only and then fully adjusted for
age, race, low density lipoprotein cholesterol, high density
lipoprotein cholesterol, systolic blood pressure, body mass
index, use of cholesterol-lowering medication, diabetes, and
cigarette smoking status (current/former/never). Linear trend
was evaluated using linear regression or logistic regression
models, with ABI as a continuous variable. The possibility
of a quadratic or U-shaped trend was evaluated by including
an ABI squared term in the trend model, in addition to an
ABI term. For identification of ethnic differences in the as-
sociations between ABI and subclinical atherosclerosis in
the coronary and carotid arterial beds, analyses relating
ABI to carotid IMT and CAC scores greater than 20 were
repeated within each ethnic subgroup. The z test was used to
compare the significance of differences in slopes between
ethnic groups for each relation between ABI and subclinical
atherosclerosis.

RESULTS

The average age of women was 62.6 years, and the aver-
age age of men was 62.8 years (p ¼ 0.420). Age-adjusted
average ABI values were 1.089 in women and 1.140 in men
(p < 0.0001). Among participants with an ABI less than
0.90, age-adjusted average ABI values were not different
between women and men (0.770 vs. 0.743, respectively;
p ¼ 0.083). Median CAC scores were 17.2 for men (inter-
quartile range (IQR), 0.00–187) and 0.00 for women (IQR,
0.00–33.1). Prevalences of CAC scores greater than 20 were
49 percent among men and 28.8 percent among women.
Median common carotid IMT values were 0.9 mm (IQR,
0.8–1.0) for men and 0.8 mm (IQR, 0.7–0.90) for women.
Median internal carotid IMT values were 0.9 mm (IQR,
0.7–1.4) for men and 0.8 mm (IQR, 0.6–1.2) for women.

The prevalence of definite PAD was 3.7 percent among
women and 3.7 percent among men. The prevalence of bor-
derline ABI was more than twice as high in women as in
men (10.3 percent vs. 4.0 percent; p < 0.001). Low-normal
ABI was also more common in women (35.5 percent vs.
21.1 percent; p < 0.001). These sex differences did not
change substantially after we adjusted for height or after
we repeated age-adjusted gender prevalence analyses within
the entire cohort.

Figure 1 shows the proportion of subjects in each ABI
category within each ethnic group for men and women.
Among women, prevalences of PAD and borderline ABI
were lowest among Hispanics and highest in African Amer-
icans. Among men, prevalences of PAD and borderline ABI
were lowest among Chinese and highest among African
Americans.

Table 1 shows characteristics of the participants accord-
ing to ABI categories. Among women, age, systolic blood
pressure, diastolic blood pressure, prevalence of hyperten-
sion, and prevalence of cigarette smoking were inversely
related to ABI. Among men, systolic blood pressure, prev-
alence of hypertension, and prevalence of cigarette smoking
were inversely associated with ABI. Among both men and
women, body mass index was highest in the ABI �1.30
group. Among women, diabetes prevalence was higher in
the ABI �1.30 group than in the remaining groups with
ABI �0.90.

In age-adjusted analyses, men and women with definite
PAD, borderline ABI, and low-normal ABI each had signif-
icantly higher common carotid artery IMTs than the normal
ABI group (table 2). Among women, definite PAD and bor-
derline ABI, but not low-normal ABI, were associated with
significantly higher average internal carotid IMT in compar-
ison with the normal ABI group. Among men, definite PAD,
borderline ABI, and low-normal ABI were all associated
with significantly higher internal carotid IMTs in compari-
son with the normal ABI group. In age-adjusted analyses,
women and men with definite PAD and borderline ABI each
had significantly higher odds ratios for a CAC score greater
than 20 than did the normal ABI group. Among men, the
high ABI group had a significantly higher odds ratio for
a CAC score greater than 20 than did the normal ABI group.

After adjusting for age, race, low density lipoprotein cho-
lesterol, high density lipoprotein cholesterol, systolic blood
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pressure, body mass index, use of cholesterol-lowering
medication, diabetes, and cigarette smoking, we observed
significant inverse associations between ABI categories and
both common carotid artery IMT and internal carotid artery
IMT, among men and women, respectively (table 2). In
pairwise comparisons among women, definite PAD was as-
sociated with higher common and internal carotid IMT in
comparison with normal ABI. Among women, in fully ad-
justed analyses, borderline ABI was associated with signif-
icantly higher internal carotid IMT than was normal ABI. In

pairwise comparisons among men, definite PAD and border-
line ABI were each associated with higher average common
and internal carotid IMT than normal ABI. Among men, in
fully adjusted analyses, low-normal ABI was associated with
significantly higher internal carotid IMT than normal ABI.

In fully adjusted analyses among women, lower ABI cat-
egories were associated with higher odds ratios for CAC
scores greater than 20. In fully adjusted pairwise compari-
sons, definite PADwas associated with a significantly higher
odds ratio for CAC > 20 than was normal ABI among

FIGURE 1. Distribution of ankle-brachial index (ABI) values among men and women in the Multi-Ethnic Study of Atherosclerosis, 2000–2002.
PAD, peripheral arterial disease.

36 McDermott et al.

Am J Epidemiol 2005;162:33–41

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/162/1/33/166428 by guest on 09 April 2024



women. In fully adjusted analyses among men, odds ratios
for CAC > 20 were significantly associated with ABI. In
pairwise comparisons among men, definite PAD, borderline
ABI, and high ABI were each associated with significantly
higher odds ratios for CAC > 20 in comparison with the
normal ABI group. When analyses were repeated using
CAC > 0 as the dependent variable, results for men and
women were comparable to those shown in table 2.

Linear associations between ABI and subclinical athero-
sclerosis were generally consistent across ethnic groups in
women and men, respectively (table 3). However, among
women, ABI and internal carotid artery IMT were signifi-
cantly less inversely associated in Chinese women than in
Caucasian women (p ¼ 0.016 for the difference in regres-
sion coefficients between Chinese and Caucasian women).
ABI and internal carotid IMTwere also less inversely asso-
ciated in Chinese women than in Hispanic women (p ¼
0.012 for the difference in regression coefficients between
Chinese and Hispanic women). Among men, associations
between ABI and internal carotid IMT were significantly
less inverse in Caucasians than in African Americans (p ¼
0.02 for the difference in regression coefficients between
Caucasian and African-American men).

DISCUSSION

The ABI is a noninvasive screening tool for which mea-
surement can be performed readily in an office setting.
Among MESA participants, ABI was significantly associ-
ated with the degree of subclinical atherosclerosis in the
coronary and carotid arterial beds in fully adjusted analyses.
In pairwise comparisons, definite PAD was associated with
significantly higher carotid IMT and a higher prevalence of
CAC scores greater than 20. Among women, borderline ABI
was associated with greater subclinical atherosclerosis in
the internal carotid artery than was normal ABI, indepen-
dent of confounders. Among men, borderline ABI values
were associated with greater subclinical atherosclerosis in
the internal carotid, common carotid, and coronary arteries.
Men with low-normal ABIs had significantly greater athero-
sclerosis in the internal carotid artery. Findings reported
here showing higher CAC scores in men with ABI �1.30
than in men with normal ABI are consistent with recent
findings showing increased cardiovascular disease mortality
among Strong Heart Study participants with ABIs greater
than 1.40 (23).

Among men and women in MESA, African Americans
had substantially higher prevalences of definite PAD and
borderline ABI than did non-African Americans. Previous
studies have shown that African Americans have a higher
prevalence of PAD than Caucasians (7, 22, 24–27), an ex-
cess only partially explained by a higher prevalence of di-
abetes and hypertension in African Americans (28). While
data reported here for women showed that Hispanics had the
lowest prevalence of PAD and borderline ABI, previous
studies of persons identified in clinical settings have shown
comparable prevalences of PAD between Caucasians and
Hispanics (5, 27, 29). Inverse associations between ABI
and subclinical atherosclerosis were generally consistentT
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TABLE 2. Associations between ankle-brachial index (ABI) category and subclinical atherosclerosis in the Multi-Ethnic Study of Atherosclerosis, 2000–2002

Category ABI range

Women Men

No.
Age-adjusted model Fully adjustedz model

No.
Age-adjusted model Fully adjustedz model

Mean or OR§ 95% CI§ Mean or OR 95% CI Mean or OR 95% CI Mean or OR 95% CI

Mean common carotid
artery IMT§ (mm)

Definite PAD§ <0.90 124 0.93*** 0.90, 0.95 0.90*** 0.83, 0.87 112 1.03*** 1.00, 1.07 1.01*** 0.95, 1.04

Borderline ABI 0.90–0.99 357 0.86y 0.84, 0.87 0.84 0.83, 0.86 130 0.97*** 0.94, 1.00 0.95*** 0.92, 0.98

Low-normal ABI 1.00–1.09 1,272 0.85* 0.84, 0.86 0.85 0.84, 0.86 668 0.90* 0.88, 0.91 0.90 0.88, 0.91

Normal ABI 1.10–1.29 1,602 0.84 0.82, 0.85 0.85 0.84, 0.85 1,992 0.88 0.87, 0.89 0.88 0.88, 0.89

High ABI �1.30 60 0.83 0.79, 0.87 0.84 0.90, 0.88 174 0.88 0.85, 0.91 0.89 0.86, 0.91

p for trend <0.0001 0.0240 <0.0001 <0.0001

Mean internal carotid
artery IMT (mm)

Definite PAD <0.90 121 1.36*** 1.26, 1.45 1.27*** 1.18, 1.37 110 1.62*** 1.51, 1.73 1.58*** 1.47, 1.68

Borderline ABI 0.90–0.99 352 1.09*** 1.04, 1.15 1.06* 1.00, 1.11 129 1.39*** 1.29, 1.49 1.33*** 1.23, 1.43

Low-normal ABI 1.00–1.09 1,256 1.00 0.97, 1.03 1.00 0.97, 1.03 660 1.18*** 1.13, 1.22 1.18*** 1.14, 1.22

Normal ABI 1.10–1.29 1,569 0.97 0.94, 1.00 0.98 0.96, 1.01 1,969 1.08 1.06, 1.11 1.09 1.07, 1.12

High ABI �1.30 59 0.91 0.78, 1.05 0.92 0.78, 1.05 172 1.07 0.99, 1.16 1.07 0.99, 1.16

p for trend <0.0001 <0.0001 <0.0001 <0.0001

OR for Agatston CAC§
score >20

Definite PAD <0.90 129 3.43*** 2.22, 5.32 2.85*** 1.81, 4.49 116 3.09*** 1.84, 5.19 3.26*** 1.91, 5.57

Borderline ABI 0.90–0.99 367 1.43** 1.09, 1.87 1.27y 0.96, 1.68 133 1.83** 1.22, 2.75 1.72* 1.12, 2.63

Low-normal ABI 1.00–1.09 1,286 1.15 0.96, 1.03 1.11 0.92, 1.34 677 1.08 0.89, 1.31 1.14 0.93, 1.40

Normal ABI 1.10–1.29 1,616 1.00 1.00 2,009 1.00 1.00

High ABI �1.30 60 0.78 0.38, 1.60 0.78 0.38, 1.62 177 1.44* 1.03, 2.01 1.43* 1.00, 1.99

p for trend <0.0001 0.0002 <0.0001 0.0002

y p < 0.10; *p < 0.05; **p < 0.01; ***p < 0.001 (in comparison with ABI 1.10–1.29).

z Adjusted for age, race, low density lipoprotein cholesterol, high density lipoprotein cholesterol, systolic blood pressure, body mass index, current use of cholesterol-lowering medication,

diabetes, and cigarette smoking. Total numbers of subjects for each outcome were as follows: women—common carotid IMT, n ¼ 3,415; internal carotid IMT, n ¼ 3,357; CAC, n ¼ 3,458;

men—common carotid IMT, n ¼ 3,076; internal carotid IMT, n ¼ 3,040; CAC, n ¼ 3,112.

§OR, odds ratio; CI, confidence interval; IMT, intima-media thickness; PAD, peripheral arterial disease; CAC, coronary artery calcium.
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TABLE 3. Fully adjusted associations between ankle-brachial index (ABI) category and subclinical atherosclerosis, by ethnic group, in the Multi-Ethnic Study of

Atherosclerosis, 2000–2002*

Category ABI range

Ethnic group

All subjects Caucasians Chinese African Americans Hispanics

No. Mean or ORy No. Mean or OR No. Mean or OR No. Mean or OR No. Mean or OR

Women

Mean internal carotid
artery IMTy (mm)

Definite PADy <0.90 121 1.27 42 1.46 9 0.89 57 1.24 13 1.24

Borderline ABI 0.90–0.99 352 1.06 134 1.12 41 0.82 133 1.08 44 1.10

Low-normal ABI 1.00–1.09 1,256 1.00 436 1.00 169 0.79 400 1.07 251 0.94

Normal ABI 1.10–1.29 1,569 0.98 626 1.01 177 0.84 369 1.04 397 0.93

High ABI �1.30 59 0.92 34 0.98 0 12 1.07 13 0.80

p for trend <0.0001 <0.0001 0.743 0.006 <0.0003

OR for Agatston CACy
score >20

Definite PAD <0.90 129 2.85 46 3.85 9 1.81 61 3.22 13 1.98

Borderline ABI 0.90–0.99 367 1.27 140 1.45 42 0.66 139 1.40 46 1.48

Low-normal ABI 1.00–1.09 1,286 1.11 444 1.03 170 1.28 410 1.35 262 0.84

Normal ABI 1.10–1.29 1,616 1.00z 638 1.00z 180 1.00z 386 1.00z 412 1.00z

High ABI �1.30 60 0.78 34 1.08 12 1.06 14 0.21

p for trend <0.0001 0.0018 0.777 0.0112 0.180

Men

Mean internal carotid
artery IMT (mm)

Definite PAD <0.90 110 1.58 32 1.61 4 1.64 56 1.57 18 1.64

Borderline ABI 0.90–0.99 129 1.33 51 1.21 6 1.08 52 1.36 20 1.61

Low-normal ABI 1.00–1.09 660 1.18 228 1.26 82 0.99 228 1.15 122 1.17

Normal ABI 1.10–1.29 1,969 1.09 801 1.17 270 0.91 431 1.07 467 1.08

High ABI �1.30 172 1.07 85 1.21 14 0.93 24 1.02 49 0.99

p for trend <0.0001 0.001 0.007 <0.0001 0.0001

OR for Agatston CAC
score >20

Definite PAD <0.90 116 3.26 33 4.15 4 >99§ 58 3.33 21 2.14

Borderline ABI 0.90–0.99 133 1.72 53 1.26 7 0.67 53 2.23 20 2.29

Low-normal ABI 1.00–1.09 677 1.14 233 1.31 83 0.69 237 1.29 124 1.14

Normal ABI 1.10–1.29 2,009 1.00z 815 1.00z 271 1.00z 443 1.00z 480 1.00z

High ABI �1.30 177 1.43 85 1.19 14 2.14 27 2.72 51 1.16

p for trend 0.0002 0.095 0.777 0.001 0.188

* Results were adjusted for age, race, low density lipoprotein cholesterol, high density lipoprotein cholesterol, systolic blood pressure, body mass index, use of cholesterol-lowering

medication, diabetes, and cigarette smoking.

yOR, odds ratio; IMT, intima-media thickness; PAD, peripheral arterial disease; CAC, coronary artery calcium.

zReference group.

§ All of the men in the definite PAD group had a CAC score >20.
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across ethnic groups. However, among women, inverse as-
sociations between ABI and subclinical atherosclerosis
were less strong in Chinese than in Caucasians and African
Americans. Amongmen, associations between ABI and sub-
clinical atherosclerosis were stronger in African Americans
than in Caucasians. The results presented here did not allow
us to determine reasons for these ethnic differences in asso-
ciations between ABI and subclinical atherosclerosis.

Prior studies have assessed associations between ABI as
a continuous variable and carotid IMT (30–32). However, to
our knowledge, only one prior study has assessed associa-
tions between borderline or low-normal ABI and carotid
IMT. In the Atherosclerosis Risk in Communities Study,
an ABI less than 0.90 was associated with higher carotid
IMT among African-American women and White men after
adjustment for age, low density lipoprotein cholesterol,
hypertension, and diabetes (30). However, in contrast to
our findings here, this relation was not observed among
African-American men orWhite women. To our knowledge,
only one prior study has assessed associations between
borderline or low-normal ABI and CAC scores (33). In
the Rotterdam Coronary Calcification Study population
(2,013 participants), men and women with ABI <0.90 had
significantly higher CAC scores than participants with ABI
�1.20. Among men, but not among women, ABI 0.90–0.99
was also associated with a higher CAC score than was ABI
�1.20 (33). However, linear associations between ABI cat-
egories and CAC scores were not observed. To our knowl-
edge, no prior studies have assessed ethnic differences in
associations between ABI and subclinical atherosclerosis in
the coronary and carotid arterial beds.

The prevalence of definite PAD was relatively low in
the MESA cohort in comparison with previous studies
in which participants were recruited among community-
dwelling men and women (22, 34). For example, in the
Cardiovascular Health Study, the prevalence of ABI <0.90
was 12 percent among men and women aged 65 years or
more (22). In contrast to prior studies, a history of clinically
evident cardiovascular disease was an exclusion criterion for
MESA. Furthermore, the Cardiovascular Health Study ex-
cluded persons under age 65 years. Increasing age is a well-
documented risk factor for PAD (22, 34). The exclusion of
persons with clinically evident cardiovascular disease and
the inclusion of persons under age 65 years in the MESA
cohort are likely contributors to the relatively low preva-
lence of definite PAD observed in MESA.

The variability of the ABI measure is approximately 12
percent (35). While this may have resulted in some mis-
classification of participants into other ABI categories, sys-
tematic bias is unlikely. Based on the findings reported here,
further study is needed to determine whether persons with
borderline and low-normal ABIs have increased rates of
cardiovascular events as compared with persons with nor-
mal ABI.

Similar to findings from the Cardiovascular Health Study
and the Systolic Hypertension in the Elderly Program, prev-
alences of ABI <0.90 in MESA were comparable between
men and women (7, 20). Gender differences in the preva-
lence of PAD appear to be smaller in populations that in-
clude persons with relatively mild PAD (36), which is

consistent with findings in the MESA cohort. In MESA,
women had significantly higher prevalences of borderline
and low-normal ABI than did men. These findings are con-
sistent with a previous study by Hiatt et al. (29), in which
average ABIs were 7 percent lower in women than in men
among 403 San Luis Valley Diabetes Study participants
with low cardiovascular risk. In the Atherosclerosis Risk
in Communities cohort, average ABI values were 1.12 in
women and 1.18 in men (37). Because systolic blood pres-
sures increase with greater distance from the heart, these sex
differences in ABI could be explained by greater height in
men than in women. In the San Luis Valley Diabetes Study
and in MESA, adjustment for height did not eliminate gen-
der differences in ABI. Thus, an unidentified factor may
account for the gender difference in low-normal and border-
line ABI values reported here.

In conclusion, borderline and low-normal ABI values
were common in the MESA cohort. In both men and
women, borderline ABI values were associated with a sig-
nificantly higher prevalence of subclinical atherosclerosis in
comparison with normal ABI values (ABI 1.10–1.29). Low-
normal ABI values were associated with a significantly
higher prevalence of subclinical atherosclerosis in men.
Based on the findings reported here, further study is needed
to determine whether persons with borderline ABI and men
with low-normal ABI have a higher incidence of cardiovas-
cular events than persons with normal ABI, and whether
intensive atherosclerotic risk factor intervention comparable
to that currently recommended for patients with clinically
evident PAD is important for persons with borderline and
low-normal ABI in order to prevent the progression of sub-
clinical atherosclerosis.
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