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Intrinsic contribution of gender and ethnicity
to normal ankle-brachial index values: The
Multi-Ethnic Study of Atherosclerosis (MESA)
Victor Aboyans, MD, PhD,a,b Michael H. Criqui, MD, MPH,a,c Robyn L. McClelland, PhD,d

Matthew A. Allison, MD, MPH,a Mary McGrae McDermott, MD,e David C. Goff, Jr, MD, PhD,f

and Teri A. Manolio, MD, MHS,g La Jolla, Calif; Limoges, France; Seattle, Wash; Chicago, Ill; Winston-Salem,
NC; and Bethesda, Md

Objective: Several studies report a higher prevalence of peripheral arterial disease (PAD) in women and among blacks.
These studies based their PAD definition on an ankle-brachial index (ABI) <0.90. We hypothesized that there is an
inherent contribution of gender and ethnicity to normal ABI values, independent of biologic and social disparities that
exist between gender and ethnic groups. Consequently, an ABI threshold that disregards these fundamental gender-
related and ethnicity-related differences could partly contribute to reported prevalence differences.
Methods: A cross-sectional study was designed as part of the Multi-Ethnic Study of Atherosclerosis (MESA), a multicenter
United States population study. We selected a subgroup of participants with unequivocally normal ABIs (1.00 to 1.30),
and additionally excluded participants with any major PAD risk factor (smoking, diabetes, dyslipidemia, hypertension).
In a linear model with ABI as the dependent variable, demographic, clinical, biologic, and social variables were introduced
as independent factors.
Results: Among 1775 healthy participants, there was no association between ABI level and subclinical cardiovascular
disease (coronary calcium or carotid plaque). Male gender, weight, and high education level were positively correlated
with ABI, whereas black race, triglycerides, pack-years (in past smokers), and pulse pressure were negatively correlated.
In the fully adjusted model, women had about 0.02 lower ABI values than men, and blacks showed ABI values about 0.02
lower than non-Hispanic whites.
Conclusion: These data suggest intrinsic ethnic and gender differences in ABI. Such differences, although small in
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magnitude, are highly significant and can distort population estimates of disease burden. (J Vasc Surg 2007;45:319-27.)
As a manifestation of atherosclerosis, peripheral ar-
terial disease (PAD) is associated with lower extremity
functional limitations, trophic complications, and an
increased risk for future cardiovascular events.1-6 Beyond
older age and male gender, the major risk factors con-
tributing to this condition are smoking, diabetes, and to
a lesser degree, hypertension and dyslipidemia.7,8 Be-
cause it also allows the detection of asymptomatic sub-
jects, epidemiologic studies in the last 20 years have
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typically based their definition of PAD on the ankle-
brachial index (ABI).3,5,6,8-15 Even at a subclinical level,
the presence of PAD defined by an abnormal ABI is a
reliable marker of future cardiovascular events.1-3,5,6

Hence, ABI measurement is of great clinical relevance
for the diagnosis of PAD as well as for the assessment of
cardiovascular risk.1,8

Recent estimates16,17 report a prevalence of 5 to 7
million adults in the United States population with PAD,
with higher rates among blacks compared with non-
Hispanic whites (NHWs). Despite the analysis of several
biologic and socioeconomic factors, this difference has not
been fully explained.11,13,16,18-21 More surprisingly, sev-
eral community-based surveys9,11,13,21 report higher rates
of PAD in women compared with men, even after adjusting
for age.11,21 This contrasts with what is generally accepted
about the prevalence of atherosclerotic diseases, where
women, especially until the seventh decade, present a lower
rate of cardiovascular diseases (CVD).22

Because the prevalence of PAD among gender and
ethnic groups is usually defined by a low ABI (�0.90),
one might question whether ABI values in health are
similar within gender/ethnic groups and whether a sin-
gle threshold for all gender/ethnic groups is then appro-

priate. An earlier epidemiologic study reported lower
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ABI values in healthy women than men.23 It is not
obvious whether different ABI values observed in gen-
der/ethnic groups are actually related to differences in
the development of atherosclerosis in the lower limbs, or
whether some intrinsic anatomic or physiologic differ-
ences could partly affect these values. In a whole popu-
lation, after adjusting for different prevalence in CVD
risk factors in gender and ethnic groups, residual con-
founding and other biases might remain (eg, risk factor
management disparities between genders or across eth-
nic groups). Thus, to assess potential intrinsic differences
in ABI values appropriately, a healthy population free of
PAD and its modifiable risk factors is required.

In this cross-sectional study, focused on subjects free of
PAD, we hypothesized that even after adjustment for bio-
logic and social disparities between gender and ethnic
groups, an independent effect of these two characteristics
on the ABI would remain. If such a fundamental difference
between genders and ethnic groups existed, it might influ-
ence the gender and ethnic group disparities in PAD prev-
alence reported in the general population when a single
ABI threshold is used. The Multi-Ethnic Study on Athero-
sclerosis (MESA) provided a unique opportunity to explore
this hypothesis.

MATERIALS AND METHODS

Multi-Ethnic Study on Atherosclerosis population.
MESA was initiated by the National Heart, Lung and
Blood Institute to investigate the prevalence, correlates,
and progression of subclinical CVD in a multiethnic
population-based sample of 6814 men and women aged
45 to 84 years without a history of clinical CVD.24

Participants were selected between 2000 and 2002 from
six United States field centers: Baltimore City and Balti-
more County, Maryland; Chicago, Illinois; Forsyth
County, North Carolina; Los Angeles County, California;
Northern Manhattan and the Bronx, New York; and St.
Paul, Minnesota. The Institutional Review Boards at all
participating centers approved the study, and all partici-
pants gave informed consent. The study was designed to
include 38% NHWs, 28% blacks, 23% Hispanics, 11% of
Chinese descent, and approximately 50% women.

Study population (the healthy group). To deter-
mine the correlates of normal ABI values, we first defined a
subset of the MESA population with no evidence of PAD.
The normal range of ABI used as a starting point was
between 1.00 and 1.30. This was based on a previous
MESA publication showing a correlation with subclinical
coronary and carotid disease when ABI was �1.00 or
�1.30.25 Because a normal ABI does not definitely exclude
the presence of PAD,16,26 we also excluded from the nor-
mal ABI group all participants at high risk of PAD based on
the presence of any major risk factor. Participants were
excluded if they were diabetic, hypertensive, a smoker, or
had dyslipidemia (defined in the next section). According

to these criteria, 1775 participants without any major risk
factor and an ABI of 1.00 to 1.30 constituted the healthy
PAD-free subgroup.

Definition of major risk factors. Participants were
considered smokers if they reported current cigarette smoking
or had stopped smoking within the last 2 years. Dyslipidemia
was defined by a total/high-density-lipoprotein cholesterol
ratio �5 or use of lipid-lowering agents.27 Diabetes was
defined by fasting blood glucose �1.26 g/L or use of
antidiabetic drugs.

Systolic and diastolic blood pressures (SBP, DBP) were
measured three times in the right arm of seated participants
with a Dinamap model Pro 100 automated oscillometric
sphygmomanometer (Critikon, Tampa, FL). The average
of the last two measurements was used in the analyses.
Participants were considered hypertensive if SBP was �140
mm Hg or DBP �90 mmHg, or both, or the subject both
self-reported a history of hypertension and was taking an-
tihypertensive drugs. We also analyzed the respective con-
tributions of the steady and pulsatile components of blood
pressure,28 expressed as the mean blood pressure (MBP �
2/3 DBP � 1/3 SBP) and the pulse pressure (PP � SBP –
DBP).

Laboratory variables. Laboratory variables were cen-
trally measured on blood collected from enrollees and
frozen at –70°C. The methods of measurements are de-
scribed elsewhere.23

Ankle-brachial index. After a 5-minute rest in a
supine position, SBPs were measured in both arms and in
the posterior tibial (PT) and dorsalis pedis (DP) arteries
of both ankles, using appropriate-sized cuffs and a con-
tinuous 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. The
index ABI for the participant was the lower of the right vs
left ABI.

Subclinical disease measures. Computed tomogra-
phy imaging of the coronary arteries was performed as
previously described.24,29,30 We defined the presence of
subclinical coronary disease by the presence of any cor-
onary calcification (CAC score �0). Carotid ultrasound
imaging protocol has been described elsewhere.24,25 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. Subclin-
ical atherosclerotic disease was defined by the presence of
any subclinical coronary disease or carotid plaque.

Statistical methods. Categoric and continuous vari-
ables were compared across race/ethnic groups within each
gender using �2 tests and analysis of variance, respectively.
Log-transformation was used as needed to stabilize variance
before comparison of the means. Log-transformed variables
were back-transformed for tabular presentation, but statistical
testing was performed on the log-transformed values. Distri-
butions of ABIs within each gender and race subgroup were
compared by box-plots, as defined by Tukey.31 The novel
risk factors selected here were based on a previous study of

risk factors for PAD in MESA.18 A series of linear regression
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models with ABI as the dependent variable examined the
gender and race associations with ABI within the group free
of major PAD risk factors and normal ABI of 1.00 to 1.30.
Each model adjusted for progressively more potential con-
founders. For all the tests, a P � .05 was considered as
significant.

RESULTS

Table I presents the eight gender/ethnic subgroups
of this study population. As determined by the National
Cholesterol Education Program calculation of the Fra-
mingham score,32 the average 10-year risk of CHD in
this subgroup was very low, at 4.2%, despite the older age
of participants. Compared with the excluded MESA
participants, this population presented low levels not
only of variables related to the traditional risk factors
(cholesterol ratio, blood pressure, blood glucose) but
also of other potential risk factors (data not shown). This
population also presented with a lower prevalence of
subclinical atherosclerotic disease, which was uniformly
distributed within the ABI range (data not shown). The
Figure displays the ABI distribution across the eight sex
and ethnic groups. Higher ABI values were noted in men
vs women. Overall, ABI values were lower in blacks than
other ethnic groups.

In a first linear regression (model 1) including age,
female gender, and ethnicity, the age and gender were
negatively correlated with the ABI (Table II). Compared
with NHWs, being black or Chinese was significantly asso-
ciated with lower ABI values. There was no evidence of
interactions between these variables; that is, the association
of female gender with lower ABI did not differ by age or
ethnicity, nor did the association of ethnicity with ABI
differ by age or gender.

In the second regression (model 2), demographic vari-
ables, and traditional and novel CVD risk factors as well as
the presence or absence of subclinical atherosclerotic dis-
ease were added to model 1. Despite a comprehensive
inclusion of all potential confounders, the association of
female gender with lower ABI in this normal range, al-
though attenuated, remained significant, whereas the sig-
nificantly lower ABI in blacks compared with NHWs was
essentially unchanged. The association of Chinese ethnicity
with lower ABI was weakened after adjustment and became
nonsignificant.

In addition, a high level of education and weight were
positively correlated with ABI, whereas triglycerides, pack-
years (in former smokers), and pulse pressure were nega-
tively correlated. Notably, height did not show any signif-
icant correlation with PAD in this fully adjusted model; it
was significantly correlated with ABI when adjusted only
for age, ethnicity, and gender (data not shown).

Of interest was that none of the novel risk factors
associated with PAD in the whole MESA population18

showed any significant correlation with ABI in this healthy

group. Similar results were found when the analysis was
focused on a subgroup of 945 participants without any
subclinical atherosclerosis (data not shown).

To estimate the effect in the MESA population, we
compared the standard PAD definition of an ABI �0.90
with a gender/ethnic specific use of threshold, taking the
group of NHW men arbitrarily as reference (with the
0.90 cutpoint) and calculating the other thresholds (ie,
0.88 in NHW women) in the other groups according to
fully adjusted differences obtained in Table II. The prev-
alence of PAD in NHW women would decrease from
3.5% with the standard cutpoint to 2.2% when the spe-
cific threshold was used, and the women/men ratio in
NHWs would invert from 1.25 to 0.79. Similarly, the
prevalence of PAD in black women would decrease from
6.4% to 4.1%, with a women/men ratio in blacks chang-
ing from 1.05 to 0.75. Regarding ethnic disparities, the
ratio for black/NHW men at 2.17 with standard defini-
tion would decrease to 1.96. In other terms, compared
with NHW men, the standard PAD definition would
overestimate PAD prevalence in NHW women by 37%,
black men by 10%, and black women by 36%.

DISCUSSION

In this cross-sectional study focused on a subgroup of
the MESA population without PAD or major risk factors,
we found that even after extensive covariate adjustment,
ABI varied across genders and ethnic groups, being higher
in men than women, and higher NHWs than in blacks.

Peripheral arterial disease definition in epidemio-
logic studies. In most epidemiologic studies, an ABI �0.90
is used as a single criterion to define PAD.3,5,10,12-15,21,33

This cutpoint is generally accepted on the basis of a clinical
study comparing ABI �0.90 with arteriography, with a
90% sensitivity and 95% specificity to detect �50% arterial
stenosis.34 Correcting this for verification bias, Lijmer
et al35 reported a sensitivity of 79% and specificity of 96%.
These results were obtained in clinical samples, however,
and the actual diagnostic value of this threshold in the
general population including different ethnic groups is
unclear. In the San Diego Population Study,16 33 (19.6%)
of 168 legs with PAD presented a normal ABI (ie, �0.90),
and the disease was detected by abnormal posterior tibial
artery Doppler waveforms.

This is to emphasize that the use of ABI �0.90 as the
sole criteria for PAD does not exclude false negatives. In
addition, even when ABI is assessed in a clinical population
vs arteriography, in infrequent but not negligible cases, an
ABI �0.90 leads falsely to consider a subject with normal
(or �50% stenosis) angiography as having PAD.

Ankle-brachial index in healthy subjects. Paradox-
ically, the normal values of ABI in healthy participants
are poorly studied. In subjects without any peripheral
arterial stenosis, the ABI is �1.00 and �1.30. The
physiologic increase in ankle systolic pressures compared
with brachial arterial pressures is related to the pulse
amplitude increase as a pulse travels from the aorta

toward the periphery. The increase is proportional to the



Table I. Description of the Multi-Ethnic Study of Atherosclerosis population subset without evidence of peripheral arterial disease (n � 1775)

Men

P

Women

P
NHW

(n � 318)
Blacks

(n � 150)
Hispanics
(n � 159)

Chinese
(n � 121)

NHW
(n � 453)

Blacks
(n � 187)

Hispanics
(n�226)

Chinese
(n�161)

Age (yrs) 60.2 (9.8) 58.4 (9.8) 59.2 (10.3) 59.1 (10.4) .29 59.3 (9.9) 57.3 (8.9) 56.9 (9.6) 57.9 (9.6) .006
Weight (kg) 84.2 (14.0) 88.2 (14.6) 79.9 (13.1) 65.2 (9.7) �.001 69.7 (13.9) 80.0 (16.5) 70.4 (13.4) 56.9 (8.5) �.001
Height (cm) 177.0 (7.2) 177.1 (6.2) 169.5 (6.0) 168.5 (6.5) �.001 163.5 (6.3) 162.9 (7.0) 156.2 (6.1) 156.4 (5.6) �.001
Former smoker 157 (49.7) 70 (47.6) 78 (49.4) 41 (33.9) .022 205 (45.6) 61 (32.6) 53 (23.6) 1 (0.6) �.001
Pack-years 12.1 (21.0) 8.3 (14.6) 10.0 (20.9) 4.8 (12.3) .003 7.4 (13.6) 4.7 (11.4) 1.9 (8.6) 0.0 (0.1) �.001
Blood glucose* (g/L) 0.95 (0.09) 0.96 (0.10) 0.97 (0.09) 0.98 (0.09) .003 0.90 (0.09) 0.92 (0.10) 1.08 (0.37) 0.95 (0.08) �.001
Total/HDL-C 3.9 (0.7) 3.6 (0.8) 4.0 (0.7) 3.7 (0.8) �.001 3.4 (0.8) 3.3 (0.8) 3.7 (0.7) 3.6 (0.7) �.001
Triglycerides* (g/L) 0.98 (0.43) 0.83 (0.35) 1.19 (0.62) 1.06 (0.58) �.001 1.07 (0.52) 0.80 (0.33) 1.22 (0.58) 1.20 (0.59) �.001
SBP (mm Hg) 115.5 (11.7) 118.1 (12.2) 116.3 (11.5) 113.3 (12.5) �.01 111.0 (13.8) 117.5 (12.1) 112.3 (13.1) 111.1 (14.2) �.001
DBP (mm Hg) 71.4 (8.1) 74.2 (7.3) 72.4 (7.0) 71.6 (7.9) .003 63.8 (8.0) 69.9 (7.8) 68.4 (9.6) 65.7 (8.5) �.001
MBP (mm Hg) 86.1 (8.5) 88.8 (8.1) 87.0 (7.4) 85.5 (8.7) .003 79.5 (8.7) 85.8 (8.1) 80.8 (8.9) 80.8 (9.2) �.001
PP (mm Hg) 44.1 (9.1) 43.9 (9.5) 44.0 (9.8) 41.7 (8.6) .08 47.2 (11.8) 47.6 (10.2) 47.2 (10.7) 45.4 (11.6) .25
Heart rate (bpm) 59.7 (8.8) 59.9 (9.3) 61.3 (8.9) 62.1 (7.7) .027 62.9 (8.1) 63.0 (8.0) 63.2 (8.1) 64.0 (8.3) .56
Education

�High school 3 (1.0) 12 (8.1) 62 (39.0) 16 (13.2) 14 (3.1) 10 (5.4) 88 (38.9) 43 (26.7)
High school 92 (29.2) 71 (48.0) 66 (41.5) 37 (30.6) �.001 183 (40.5) 96 (51.3) 115 (50.9) 70 (43.5) �.001

College degree 88 (27.9) 31 (20.9) 18 (11.3) 35 (28.9) 125 (27.7) 41 (21.9) 12 (5.3) 35 (21.7)
Graduate school 132 (41.9) 34 (23.0) 13 (8.2) 33 (27.3) 130 (28.8) 40 (21.4) 11 (4.9) 13 (8.1)
Total house income
�$25k 17 (5.5) 22 (15.6) 61 (38.6) 55 (45.5) 58 (13.0) 38 (21.1) 108 (49.1) 73 (45.9)
$25k-$49k 68 (22.1) 36 (25.5) 56 (35.4) 26 (21.5) �.001 129 (29.0) 56 (31.1) 74 (33.6) 35 (22.0) �.001
$50k-$99k 108 (35.1) 62 (44.0) 35 (22.2) 22 (18.2) 149 (33.5) 63 (35.0) 35 (15.9) 33 (20.7)
$100k� 115 (37.3) 21 (14.9) 6 (3.8) 18 (14.9) 109 (24.5) 23 (12.8) 3 (1.4) 18 (11.3)
CRP* (mg/L) 1.8 (3.4) 2.5 (4.3) 2.6 (3.9) 1.7 (8.9) �.001 3.7 (6.2) 4.8 (8.0) 4.8 (6.0) 1.5 (2.9) �.001
IL-6* (mg/L) 1.2 (1.2) 1.3 (1.0) 1.5 (1.2) 1.0 (1.0) �.001 1.2 (1.0) 1.4 (0.9) 1.5 (1.0) 0.9 (0.7) �.001
Fibrinogen (mg/mL) 3.1 (0.6) 3.1 (0.6) 3.3 (0.7) 2.9 (0.5) �.001 3.3 (0.7) 3.6 (0.8) 3.6 (0.7) 3.3 (0.5) �.001
PAP* (nM) 4.3 (1.5) 4.7 (1.7) 4.3 (1.7) 4.0 (1.5) .002 5.1 (2.0) 5.3 (2.0) 4.8 (2.1) 4.0 (1.4) �.001
D-dimers* (�g/mL) 0.2 (0.2) 0.3 (0.4) 0.3 (0.4) 0.3 (0.8) .12 0.3 (0.4) 0.4 (0.7) 0.4 (1.4) 0.2 (0.3) �.001
Homocysteine* (�mol/L) 9.6 (3.1) 10.2 (4.5) 9.3 (2.2) 9.0 (1.9) .01 8.2 (5.6) 8.1 (2.2) 7.6 (2.6) 7.4 (1.8) .001
CAC �0 174 (54.7) 45 (30.0) 70 (44.0) 49 (40.5) �.001 119 (26.3) 32 (17.1) 36 (15.9) 43 (26.7) .003
Carotid lesions 105 (33.4) 29 (19.9) 50 (32.1) 16 (13.3) �.001 134 (30.3) 43 (23.6) 38 (17.4) 26 (16.2) �.001
ABI 1.16 (0.06) 1.14 (0.07) 1.16 (0.06) 1.14 (0.06) .003 1.13 (0.07) 1.11 (0.06) 1.12 (0.06) 1.11 (0.06) .003

NHW, Non-Hispanic whites; HDL-C, High-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; PP, pulse pressure; CRP, C-reactive protein; IL,
interleukin; PAP, plasmin-antiplasmin complex; CAC, coronary artery calcification; ABI, ankle-brachial index.
Numbers are mean (standard deviation) for continuous variables or n (%) for categoric variables.
*Indicates that significance was tested on natural log transformed scale.
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distance from the heart, resulting in a higher SBP in
ankle than brachial arteries.36

Gender differences in ankle-brachial index. In an
ancillary study from the San Luis Valley Diabetes Study,
Hiatt et al23 analyzed the ABI distribution in a subgroup of
nonsmokers without glucose intolerance, blood pressure
�140/90 mm Hg, or any CVD history. This subgroup
presented 2.5th percentile values at 0.91 for women and
0.98 for men. It has been suggested that the lower ABI
among women is related to a lower height,33 leading to a
lesser pulse amplification; however, after adjustments for
age, sex, arm pressure, and diabetes status, the contribution
of height to ABI turned to be modest, about 1 mm Hg
ankle pressure increase for each 10 cm in height.23 In a
population without clinical CVD, London et al37 reported
a positive correlation between body height and ABI, but
women showed a lower ABI even after adjustments for age

Table II. Correlates of ankle-brachial index in healthy sub

Mod
coefficient

Age (10 years) �0.008 (�0.
Female gender �0.036 (�0.
Ethnicity

Non-Hispanic white Ref
Black �0.017 (�0.
Hispanic �0.002 (�0.
Chinese �0.020 (�0.

Weight (per kg) —
Height (per cm) —
Ever smoking —
Pack-years (per unit) —
Glucose* (g/L) —
Total/HDL-C —
Triglycerides* (g/L) —
MBP (per mm Hg) —
PP (per mm Hg) —
Heart rate (per bpm) —
Education

�High school
Completed high school —
College
Graduate school

Income
�$25k
$25k-$49k —
$50k-$99k
$100k�

Hs-CRP* (mg/L) —
IL-6* (mg/L) —
Fibrinogen (per mg/mL) —
PAP* (nM) —
D-dimers* (�g/mL) —
Homocysteine* (�mol/L) —
CAC �0 —
Carotid lesions —

HDL-C, High-density lipoprotein cholesterol; MBP, mean blood pressure; P
plasmin-antiplasmin complex; CAC, coronary artery calcification.
*P � .05.
†P � .01.
‡P � .001.
*Units that are natural log-transformed.
and height.
We initially found a significant correlation between
height and ABI adjusted for age, gender, and ethnicity,
but we did not find height as an independent significant
determinant of ABI in healthy participants in the fully
adjusted model. The adjusted contribution of height to
ABI seems negligible. According to its partial coefficient,
ABI was an average of 0.003 units higher for every 10 cm
more height.

Our data suggest that the ABI is about 0.02 lower in
women than men. Consequently, a unisex ABI threshold
used for PAD definition might partially explain higher
rates of PAD in women.11,13,21 This is consistent with
data from the San Diego Population Study,16 a popula-
tion study where the PAD definition included an ABI
�0.90 as well as other criteria (abnormal Doppler wave-
forms and revascularization history). In this population,
a lower ABI was reported for women (1.12 vs 1.16 for

(linear regression models)

CI)
Model 2

coefficient (95% CI)

0.005) �0.002 (�0.007, 0.002)
0.030) �0.017† (�0.027, �0.006)

Ref
0.009) �0.019‡ (�0.029, �0.010)
.006) 0.008 (�0.002, 0.019)
0.011) �0.007 (�0.019, 0.004)

0.0006‡ (0.0003, 0.0009)
0.0003 (�0.0003, 0.0009)
0.004 (�0.004, 0.012)

�0.0004† (�0.0006, �0.0001)
0.0347 (�0.0007, 0.0701)
0.0044 (�0.0006, 0.0094)

�0.0102* (�0.0186, 0.0017)
�0.0001 (�0.0005, 0.0003)

�0.0005† (�0.0009, �0.0001)
�0.0004 (�0.0008, 0.0001)

Ref
0.006 (�0.004, 0.017)
0.008 (�0.005, 0.020)

0.021† (0.008, 0.033)

Ref
0.001 (�0.008, 0.009)

�0.002 (�0.012, 0.007)
�0.004 (�0.015, 0.008)

�0.0022 (�0.0058, 0.0014)
�0.0003 (�0.0060, 0.0055)
�0.0000 (�0.0001, 0.0001)
�0.0006 (�0.0111, 0.0098)
�0.0006 (�0.0046, 0.0034)

0.0098 (�0.0028, 0.0222)
�0.003 (�0.011, 0.004)
�0.001 (�0.008, 0.007)

se pressure; hs-CRP, high-sensitive C-reactive protein; IL, interleukin; PAP,
jects

el 1
(95%

01, �
042, �

026, �
010, 0
028, �

P, pul
men). This suggests a shift to lower ABI values for
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women compared with men and might result in a higher
rate of low (�0.90) ABI values in women. When PAD
was defined by several criteria, however, higher rates of
PAD were reported in men.16 In the National Health
and Nutrition Examination Survey (NHANES)13 and
Atherosclerosis Risk in Communities (ARIC)21 reports,
the prevalence of ABI �0.90 in women aged 40 to 59
years was intriguingly estimated to be about twice as
high as in men. In the ARIC study,21 in contrast to
higher prevalence of PAD in women when ABI thresh-
olds were fixed at 0.95 or 0.90, men had higher rates of
PAD when lower thresholds were used (0.85 or 0.80).

Ethnic differences in peripheral arterial disease
rates. In clinical series, PAD in blacks is reported as
more frequent,38 more severe,39,40 and with poorer out-
come.39,41-45 Nonetheless, the higher prevalence of dia-
betes11,21,46 and hypertension11,21,47 in blacks, as well as
social disparities (eg, different accessibility to medical care),
may contribute to outcome. Furthermore, this higher rate
of PAD does not adequately match with a higher rate of
clinical symptoms. In a study48 mixing one community-
dwelling population and two vascular laboratory popula-
tions, the most severe pain categories (eg, typical intermit-
tent claudication) were significantly less common in blacks.
Recent data also showed no increased rates of functional
decline in blacks vs whites with PAD.49 Two conclusions
can be made:

First, black subjects could present clinical symptoms in
a more progressed stage of the disease. This is plausible
since PAD affects more distal arteries50 in blacks, and the
rates of diabetes and neuropathy are higher in this ethnic
group.10,40 This could result in delayed medical care and
worse prognosis. Alternatively, but not exclusively, this
could also indicate that a similar low level of ABI does not
reflect an equivalent extent of the disease in whites and in

Fig. Box plot of ankle-brachial index (ABI) by gender and race/
ethnicity in participants without peripheral arterial disease or risk
factors. Bullets correspond to individual cases beyond the standard
deviation. Data are presented with standard deviation. NHW,
Non-Hispanic whites; AS, Chinese; AA, blacks; HSP, Hispanics.
blacks. The latter explanation is concordant with our find-
ings that even in healthy subjects, ABI is lower in blacks
compared with whites.

Similarly, population-based studies report higher
rates of PAD in blacks, even after adjustments for tradi-
tional and novel risk factors as well as socioeconomic
status.10,13,16,18,20,21 The San Diego population study16

excluded a greater susceptibility of blacks to PAD risk
factors, after testing interaction terms between ethnicity
and nine major risk factors. It is of interest that when
different ABI thresholds were used in the ARIC study,21

from 0.80 to 0.95, the ratio of black/NHW males of
age-adjusted PAD prevalence decreased from 2.2 to 1.2.
This may suggest that PAD in blacks is more severe, or this
could partly be due to the different distribution of ABI in
ethnic groups, as observed here. The approximately 0.02
difference between NHWs and blacks in our study is similar
to that observed after adjustment for age, gender, and
height in the ARIC study.21

Regarding the other ethnic groups, the NHANES
reported10,13 a trend to a higher adjusted-rate of PAD in
Mexican Americans. In MESA18, adjusted for age, gen-
der, education, income, and traditional risk factors, the
prevalence of an ABI �0.90 was significantly lower in
Chinese Americans and Hispanics. We found a different
ABI distribution in healthy Chinese and Hispanics vs
NHW (Fig), but this difference was strongly attenuated
by adjustments. We conclude that unlike our findings in
blacks, differences observed in healthy Chinese and His-
panic subjects are mainly related to different distribu-
tions of risk factors.

Biologic explanations. The basic difference on ABI
values in different gender/ethnic groups without PAD
must be related to other conditions than atherosclerosis.
The pressure amplification from the central to peripheral
arteries depends on the arterial geometry and elasticity
variations between the aorta and the site of measure-
ment.36 Aortic stiffening causes premature return of the
pulse wave reflection from the periphery, which dimin-
ishes until eliminating the normal augmentation of the
pressure waveform from central to peripheral arteries,28

such as the brachial artery, and even more to ankle
arteries, leading to an ABI reduction. The ABI, conse-
quently, is affected both by the presence of any (athero-
sclerotic) obstruction and by the aortic and peripheral
stiffness.

Using magnetic resonance imaging in a subset of the
MESA population, a thicker thoracic aorta was reported
among blacks.51 In middle age, the aorta in blacks is
stiffer than in whites.52 This is due to a higher aortic
collagen concentration.53 Notably, this effect is visible in
our study, as pulse pressure, an indirect marker of large-
vessels stiffness,54 was inversely correlated with ABI.
This was also reported in the Cardiovascular Health
Study.55 Even though aortic stiffening is of major prog-
nostic importance,56 this is a different pathology from
PAD.

Other correlates of normal ankle-brachial index.

Among other significant contributors to ABI determina-
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tion in this study, a high level of education was consistently
correlated with a higher ABI. Similarly, a higher education
level is protective for PAD in the entire MESA popula-
tion.18 Despite a similar trend, this was not confirmed in
the San Diego Population Study,16 but it could be related
to the concomitant inclusion of the type of occupation
in that predictive model, a variable that we did not test.
Education may index other behavioral and socioeconomic
factors not assessed in this study.

Study implications. The residual effect of gender
and ethnicity in our fully adjusted model could at the first
glance be considered as negligible. At an individual scale,
a 0.02 ABI difference between men and women or
whites and blacks is quite below the ABI measurement
variability.56,57 Henceforth, the single 0.90 ABI thresh-
old for the diagnosis of PAD remains valid in the clinical
setting, even though our data could be useful in some
borderline ABI values, especially in black women.

At a population level, however, a small change in ABI
threshold affects substantially the estimates of disease burden.
The women/men ratios in blacks and whites inverted �1
when gender/ethnic specific thresholds were used vs the
unique �0.90 cutpoint. Similarly, the prevalence of PAD in
blacks, especially in women, would substantially be lower with
this new approach, and the disparities with whites, although
remaining consistent, would be reduced at some extent.

Study limitations. Among other potential corre-
lates, lipoprotein (a) was not available in this study.
Furthermore, hormonal and genetic data were not stud-
ied. We cannot exclude their role (or that of other
unknown risk factors) as confounding factors in these
analyses. It seems unlikely, however, that the addition of
one or more additional covariates would remove the
gender and ethnic differences observed given the exten-
sive adjustment we have already incorporated. In addi-
tion, we did not find any correlation in this healthy
population between ABI and subclinical atherosclerosis
in other territories. This reduces the risk of missing
unknown risk factors of atherosclerosis that could ex-
plain gender/ethnic disparities on normal ABI values.

CONCLUSION

To our knowledge, this is the first multiethnic study
to assess the contribution of gender and ethnicity to the
determination of ABI in low-risk subjects with no evi-
dence of PAD. Our main results confirm the hypothesis
that even after extensive control of confounders, gender
and ethnicity remain independently associated with ABI.
This suggests that some inherent physiologic (eg, hor-
monal, genetic) differences in ABI normal levels exist
between different gender/ethnic groups. We consider
that such differences, although small in magnitude, are
highly statistically significant and can distort population

estimates of disease burden.
AUTHOR CONTRIBUTIONS

Conception and design: VA, MC, MA
Analysis and interpretation: VA, MC, RM, MA, MM, DG,

TM
Data collection: Not applicable
Writing the article: VA, MC, RM, MA, MM, DG, TM
Critical revision of the article: VA, MC, RM, MA, MM, DG,

TM
Final approval of the article: VA, MC, RM, MA, MM, DG,

TM
Statistical analysis: RM
Obtained funding: Not applicable
Overall responsibility: MC

We thank the other investigators, the staff, and the
participants of the MESA study for their valuable contribu-
tions. A full list of participating MESA investigators and
institutions can be found at http://www.mesa-nhlbi.org.

REFERENCES

1. Aboyans V, Criqui MH. How to improve the cardiovascular risk pre-
diction beyond risk equations in the physician’s office? J Clin Epidemiol
2006;59:2623-9.

2. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR,
McCann TJ, et al. Mortality over a period of 10 years in patients with
peripheral arterial disease. N Engl J Med 1992;326:381-6.

3. Leng GC, Fowkes FG, Lee AJ, Dunbar J, Housley E, Ruckley CV. Use
of ankle brachial pressure index to predict cardiovascular events and
death: a cohort study. BMJ. 1996;313:1440-4.

4. McDermott MM, Greenland P, Liu K, Guralnik JM, Celic L, Criqui
MH, et al. The ankle-brachial index is associated with leg function and
physical activity: the walking and circulation study. Ann Intern Med
2002;136:873-83.

5. Newman AB, Siscovick DS, Manolio TA, Polak J, Fried LP, Borhani
NO, et al. Ankle-arm index as a marker of atherosclerosis in the
Cardiovascular Health Study. Cardiovascular Heart Study (CHS) Col-
laborative Research Group. Circulation 1993;88:837-45.

6. Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones KL,
Fabsitz RR, et al. Relationship of high and low ankle brachial index to
all-cause and cardiovascular disease mortality: the Strong Heart Study.
Circulation 2004;109:733-9.

7. Weitz JI, Byrne J, Clagett P, Farkouh ME, Porter JM, Sackett DL, et al.
Diagnosis and treatment of chronic arterial insufficiency of the lower
extremities: a critical review. Circulation 1996;94:3026-49.

8. TransAtlantic Inter-Society of Peripheral Arterial Disease. Management
of peripheral arterial disease. Int Angiol 2000; 1(suppl 1):1-304.

9. Gofin R, Kark JD, Friedlander Y, Lewis BS, Witt H, Stein Y, et al.
Peripheral vascular disease in a middle-aged population sample. The
Jerusalem Lipid Research Clinic Prevalence Study. Isr J Med Sci 1987;
23:157-67.

10. Gregg EW, Sorlie P, Paulose-Ram R, Gu Q, Eberhardt MS, Wolz M,
et al. Prevalence of lower-extremity disease in the U.S. adult population
40 years of age and older with and without diabetes: 1999-2000
National Health And Nutrition Examination Survey. Diab Care
2004;27:
1591-7.

11. Kullo IJ, Bailey KR, Kardia SLR, Mosley TH Jr, Boerwinkle E, Turner
ST. Ethnic differences in peripheral arterial disease in the NHLBI
Genetic Epidemiology Network of Arteriopathy (GENOA) study. Vasc
Med 2003;8:237-42.

12. Ögren M, Hedblad B, Isacsson SO, Janzon L, Jungquist G, Lindell SE.
Non-invasively detected carotid stenosis and ischaemic heart disease in
men with leg arteriosclerosis. Lancet 1993;342:1138-41.

13. Selvin E, Erlinger TP. Prevalence of and risk factors for peripheral

arterial disease in the United States: results from the National Health

http://www.mesa-nhlbi.org


JOURNAL OF VASCULAR SURGERY
February 2007326 Aboyans et al
and Nutrition Examination Survey, 1999-2000. Circulation
2004;110:738-43.

14. Vogt MT, Cauley JA, Newman AB, Kuller LH, Hulley SB. Decreased
ankle/arm blood pressure index and mortality in elderly women. JAMA
1993;270:465-9.

15. Zheng ZJ, Sharrett AR, Chambless LE, Rosamond WD, Nieto FJ,
Sheps DS, et al. Associations of ankle-brachial index with clinical
coronary heart disease, stroke and preclinical carotid and popliteal
atherosclerosis: the Atherosclerosis Risk in Communities Study. Ath-
erosclerosis 1997;131:115-25.

16. Criqui MH, Vargas V, Denenberg JO, Ho E, Allison M, Langer RD,
et al. Ethnicity and peripheral arterial disease. The San Diego Popula-
tion Study. Circulation 2005;112:2703-7.

17. Allison MA, Criqui MH, Ho E, Denenberg J. The estimated ethnic-
specific prevalence of peripheral arterial disease in the United States,
2000. Circulation 2004;110 (Suppl III):III-817.

18. Allison MA, Criqui MH, McClelland RL, Scott JM, McDermott MM,
Liu K, et al. The effect of novel cardiovascular risk factors on the
ethnic-specific odds for peripheral arterial disease in the Multi-Ethnic
Study of Atherosclerosis. J Am Coll Cardiol 2006;48:1190-7.

19. Collins TC, Petersen NJ, Suarez-Almazor M, Ashton CM. Ethnicity
and peripheral arterial disease. Mayo Clin Proc 2005;80:48-54.

20. Rooks R, Simonsick EM, Miles T, Newman AB, Kritchevsky SB, Schulz
R, et al. The association of race and socioeconomic status with cardio-
vascular disease indicators among older adults in the health, aging, and
body composition study. J Gerontol B Psychol Sci Soc Sci 2002;57B:
S247-56.

21. Zheng ZJ, Rosamond WD, Chambless LE, Nieto FJ, Barnes RW,
Hutchinson RG, et al. Lower extremity arterial disease assessed by
ankle-brachial index in a middle-ages population of African Americans
and whites. Am J Prev Med 2005;29(5S1):42-9.

22. Mosca L, Manson JAE, Sutherland SE, Langer RD, Manolio T, Barrett-
Connor E. Cardiovascular disease in women. A statement for healthcare
professionals from the American Heart Association. Circulation 1997;
96:2468-82.

23. Hiatt WR, Hoag S, Hamman RF. Effect of diagnostic criteria on the
prevalence of peripheral arterial disease. The San Luis Valley Diabetes
Study. Circulation 1995;91:1472-9.

24. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom
AR, et al. Multi-ethnic study of atherosclerosis: objectives and design.
Am J Epidemiol 2002;156:871-81.

25. McDermott MM, Liu K, Criqui MH, Ruth K, Goff D, Saad M, et al.
Ankle-brachial index and subclinical cardiac and carotid disease. The
Multi-Ethnic Study of Atherosclerosis. Am J Epidemiol 2005;162:
33-41.

26. Criqui MH, Fronek A, Klauber MR, Barrett-Connor E, Gabriel S. The
sensitivity, specificity, and predictive value of traditional clinical evalua-
tion of peripheral arterial disease; results from non-invasive testing in a
defined population. Circulation 1985;71:516-22.

27. Natarajan S, Glick H, Criqui M, Horowitz D, Lipsitz SR, Kinosian B.
Cholesterol measures to identify and treat individuals at risk of coronary
heart disease. Am J Prev Med 2003;25:50-7.

28. Safar ME, London GM. The arterial system in human hypertension. In:
Swales JD, editor. Textbook of hypertension. London, UK: Blackwell
Scientific; 1994. p. 85-102.

29. Carr JJ, Crouse JR, Goff DC, D’Agostino RB, Peterson NP, Burke GL.
Evaluation of sub-second gated helical CT for quantification of coro-
nary artery calcium and comparison with electron beam CT. Am J
Radiol 2000;174:915-21.

30. Carr JJ, Nelson JC, Wong ND, McNitt-Gray M, Arad Y, Jacobs DR,
et al. Calcified coronary artery plaque measurement with cardiac CT in
population-based studies: standardized protocol of Multi-Ethnic Study
of Atherosclerosis (MESA) and Coronary Artery Risk Development in
Young Adults (CARDIA) Study. Radiology 2005;234:35-43.

31. Tukey JW. Exploratory data analysis. Reading, MA: Addison-Wesley
Publishing; 1977.

32. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the third report of the

National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult treatment panel III). JAMA 2001;285:2486-97.

33. Fowkes FG, Housley E, Cawood EH, Macintyre CC, Ruckley CV,
Prescott RJ. Edinburgh Artery Study: prevalence of asymptomatic and
symptomatic peripheral arterial disease in the general population. Int J
Epidemiol 1991;20:384-92.

34. Bernstein EF, Fronek A. Current status of non-invasive tests in the diag-
nosis of peripheral arterial disease. Surg Clin North Am 1982;62:473-87.

35. Lijmer JG, Hunink MG, van den Dungen JJ, Loonstra J, Smit AJ. ROC
analysis of noninvasive tests for peripheral arterial disease. Ultrasound
Med Biol 1996;22:391-8.

36. Nichols WW, O’Rourke MF. Contour of pressure and flow waves in
arteries. McDonald’s blood flow in arteries: theoretical, experimental
and clinical Principles. 4th ed. London, UK: Edward Arnold Publishers;
1998. p. 54-401.

37. London GM, Guerin AP, Pannier B, Marchais SJ, Stimpel M. Influence
of sex on arterial hemodynamics and blood pressure. Role of body
height. Hypertension 1995;26:514-9.

38. Collins TC, Petersen NJ, Suarez-Almazor M, Ashton CM. The preva-
lence of peripheral arterial disease in a racially diverse population. Arch
Intern Med 2003;163:1469-74.

39. Feinglass J, Brown JL, LoSasso A, Sohn MW, Manheim LM, Shah SJ,
et al. Rates of lower-extremity amputation and arterial reconstruction in
the Unites States, 1979-96. Am J Public Health 1999;89:1222-7.

40. Rucker-Whitaker C, Greenland P, Liu K, Chan C, Guralnik JM, Criqui
MH, et al. Peripheral arterial disease in African Americans: clinical
characteristics, leg symptoms, and lower extremity functioning. J Am
Geriatr Soc 2004;52:922-30.

41. Collins TC, Johnson M, Henderson W, Khuri SF, Daley J. Lower
extremity nontraumatic amputation among veterans with peripheral
arterial disease: is race an independent factor? Med Care 2002;
40(suppl 1):I106-6.

42. Brothers TE, Robison JG, Sutherland SE, Elliott BM. Racial differences
in operation for peripheral vascular disease: results of a population-
based study. Cardiovasc Surg 1999;97:26-31.

43. Guadagnoli E, Ayanian JZ, Gibbons G, McNeil BJ, LoGerfo FW. The
influence of race on the use of surgical procedures for treatment of
peripheral vascular disease of the lower extremities. Arch Surg 1995;
130:381-6.

44. Huber TS, Wang JG, Wheeler KG, Cuddeback JK, Dame DA, Ozaki
CK, et al. Impact of race on the treatment for peripheral arterial
occlusive disease. J Vasc Surg 1999;30:417-26.

45. Tunis SR, Bass EB, Klag MJ, Steinberg EP. Variation in utilization of
procedures for treatment of peripheral arterial disease: a look at patient
characteristics. Arch Intern Med 1993;153:991-8.

46. Harris MI, Flegal KM, Cowie CC, Eberhardt MS, Goldstein DE, Little
PR, et al. Prevalence of diabetes, impaired fasting glucose, and impaired
glucose tolerance in US adults. Diab Care 1998;21:518-24.

47. Cooper R, Rotimi C. Hypertension in blacks. Am J Hypertens 1997;
10:804-12.

48. Wang JC, Criqui MH, Denenberg JO, McDermott MM, Golomb BA,
Fronek A. Exertional leg pain in patients with and without peripheral
arterial disease. Circulation 2005;112:3501-8.

49. McDermott MM, Guralnik JM, Ferrucci L, Criqui MH, Greenland P,
Tian L, et al. Functional decline in lower-extremity peripheral arterial
disease: associations with comorbidity, gender, and race. J Vasc Surg
2005;42:1131-7.

50. Sidawy AN, Schweitzer EJ, Neville RF, Alexander EP, Temeck BK,
Curry KM. Race as a risk factor in the severity of infragenicular occlusive
disease: study of an urban hospital patient population. J Vasc Surg
1990;11:536-43.

51. Li EA, Kamel I, Rando F, Anderson M, Kumbasar B, Lima JAC, et al.
Using MRI to assess aortic wall thickness in the Multiethnic Study of
Atherosclerosis: distribution by race, sex and age. AJR Am J Roentgenol
2004;182:593-7.

52. Ferreira AV, Viana MC, Mill JG, Asmar RG, Cunha RS. Racial differ-
ences in aortic stiffness in normotensive and hypertensive adults. J Hy-

pertens 1999;17:631-7.



JOURNAL OF VASCULAR SURGERY
Volume 45, Number 2 Aboyans et al 327
53. Meyer AC, Meyer BJ, Morrison JF, Pepler WJ. Calcium, collagen,
elastin and hexosamine levels in the arteries of whites and Bantu. South
Afr Med J 1965;9:1017-20.

54. Safar ME, Levy BI, Struijker-Boudier H. Current perspectives on
arterial stiffness and pulse pressure in hypertension and cardiovascular
diseases. Circulation 2003;107:2864-9.

55. Psaty BM, Furberg CD, Kuller LH, Cushman M, Savage PJ, Levine D,
et al. Association between blood pressure levels and the risk of myocar-
dial infarction, stroke, and total mortality. The Cardiovascular Health
56. Fowkes FG, Housley E, Macintyre CCA, Prescott RJ, Ruckley CV.
Reproductivity of reactive hyperhemia test in the measurement of PAD.
Br J Surg 1988;75:743-6.

57. Johnston KW, Hosang MY, Andrews DF. Reproducibility of non-
invasive laboratory measurements of the peripheral circulation. J Vasc
Surg 1987;6:147-51.
Study. Arch Intern Med 2001;161:1183-92. Submitted Aug 1, 2006; accepted Oct 11, 2006.

CME Credit Now Available to JVS Readers
Readers can now obtain CME credits by reading selected articles and correctly answering multiple choice
questions on the Journal website (www.jvascsurg.org). Four articles are identified in the Table of
Contents of each issue and 2 questions for each are posted on the website. After correctly answering the
8 questions, readers will be awarded 2 hours of Category I CME credit.


	Intrinsic contribution of gender and ethnicity to normal ankle-brachial index values: The Multi-Ethnic Study of Atherosclerosis (MESA)
	MATERIALS AND METHODS
	Multi-Ethnic Study on Atherosclerosis population
	Study population (the healthy group)
	Definition of major risk factors
	Laboratory variables
	Ankle-brachial index
	Subclinical disease measures
	Statistical methods

	RESULTS
	DISCUSSION
	Peripheral arterial disease definition in epidemio-logic studies
	Ankle-brachial index in healthy subjects
	Gender differences in ankle-brachial index
	Ethnic differences in peripheral arterial disease rates
	Biologic explanations
	Other correlates of normal ankle-brachial index
	Study implications
	Study limitations

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	Acknowledgement
	REFERENCES


