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Background: Limited data exist on the prev-

alence of peripheral arterial disease (PAD)

among ethnically diverse populations. Our

objectives were to assess the prevalence of

PAD in a multiethnic national sample and

examine risk factor control and allostatic load

(a marker of dysregulation of the inflammatory,

metabolic, and cardiovascular systems) by

race/ethnicity among individuals with PAD.

Methods: We analyzed data from the 1999–

2002 National Health and Nutrition Examination

Survey for individuals aged $40 with a measured

ankle brachial index (N55,083). PAD was de-

fined as an ankle brachial index ,0.9. We

performed bivariate and multivariate analyses to

describe the association of race/ethnicity with

PAD, controlling for sociodemographic factors,

clinical risk factors and allostatic load.

Results: Rates of PAD were higher among

African Americans (7.8%) than Whites (3.4%)

or Mexican Americans (5.1%) (P,.001). Afri-

can Americans with PAD were more likely to

be taking antihypertensive medications, were

less likely to report vigorous physical activity,

and had higher allostatic load scores than

Whites. Although 95% of individuals with PAD

report a routine place for care, almost half had

a measured blood pressure .140/90 mm Hg,

28% were smokers, and 61% had a cholesterol

value $200 mg/dL.

Conclusions: Within this nationally represen-

tative sample, African Americans had the

highest rates of PAD. Although conventional

risk factor control, including control of hyper-

tension and hyperlipidemia, were similar

between racial groups, African Americans with

PAD had higher allostatic load scores. Among

all individuals with PAD, evidence showed

suboptimal cardiovascular risk factor control.

(Ethn Dis. 2007;17:669–675)
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INTRODUCTION

Peripheral arterial disease (PAD) is
a highly prevalent manifestation of
atherosclerosis that affects 8–12 million
US adults and is associated with
significant morbidity and mortality.1,2

PAD can be diagnosed by the ankle
brachial index (ABI), a noninvasive
measurement of limb blood pressures.
Prevalence of PAD varies by population
and by type of measurement used.1–4

Although previous studies report higher
rates of PAD among African Amer-
icans,5–7 few reports have focused on
potential explanations for this differ-
ence.4,8 Several studies suggest that the
greater prevalence of PAD among
African Americans is not explained by
conventional risk factors,9 leading
authors to hypothesize that genetic or
environmental factors may play a
role.9–11 Differential exposures to
stressors have been postulated as a po-
tential explanation for a portion of
health disparities.12 The term allostatic
load is a recent conceptualization of
the biologic burden of adaptation
to physiologic and environmental
stress,13,14 predicts mortality and de-
cline in physical functioning,15 and is
higher among African Americans than
among other racial/ethnic groups.16

Allostatic load is a cumulative mea-
sure of dysregulation in multiple phys-
iologic systems (metabolic, cardiac, in-
flammatory) and is assessed through
summary measures of biologic and

physiologic measurements, including

blood pressure, cholesterol, glucose

regulation and inflammatory markers.

Although inflammatory markers, in-

cluding C-reactive protein and homo-

cysteine,17–19 have been implicated in

the development of atherosclerosis, the

relationship between allostatic load and

PAD has not been studied.

The purpose of the current study is

to provide estimates of PAD among an

ethnically diverse national sample and

to assess the magnitude of association

between known risk factors and allo-

static load with PAD by race and

ethnicity, in addition to assessing the

level of risk factor control among

individuals with PAD. To accomplish

these aims, we analyzed data from

the National Health and Nutrition

Examination Survey (NHANES) 1999–

2002, the most recent data from

the ongoing NHANES. Previous anal-

ysis from NHANES did not include

data from 2001–2002 and did not

address potential explanations for dif-
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The purpose of the current

study is to provide estimates of

PAD among an ethnically

diverse national sample and to

assess the magnitude of

association between known

risk factors and allostatic load

with PAD by race and

ethnicity…
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ferences in rates of PAD by race and
ethnicity.4,8

METHODS

Study Population
The National Health and Nutrition

Examination Surveys (NHANES)
1999–2000 and 2001–2002 are con-
ducted by the National Center for
Health Statistics and are designed to

give a nationally representative sample
of the US population.20 The current
analysis was granted an exemption from
review by the institutional review board
of the University of Washington.

Physical Exam and
Laboratory Data

PAD was assessed by determining the
ankle brachial index (ABI), calculated as
the ratio of systolic blood pressure in the
posterior tibial arteries to that in the right
brachial vessel.21 Measurements were
taken by a trained technician using
a standardized protocol with the subject
supine using an 8 MHz- Doppler probe
to determine the systolic pressure at each
of the sites.21 Systolic pressure was
measured in the right arm (brachial

artery) and both ankles (posterior tibial
arteries). Brachial systolic blood pressure
was measured twice for participants age
40–59 and once for those age $60 years.
PAD was defined as ABI #.90 in either
leg. ABIs $1.5 or greater were excluded
from analyses because these values in-
dicate incompressible calcified vessels and
are not interpretable (n526).22 Physical
examination data also included height
and weight and were used to calculate

body mass index (BMI). Laboratory data
included hemoglobin A1C, lipids (total
cholesterol, low density lipoprotein
[LDL] cholesterol, and triglycerides),
serum creatinine, serum albumin, homo-
cysteine, and C-reactive protein. Glo-
merular filtration rate (GFR) was esti-
mated using the Modification of Diet in
Renal Disease formula, based on serum
creatinine, age, sex, and race.23

Sociodemographics, Medical
History, Health Status, and
Physical Activity

Self-reported sociodemographic in-

formation included race/ethnicity, age,

education, and income. Individuals

were classified as African American,

Mexican-American, White, and other

race. Due to the heterogeneous nature

of ‘‘other race,’’ these individuals were

excluded from the analyses (n5346).

Self-reported medical history included

personal history of coronary artery

disease, stroke, diabetes, hypertension,

dyslipidemia, smoking status, and med-

ication use. Access to care was assessed

with two questions: having a routine

place for care and having health in-

surance. Self-reported health status was

ascertained as excellent, very good,

good, fair, or poor.

Respondents were asked about sym-

ptoms of claudication and their ability

to perform moderate and vigorous

physical activity. All respondents were

asked if they experienced ‘‘pain in either

leg while walking.’’ If they answered

affirmatively, they were then asked,

‘‘Does this include pain in your calf or

calves?’’ Respondents were asked to

report if they had performed any

vigorous activity, such as running or

swimming, for at least 10 minutes

during the previous 30 days. In addi-

tion, they were asked if they had

performed any moderate physical activ-

ity, such as brisk walking or bicycling,

for at least 10 minutes during the

previous 30 days.

Measure of Allostatic Load
On the basis of previous research

using NHANES data,16 10 biomarkers

made up the allostatic load score and

include systolic and diastolic blood

pressure and BMI from the physical

exam, glycosylated hemoglobin, albu-

min, creatinine clearance, triglycerides,

C-reactive protein, homocysteine, total

cholesterol and GFR. For each bio-

marker, we empirically determined the

high-risk threshold on the basis of the

distribution of that biomarker.15,16

Each participant was assigned a point

for each biomarker that was beyond the

threshold (defined as below the 25th

percentile for GFR and albumin and

above the 75th percentile for all other

markers). The points were summed to

generate an allostatic load score, with

a range from 0 to 10. The high-risk

thresholds were systolic blood pressure

138 mm Hg, diastolic blood pressure

81 mm Hg, BMI 31.2 kg/m2, hemo-

globin A1C 5.6%, albumin 4.47 g/dL,

creatinine clearance 78.5 mL/min/

1.73 m2, triglycerides 189.5 mg/dL,

C-reactive protein 0.49 mg/dL, homo-

cysteine 10.1 mmol/L, and total choles-

terol 233.9 mg/dL. Based on previous

analysis,16 an allostatic load of four or

greater was used to define a high

allostatic load score.

Statistical Analysis
We performed bivariate analysis to

assess the association of PAD with

demographic and clinical charac-

teristics. To compare PAD groups with

regard to these characteristics, we used

the chi-square test for categorical vari-

ables and t-tests for continuous vari-

ables. We used a stepped approach to

multivariate modeling of PAD, adjust-

ing for other characteristics associated

with PAD in previous studies.24–26

First, we created a model that included

demographic variables associated with

PAD (race/ethnicity, age, and sex). Our
second model included these sociode-

mographic variables and allostatic

load. Our third model included socio-

demographic variables and a clinical

history of insulin-treated diabetes, hy-

pertension, smoking status, level of

physical activity, and obesity (BMI

.30 kg/m2).

RESULTS

Rates of PAD were highest among

African Americans (7.8%) compared to

Whites (3.4%) and Mexican Americans
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(5.1%) (P,.001) (Table 1). The elderly
had very high rates of PAD: 15.3%
among those age 70–79 and 21.9%
among those age $80 compared to
#6% in younger persons.

Individuals with PAD were more
likely to report a history of coronary
artery disease, stroke, diabetes, hyper-
tension, and dyslipidemia and were
significantly more likely to be current
or previous smokers (Table 2). Individ-
uals with PAD were much less likely to
report either moderate or vigorous
activity than those without PAD. Al-
though 95% of individuals with PAD
reported having a routine place for
health care, 49% had a measured blood
pressure .140/90 mm Hg, 61% had
a total cholesterol level $200 mg/dL,
and 73% had an LDL cholesterol level
$100 mg/dL. Individuals with PAD
had higher allostatic load scores than
those without PAD, with higher levels
of systolic blood pressures, lower GFR,
and higher levels of homocysteine and
C-reactive protein.

The risk factor profile among indi-
viduals with PAD differed by race and
ethnicity in several respects (Table 3).
African Americans were more likely to
be taking an antihypertensive medica-

tion, have lower triglyceride levels and
GFR, and have higher BMI, hemoglo-
bin A1C and C-reactive protein levels
than Whites. African Americans were
less likely to report vigorous physical
activity (16%) than Mexican Americans
(24%) or Whites (35%) (P,.001).
African Americans with PAD had
higher allostatic load scores than Whites
(P,.05).

In multivariate analysis that con-
trolled for age and sex (Table 4),
African American race was associated
with higher odds of PAD. A high
allostatic load, as defined by a score of
four or greater,16 was significantly
associated with PAD, controlling for
age, sex, and race/ethnicity. Significant
predictors of higher PAD odds included
age, hypertension, diabetes treated with
insulin, and current or previous smok-
ing history (model 3). Reports of
vigorous physical activity were associat-
ed with lower odds of PAD.

DISCUSSION

In this multiethnic nationally repre-
sentative sample, rates of PAD were
higher among African Americans than

Whites and Mexican Americans. Several
risk factors differed by race and ethnic-
ity among those with PAD; African
Americans were more likely to be
treated for hypertension, have higher
BMIs and were less likely to report
moderate physical activity over the past
30 days. African Americans were also
noted to have the highest allostatic load
scores, suggesting a greater dysregula-
tion of metabolic, inflammatory, and
cardiovascular systems. Previous authors
have postulated that allostatic load
represents a marker of the cumulative
wear and tear from repeated adaptation
to stress.15 Multiple mechanisms for the
higher rates of atherosclerosis among
African Americans have been studied,
including clustering of risk factors, less
access to care, poorer quality of care,
lower levels of physical activity, and
genetic and environmental factors.6,9,11

A previous study of national NHANES
data reported higher allostatic load
scores for African Americans,16 but this
is the first study to link higher allostatic
load scores to PAD.

The prevalence of PAD by race and
ethnicity reported in this national
sample is lower than several prior
studies5,7 but similar to a study using

Table 1. Prevalence of PAD by population characteristics among US adults aged $40 in NHANES 1999–2002, N=5083

Population Characteristic PAD, n=369 % (SE) No PAD, n=4714 % (SE)

Race/ethnicity * African American 7.8 (.8) 92.2 (.8) 33

White 3.4 (.7) 96.6 (.7)
Mexican American 5.1 (.4) 94.9 (.4)

Age 40–49 years 1.3 (.3) 98.7 (.3) 33

50–59 years 2.7 (.6) 97.3 (.6)
60–69 years 6.0 (.8) 94.0 (.8)
70–79 years 15.3 (1.1) 84.7 (1.1)
$80 years 21.9 (2.3) 78.1 (2.3)

Male 4.2 (.5) 95.8 (.5)
Female 5.2 (.5) 94.8 (.5)
Education Less than High School 8.4 (.8) 91.6 (.8) 33

High School 5.5 (.7) 94.5 (.7)
More than High School 3.0 (.3) 97.0 (.3)

Annual income3 $0–$14,999 9.7 (.8) 90.3 (.8) 33

$15,000–$24,999 6.9 (1.2) 93.1 (1.2)
$25,000–$54,999 4.6 (.6) 95.4 (.6)
$$55,000 2.1 (.3) 97.9 (.3)

PAD5peripheral arterial disease; NHANES5National Health and Nutrition Examination Survey; SE5standard error.

* Data available for n54941;
3 Data available for n54550
33 P,.05 for x2
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earlier NHANES data.4 Previous small

non-population-based studies have re-

ported higher rates of PAD and lower

extremity amputation in the African

American population. Among individ-

uals aged $50 years from four primary

care clinics in Texas, the prevalence of

PAD was higher among African Amer-

icans (22.8%) and Mexican Americans

(13.7%) than among Whites (13.2%).5

Of 1775 participants from the SHEP

(Systolic Hypertension in the Elderly

Program) clinical trial whose average

age was 71 years, the prevalence of

lower extremity PAD was 25% in White

men, 38% in Black men, 23% in White

women, and 41% in Black women.7

Other studies involving nursing home

patients and a multicenter study con-

ducted among US primary care prac-

tices demonstrated similar prevalence of

PAD among whites and Mexican Amer-

icans.27,28 In a retrospective study of the

arteriograms of 135 men admitted for

Table 2. Medical history, PAD risk factors, and allostatic load among 5083 US adults aged $40 in NHANES 1999–2002

Characteristic PAD n=369 No PAD n=4714

Medical history, % (SE) Coronary artery disease 13 (2.2) 4 (.3) *
Stroke 10 (1.8) 3 (.4) *
Diabetes 21 (2.5) 9 (.6) *
Hypertension 61 (2.9) 34 (1.2) 3

Dyslipidemia a 59 (.9) 41 (3.7) *
Smoking status, % (SE) Current 28 (2.0) 20 (.9) 3

Previous 42 (3.0) 32 (1.0)
Never 30 (3.2) 47 (1.3)

Medications, % (SE) Insulinb 46 (8.2) 20 (2.4) *
Oral hypoglycemicsb 56 (6.9) 71 (2.8)
Antihypertensivesc 88 (2.3) 84 (1.4) *
Anti-lipemicsd 64 (5.3) 50 (1.5) *

Healthcare access, % (SE) Routine place for care 95 (1.1) 90 (.8) *
1+ doctor visits/past year 90 (2.6) 87 (.8) *
Has health insurance 92 (2.2) 89 (.8)

Self-reported health status, % (SE) Excellent 9 (1.2) 21 (1.3) 3

Very good 19 (2.5) 31 (.8)
Good 35 (3.2) 30 (.9)
Fair 23 (2.2) 15 (.8)
Poor 13 (2.3) 3 (.4)

Pain in calf or calves with walking, % (SE) 32 (3.2) 11 (4.8) 3

Physical activity/past 30 days, % (SE)
Vigorous activity 15 (2.2) 30 (1.3) 3

No vigorous activity 75 (2.8) 66 (1.2)
Unable to do vigorous activity 10 (2.9) 4 (0.4)
Moderate physical activity, % (SE) 32 (2.7) 50 (1.3) 3

No moderate physical activity 60 (2.7) 48 (1.3)
Unable to do moderate physical activity 8 (2.4) 2 (.3)

Poor risk factor control Hypertension .140/90, % (SE) 49 (3.0) 23 (.8) 3

Cholesterol .200 mg/dL % (SE) 61 (2.8) 59 (1.3)
LDL cholesterol .100, % (SE)e 73 (4.9) 80 (1.4)

Allostatic load components - Examination and laboratory data
Systolic blood pressure, mean (SE) 142 (2) 128 (2) 3

Diastolic blood pressure, mean (SE) 67 (1) 74 (.3) 3

Total cholesterol, mean mg/dL (SE) 213 (3) 212 (4)
Triglycerides, mean mg/dL, (SE) 176 (12) 168 (6)
BMI, mean kg/m2, (SE) 27.8 (0.4) 28.3 (.2)
Glomerular filtration rate mL/min/1.73 m2 (SE) 72.4 (1.9) 85.5 (.6) 3

Hemoglobin A1C, mean (SE) 5.96 (.08) 5.58 (.02) 3

Homocysteine, mean umol/L, (SE) 11.1 (.4) 8.8 (.09) 3

C-Reactive Protein, mean mg/dL (SE) 0.71 (.06) .43 (.02) 3

Albumin, mean g/dL (SE) 4.2 (.02) 4.4 (.01) 3

Allostatic load score, mean (SE) 3.3 (.08) 2.2 (.05) 3

Allostatic load score $4, % (SE) 49 (2.6) 23 (1.0) 3

* P,.05;
3 P,.001
Column totals may vary due to rounding error; a data available for n54016; b among individuals with diabetes (n5640): c among individuals with hypertension (n52006);

d among individuals with high cholesterol (n51766); e among n51944 individuals with fasting blood work.
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evaluation of lower extremity ischemia,

African American patients were found

to have more severe disease in every

segment of the infrageniculate arteries.29

Despite high rates of health care

access, most individuals with PAD

had suboptimal risk factor control.

Unfortunately, the opportunity for in-

tervention may be missed due to under-

diagnosis of PAD.28 Patients with PAD

are at increased risk for death30–34 and

limb loss35 and underdiagnosis may lead

to inadequate process of care. Previous

studies have shown that atherosclerotic

risk factors are less intensively treated in

patients with PAD than in patients with

coronary artery disease (CAD).36 Pa-

tients with PAD received less intensive

treatment for lipid disorders and hyper-

tension and were prescribed antiplatelet

therapy less frequently than were pa-

tients with CAD.28 Despite the fact that

almost all of the respondents in our

study reported a routine place for

medical care, almost half of this sample

with PAD had a measured blood

pressure during the physical examina-

tion of $140/90, and two thirds had

total cholesterol values .200 mg/dL.

Although exercise is recommended as

a mainstay of treatment for PAD,37,38

only one third of those with PAD

reported moderate exercise.

There are several potential limita-

tions to this study. NHANES does not

include individuals who live in institu-

tions such as nursing homes, so the

prevalence of PAD may be underesti-

mated. Because NHANES is a cross-

sectional survey, no conclusions about

causal associations can be inferred. In

addition, medical history was obtained

by self-report and is limited by recall

and other biases. There may be vari-

ability in the performance of ABI across

studies. The methodology used by

NHANES to measure PAD does not

include ankle pressures from the anteri-

or tibial vessel. Because recommended

determination of ABI requires use of the

higher of the two systolic pressures from

the dorsalis pedis and posterior tibial

arteries,39,40 the prevalence of an ABI

,.9 may be overestimated by the

NHANES survey, although we do not

expect this overestimation to differ by

race/ethnicity, co-morbidity, or allo-

static load. In addition, the prevalence

measures are based on noninvasive

measures of disease. However, the ABI

has higher sensitivity and specificity

than previously used clinical indicators,

such as claudication or pulse deficits.28

Table 3. Risk factor profile by race and ethnicity among individuals with and without PAD, among 4941 US adults aged $40 in
NHANES 1999–2002

Characteristic

With PAD n=367 Without PAD n=4,574

African American
(n=93)

Mexican Ameri-
can (n=69)

White
(n=205)

African American
(n=823)

Mexican Ameri-
can (n=1276)

White
(n=2475)

Diabetes, % (SE) 22 (.9) 29 (5.4) 19 (3.1) 15 (1.6) 15 (1.3) 8 (.7)3
Hypertension, % (SE) 68 (5.7) 49 (9.5) 60 (3.7) 48 (2.1) 25 (2.3) 32 (1.3)3
High cholesterol, % (SE) 46 (5.9) 53 (6.5) 61 (4.6) 40 (1.9) 46 (2.6) 41 (1.1)
Smoker, % (SE) Current 31 (5.3) 17 (6.5) 28 (2.5)* 29 (2.4) 21 (1.8) 19 (1.2)3

Previous 29 (4.8) 37 (6.5) 44 (3.6) 22 (2.3) 29 (1.9) 35 (1.2)
Never 39 (4.6) 46 (11.4) 28 (3.8) 49 (3.8) 50 (2.3) 46 (1.5)

Taking medication, % (SE) For hypertension a 98 (1.6) 74 (6.9) 87 (3.1)* 87 (1.6) 73 (3.4) 84 (1.6)*
For high cholesterol 75 (9.0) 53 (10.6) 63 (5.9) 46 (2.4) 39 (.4) 52 (1.7)*

Healthcare access, % (SE) One place for routine
care

91 (3.3) 83 (3.3) 83 (1.2) 89 (1.4) 78 (2.6) 92 (.9)3

Health care insurance 86 (3.9) 91 (4.4) 95 (2.5) 81 (1.5) 67 (2.9) 92 (.9)3
Physical activity/past

30 days, % (SE)
Vigorous 16 (3.4) 24 (6.9) 35 (2.9)* 31 (2.2) 33 (2.1) 54 (1.5)3
Moderate 11 (3.5) 14 (2.3) 14 (2.3) 23 (1.8) 25 (2.3) 32 (1.6)*

Allostatic load components
and risk factor control
Mean (SE)

Systolic blood pressure 144 (2) 144 (3) 141 (2) 133 (1)3 127 (2) 127 (1)
Diastolic blood pressure 70 (2) 65 (2) 67 (1) 77 (1)* 74 (.5) 74 (.4)
Total cholesterol (mg/dL) 207 (4) 215 (4) 214 (7) 209 (2) 214 (4) 212 (1)
Triglycerides (mg/dL) 140 (12)* 177 (20) 182 (15) 112 (4)3 191 (14) 169 (7)
BMI (kg/m2) 30.4 (1.2)* 27.0 (1.0) 27.3 (.5) 29.5 (.2)3 28.7 (.3) 28.1 (.2)
Glomerular filtration

rate b
86.5 (4.2)* 84.7 (2.8) 3 69.6 (2.0) 95.8 (1.1) 3 98.3 (1.3) 3 83.4 (.6)

HbA1C % 6.6 (.2)* 6.2 (.3) 5.8 (.1) 5.9 (.05)3 5.9 (.06)3 5.5 (.03)
Homocysteine (umol/L) 12.1 (1.5) 9.7 (.4) * 11.0 (.4) 9.5 (.3)* 8.3 (.2)* 8.9 (.1)
C-reactive protein(mg/

dL)
.96 (.15)* .81 (.20) .65 (.07) .60 (.04)3 .45 (.02) 0.41 (.02)

Albumin (mg/dL) 4.1 (.02)* 4.2 (.02) 4.2 (.03) 4.2 (.02) 3 4.3 (.02) 4.4 (.01)
Allostatic load, mean (SE) 3.9 (.2)* 3.0 (.3) 3.3 (.1) 2.7 (.1)3 2.2 (.1) 2.3 (.1)

* P,.05
3 P,.001 for overall x2 or t-test for comparison to White individuals.

Column totals may vary due to rounding error. a among individuals with hypertension (n52006); b mL/min/1.73 m2
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Using angiography as the gold standard,
the sensitivity of the ankle brachial
index is 90%, and the specificity is
98% for stenosis of $50% or more in
a major leg artery.28

In conclusion, we found that African
Americans have higher rates of PAD
than Whites or Mexican Americans.
Risk factors differed by racial and ethnic
groups for treatment of hypertension,
BMI, and exercise and for allostatic
load, suggesting several potential mech-
anisms for the noted higher odds of
disease among African Americans. De-
spite having access to care, up to 75%
had suboptimal risk factor control,
suggesting that PAD is either under-
diagnosed and unrecognized or not
treated as aggressively as other vascular
diseases such as coronary heart disease.

Although the current US Preventive

Services Task Force recommendations

do not include screening for PAD in

asymptomatic individuals,41 screening

targeted at populations with multiple

risk factors including African Ameri-

cans, smokers, persons with diabetes

treated with insulin, and the elderly may

have the greatest yield for PAD de-

tection.
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