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Objectives

The purpose of this study is to determine if an ankle-brachial index (ABI) ⱖ1.40 is associated with reduced quality of life (QoL).

Background

Ankle-brachial index values ⱖ1.40 have been associated with some cardiovascular disease (CVD) risk factors
and increased mortality, but the relationship to other disease morbidity such as reduced QoL has not been previously evaluated.

Methods

The PARTNERS (PAD Awareness, Risk and Treatment: New Resources for Survival) program was a national
cross-sectional study of 7,155 patients age ⬎50 years recruited from 350 primary care sites. All sites performed
the ABI using a Doppler device and a standardized technique.

Results

A total of 296 subjects had an ABI ⱖ1.40 in at least 1 leg, and 4,420 had an ABI between 0.90 and 1.40. Diabetes, male gender, and waist circumference were positively associated with a high ABI, and smoking and dyslipidemia were inversely associated with a high ABI. After adjustment for age, gender, and the traditional CVD
risk factors, and accounting for multiple comparisons, the high ABI group had significantly higher odds for foot
ulcers (p ⬍ 0.005) and borderline associations with heart failure, stroke, and neuropathy. After the same adjustments and adjusting for patients with other CVD, the high ABI group scored 2.0 points lower on the physical
component scale on the Medical Outcomes Study Standard Form–36 and 5.5 points lower on the Walking Impairment Questionnaire walking distance domain (p ⬍ 0.05 for both).

Conclusion

Individuals with a high ABI have higher odds for foot ulcers and neuropathy, as well as lower scores on some
physical functioning QoL domains. (J Am Coll Cardiol 2008;51:1292–8) © 2008 by the American College of
Cardiology Foundation

The ankle-brachial index (ABI) provides information on the
presence of systemic atherosclerosis and associated cardiovascular risk. For example, individuals with an ABI ⬍0.90
have an elevated risk for incident cardiovascular disease
(CVD) morbidity (1,2) and mortality events (3–5). Recent
studies indicate, however, that dichotomizing the ABI using
the 0.90 cut point may lead to underdiagnosis, because
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cohorts with an ABI ⬎1.30 have been associated with
higher levels of many CVD risk factors (6) as well as
coronary artery calcium (7). This suggests that this upper
cut point may also be associated with higher CVD morbidity. Recent studies have also documented more leg pain (8)
and higher levels of CVD morbidity and mortality among
those with an ABI above 1.40 (9,10). Accordingly, using
data collected from a community-based clinic population
in the PARTNERS (PAD Awareness, Risk and Treatment: New Resources for Survival) program, the aim of
this study was to determine the risk factors, comorbid
CVD conditions, and quality of life (QoL) associated
with an ABI ⱖ1.40.
Methods
A detailed description of the methods used in the
PARTNERS program has been published previously (11).
In brief, PARTNERS was a cross-sectional survey of
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peripheral arterial disease (PAD) and other CVD prevalence
and treatment that was performed at 27 regional coordinating centers selected for their expertise in PAD care. These
regional centers identified 350 local primary care sites for
patient evaluation. The local study physician and coordinator identified patients who met the eligibility criteria for the
study. Sequential patients seen in these primary care practices underwent administration of standardized questionnaires, a review of their medical history, height, weight,
blood pressure, and waist circumference, and each subject
underwent an ABI measurement. The protocol was reviewed and approved by the institutional review boards at all
study sites, and all patients provided written informed
consent prior to participation.
Study population. Enrollment was based on predefined
criteria based on the known epidemiology of PAD (12–17).
Specifically, patients were enrolled if they were 70 years or
older or if they were age 50 to 69 years and had a history of
at least 10 pack-years of cigarette smoking or diabetes or
both. Data were collected between June and October 1999.
At the study visit, subjects were classified for the presence
of existing CVD or PAD, as well as new versus prior PAD
based on the results of their ABI and medical history.
Subjects were considered to have prior PAD if they had
undergone prior lower extremity arterial revascularization
regardless of their ABI value at the evaluation office visit, if
the chart review revealed earlier abnormal vascular laboratory studies, or if their ABI was ⬍1.00 at the evaluation
visit. Patients with no previous history of PAD were considered to have new PAD if their ABI was ⱕ0.90 during the
study office visit. A diagnosis of existing CVD required a
documented history of coronary artery disease, cerebrovascular disease, or abdominal aortic aneurysm repair. A
diagnosis of coronary artery disease was based on a history of
angina (stable or unstable), myocardial infarction, percutaneous transluminal coronary angioplasty, or coronary artery bypass graft surgery. Patients were considered to have
cerebrovascular disease if they had a history of transient
ischemic attack, stroke (ischemic or hemorrhagic), or carotid endarterectomy.
ABI technique. Prior to study initiation, all local sites
received instruction and training on the accurate use of the
Doppler technique and calculation of the ABI. A 5-mHz
Doppler device (Elite-100R, Nicolet Vascular Inc., Golden,
Colorado) was used at each site to measure the ABI. With
the subject in the supine position, systolic blood pressures
were measured in the brachial arteries and in both the
dorsalis pedis and posterior tibial arteries of the lower
extremities. The ABI was calculated separately for each leg
by dividing the higher of the 2 ankle systolic pressures by the
higher of the 2 brachial systolic pressures. The sensitivity
and specificity of an ABI ⬍0.90 are both ⬎90% for an
angiographically defined stenosis of 50% or more in a
major leg artery (18). The reproducibility of the ABI is
good (19,20).
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Clinical subgroups. The norAbbreviations
mal ABI group was defined as
and Acronyms
patients having an ABI ⬎0.90
ABI ⴝ ankle-brachial index
and ABI ⬍1.40 in both legs. The
BMI ⴝ body mass index
definition of the high ABI group
CHF ⴝ congestive heart
required that patients have an
failure
ABI ⱖ1.40 in both legs or an
CVD ⴝ cardiovascular
ABI ⬎1.40 in 1 leg and a normal
disease
ABI in the contralateral leg. InHDL ⴝ high-density
dividuals with an ABI ⬍0.90 in
lipoprotein
either leg or a history of lower
OR ⴝ odds ratio
extremity revascularization were
PAD ⴝ peripheral arterial
classified as having PAD and
disease
were excluded from this analysis.
QoL ⴝ quality of life
Atherosclerosis risk factors.
SF-36 ⴝ Medical Outcomes
Smoking was defined as 1 packStudy Standard Form-36
year or more of tobacco use based
WIQ ⴝ Walking Impairment
on patient interview or chart reQuestionnaire
view. Diabetes was determined
from the medical record, regardless of whether it was type 1 or type 2. The diagnosis of
diabetes included treatment for this condition defined as
current use of dietary interventions or use of diabetes
medications. Laboratory screening for prevalent diabetes
was not performed. Dyslipidemia was defined from the
medical record as past or present use of lipid-lowering
agents or: 1) a total cholesterol concentration ⱖ240 mg/dl;
2) low-density lipoprotein cholesterol concentration ⱖ160
mg/dl; 3) high-density lipoprotein (HDL) cholesterol concentration of ⱕ35 mg/dl; 4) triglyceride concentration
ⱖ200 mg/dl; or 5) a total cholesterol/HDL ratio of ⱖ5.0
(21). Lipid-lowering therapy was defined as the prescription
of agents used to treat lipid abnormalities (e.g., statins,
niacin, fibrates, and bile acid binding resin agents). A fasting
lipid profile was not obtained as part of this program.
Hypertension was defined as the self-reported use of calcium
channel blockers, angiotensin-converting enzyme inhibitors, beta-blockers, or diuretics for the indication of treatment of hypertension as well as either a systolic blood
pressure ⱖ140 mm Hg or a diastolic blood pressure ⱖ90
mm Hg.
Questionnaire data. Subjects were surveyed on their QoL
by completing the Medical Outcomes Study Standard
Form-36 (SF-36) and the Walking Impairment Questionnaire (WIQ). The SF-36 is composed of 2 summary measures
(physical health and mental health) (22–24). Each of these
is composed of 5 scales that attempt to capture relevant
QoL information by asking questions from 1 of 36 different
items. For instance, the role physical scale consists of 4
items that obtain information on problems with work as a
result of physical health. The individual SF-36 scales have
been shown to have good validity among patients with
intermittent claudication (25). The WIQ is a valid measure
of community walking ability in patients with and without
PAD (26). The WIQ yields 3 summary scores: walking
distance, walking speed, and stair climb.
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Statistical analyses. Demographic characteristics and risk
factors were summarized as means and standard deviations
for continuous variables and as frequencies and percentages
for categorical variables. Differences in demographics and
risk factors between the normal and high ABI groups were
tested with a 2-sided 2-sample t test for continuous variables and with a chi-square test (or Fisher exact test) for
categorical outcomes (Table 1). A multiple logistic regression with stepwise selection was used to determine the set of
demographic and risk factors that are independently associated with a high ABI. The prevalence of comorbid
conditions was compared between the normal and high ABI
groups using a chi-square (or Fisher exact test) and are
reported in Table 2. Logistic regression was employed to
adjust the prevalence of comorbid conditions for age,
gender, race, diabetes, smoking (current, former, never),
hypertension, dyslipidemia, and body mass index (BMI).
Multiple linear regression models were used to compare the
demographic and risk-adjusted means of the SF-36 and
WIQ outcomes between the normal and high ABI groups.
Adjustments were made for age, gender, race, diabetes,
smoking (current, former, never), hypertension, dyslipidemia, BMI, and history of other CVD. Least-squares means
by ABI group are reported in Table 3.
Because the inclusion criteria were different based on age
at enrollment (i.e., 50 to 69 years vs. ⱖ70 years), we
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included interactions between age and both smoking and
diabetes in the multivariable models. Inclusion of these
interaction terms (i.e., smoking ⫻ age and diabetes ⫻ age)
did not change the magnitude or significance of the associations between the high ABI and the outcomes for this
study. Statistical analyses were performed using SAS version
9.1 (SAS Institute Inc., Cary, North Carolina). A Bonferroni correction was used to adjust the critical region for
statistical significance due to the number of statistical tests
performed. Ten SF-36 items, 10 WIQ items, and 13
comorbidities were tested. Statistical significance is defined
as p ⬍ 0.005 (5% type I error rate divided by 10 comparisons per QoL instrument).

Results
Subjects. Figure 1 shows a diagram of the number of
subjects available for analysis after the following exclusions:
1) those with PAD defined as an ABI ⬍0.90; 2) those with
missing ABIs; and 3) those with missing demographic or
risk factor covariates. There were 4,716 subjects in the
analysis population. Also, not all subjects completed the
QoL questionnaires. Therefore, only 3,215 subjects were
included in the SF-36 analyses and 3,114 in the WIQ
analyses.

Demographic and Risk Factors by ABI Group
Table 1

Demographic and Risk Factors by ABI Group
ABI Group
Risk Factor

Age, yrs (mean, SD)
Male, n (%)

Normal (n ⴝ 4,420)

High (n ⴝ 296)

70.1 (9.7)

71.1 (9.9)

2,024 (45.8)

200 (67.6)

3,672 (83.1)

251 (84.8)

Black

403 (9.1)

16 (5.4)

Hispanic

184 (4.2)

15 (5.1)

Race/ethnicity, n (%)
Non-Hispanic white

p Value
0.09
⬍0.001
0.24

Native American

33 (0.7)

4 (1.3)

Asian/Pacific Islander

80 (1.8)

7 (2.4)

Other

48 (1.1)

3 (1.0)

Current

658 (14.9)

19 (6.4)

Former

1,831 (41.4)

Never

1,931 (43.7)

150 (50.7)

Diabetes mellitus, n (%)

1,538 (34.8)

131 (44.3)

0.001

Dyslipidemia, n (%)

2,842 (64.3)

172 (58.1)

0.03

Hypertension, n (%)

3,562 (80.6)

241 (81.4)

0.73

Other CVD, n (%)

1,544 (34.9)

124 (41.9)

0.02

⬍0.001

Smoking status, n (%)

127 (42.9)

BMI (kg/mm2), mean (SD)

28.9 (6.2)

29.6 (7.0)

0.08

Waist circumference, mean (SD)

38.1 (6.0)

39.6 (5.9)

⬍0.001

SBP (mm Hg), mean (SD)

137.7 (19.5)

133.5 (18.3)

⬍0.001*

DBP (mm Hg), mean (SD)

77.8 (10.4)

76.0 (10.5)

⬍0.001

Left dorsalis pedis blood SBP (mm Hg), mean (SD)

150.0 (28.9)

173.8 (46.7)

⬍0.001*

Right dorsalis pedis blood SBP (mm Hg), mean (SD)

150.4 (29.2)

175.9 (45.6)

⬍0.001*

Left posterior tibial blood SBP (mm Hg), mean (SD)

155.6 (27.3)

185.2 (41.2)

⬍0.001*

Right posterior tibial SBP (mm Hg), mean (SD)

156.3 (27.5)

191.8 (43.1)

⬍0.001*

*The p values are biased as these measures are used in the ABI group definition.
ABI ⫽ ankle brachial index; BMI ⫽ body mass index; CVD ⫽ cardiovascular disease; DBP ⫽ diastolic blood pressure; SBP ⫽ systolic blood pressure.
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Comorbidities by ABI Group
Table 2

Comorbidities by ABI Group
ABI Group
Normal (n ⴝ 4,420)

Characteristic Comorbidities

High (n ⴝ 296)

p Value

Angina

760 (17.5)

58 (20.0)

0.28

Myocardial infarction

596 (13.7)

45 (15.5)

0.40

CHF

344 (7.9)

38 (13.1)

0.002

Angioplasty

363 (8.4)

34 (11.7)

0.05

Coronary artery bypass

449 (10.3)

43 (14.7)

0.02

Transient ischemic attack

221 (5.1)

21 (7.2)

0.11

Stroke

236 (5.4)

26 (8.9)

0.01

Carotid endarterectomy

84 (1.9)

6 (2.1)

0.86

Aneurysm

39 (0.9)

2 (0.7)

⬎0.99

Foot ulcer

64 (1.5)

13 (4.5)

⬍0.001

Neuropathy

565 (13.2)

58 (20.2)

⬍0.001

Venous thrombosis

177 (4.1)

17 (5.9)

0.14

1,671 (38.6)

92 (32.1)

0.03

Joint disease/rheumatoid arthritis

Values are expressed as n (%).
CHF ⫽ congestive heart failure; other abbreviations as in Table 1.

Among the 4,716 subjects with an ABI ⬎0.90, the mean
ABI was 1.09 ⫾ 0.13. Of these subjects, 296 had an ABI
ⱖ1.40 in either leg, and 4,420 had an ABI between 0.90
and 1.40. The mean (SD) age was 70.2 (9.7) and 52.8%
were female. The majority were non-Hispanic white; of the
rest, 8.9% were African American, 4.2% Hispanic, 1.8%
Asian or Pacific Islander, and 0.8% Native American. Over
Demographic
HRQoL
Adjusted
andfor
Risk Factors by ABI Group
HRQoL Adjusted for
Table 3
Demographic and Risk Factors by ABI Group

80% were hypertensive, 64% had high cholesterol, 56% were
either current or former cigarette smokers, and 35% were
diagnosed with diabetes mellitus.
Risk factors for an ABI >1.40. A comparison of the
demographic and CVD risk factors by ABI group is
provided in Table 1. Compared with those with a normal
ABI, subjects with a high ABI had significantly lower levels
of brachial artery systolic and diastolic blood pressure, a
lower prevalence of dyslipidemia, and smoked less. Conversely, the high ABI group had significantly higher mea-

ABI Group

Characteristic

Normal
(n ⴝ 4,420)

High
(n ⴝ 296)

p Value

SF-36 scores
Body pain

60.0

58.5

0.42

General health

59.1

56.0

0.04

Mental health

71.8

70.8

0.40

Physical functioning

59.0

55.4

0.05

Role, emotional

65.4

63.9

0.59

Role, physical

52.5

45.3

0.01

Social functioning

75.7

74.4

0.44

Vitality

54.1

51.4

0.08

Mental composite score

49.9

49.9

⬎0.99

Physical composite score

39.9

37.8

0.01

WIQ scores
Calf pain

68.2

66.9

0.55

Chest pain

85.7

87.9

0.15

Dyspnea

74.0

76.0

0.32

Heart palpitations

84.2

85.7

0.36

Joint pain

59.6

57.1

0.27

Other problems

81.3

78.6

0.19

Stair climbing

58.2

55.4

0.19

Walking distance

65.6

60.1

0.04

Walking speed

52.6

48.3

0.03

Weakness

68.3

65.5

0.20

Means are adjusted for age, gender, race, smoking, diabetes, hypertension, dyslipidemia, BMI, and
history of other CVD.
HRQoL ⫽ health-related quality of life; SF-36 ⫽ Medical Outcomes Study Standard Form–36;
WIQ ⫽ Walking Impairment Questionnaire; other abbreviations as in Table 1.

Figure 1

Flow Diagram of Subjects Available for Analysis

ABI ⫽ ankle-brachial index; PAD ⫽ peripheral arterial disease.
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sured levels of each ankle systolic pressure, as well as a
higher prevalence of diabetes mellitus and other CVD. The
high ABI group had significantly more males and a larger
waist circumference.
A multiple stepwise logistic regression model identified a
positive association of male gender (odds ratio [OR] 2.45,
95% confidence interval [CI] 1.90 to 3.26), diabetes (OR
1.30, 95% CI 1.01 to 1.68), and waist circumference (OR
1.27, 95% CI 1.02 to 1.59 per 10-inch increase) with a high
ABI and a negative association with dyslipidemia (OR 0.72,
95% CI 0.57 to 0.93), current smoking (OR 0.33, 95% CI
0.20 to 0.55), and former smoking (OR 0.69, 95% CI 0.57
to 0.93).
Cardiovascular and other comorbid diseases. Table 2
provides the prevalences by ABI group and unadjusted
p values for the CVD comorbidities. After adjustment for
age, gender, race, smoking, diabetes, hypertension, dyslipidemia, and BMI, those with a high ABI had a significantly
higher prevalence of foot ulcers (OR 2.67, 95% CI 1.42 to
5.02, p ⬍ 0.005). The adjusted odds ratios with 95%
confidence limits for ABI group in predicting the comorbidity are displayed in Figure 2. As shown, marginally
significant associations (p ⬍ 0.05) of high ABI were found
for congestive heart failure (CHF) (OR 1.58, 95% CI 1.09
to 2.30), stroke (OR 1.66, 95% CI 1.07 to 2.56), and
neuropathy (OR 1.51, 95% CI 1.09 to 2.08).
Quality of life. Demographic and risk factor–adjusted
means for the SF-36 and WIQ are presented in Table 3.
Adjustment for age, gender, race, BMI, diabetes, dyslipide-

Figure 2

JACC Vol. 51, No. 13, 2008
April 1, 2008:1292–8

mia, hypertension, cigarette smoking, and history of other
CVD revealed marginally significant reductions (p ⬍
0.05) in QoL in the high ABI group for the general
health (3.1 points), physical functioning (3.5 points), role
physical (7.2 points), and physical component summary
scales (2.0 points). Similarly, after adjusting for demographic and risk factors, the mean score for WIQ walking
distance was marginally lower in the high ABI group by
5.5 points (p ⫽ 0.04) and was marginally lower for the
walking speed score by 4.3 points (p ⫽ 0.03) compared
with the normal ABI group.
Discussion
In this large national study of a primary care– derived
population and among those with an ABI ⱖ1.40, 6.3% had
an ABI ⱖ1.40 in at least 1 leg. Persons with a high ABI
were more likely to be male and have diabetes and less likely
to report current or former smoking and dyslipidemia. This
is not the typical atherosclerosis risk profile as previously
described for patients with coronary artery disease or PAD.
Specifically, diabetes remained associated with a high ABI,
as has been previously reported, but the reduced prevalence
of smoking in this cohort has been observed in at least 1
other large prospective study (27) and remains difficult to
explain.
An ABI ⱖ1.40 was associated with foot ulcers, and there
were marginal associations for CHF, stroke, and neuropathy. Although these findings were adjusted for diabetes,

Odds Ratios for CVD Comorbidities in Those With an ABI >1.40 Compared With an ABI Between 0.90 and 1.40

Compared with those with a normal ABI, individuals with a high ABI have significantly higher odds for congestive heart failure, stroke, foot ulcers, and neuropathy.
Odds ratios are adjusted for age, gender, race, smoking, diabetes, hypertension, dyslipidemia, and body mass index. ABI ⫽ ankle-brachial index; CVD ⫽ cardiovascular disease.
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some residual confounding is a possibility. None of the
SF-36 or WIQ adjusted means were statistically different
between the normal and high ABI groups (when using a
p ⬍ 0.005 to account for multiple tests). However, after
accounting for multiple comparisons, several marginal QoL
differences were found in measures of physical, but not
mental, health as has been previously noted in patients with
PAD (28).
The physiological mechanism resulting in an ABI above
the normal range is usually assumed to be mechanical
rigidity of the arteries in the lower extremities (29).
Whether this is true for only modest ABI elevations is
uncertain. For example, compared with those with an ABI
in the normal range, individuals with a high ABI had much
higher levels of systolic blood pressure in the ankles and
modestly lower brachial artery systolic blood pressures
compared with those with a normal ABI. Because the ABI
is a ratio of systolic blood pressures, a high ABI could result
from low brachial or high ankle pressures or both. Although
the results here support the “both” hypothesis, compared
with the normal ABI groups, the absolute differences for the
ankle pressures were much greater than for the brachial
pressures. If generalized reduced arterial compliance were
the major mechanism leading to a modest ABI elevation,
one would anticipate higher brachial pressures and a higher
rate of hypertension in the high ABI cohort. This was not
demonstrated in our study, and results from the ARIC
(Atherosclerosis Risk in Communities) study (27) cohort
showed a lower prevalence of hypertension in those with a
high ABI. These results indicate that the factors that lead to
a modestly high ABI are likely due to a complex vascular
pathophysiology.
In the current study, diabetes was a significant risk factor
for a high ABI. In many studies, diabetes has also been
shown to be a risk factor for an ABI ⬍0.90 (13,30 –32).
Notably, the effects of diabetes are complex, as this condition is associated with both atherosclerosis (i.e., the accumulation of atherosclerotic plaques resulting in flow limiting
stenosis) (33–36) and medial calcification of the peripheral
arteries (37–39). Unfortunately, there is a paucity of research on diabetes and upper extremity atherosclerosis (i.e.,
subclavian stenosis). In a study by Shadman et al. (40),
diabetes was associated with a 10% higher risk for subclavian stenosis, but this difference was not statistically significant. It is unlikely that upper extremity subclavian atherosclerosis contributes to the high ABI values, as both brachial
pressures were low and bilateral high-grade upper extremity
atherosclerotic occlusive has not been observed in these
relatively healthy populations.
From a community-based study of non-Hispanic whites
and African Americans, the Cardiovascular Health Study
(10) has previously reported a nearly 60% higher risk for
all-cause mortality among those with an ABI ⬎1.40.
Similarly, the Strong Heart Study (9) reported relative risks
of 1.77 and 2.09 for all-cause and CVD mortality, respectively, for those with an ABI above this same level. This
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result has been confirmed in a recent meta-analysis (41) of
16 studies internationally, although 1 exception (27) has
been reported. Although the PARTNERS participants
were not followed for incident CVD events, these data
demonstrate that an ABI ⱖ1.40 was associated with significantly higher odds for foot ulcers and possibly several other
CVD morbidities.
There is a gap in the literature on the relationship
between a high ABI and measures that describe the health
impact of vascular disease beyond vital status. One such
domain is QoL. Accordingly, a primary focus of this study
was to determine the relationship of high versus normal
ABI values to several QoL domains. A suggestive association was found between an ABI ⱖ1.40 and walking distance, although this was nonsignificant after correction for
multiple comparisons. It is well-known that there is a
significant (albeit weak) correlation between low ABI values
and functional limitations associated with walking (e.g.,
intermittent claudication) (42,43). These data provide preliminary evidence that a high ABI is also associated with
walking impairment, although the mechanism underlying
this observation remains obscure. Of note, the measurement
of the ABI was conducted at 27 regional centers and 350
clinical sites across the U.S. and with minimal training.
Therefore, there is a possibility of misclassification and the
results presented likely represent conservative estimates of
the associations.
Conclusions
The implications of this study are 3-fold. First, clinicians
should consider the potential clinical significance of the
entire range of ABI values when evaluating a patient for
lower extremity arterial disease (e.g., high ABI values are
not “normal”). Second, diabetic patients are at higher risk
for either a high or low ABI (44). Third, a high ABI is now
shown to be associated with decrements in some QoL
measures, as well as CVD morbidity. Accordingly, future
investigation may be warranted to evaluate the mechanism
that underlies the derivation of the high ABI value and
perhaps the effect of aggressive risk factor management of
these patients in an effort to improve QoL while decreasing
the risk for untoward CVD events.
Reprint requests and correspondence: Dr. Matthew A. Allison,
3855 Health Sciences Drive, MC 0817, La Jolla, California
92093-0817. E-mail: mallison@ucsd.edu.

REFERENCES

1. Criqui MH, Langer RD, Fronek A, Feigelson HS. Coronary disease
and stroke in patients with large-vessel peripheral arterial disease.
Drugs 1991;42:16 –21.
2. Zheng ZJ, Sharrett AR, Chambless LE, 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. Atherosclerosis 1997;131:115–25.

1298

Allison et al.
High Ankle-Brachial Index in the PARTNERS Program

3. Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of
10 years in patients with peripheral arterial disease. N Engl J Med
1992;326:381– 6.
4. Lee AJ, Price JF, Russell MJ, Smith FB, van Wijk MCW, Fowkes
FGR. Improved prediction of fatal myocardial infarction using the
ankle brachial index in addition to conventional risk factors: the
Edinburgh Artery Study. Circulation 2004;110:3075– 80.
5. Papamichael CM, Lekakis JP, Stamatelopoulos KS, et al. Anklebrachial index as a predictor of the extent of coronary atherosclerosis
and cardiovascular events in patients with coronary artery disease. Am J
Cardiol 2000;86:615– 8.
6. McDermott MM, Liu K, Criqui MH, et al. Ankle-brachial index and
subclinical cardiac and carotid disease: the multi-ethnic study of
atherosclerosis. Am J Epidemiol 2005;162:33– 41.
7. Allison MA, Laughlin GA, Barrett-Connor E, Langer R. Association
between the ankle-brachial index and future coronary calcium (the
Rancho Bernardo Study). Am J Cardiol 2006;97:181– 6.
8. 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.
9. Resnick HE, Lindsay RS, McDermott MM, 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.
10. O’Hare AM, Katz R, Shlipak MG, Cushman M, Newman AB.
Mortality and cardiovascular risk across the ankle-arm index spectrum:
Results from the Cardiovascular Health Study. Circulation 2006;113:
388 –93.
11. Hirsch AT, Criqui MH, Treat-Jacobson D, et al. Peripheral arterial
disease detection, awareness, and treatment in primary care. JAMA
2001;286:1317–24.
12. Criqui MH, Fronek A, Barrett-Connor E, Klauber MR, Gabriel S,
Goodman D. The prevalence of peripheral arterial disease in a defined
population. Circulation 1985;71:510 –5.
13. Criqui MH, Denenberg JO, Langer RD, Fronek A. The epidemiology
of peripheral arterial disease: importance of identifying the population
at risk. Vasc Med 1997;2:221– 6.
14. Meijer WT, Hoes AW, Rutgers D, Bots ML, Hofman A, Grobbee
DE. Peripheral arterial disease in the elderly: the Rotterdam Study.
Arterioscler Thromb Vasc Biol 1998;18:185–92.
15. Fowkes FGR, 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.
16. Fowkes FGR. Epidemiology of peripheral vascular disease. Atherosclerosis 1997;131 S29 –31.
17. Papademetriou V, Narayan P, Rubins H, Collins D, Robins S.
Influence of risk factors on peripheral and cerebrovascular disease in
men with coronary artery disease, low high-density lipoprotein cholesterol levels, and desirable low-density lipoprotein cholesterol levels.
HIT Investigators. Department of Veterans Affairs HDL Intervention
Trial. Am Heart J 1998;136:734 – 40.
18. 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.
19. Osmundson PJ, O’Fallon WM, Clements IP, Kazmier FJ, Zimmerman BR, Palumbo PJ. Reproducibility of noninvasive tests of peripheral occlusive arterial disease. J Vasc Surg 1985;2:678 – 83.
20. Johnston KW, Hosang MY, Andrews DF. Reproducibility of noninvasive vascular laboratory measurements of the peripheral circulation. J
Vasc Surg 1987;6:147–51.
21. Ansell BJ, Watson KE, Fogelman AM. An evidence-based assessment
of the NCEP Adult Treatment Panel II guidelines. National Cholesterol Education Program. JAMA 1999;282:2051–7.
22. McHorney CA, Ware JE Jr., Lu JF, Sherbourne CD. The MOS
36-item short-form health survey (SF-36): III. Tests of data quality,
scaling assumptions, and reliability across diverse patient groups. Med
Care 1994;32:40 – 66.
23. McHorney CA, Ware JE Jr., Raczek AE. The MOS 36-item
short-form health survey (SF-36): II. Psychometric and clinical tests of
validity in measuring physical and mental health constructs. Med Care
1993;31:247– 63.

JACC Vol. 51, No. 13, 2008
April 1, 2008:1292–8
24. Ware JE Jr., Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection. Med
Care 1992;30:473– 83.
25. Mehta T, Venkata Subramaniam A, Chetter I, McCollum P. Assessing the validity and responsiveness of disease-specific quality of life
instruments in intermittent claudication. Eur J Vasc Endovasc Surg
2006;31:46 –52.
26. McDermott MM, Liu K, Guralnik JM, Martin GJ, Criqui MH,
Greenland P. Measurement of walking endurance and walking velocity
with questionnaire: validation of the walking impairment questionnaire in men and women with peripheral arterial disease. J Vasc Surg
1998;28:1072– 81.
27. Wattanakit K, Folsom AR, Duprez DA, Weatherley BD, Hirsch AT.
Clinical significance of a high ankle-brachial index: insights from the
Atherosclerosis Risk in Communities (ARIC) Study. Atherosclerosis
2007;190:459 – 64.
28. McDermott MM, Greenland P, Liu K, et al. Leg symptoms in
peripheral arterial disease: associated clinical characteristics and functional impairment. JAMA 2001;286:1599 – 606.
29. Brooks B, Dean R, Patel S, Wu B, Molyneaux L, Yue DK. TBI or not
TBI: that is the question. Is it better to measure toe pressure than ankle
pressure in diabetic patients? Diabet Med 2001;18:528 –32.
30. Beks PJ, Mackaay AJ, de Neeling JN, de Vries H, Bouter LM, Heine
RJ. Peripheral arterial disease in relation to glycaemic level in an elderly
Caucasian population: the Hoorn study. Diabetologia 1995;38:86 –96.
31. Criqui MH, Vargas V, Denenberg JO, et al. Ethnicity and peripheral
arterial disease: the San Diego population study. Circulation 2005;112:
2703–7.
32. Kennedy M, Solomon C, Manolio TA, et al. Risk factors for declining
ankle-brachial index in men and women 65 years or older: the
Cardiovascular Health Study. Arch Intern Med 2005;165:1896 –902.
33. Baltali M, Korkmaz ME, Kiziltan HT, Muderris IH, Ozin B, Anarat R.
Association between postprandial hyperinsulinemia and coronary artery
disease among non-diabetic women: a case control study. Int J Cardiol
2003;88:215–21.
34. Horimoto M, Hasegawa A, Ozaki T, Takenaka T, Igarashi K, Inoue
H. Independent predictors of the severity of angiographic coronary
atherosclerosis: The lack of association between impaired glucose
tolerance and stenosis severity. Atherosclerosis 2005;182:113–9.
35. Hirashima Y, Kuwayama N, Kubo M, Origasa H, Endo S. Chlamydia
pneumoniae infection is not involved in carotid artery stenosis.
Atherosclerosis 2002;163:165– 8.
36. Nicholls SJ, Tuzcu EM, Crowe T, et al. Relationship between
cardiovascular risk factors and atherosclerotic disease burden measured
by intravascular ultrasound. J Am Coll Cardiol 2006;47:1967–75.
37. Nestel P. Relationship between arterial stiffness and glucose metabolism in women with metabolic syndrome. Clin Exp Pharmacol Physiol
2006;33:883– 6.
38. Bhuiyan AR, Srinivasan SR, Chen W, Paul TK, Berenson GS.
Correlates of vascular structure and function measures in asymptomatic young adults: the Bogalusa Heart Study. Atherosclerosis 2006;
189:1–7.
39. Willens HJ, Davis W, Herrington DM, et al. Relationship of
peripheral arterial compliance and standard cardiovascular risk factors.
Eur J Vasc Endovasc Surg 2003;37:197–206.
40. Shadman R, Criqui MH, Bundens WP, et al. Subclavian artery
stenosis: prevalence, risk factors, and association with cardiovascular
diseases. J Am Coll Cardiol 2004;44:618 –23.
41. Fowkes F, Criqui M, Murray G. Ankle brachial index improves
prediction of mortality determined by Framingham Risk Score in
48,115 healthy subjects in sixteen studies worldwide (abstr). Circulation 2006;114 Suppl II:II907.
42. McDermott MM, Greenland P, Liu K, et al. The ankle brachial index
is associated with leg function and physical activity: the Walking and
Leg Circulation Study. Ann Intern Med 2002;136:873– 83.
43. McDermott MM, Ferrucci L, Simonsick EM, et al. The ankle
brachial index and change in lower extremity functioning over time:
the Women’s Health and Aging Study. J Am Geriatr Soc 2002;50:
238 – 46.
44. Allison MA, Criqui MH, McClelland RL, 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 (MESA).
J Am Coll Cardiol 2006;48:1190 –7.

