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Peripheral Arterial Disease
Morbidity and Mortality Implications

Beatrice A. Golomb, MD, PhD; Tram T. Dang, BS; Michael H. Criqui, MD, MPH

Peripheral arterial disease (PAD) has been estimated to
reduce quality of life in approximately 2 million symp-

tomatic Americans,1 and millions more Americans without
claudication are likely to suffer PAD-associated impairment.2

PAD is a strongly age-dependent condition that contributes
significantly to morbidity and healthcare expenditures in the
elderly: There are 413 000 discharges per year with chronic
PAD, 88 000 hospitalizations involving lower-extremity ar-
teriography, and 28 000 discharges citing embolectomy or
thrombectomy of lower-limb arteries.3 Figures for prevalence
of asymptomatic PAD are several-fold higher. These figures
were based on National Hospital Discharge Survey and
National Vital Statistics System 1985 to 1987 US data;
numbers of procedures had increased in the prior decade3 and
are likely to have increased in the intervening years as the
population continues to age. Even though few deaths were
directly attributed to PAD, PAD has potent mortality impli-
cations. Although symptomatic disease directly affects func-
tional capacity and quality of life by restricting ambulation,
asymptomatic disease is also important, not only because it
may augur risk of future compromised ambulation, lower-
extremity ulcers, or need for vascular surgery or amputation,
but perhaps most importantly because asymptomatic and
symptomatic PAD are consistent and powerful independent
predictors of coronary artery disease (CAD) and cerebrovas-
cular disease (CBVD) events and mortality. The evidence
relating PAD to prevalent and incident cardiac and cerebro-
vascular disease (CCVD) forms the focus of the present
report.

Methods
A PubMed search (updated June 2005) covering years 1966 to 2005
yielded all abstracts with title words “peripheral artery disease,”
“peripheral arterial disease,” or “peripheral vascular disease.” These
were reviewed for content pertaining to co-occurrence with or
prediction by PAD of atherosclerotic disease and total mortality.
Additional citations were identified from bibliographies of culled
articles and consultation with experts. Identified citations with
original epidemiological data pertaining to the relation of lower-
extremity PAD to cardiovascular and overall morbidity and mortality
were reviewed. Data were stratified into cross-sectional or retrospec-
tive studies versus prospective studies, to distinguish the cross-
sectional association of PAD with prevalent CCVD from the
prognostic significance of PAD for incident CCVD and mortality.

All studies with defined populations, PAD assessment, and outcome
assessment for CCVD morbidity and mortality (or total mortality)
were considered. Population characteristics, criteria for PAD and for
CCVD outcomes, coprevalence of CCVD with PAD (cross-sectional
data), and risk ratios and confidence intervals relating PAD to
incident CCVD and mortality outcomes (prospective data) were
extracted. Covariates adjusted in the studies’ multivariable models
examining PAD as a risk marker for incident cardiovascular and
mortality outcomes were annotated. Findings relating PAD to ath-
erosclerosis-relevant outcomes were tabulated by vascular bed.

Results
Cross-Sectional Data: Coprevalence

CAD in PAD
The prevalence of CAD in PAD patients ranged from 14% to
90%, which clearly reflects differences in sensitivity of the
detection technique for CAD.4,5 CAD was present in 19% to
47% of PAD patients in studies using clinical history plus
ECG; in 62% to 63% using stress tests (modified stress ECG
or dipyridamole-stress thallium); and in 90% of subjects
when angiography was used. Data are shown in Figure 1.6–26

CBVD in PAD
PAD may be a particularly potent predictor of comorbid
CBVD, with evidence of significant concurrent CBVD de-
fined by carotid stenosis on Doppler imaging or by cerebro-
vascular events (Figure 2).7,8,10,11,16,19,20,26–30 As in Figure 1
for CAD in PAD, the prevalence of CBVD in PAD is a direct
function of the sensitivity of CBVD assessment. Thus,
comorbid carotid stenosis �30% was cited in �51% to 72%
of subjects and stenosis �70% in 25%, and a history of
clinical disease generally was seen in fewer subjects (al-
though 1 study cited clinical disease in 35%). Notably, in a
study of Chinese subjects with PAD, CAD, abdominal aortic
aneurysm, CBVD symptoms, or asymptomatic carotid bruits
in whom routine screening carotid duplex scans were per-
formed, PAD subjects had the highest prevalence of signifi-
cant (�70%) carotid stenosis, at 25%.30 This compared with
lower rates of significant carotid stenosis in patients with
CAD (11%), carotid bruits (10%), and abdominal aortic
aneurysm (9%), each of whom, in turn, had rates of signifi-
cant stenosis greater than those of normal controls (0%;
P�0.001).30 This suggests that PAD may be a stronger
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predictor of concurrent CBVD risk than is CAD. In an
evaluation of subjects aged 60 to 80 years from the Edinburgh
Artery Study, carotid artery intimal-medial thickness by
ultrasound, sometimes used as a gauge of subclinical CBVD,
was significantly associated with PAD assessed by ankle-
brachial index (ABI) �0.9 (P�0.05).31

CCVD in PAD
Perhaps more direct evidence of CCVD prevalence in PAD
derives from comparisons of rates of CCVD in those with
versus without PAD drawn from the same population. In a
San Diego, Calif, population study of subjects aged 38 to 82
years, clinical CCVD was present in 29% of men with PAD

Figure 1. CAD prevalence in patients presenting with PAD. In 1 citation excluded from the Figure, upper- as well as lower-extremity
PAD patients were included: 15% showed CAD defined by �50% stenosis on angiography.25 In another, cross-sectional ORs were
provided for prior MI (clinical history) in patients with PAD, defined by ABI �0.90 (OR: men 1.79, 95% CI 0.72 to 3.96; women 3.18,
95% CI 1.47 to 6.64), but information needed to calculate the percent with CAD was not provided.26

Figure 2. CBVD prevalence in patients presenting with PAD. An additional citation provides cross-sectional ORs for stroke (clinical his-
tory) in patients with PAD defined by ABI �0.90 (OR: men 1.02, 95% CI 0.28 to 3.94; women 2.94, 95% CI 1.09 to 7.42) but does not
give information needed to calculate percent with CBVD.26
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(defined by noninvasive tests) versus 12% of men without
PAD and 21% of women with and 9% of women without
PAD.5 Thus, CCVD was 2 to 3 times more common in
persons with than without PAD. Similarly, in a cross-
sectional evaluation of a stratified sample of patients from 18
general practice clinics, in whom prevalence of PAD was 7%
(95% confidence interval [CI] 5.2% to 7.9%), asymptomatic
PAD (ABI �0.95) conferred a 3- to 4-fold excess risk of
CAD and CBVD.32

PAD in CCVD
Just as CCVD may be more common in those with PAD, so
PAD may be more common in those with CCVD. In a San
Diego cohort, PAD was present in 32% of men with clinical
CCVD compared with 13% of men without and in 25% of
women with CCVD versus 11% of women without.5 Thus,
PAD was 2 to 3 times more common among those with than
without CCVD. Hospital prevalence rates for Saudi Arabian
patients aged 50 to 80 years (mean 59 years) for ABI �0.9
were 21% in those with CAD compared with 4% in controls
without CAD, renal disease, or diabetes mellitus, which
suggests a 5-fold increase in prevalence.33

Prospective Data: PAD Prediction of Future
CCVD Morbidity and Mortality and
All-Cause Mortality
Because PAD shares many identified risk factors in common
with CAD and CBVD, it is axiomatic that concomitant
disease should be observed. Specifically, because traditional
risk factors for CCVD are commonly present, those with
PAD may be at heightened risk not only for coprevalent but
also for future CAD and CBVD morbidity and mortality.

PAD Predicts CAD
Presence of PAD, by any of various criteria, is associated
with increased risk of CAD and sequelae that may arise from
CAD, including new angina, coronary artery bypass graft,
nonfatal or total myocardial infarction (MI), congestive heart
failure, and fatal MI and CAD death (Table 1).34–47 Compar-
ison of findings according to PAD criteria suggests that
symptomatic PAD (ie, intermittent claudication) is more
strongly associated with subsequent symptomatic angina (risk
ratio 2.3) than is asymptomatic PAD; indeed, major asymp-
tomatic PAD was associated with no trend toward an increase
in new angina, although minor asymptomatic disease showed
a trend (41% increase).35

PAD is associated with increases in risk for nonfatal MI
across PAD categories (symptomatic, major asymptomatic,
and minor asymptomatic), with risk ratios ranging from 1.2 to
1.4. (PAD in patients without prior CCVD is also associated
with a significant 60% increase in progression to congestive
heart failure after multivariate adjustment.34) PAD by nonin-
vasive criteria is more persuasively and significantly associ-
ated with fatal MI and CAD death, after univariate and
multivariate adjustment; risk ratios range from a low of 1.9 in
an Edinburgh, Scotland, medical population sample43 to 3.2,38

5.0,45 and 6.646 in other samples. A population-based study
with 10-year follow-up and slightly more severe disease (ABI
cutoff �0.8) showed the highest of these risks. Indeed,
although this study entailed full multivariable adjustment,

data from the study suggest that limited adjustment (eg, for
age and sex) yields risk ratios similar to those obtained with
full adjustment.

PAD Predicts CBVD
Table 2 shows increased relative risks for CBVD outcomes in
those with versus without PAD.35,37,39,40,43,48,49 ABI �0.9 was
clearly and significantly associated with increased nonfatal
(but not fatal) stroke in 1 study43; in another analysis, severity
of PAD was monotonically correlated with combined definite
and possible stroke or transient ischemic attack.35 A Spanish
study found that PAD was associated with increased risk not
only of ischemic stroke but also of hemorrhagic stroke
(indeed, a somewhat higher risk ratio for hemorrhagic than
ischemic stroke was observed).48 Of note, PAD has also been
associated with worse outcome in patients with stroke.50

PAD Predicts CCVD Mortality
Because CAD and CBVD outcomes are increased in those
with PAD, an increase in combined CCVD outcomes would
be anticipated. Indeed, as Table 3 shows, both combined
CCVD morbidity and mortality and CCVD mortality are
increased in those with PAD, by all PAD definitions em-
ployed, with risk ratios ranging from approximately 2 to
6.34,35,37–39,43,45–47,51,52 Again, stringency of PAD criteria may
influence the increase in risk for CCVD outcomes; thus, risk
ratios for CCVD outcomes calculated from the San Diego
population study, employing ABI �0.8 as a PAD criterion
(more significant PAD),46 are higher than those of studies
using a threshold of ABI �0.9.

Another study, not represented in Table 3, is of interest
with regard to the predictive power of PAD for CCVD
outcomes. In a cohort of 1672 men and 2264 women aged 47
to 99 years participating in the Framingham Study, either
absent pedal pulses (considered an indicator of PAD, al-
though with imperfect sensitivity and specificity53) or femoral
and carotid bruits were associated with greater increased risk
of CAD, congestive heart failure, and CBVD than was
glucose intolerance (itself a powerful risk factor), and the
combination was a still more potent predictor of CCVD-
defining conditions.54

PAD Predicts Overall Mortality
Some major risk factors predict CCVD mortality but not overall
mortality in key target populations.55 In contrast, PAD powerfully
predicts overall mortality (Table 4).9,34,35,37–39,41,43,45,46,51,56–66 This
is true in men and in women, in community cohorts, in medical-
based cohorts, and in populations at heightened CCVD risk,
such as elderly with systolic hypertension, with risk increases
ranging from 50% to 400%. A mortality gradient with increased
PAD severity has been shown. In a San Diego population-based
study, 10-year mortality progressively increased from normal
subjects to those with asymptomatic PAD, to those with severe
symptomatic PAD.46 The corresponding mortality figures were
15%, 45%, and 75%, respectively, even after adjustment for
major CCVD risk factors and baseline CCVD. Similarly, in
another study, a marked mortality gradient over 10 years was
seen based on noninvasive testing, which progressed from ABI
�0.85 (�20% mortality), to ABI of 0.4 to 0.85 (�50%), to ABI
�0.4 (�70%).60 In a historical cohort study of persons over the
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TABLE 1. Prediction of Coronary Disease by PAD

Population PAD Definition CAD Outcome Characteristics
Risk
Ratio 95% CI Adjusted For

Cardiovascular Health Study:
n�5714, M&F, age �65 y, 6-year
F/U34

ABI �0.9 Angina Medicare-eligible
community cohort:
(a) No prior CCVD
(b) Prior CCVD

(a) 1.3
(b) 1.1

(a) 0.94–1.8
(b) 0.63–1.8

Age, sex, race, Cig, HTN, DM, SBP,
DBP, TC, HDL-C, TG, fasting
glucose, fasting insulin, creatinine

Edinburgh artery study: n�1592,
M&F, age 55–74 y, 5-year F/U35

(a) Minor asymp PAD
(b) Major asymp PAD
(c) IC

New angina Medical based (general
practice)

(a) 1.4
(b) 0.94
(c) 2.3*

(a) 0.87–2.3
(b) 0.38–2.3
(c) 1.04–5.1

Age

TACTICS-TIMI-18 Trial: n�2220,
M&F, age 61�12 y, F/U for
duration of index hospitalization36

History of PAD (not further
defined)

In-hospital CABG Patients with unstable
angina and NSTEMI

1.6* 1.1–2.6 History of prior CABG, elevated
troponin, history of prior angina,
ST-segment deviation, sex (other
variables including age were also
evaluated but not retained in final
model)

Edinburgh artery study: n�1592,
M&F, age 55–74 y, 5-year F/U35

(a) IC
(b) Major asymp PAD
(c) Minor asymp PAD

Nonfatal MI§ Medical based (general
practice)

(a) 1.2
(b) 1.4
(c) 1.3

(a) 0.52–2.8
(b) 0.77–2.7
(c) 0.80–2.0

Age

HOPE Study�: n�8986, M&F, age
�55 y, 4.5-year F/U37

(a) ABI 0.6–0.9 (without
clinical PAD)
(b) ABI �0.6 (without
clinical PAD)
(c) Clinical PAD

Nonfatal MI CVD (CAD, stroke, PAD) or
DM and an additional CAD
risk factor¶ but no CHF or
LV dysfunction

(a) 1.4
(b) 1.3
(c) 1.4

Test of trend
P�0.004‡‡

Age, sex, smoking, HTN, history of
MI, history of stroke, DM, heart
rate, SBP, pulse pressure, creatinine

Cardiovascular Health Study:
n�5714, M&F, age �65 y, 6-year
F/U34

ABI �0.9 CHF Medicare-eligible
community cohort:
(a) Prior CCVD
(b) No prior CCVD

(a) 1.3
(b) 1.6†

(a) 0.9–1.8
(b) 1.1–2.3

Age, sex, race, Cig, HTN, DM, SBP,
DBP, TC, HDL-C, TG, FG, FI,
creatinine

HOPE Study�: n�8986, M&F, age
�55 y, 4.5-year F/U37

(a) ABI 0.6–0.9 (without
clinical PAD)
(b) ABI �0.6 (without
clinical PAD)
(c) Clinical PAD

CHF
hospitalization

CVD (CAD, stroke, PAD) or
DM and an additional CAD
risk factor¶ but no CHF or
LV dysfunction

(a) 1.3
(b) 2.0
(c) 2.2

Test of trend
P�0.02

Age, sex, smoking, HTN, history of
MI, history of stroke, DM, heart
rate, SBP, pulse pressure, creatinine

SHEP screenees: n�1537, M&F,
age 75�7 y, 1–2 years’ F/U38

ABI �0.9 CAD M&M# Hypertensive elderly 1.9 0.9–4.2 Age, sex

Malmö, Sweden patients: n�312,
M&F, age 40–69 y, 10-year F/U39

Plethysmography meets 1
of 4 requirements**

Fatal & nonfatal
MI

Referred for
plethysmography; excludes
DM or severe arterial
insufficiency
(a) Age 50–54 y:
(b) Age 55–69 y:

(a) 1.2
(b) 4.7

(a) NS
(b) P�0.005

Age, sex

Prince of Songkla University
Hospital (Thailand) patients: n�689,
M&F, age 69�8.4 y, F/U after
CABG, “perioperative” not otherwise
stated40

Presence of prior
peripheral artery surgery,
obvious aortoiliac stenosis,
IC, and absence of pedal
and posterior tibial artery
pulses

Perioperative
MI††

DM without CCVD 3.4† 1.3–8.6 Age, sex, DM, HTN, ejection
fraction, preoperative stroke,
chronic renal dysfunction

“Men Born in 1914” Study, Mälmo,
Sweden: n�474, males, age 68 y;
13-year mean F/U41

ABI �0.9 Nonfatal MI and
CAD death

Population-based cohort of
68-year-old men

1.8 1.1–3.0 Smoking, HTN, blood cholesterol,
BMI

THROMBO substudy: n�1045, M&F,
age �21 y, 26-month mean F/U42

Exertion-related calf, hip,
or buttock discomfort
when standing that was
gone when sitting

CAD death,
nonfatal
reinfarction or
unstable angina

Admitted to coronary care
units with a documented
MI

2.1‡ 1.4–3.1 MI, angina pectoris

THROMBO substudy: n�1045, M&F,
age �21 y, 26-month mean F/U42

Exertion-related calf, hip,
or buttock discomfort
when standing that was
gone when sitting

CAD death or
nonfatal
reinfarction

Admitted to coronary care
units with a documented
MI

3.0‡ 1.8–5.3 MI, DM, ejection fraction �30%

Edinburgh artery study: n�1592,
M&F, age 55–74 y, 5-year F/U43

ABI �0.9 CAD death (fatal
MI)

Medical based (general
practice)

1.9* 1.03–3.5 Age, sex, angina, MI, DM

Israeli patients excluded from
Bezafibrate Infarction Prevention
Study: n�14 697, M&F, age 45–78
y, 2.7�1.7-year F/U44

Clinical history CAD death Israeli CAD patients 1.6† 1.4–2.0 Age, sex, smoking, BMI, TC, HDL-C,
TG, glucose, heart rate

SHEP screenees: n�1537, M&F,
age 75�7 y, 1- to 2-year F/U38

ABI �0.9 CAD death Hypertensive elderly 3.2† 1.4–7.5 Age, sex

Belgian men: n�2023 males, age
40–55 y, 10-year F/U45

ABI �0.9 CAD death Working men, asymp at
baseline

5.0† 1.8–11 Age

San Diego Population Study:
n�624, M&F, age 38–82 y,
10-year F/U46

Multiple noninvasive tests CAD death Community and employed
cohort:
(a) No prior CCVD
(b) All

(a) 4.3†
(b) 6.6‡

(a) 1.4–2.8
(b) 2.9–15

Age, sex, Cig, SBP, HDL-C, LDL-C,
log TG, FG, BMI, selection criteria
(random vs hyperlipidemic)

THROMBO substudy: n�1045, M&F,
age �21 y, 26-month mean F/U42

Exertion-related calf, hip,
or buttock discomfort
when standing that was
gone when sitting

CAD death Admitted to coronary care
units with a documented
MI

6.6‡ 2.9–15 MI, stroke, ejection fraction �30%
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age of 40 years with PAD who had undergone previous ABI
testing (PAD defined as ABI �0.9) for whom data on mortality
or occurrence of a vascular event were available (average 6 years
of follow-up), the relative risk for mortality was 3.1 per 0.50
decrease of the ABI at rest.67 Data from the Edinburgh Artery
Study population also suggest a survival gradient with PAD
severity, whether measured by ABI35 or by “severity” gradient
from minor asymptomatic disease through major asymptomatic
disease to intermittent claudication.35

As Table 4 also illustrates, PAD predicts increased mor-
tality not only in general or medical populations but also in
specialized populations defined by cardiovascular events or
surgery,56,57,59,61,63,65 such as patients with acute MI56,59 or
those undergoing coronary artery bypass grafting65 (including
both in-hospital mortality, after multivariate adjustment,61

and long-term mortality among that subset discharged
alive63). Associations of PAD with mortality and events have
also been reported in subjects enrolled in randomized trials of
drug treatment.68 Notably, among PAD patients, lower ABI
predicts greater mortality and cardiovascular morbidity.37

Increased total mortality with PAD has been further shown in
association with noncardiovascular events and surgery (not
shown in Table 4). Thus, among patients undergoing renal
transplant, low toe blood pressure or “toe brachial index,”
present in 32% of diabetics and 16% of nondiabetics, was
associated with reduced survival.69 In addition, peripheral
atherosclerosis may be associated with increased complica-
tions and death in trauma patients. It has been theorized that
even if the trauma does not directly affect diseased vessels,
hypotension resulting from major trauma may lead to in-
creased risk of thrombosis in vessels that have critical
stenosis; moreover, if a diseased vessel is itself injured,
bypass may be difficult, and amputation may be required.70

Discussion
Data across many studies robustly support the finding that
PAD cross-sectionally relates to CCVD morbidity and mor-
tality, and more importantly, that PAD is a strong prospective
predictor of CCVD morbidity and mortality and total mortal-
ity, independent of other adjusted risk factors. More stringent

criteria for PAD increase the strength of association, compat-
ible with a biological gradient.

Additional observations substantiate the importance of
these findings. PAD in the absence of known CAD predicted
cardiovascular events more strongly than did CAD in the
absence of PAD in the Heart Protection Study (30.5% versus
22.5% event rate, placebo group).71 Elsewhere, in CAD
patients, PAD was found to be a stronger risk factor for
CCVD death and total mortality than prior MI.57

The basis of the “independent” association of PAD to
CCVD remains incompletely characterized. PAD may be a
proxy for generalized atherosclerotic disease burden and
shared unmeasured risk factors, and/or it may itself causally
induce increased risk. Because PAD shares with CAD and
CBVD a number of CCVD risk factors, heightened risk of
cardiovascular morbidity and mortality would be anticipated
due to shared risk factors. The relation of PAD to future
outcomes is preserved after adjustment for other recognized
risk markers, which suggests that PAD confers independent
risk for CAD and total mortality beyond that attributable to
shared risk factors. Nonetheless, the prognostic significance
of PAD could derive purely from its role as a proxy for
generalized atherosclerotic disease burden and unmeasured
common risk factors: Most studies do not adjust for all
recognized risk factors, and even after adjustment, the possi-
bility of residual confounding remains. Moreover, emerging
risk factors for CCVD have been identified that are not
adjusted in existing analyses, and new risk factors for CCVD
continue to be defined. If PAD serves exclusively as a proxy
for a cadre of potent and less potent CCVD risk factors and
generalized atherosclerotic disease burden, its importance as
a risk marker is not diminished; rather, the determination that
increased risk is present dictates a need for more aggressive
risk factor reduction.

Nonetheless, if PAD is in addition causally involved in
promoting CCVD events or death, this may influence the
approach to PAD and CCVD management. Two mechanisms
were identified by which PAD may causally promote CCVD
events and death. First and most obviously, clinical PAD
reduces the ability to ambulate, and exercise is protective

TABLE 1. Continued

Asymp indicates asymptomatic; BMI, body mass index; CABG, coronary artery bypass grafting; CHF, congestive heart failure; Cig, cigarettes; CVD, cardiovascular
disease; DBP, diastolic blood pressure; DM, diabetes mellitus; FG, fasting glucose; FI, fasting insulin; F/U, follow-up; HDL-C, HDL cholesterol; HOPE, Heart Outcomes
Prevention Evaluation; HTN, hypertension; IC, intermittent claudication; LDL-C, LDL cholesterol; LV, left ventricular; M&F, male and female; M&M, morbidity and
mortality; n, No. enrolled; NS, nonsignificant; NSTEMI, non–ST-segment elevation MI; SBP, systolic blood pressure; SHEP, Systolic Hypertension in the Elderly Program;
TACTICS-TIMI-18, Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or Conservative Strategy-Thrombolysis In Myocardial Infarction-18;
TC, total cholesterol; TG, triglycerides; THROMBO, Thrombogenic Factors and Recurrent Events study; and SBP, systolic blood pressure.

Two significant digits given for risk ratios/CIs except for values from 0.995 to 1.05. Here, additional digits are preserved to enable recognition of whether point
estimate was less than or greater than 1.0.

*P�0.05; †P�0.01; ‡P�0.001.
§Definite and possible nonfatal MI.
�Risk ratios calculated from published table (unadjusted); P values for trend provided in published table (adjusted).
¶Risk factors include smoking, HTN, low HDL-C, hypercholesterolemia, and microalbuminuria.
#No clear definition for CCVD M&M was given in the paper itself or in the methods reference cited by the paper.47 The methods reference paper does, however,

define “cardiovascular disease” to include nonfatal or fatal MI, sudden and rapid cardiac death, CABG, angioplasty, nonfatal or fatal stroke, transient ischemic attack,
aneurysm, and endarterectomy. This definition appears to exclude nonfatal or fatal LV failure, which were, however, tallied.

**Findings meet 1 of the following: (1) First flow �14 mL/min�100 g; (2) amplitude of pulsation during maximal flow �3 mm; (3) maximal flow �17 mL/mm�100
g; and (4) delay time of maximal flow after release of arterial stasis �10 seconds.

††Apparently all were nonfatal; although deaths in this study were “mainly the result of cardiac problems,” none were ascribed to MI.
‡‡Test of trend evaluates outcomes for ABI �0.9, ABI 0.6–0.9, ABI �0.6, and clinical PAD.
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against CAD and CBVD, in part through its beneficial effects
on prominent risk factors, including insulin resistance, hyper-
tension, and dyslipidemia. This consideration is not limited to
patients with classic intermittent claudication. Many persons
with PAD reported atypical, vague, or nonspecific symptoms,
including fatigue and numbness. Although atypical, such
symptoms also limit ambulation.

Second, PAD may directly promote myocardial and cere-
bral ischemia. PAD is linked to impaired peripheral endothe-
lial function, with impaired vasodilation (or even vasocon-
striction) in response to certain challenges such as stress. This
appears responsible for the fall in left ventricular ejection
fraction with stress seen in some CAD patients: Only those
whose peripheral vascular resistance increased experienced

TABLE 2. Prediction of CBVD by PAD

Population PAD Definition CBVD Outcome Characteristics Risk Ratio 95% CI Adjusted For

Edinburgh artery study:
n�1592, M&F, age
55–74 y, 5-year F/U43

ABI �0.9 Nonfatal stroke Medical based (general
practice)

2.0* 1.05–3.8 Age, sex, angina,
MI, DM

HOPE Study�: n�8986,
M&F, age �55 y,
4.5-year F/U37

(a) ABI 0.6–0.9 (without
clinical PAD);
(b) ABI �0.6 (without
clinical PAD);
(c) Clinical PAD

Nonfatal stroke CVD (CAD, stroke, PAD) or
DM and an additional CAD
risk factor¶ but no CHF or
LV dysfunction

(a) 1.2
(b) 1.7
(c) 2.1

Test of trend
P�0.0001
unadjusted;
0.24 adjusted

Age, sex, smoking,
HTN, history of MI,
history of stroke,
DM, heart rate,
SBP, pulse
pressure, creatinine

Edinburgh artery study:
n�1592 M&F, age
55–74 y, 5-year F/U35

(a) Minor asymp PAD
(b) Major asymp PAD
(c) IC

TIA or nonfatal
stroke (definite and
possible)

Medical based (general
practice)

(a) 1.1
(b) 1.4
(c) 2.0

(a) 0.56–2.3
(b) 0.59–3.5
(c) 0.8–5.0

Age

Edinburgh artery study:
n�1592, M&F, age
55–74 y, 5-year F/U43

ABI �0.9 Fatal stroke Medical based (general
practice)

0.91 0.31–2.7 Age, sex, angina,
MI, DM

Spain: n�928, M&F,
age 40–85, 9-month
F/U48

IC (a) Stroke - cerebral
infarct
(b) Stroke - cortical
infarct
(c) Hemorrhagic
stroke
(d) Total stroke (fatal
or nonfatal not
stated)

Case-control and
population-based study

(a) 3.2†
(b) 3.1†
(c) 5.0†
(d) 3.4†

(a) 1.5–6.8
(b) 1.3–7.7
(c) 2.0–12
(d) 1.7–7.3

Age, sex, alcohol,
smoking, HTN,
hyperglycemia, and
heart disease

Malmö, Sweden
patients: n�312, M&F,
age 40–69 y, 10 year
F/U39

Plethysmography meets
1 of 4 requirements‡

Stroke - nonfatal and
fatal

Referred for
plethysmography; excludes
DM or severe arterial
insufficiency
(a) Age 40–54 y
(b) Age 55-69 y

(a) 4.9
(b) 3.6

NS Age, sex

Prince of Songkla
University Hospital
(Thailand) patients:
n�689, M&F, age
69�8.4 y, F/U after
CABG, “postoperative
not otherwise
stated”§40

Prior peripheral artery
surgery, obvious
aortoiliac stenosis, IC,
and absence of pedal
and posterior tibial
artery pulses

Stroke: “cerebral
infarction”

Type II DM patients aged
�20 y, no history of CVD,
CAD, or stroke

0.71 0.17–3.0 Age, sex, DM, HTN,
ejection fraction,
preoperative stroke,
chronic renal
dysfunction

San Diego Population
Study: n�624, M&F,
age 38–82 y, 10-year
F/U49

Multiple noninvasive
tests

Cerebrovascular
M&M#

Community and employed
cohort
(a) Male
(b) Female

(a) 3.3*
(b) 9.0†

(a) 1.1–9.3
(b) 2.3–36

Age, BMI, Cig, FG,
log plasma TG,
HDL-C, LDL-C, SBP

TIA indicates transient ischemic attack. Other abbreviations as in Table 1.
Two significant digits given for risk ratios/CIs except for values from 0.995 to 1.05. Here, additional digits are preserved to enable recognition of whether point

estimate was less than or greater than 1.0.
*P�0.05; †P�0.01.
‡(1) First flow �14 mL/min�100 g; (2) amplitude of pulsation during maximal flow �3 mm; (3) maximal flow �17 mL/mm�100 g; and (4) delay time of maximal

flow after release of arterial stasis �10 sec.
§Follow-up not defined; cited as “postoperative” (stroke).
�Risk ratios calculated from published table (unadjusted); P values for trend provided in published table (adjusted).
¶Risk factors include smoking, HTN, low HDL-C, hypercholesterolemia, and microalbuminuria.
#Defined as fatal and nonfatal stroke.
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this left ventricular ejection fraction reduction, which reduced
stroke volume and cardiac output.72 CAD patients show
abnormal coronary vasoconstriction (or loss of vasodilation)
in response to endogenous stimuli such as acetylcholine, an
effect that can be reproduced in animals by inducing coronary
occlusion.73 Analogously, peripheral ischemia—and PAD

patients—may show abnormal peripheral vasoconstriction in
response to stress and other stimuli. The loss of normal
vasodilation, or paradoxical vasoconstriction, may provoke a
relative drop in ejection fraction and cardiac output, reducing
oxygen delivery to vital organs during stress. PAD may
thereby increase events in patients with otherwise comparable

TABLE 3. Prediction of Cardiovascular Disease (Coronary and Cerebrovascular) by PAD

Population PAD Definition CCVD Outcome Characteristics Risk Ratio 95% CI Adjusted For

HOPE Study§: n�8986, M&F,
age �55 y, 4.5-year F/U37

(a) ABI 0.6–0.9
(without clinical PAD);
(b) ABI �0.6 (without
clinical PAD);
(c) Clinical PAD

CCVD M&M: (CVD
mortality, MI, stroke)

CVD (CAD, stroke, PAD) or
DM and an additional CAD
risk factor� but no CHF or
LV dysfunction

(a) 1.4
(b) 1.4
(c) 1.7

Test of trend
P�0.0003

Age, sex, smoking, HTN, history of MI,
history of stroke, DM, heart rate, SBP,
pulse pressure, creatinine

SHEP screenees: n�1537,
M&F, age 75�7 y, 1- to
2-year F/U38

ABI �0.9 CCVD: M&M¶ Hypertensive elderly 2.5† 1.5–4.3 Age, sex

Cardiovascular Health Study:
n�5714, M&F, age �65 y,
6-year F/U34

ABI �0.9 CCVD mortality Medicare-eligible
community cohort:
Prior CCVD

1.5* 1.1–2.2 Age, sex, race, Cig, HTN, DM, SBP, DBP,
TC, HDL-C, TG, FG, FI, creatinine

Edinburgh artery study:
n�1592, M&F, age 55–74 y,
5-year F/U43

ABI �0.9 CCVD mortality Medical (general practice)
based

1.9† 1.2–3.0 Age, sex, angina, MI, DM

HOPE Study§: n�8986, M&F,
age �55 y, 4.5-year F/U37

(a) ABI 0.6–0.9
(without clinical PAD);
(b) ABI �0.6 (without
clinical PAD);
(c) Clinical PAD

CCVD mortality CVD (CAD, stroke, PAD) or
DM and an additional CAD
risk factor� but no CHF or
LV dysfunction

(a) 1.6
(b) 1.8
(c) 2.3

Test of trend
P�0.0001

Age, sex, smoking, HTN, history of MI,
history of stroke, DM, heart rate, SBP,
pulse pressure, creatinine

Edinburgh artery study: n�
1592, M&F, age 55–74 y,
5-year F/U35

(a) Minor asymp PAD
(b) Major asymp PAD
(c) IC

CCVD mortality Medical (general practice)
based

(a) 1.7*
(b) 2.1*
(c) 2.7†

(a) 1.1–2.8
(b) 1.1–3.8
(c) 1.3–5.3

Age

Edinburgh artery study:
n�1592, M&F, age 55–74 y,
5-year F/U43

ABI �0.9 CCVD mortality Medical (general practice)
based

1.9† 1.2–3.0 Age, sex, angina, MI, DM

Cardiovascular Health Study:
n�5714, M&F, age �65 y,
6-year F/U34

ABI �0.9 CCVD mortality Medicare-eligible
community cohort:
(a) Prior CCVD
(b) No prior CCVD

(a) 1.5*
(b) 2.0†

(a) 1.1–2.2
(b) 1.2–3.4

Age, sex, race, Cig, HTN, DM, SBP, DBP,
TC, HDL-C TG, FG, FI, creatinine

getABI Study: n�6880, M&F,
age 72.5�5.3 y, 1-year F/U51

ABI �0.9 CCVD: mortality Elderly (a) 2.0
(b) 2.9

(a) 1.1–3.8
(b) 1.6–5.2

(a) Age, sex, Cig, history of severe
cardiac or cerebral event, DM, HTN, lipid
disorders, homocysteine �19.1 �mol/L
(b) Age, sex

Italian patients: n�297, M&F,
mean age 69 y (those with IC)
and 84 y (those with critical
ischemia), 4.0�3.0-year F/U52

Symptomatic PAD (all
had ABI �0.9)

CCVD mortality White patients with
symptomatic PAD at the
University of Perugia, Italy

3.7 2.0–6.7 Age

SHEP screenees: n�1537,
M&F, age 75�7 y, 1- to
2-year F/U38

ABI �0.9 CCVD mortality Hypertensive elderly 3.7† 1.8–7.7 Age, sex

Belgian men: n�2023, age
40–55 y, 10-year F/U45

ABI �0.9 CCVD mortality Working men, asymp at
baseline

4.2* 1.7–10 Age

San Diego population-based:
n�474, M&F, age 38–82 y,
10-year F/U46

Multiple objective CCVD mortality Community and employed
cohort:
(a) All
(b) No CCVD, n�415

(a) 5.9‡
(b) 6.3‡

(a) 3.0–11
(b) 2.6–15

Age, sex, Cig, SBP, HDL-C, LDL-C, log
TG, FG, BMI, selection criteria (random
sample vs hyperlipidemia)

Malmö, Sweden patients:
n�312, M&F, age 40–69 y,
10-year F/U39

Plethysmography
meets 1 of 4
requirements#

CCVD mortality Referred for
plethysmography; excludes
DM or severe arterial
insufficiency

4.4 P�0.001
(calculated
from data
given)

None

Abbreviations as in Table 1.
Two significant digits given for risk ratios/confidence intervals except for values from 0.995 to 1.05. Here additional digits are preserved to enable recognition of

whether point estimate was less than or greater than 1.0.
*P�0.05; †P�0.01; ‡P�0.001.
§Risk ratios calculated from published table (unadjusted), P values for trend provided in published table (adjusted).
�Risk factors include smoking, HTN, low HDL-C, hypercholesterolemia, and microalbuminuria.
¶No clear definition for CCVD M&M was given in the paper or in a reference cited by the paper.47 The referenced paper does, however, define “cardiovascular

disease” to include nonfatal or fatal MI, sudden and rapid cardiac death, CABG, angioplasty, nonfatal or fatal stroke, transient ischemic attack, aneurysm, and
endarterectomy. This definition appears to exclude nonfatal or fatal LV failure, which were, however, tallied.

#(1) First flow �14 mL/min�100 g; (2) amplitude of pulsation during maximal flow �3 mm; (3) maximal flow �17 mL/mm�100 g; and (4) delay time of maximal
flow after release of arterial stasis �10 seconds.

694 Circulation August 15, 2006

 by guest on July 4, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


TABLE 4. Prediction of Overall Mortality by PAD

Population PAD Definition Characteristics Risk Ratio 95% CI Adjusted For

Belgian consecutive
admissions to CCU for
AMI; n�1669, M&F,
5.5-year mean F/U56

Mixed: includes
PAD and CBVD

CCU-based, post-MI
(after MI recovery)

R�0.27 0.17–0.38;
P�0.0001
for death§

Age, abnormal radiograph, Killip
class, medications, weight, SBP,
ventricular arrhythmias, DM,
abnormal precordial pulsations

Coronary Artery Surgery
Study: M&F, n�13 953
without PAD or CBVD; and
n�1703 with PAD, age
54�9 y, 10-year mean
F/U57

PAD if documented
IC or absent pulses;
or previous
abdominal aortic or
peripheral artery
surgery

CAD patients 1.2† P�0.003 LV systolic pressure, age, smoking,
CHF, DM, LV EF, LV score, therapy,
HTN, CAGE50, chronic lung
disease, Canadian Heart
Foundation class, prior MI

“Men Born in 1914”
Study, Mälmo, Sweden:
n�474, males, age 68 y;
13-year mean F/U41

ABI �0.9 Population-based
cohort of
68-year-old men

2.0 1.4–2.9 Smoking, HTN, blood cholesterol,
BMI

HOPE Study�: n�8986
M&F, age �55 y,
4.5-year F/U37

(a) ABI 0.6–0.9
(without clinical
PAD);
(b) ABI �0.6
(without clinical
PAD);
(c) Clinical PAD

CVD (CAD, stroke,
PAD) or DM and an
additional CAD risk
factor¶ but no CHF
or LV dysfunction

(a) 1.5
(b) 1.7
(c) 2.1

Test of trend
�0.0001

Age, gender, smoking, HTN, history
of MI, history of stroke, DM, heart
rate, SBP, pulse pressure,
creatinine

Cardiovascular Health
Study: n�5714, M&F, age
�65 y, 6-year F/U34

ABI �0.9 Medicare-eligible
community cohort:
(a) Prior CVD
(b) No prior CVD

(a) 1.5†
(b) 2.4‡

(a) 1.2–1.9
(b) 1.9–3.1

Age, sex, race, Cig, HTN, DM, SBP,
DBP, TC, HDL-C, TG, FG, FI,
creatinine

Edinburgh artery study:
n�1592, M&F, age
55–74 y, 5-year F/U43

ABI �0.9 Medical (general
practice) based

1.6† 1.1–2.1 Age, sex, angina, MI, DM

Edinburgh artery study:
n�1592, M&F, age
55–74 y, 5-year F/U35

(a) Minor asymp
PAD
(b) Major asymp
PAD
(c) IC

Medical (general
practice)-based

(a) 1.2
(b) 2.4‡
(c) 1.6

(a) 0.82–1.7
(b) 1.6–3.7
(c) 0.86–2.8

Age

Montefiore University
Hospital peripheral
vascular disease patients:
n�1930, M&F, age �75
y, mean F/U men 3.9 y;
women, 3.6 y58

Determined by
Rose Questionnaire;
ABI �0.9
(a) Mild PAD (ABI
0.90–0.71)
(b) Moderate PAD
(ABI 0.70–0.51)
(c) Severe PAD (ABI
�0.50)

Referred for arterial
evaluation
(a) Mild PAD

(i) Male
(ii) Female

(b) Moderate PAD
(i) Male
(ii) Female

(c) Severe PAD
(i) Male
(ii) Female

(a)
(i) 1.2
(ii) 0.95

(b)
(i) 1.6
(ii) 1.7

(c)
(i) 2.0
(ii) 2.1

(a)
(i) 0.77–1.7
(ii) 0.57–1.6

(b)
(i) 1.2–2.2
(ii) 1.2–2.4

(c)
(i) 1.4–2.7
(ii) 1.5–3.1

Age

Israeli CCU screened for
SPRINT study: 5839, M&F,
age 62�11 y, 5.5-year
mean F/U59

IC or paresthesia at
rest, confirmed
with asymmetric,
attenuated, or
absent pulse on
extremity

CCU-based, post-MI
(a)

(i) In-hospital
(ii) 1-year
(iii) 5-year

(a)
(i) 1.8
(ii) 1.7
(iii) 1.5

(a)
(i) P�0.001
(ii) P�0.005
(iii) P�0.001

(a) Unadjusted

(b)
(i) In hospital
(ii) 5-year

(b)
(i) 1.4
(ii) 1.02

(b) 90% CI
(i) 1.03–1.8
(ii) NS

(b) Age, sex, HTN, angina, DM,
stroke, site of infarction, CHF on
admission

Patients referred by Mayo
Clinic in Rochester, Minn:
n�573, M&F, age 50–70
y, 4-year F/U9

Clinical history
and/or below 5th
percentile of
distribution of mean
ABI values

DM, PAD, or both
(a) With DM
(b) Without DM

(a) 1.9†
(b) 0.95

(a) 1.9–2.9
(b) 0.55–1.5

Age, sex, baseline ABI

Copenhagen consecutively
referred IC patients:
n�257, M&F, age 36–85
y, 6.5-year F/U60

IC Referral patients: IC
without rest pain,
ulcers, or gangrene

2.2# Significant Age, sex
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TABLE 4. Continued

Population PAD Definition Characteristics Risk Ratio 95% CI Adjusted For

Northern New England
Cardiovascular Disease Study
Group: regional cohort In
hospital. n�3003, M&F, age
mean 62, in-hospital F/U61

PAD: IC, amputation,
LE revascularization;
absent pedal pulses

In-hospital,
post-CABG, no
concurrent CBVD
(a) All
(b) Clinical PAD
(c) Subclinical PAD

(a) 2.0†
(b) 1.9†
(c) 2.2†

(a) 1.3–3.1
(b) 1.2–3.2
(c) 1.3–3.1

Age, EF, No. of vessels with �70%
stenosis, modified Charlson comorbidity
index, Cig, use of internal mammary
artery graft

Strong Heart Study:
n�4393, M&F, age 45–74
y, 8-year mean F/U62

(a) ABI �0.9 (vs
0.9–1.4)
(b) ABI �1.4 (vs
0.9–1.4)

American Indians (a) 2.1
(b) 2.2

(a) 1.9-3.0
(b) 1.8-2.7

None

Northern New England
Cardiovascular Disease Study
Group: consecutive patients
discharged alive after CABG
at 5 tertiary referral centers;
n�2871, M&F, mean age
62 y, 4.4-year mean F/U63

PAD: IC, amputation,
LE revascularization;
absent pedal pulses

Discharged after
successful CABG, no
concurrent CBVD
(a) All
(b) Clinical PAD
(c) Subclinical PAD

(a) 2.1†
(b) 2.1†
(c) 2.0†

(a) 1.4–2.9
(b) 1.3–3.3
(c) 1.2–3.4

Age, EF, No. of vessels with �70%
stenosis, modified Charlson comorbidity
index, Cig, use of internal mammary
artery graft

University-affiliated
community hospital; n�744;
M&F,10-year F/U64

ABI �0.85 Medical based 2.4 1.6–3.5 Age, SBP

Northern New England
Cardiovascular Disease Study
Group: post CABG, n�2817,
M&F, age unstated, 5-year
F/U65

IC, LE bypass,
amputation, absent
pedal pulse, AAA.

Post-CABG long-term
outcomes

2.5 mortality
ratio vs CAD
alone

P�0.001†† Age, sex (relative to Canada Population
Table)

Malmö, Sweden patients:
n�312, M&F, age 40–69 y,
10 year F/U39

Plethysmography
meets 1 of 4
requirements**

Referred for
plethysmography;
excludes DM or
severe arterial
insufficiency

2.9 P�0.001 None

getABI Study: n�6880, M&F,
age 72.5�5.3 y, 1-year
F/U51

ABI �0.9 Elderly (a) 2.7
(b) 2.0

(a) 1.7–4.2
(b) 1.3–3.3

(a) Age, sex
(b) Age, sex, Cig, history of severe
cardiac or cerebral event, DM, HTN,
lipid disorders, homocysteine �19.1
�mol/L

Belgian men; n�2023, male,
age 40–55 y (47�4 y),
10-year F/U45

ABI �0.9 Working men, asymp
at baseline

2.8† 1.4–5.5 Age

San Diego population study;
n�474, M&F, age 38–82 y,
10-year F/U46

By segmental BP and
flow velocity by
Doppler

Community and
employed cohort:
(a) All
(b) No CVD (n�415)

(a) 3.1‡
(b) 3.1‡

(a) 1.9-4.9
(b) 1.8-5.3

Age, sex, Cig, SBP, HDL-C, LDL-C, log
TG, FG, BMI, selection criteria (random
sample vs hyperlipidemia)

Framingham cohort,
n�5029, M&F, 10-year
mortality F/U (after onset of
IC)66

IC Population cohort,
total
(a) Male
(b) Female

(a) 2.2
(b) 4.1

(a) P�0.001
(b) P�0.001

Unadjusted

SHEP screenees: n�1537,
M&F, age 75�7 y, 1- to
2-year F/U38

ABI �0.9 Hypertensive elderly 3.8‡ 2.1–6.9 Age, sex

AAA indicates abdominal aortic aneurysm; AMI, acute MI; BP, blood pressure; CAGE50, number of coronary segments with stenosis �50%; CCU, coronary care
unit; EF, ejection fraction; LE, lower extremity; and SPRINT, Secondary Prevention Reinfarction Israel Nifedipine Trial. Other abbreviations as in Table 1.

Two significant digits given for risk ratios/CIs except for values from 0.995 to 1.05. Here, additional digits are preserved to enable recognition of whether point
estimate was less than or greater than 1.0.

*P�0.05; †P�0.01; ‡P�0.001.
§Peripheral vascular disease is 1 of the 3 most significant predictors of post-MI death, with age and abnormal chest radiograph; exceeds risk by prior MI or DM.
�Risk ratios calculated from published table (unadjusted); P values for trend provided in published table (adjusted).
¶Risk factors include smoking, HTN, low HDL-C, hypercholesterolemia, or microalbuminuria.
#Calculated from Figure 2 of reference. P value not calculable because the denominator was not given for the control group.
**(1) First flow �14 mL/min�100 g; (2) amplitude of pulsation during maximal flow �3 mm; (3) maximal flow �17 mL/mm�100 g; and (4) delay time of maximal

flow after release of arterial stasis �10 seconds.
††P value calculated from the death rates given.
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CAD or CBVD. Consistent with this possibility, PAD pa-
tients with worse peripheral endothelial dysfunction experi-
ence more major cardiovascular events.74

Although asymptomatic PAD strongly predicted most
CCVD outcomes, major asymptomatic PAD was, strikingly,
not associated with an increase in new angina, in contrast to
findings for symptomatic PAD. This finding could have a
foundation in pathways involved in pain perception. Patients
who are free of pain despite major disease in 1 site (as with
major asymptomatic PAD) may more likely be free of pain
when disease arises in another vascular bed, as suggested by
an increase in total MI but no trend toward increased angina.
In contrast, symptomatic PAD (intermittent claudication) was
associated with a strong and significant increase in symptom-
atic disease in the other site (angina). Individual differences
in endogenous pain-signaling systems (including but not
confined to opioid, substance P, serotonin, and nicotinic and
muscarinic cholinergic signaling systems) and exogenous
influences on pain (eg, caffeine, nicotine, antidepressants,
corticosteroids, aspirin, and nonsteroidal antiinflammatory
drugs) may modify perception of pain in both sites in parallel.
Additionally, some factors, such as proinflammatory cyto-
kines, conjointly dispose to cardiovascular disease and in-
creased pain,75–77 whereas others, like hyperglycemia and
glycation end products, dispose both to cardiovascular dis-
ease and impaired pain perception.78 Thus, different profiles
of cardiovascular disease–related mediators could typify per-
sons who have and those who do not have pain, an avenue
that can be explored in future research.

The data presented have several limitations. First, study
populations and criteria for PAD and for CCVD outcomes
varied across studies, which precludes pooled analysis; how-
ever, preservation of the qualitative finding despite this
heterogeneity underscores the robustness of the association.
Second, many studies did not control for all recognized and
potential cardiovascular risk factors. The role of PAD as an
independent predictor will merit ongoing reappraisal as
CCVD risk factors emerge. Finally, the data are observa-
tional; however, randomized trial data would not strengthen
the character of inference with regard to risk prediction by
PAD, which is not predicated on causality. Moreover, inter-
ventions targeted to reduce PAD may reduce CCVD in
parallel, rather than through their impact on PAD, so such
data would do little to address the issue of a causal role for
PAD in elevating CCVD risk.

The findings presented have important implications. Al-
though PAD is linked strongly and apparently independently
with CCVD morbidity and mortality, perhaps more strongly
than prior MI, PAD is less emphasized and less systemati-
cally evaluated than other atherosclerotic conditions or risk
factors such as hyperlipidemia and hypertension.2 Moreover,
once PAD is detected, treatment of atherosclerotic risk factors
and prevention of atherothrombotic events is less reliably
undertaken than in patients with CAD,2,79 although the future
risk of atherosclerotic events and deaths is equivalent or
greater. Although it has been known for many years that even
mild, asymptomatic PAD increases the risk of cardiovascular
disease events,46 which impels (high) risk stratification based
on the presence of PAD, recent clinical trial data showing the

benefits of both lipid therapy71 and antiplatelet therapy71 in
PAD patients in preventing cardiovascular disease events
provide a strong evidence base for aggressive medical ther-
apy in these patients. Given the strong prognostic significance
of PAD, ABI assessment may merit a more central role in
CCVD risk assessment and in dictating receipt of cardiovas-
cular protective treatments. Of note, in light of the escalating
prevalence of PAD with advancing age, the role of PAD in
adjudicating risk can be expected to assume mounting impor-
tance as the population ages.

Acknowledgments
We thank Janis Richie and Marcella Evans for excellent administra-
tive assistance.

Sources of Funding
This work was supported in part by a grant from Bristol-Myers
Squibb/Sanofi to Dr Criqui.

Disclosures
None.

References
1. Marcoux RM, Larrat EP, Taubman AH, Wilson J. Screening for periph-

eral arterial disease. J Am Pharm Assoc (Wash). 1996;NS36:370–373.
2. Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA,

Olin J, Krook SH, Hunninghake DB, Comerota AJ, Walsh ME,
McDermott MM, Hiatt WR. Peripheral arterial disease detection,
awareness, and treatment in primary care. JAMA. 2001;286:1317–1324.

3. Gillum RF. Peripheral arterial occlusive disease of the extremities in the
United States: hospitalization and mortality. Am Heart J. 1990;120(pt
1):1414–1418.

4. Dormandy J, Mahir M, Ascada G, Balsano P, De Leeuw P, Blombery P,
Bousser MG, Clement D, Coffman J, Deutshinoff A, Bletry O, Hampton
J, Mahler F, Ohlin P, Rieger H, Stranden E, Turpie AG, Urai L. Fate of
the patient with chronic leg ischemia. J Cardiovasc Surg. 1989;30:50–57.

5. Criqui MH, Denenberg JO, Langer RD, Fronek A. The epidemiology of
peripheral arterial disease: importance of identifying the population at
risk. Vasc Med. 1997;2:221–226.

6. Premalatha G, Shanthirani S, Deepa R, Markovitz J, Mohan V. Prev-
alence and risk factors of peripheral vascular disease in a selected South
Indian population: the Chennai Urban Population Study. Diabetes Care.
2000;23:1295–1300.

7. Begg TB, Richards RL. The prognosis of intermittent claudication. Scott
Med J. 1962;7:341–352.

8. Murabito JM, Evans JC, Larson MG, Nieto K, Levy D, Wilson PW. The
ankle-brachial index in the elderly and risk of stroke, coronary disease,
and death: the Framingham Study. Arch Intern Med. 2003;163:
1939–1942.

9. Leibson CL, Ransom JE, Olson W, Zimmerman BR, O’Fallon WM,
Palumbo PJ. Peripheral arterial disease, diabetes, and mortality. Diabetes
Care. 2004;27:2843–2849.

10. DeWeese JA, Rob CG. Autogenous venous grafts ten years later. Surgery.
1977;82:775–784.

11. Hughson WG, Mann JI, Tibbs DJ, Woods HF, Walton I. Intermittent
claudication: factors determining outcome. BMJ. 1978;1:1377–1379.

12. Crawford ES, Bomberger RA, Glaeser DH, Saleh SA, Russell WL.
Aortoiliac occlusive disease: factors influencing survival and function
following reconstructive operation over a twenty-five-year period.
Surgery. 1981;90:1055–1067.

13. Szilagyi DE, Hageman JH, Smith RF, Elliott JP, Brown F, Dietz P.
Autogenous vein grafting in femoropopliteal atherosclerosis: the limits of
its effectiveness. Surgery. 1979;86:836–851.

14. Katzel LI, Sorkin JD, Powell CC, Gardner AW. Comorbidities and
exercise capacity in older patients with intermittent claudication. Vasc
Med. 2001;6:157–162.

15. Hertzer NR. Fatal myocardial infarction following lower extremity re-
vascularization: two hundred seventy-three patients followed six to
eleven postoperative years. Ann Surg. 1981;193:492–498.

Golomb et al Peripheral Arterial Disease 697

 by guest on July 4, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


16. Szilagyi DE, Elliott JP Jr, Smith RF, Reddy DJ, McPharlin M. A
thirty-year survey of the reconstructive surgical treatment of aortoiliac
occlusive disease. J Vasc Surg. 1986;3:421–436.

17. Zander E, Heinke P, Reindel J, Kohnert KD, Kairies U, Braun J, Eckel L,
Kerner W. Peripheral arterial disease in diabetes mellitus type 1 and type
2: are there different risk factors? Vasa. 2002;31:249–254.

18. Hertzer NR, Beven EG, Young JR, O’Hara PJ, Ruschhaupt WF III, Graor
RA, Dewolfe VG, Maljovec LC. Coronary artery disease in peripheral
vascular patients: a classification of 1000 coronary angiograms and
results of surgical management. Ann Surg. 1984;199:223–233.

19. Malone JM, Moore WS, Goldstone J. Life expectancy following aorto-
femoral arterial grafting. Surgery. 1977;81:551–555.

20. Mendelson G, Aronow WS, Ahn C. Prevalence of coronary artery
disease, atherothrombotic brain infarction, and peripheral arterial disease:
associated risk factors in older Hispanics in an academic hospital-based
geriatrics practice. J Am Geriatr Soc. 1998;46:481–483.

21. Vecht R, Nicolaides A, Brandao E, Daskalakis G, Groshar G, James J,
Kenyon JR, Eastcott HHG. Resting and treadmill electrocardiographic
findings in patients with intermittent claudication. Int J Angiol. 1982;1:
119–121.

22. Brewster DC, Okada RD, Strauss HW, Abbott WM, Darling RC, Boucher
CA. Selection of patients for preoperative coronary angiography: use of
dipyridamole-stress–thallium myocardial imaging. J Vasc Surg. 1985;2:
504–510.

23. Amudha K, Chee KH, Tan KS, Tan T, Lang CC. Prevalence of peripheral
artery disease in urban high-risk Malaysian patients. Int J Clin Pract.
2003;57:369–372.

24. Valentine RJ, Grayburn PA, Eichhorn EJ, Myers SI, Clagett GP.
Coronary artery disease is highly prevalent among patients with pre-
mature peripheral vascular disease. J Vasc Surg. 1994;19:668–674.

25. Bhardwaj R, Ganju N, Sharma M, Sud S, Asotra S. Prevalence of
coronary artery disease in patients with symptomatic peripheral vascular
disease. Indian Heart J. 2001;53:189–191.

26. Welch VLL, Casper M, Greenlund K, Zheng Z, Giles W, Rith-Najarian
S. Prevalence of lower extremity arterial disease defined by the ankle-
brachial index among American Indians: the Inter-Tribal Heart Project.
Ethn Dis. 2002;12:S1-63–S1-67.

27. Cheng SW, Ting AC, Lau H, Ting AC, Wong J. Epidemiology of
atherosclerotic peripheral arterial occlusive disease in Hong Kong. World
J Surg. 1999;23:202–206.

28. Alexandrova NA, Gibson WC, Norris JW, Maggisano R. Carotid artery
stenosis in peripheral vascular disease. J Vasc Surg. 1996;23:645–649.

29. Turnipseed WD, Berkoff HA, Belzer FO. Postoperative stroke in cardiac
and peripheral vascular disease. Ann Surg. 1980;192:365–368.

30. Cheng SW, Wu LL, Lau H, Ting AC, Wong J. Prevalence of significant
carotid stenosis in Chinese patients with peripheral and coronary artery
disease. Aust N Z J Surg. 1999;69:44–47.

31. Allan PL, Mowbray PI, Lee AJ, Fowkes FG. Relationship between
carotid intima-media thickness and symptomatic and asymptomatic pe-
ripheral arterial disease: the Edinburgh Artery Study. Stroke. 1997;28:
348–353.

32. Stoffers HE, Rinkens PE, Kester AD, Kaiser V, Knottnerus JA. The
prevalence of asymptomatic and unrecognized peripheral arterial
occlusive disease. Int J Epidemiol. 1996;25:282–290.

33. Al Zahrani HA, Al Bar HM, Bahnassi A, Abdulaal AA. The distribution
of peripheral arterial disease in a defined population of elderly high-risk
Saudi patients. Int Angiol. 1997;16:123–128.

34. Newman A, Shemanski L, Manolio T, Cushman M, Mittelmark M, Polak
JF, Powe NR, Siscovick D. Ankle-arm index as a predictor of cardiovas-
cular disease and mortality in the Cardiovascular Health Study. Arte-
rioscler Thromb Vasc Biol. 1999;19:538–545.

35. Leng GC, Lee AJ, Fowkes FG, Whiteman M, Dunbar J, Housley E,
Ruckley CV. Incidence, natural history and cardiovascular events in
symptomatic and asymptomatic peripheral arterial disease in the general
population. Int J Epidemiol. 1996;25:1172–1181.

36. Sadanandan S, Cannon CP, Gibson CM, Murphy SA, DiBattiste PM,
Braunwald E. A risk score to estimate the likelihood of coronary artery
bypass surgery during the index hospitalization among patients with
unstable angina and non-ST-segment elevation myocardial infarction.
J Am Coll Cardiol. 2004;44:799–803.

37. Ostergren J, Sleight P, Dagenais G, Danisa K, Bosch J, Qilong Y, Yusuf
S. Impact of ramipril in patients with evidence of clinical or subclinical
peripheral arterial disease. Eur Heart J. 2004;25:17–24.

38. Newman AB, Sutton-Tyrrell K, Vogt MT, Kuller LH. Morbidity and
mortality in hypertensive adults with a low ankle/arm blood pressure
index. JAMA. 1993;270:487–489.

39. Kallero KS. Mortality and morbidity in patients with intermittent claudi-
cation as defined by venous occlusion plethysmography: a ten-year
follow-up study. J Chronic Dis. 1981;34:455–462.

40. Minakata K, Konishi Y, Matsumoto M, Aota M, Sugimoto A, Nonaka M,
Yamada N. Influence of peripheral vascular occlusive disease on the
morbidity and mortality of coronary artery bypass grafting. Jpn Circ J.
2000;64:905–908.

41. Ogren M, Hedblad B, Engstrom G, Janzon L. Prevalence and prognostic
significance of asymptomatic peripheral arterial disease in 68-year-old
men with diabetes: results from the population study “Men Born in 1914”
from Malmo, Sweden. Eur J Vasc Endovasc Surg. 2005;29:182–189.

42. Narins CR, Zareba W, Moss AJ, Marder VJ, Ridker PM, Krone RJ,
Lichstein E. Relationship between intermittent claudication, inflam-
mation, thrombosis, and recurrent cardiac events among survivors of
myocardial infarction. Arch Intern Med. 2004;164:440–446.

43. 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;313:1440–1444.

44. Dankner R, Goldbourt U, Boyko V, Reicher-Reiss H. Predictors of
cardiac and noncardiac mortality among 14,697 patients with coronary
heart disease. Am J Cardiol. 2003;91:121–127.

45. Kornitzer M, Dramaix M, Sobolski J, Degre S, De Backer G. Ankle/arm
pressure index in asymptomatic middle-aged males: an independent pre-
dictor of ten-year coronary heart disease mortality. Angiology. 1995;46:
211–219.

46. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann
TJ, Browner D. Mortality over a period of 10 years in patients with
peripheral arterial disease. N Engl J Med. 1992;326:381–386.

47. SHEP Cooperative Research Group. Prevention of stroke by antihyper-
tensive drug treatment in older persons with isolated systolic hyper-
tension: final results of the Systolic Hypertension in the Elderly Program
(SHEP). JAMA. 1991;265:3255–3264.

48. Caicoya Gomez-Moran M, Corrales Canel C, Lasheras Mayo C, Cuello
Rocas R, Rodriguez Alvarez T. The association between a cerebro-
vascular accident and peripheral arterial disease: a case-control study in
Asturias, Spain [in Spanish]. Rev Clin Esp. 1995;195:830–835.

49. Criqui MH, Langer RD, Fronek A, Feigelson HS. Coronary disease and
stroke in patients with large-vessel peripheral arterial disease. Drugs.
1991;42(suppl 5):16–21.

50. Tonelli C, Finzi G, Catamo A, Silvestrini C, Squeri M, Mombelloni A,
Ponari O. Prevalence and prognostic value of peripheral arterial disease in
stroke patients. Int Angiol. 1993;12:342–343.

51. Lange S, Trampisch HJ, Haberl R, Darius H, Pittrow D, Schuster A, von
Stritzky B, Tepohl G, Allenberg JR, Diehm C. Excess 1-year cardiovas-
cular risk in elderly primary care patients with a low ankle-brachial index
(ABI) and high homocysteine level. Atherosclerosis. 2005;178:351–357.

52. Pasqualini L, Schillaci G, Vaudo G, Innocente S, Ciuffetti G, Mannarino
E. Predictors of overall and cardiovascular mortality in peripheral arterial
disease. Am J Cardiol. 2001;88:1057–1060.

53. Criqui M, Fronek A, Klauber M, Barrett-Connor E, Gabriel S. The
sensitivity, specificity, and predictive value of traditional clinical eval-
uation of peripheral arterial disease: results from noninvasive testing in a
defined population. Circulation. 1985;71:516–521.

54. Brand FN, Kannel WB, Evans J, Larson MG, Wolf PA. Glucose intol-
erance, physical signs of peripheral artery disease, and risk of cardiovas-
cular events: the Framingham Study. Am Heart J. 1998;136:919–927.

55. Criqui MH, Golomb BA. Low and lowered cholesterol and total mor-
tality. J Am Coll Cardiol. 2004;44:1009–1010.

56. Pardaens J, Lesaffre E, Willems J, De Geest H. Multivariate survival
analysis for the assessment of prognostic factors and risk categories after
recovery from acute myocardial infarction: the Belgian situation. Am J
Epidemiol. 1985;122:805–819.

57. Eagle KA, Rihal CS, Foster ED, Mickel MC, Gersh BJ; the Coronary
Artery Surgery Study (CASS) Investigators. Long-term survival in
patients with coronary artery disease: importance of peripheral vascular
disease. J Am Coll Cardiol. 1994;23:1091–1095.

58. Vogt MT, McKenna M, Wolfson SK, Wolfson SK, Kuller LH. The
relationship between ankle brachial index, other atherosclerotic disease,
diabetes, smoking and mortality in older men and women. Atherosclero-
sis. 1993;101:191–202.

698 Circulation August 15, 2006

 by guest on July 4, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


59. Behar S, Zion M, Reicher-Reiss H, Kaplinsky E, Goldbourt U. Short- and
long-term prognosis of patients with a first acute myocardial infarction
with concomitant peripheral vascular disease. Am J Med. 1994;96:15–19.

60. Jelnes R, Gaardsting O, Jensen K, Baekgaard N, Tonnesen KH, Schroeder
T. Fate in intermittent claudication: outcome and risk factors. BMJ.
1986;293:1137–1140.

61. Birkmeyer JD, O’Connor GT, Quinton HB, Ricci MA, Morton JR,
Leavitt BJ, Charlesworth DC, Hernandez F, McDaniel MD; Northern
New England Cardiovascular Disease Study Group. The effect of periph-
eral vascular disease on in-hospital mortality rates with coronary artery
bypass surgery. J Vasc Surg. 1995;21:445–452.

62. Resnick HE, Lindsay RS, McDermott MM, Devereux RB, Jones KL,
Fabsitz RR, Howard BV. Relationship of high and low ankle brachial
index to all-cause and cardiovascular disease mortality: the Strong Heart
Study. Circulation. 2004;109:733–739.

63. Birkmeyer JD, Quinton HB, O’Connor NJ, McDaniel MD, Leavitt BJ,
Charlesworth DC, Hernandez F, Ricci MA, O’Connor GT; Northern New
England Cardiovascular Disease Study Group. The effect of peripheral
vascular disease on long-term mortality after coronary artery bypass
surgery. Arch Surg. 1996;131:316–321.

64. McKenna M, Wolfson S, Kuller L. The ratio of ankle and arm arterial
pressure as an independent predictor of mortality. Atherosclerosis. 1991;
87:119–128.

65. Pokorski RJ. Effect of peripheral vascular disease on long-term mortality
after coronary artery bypass graft surgery. J Insur Med. 1997;29:192–194.

66. Kannel WB, McGee DL. Update on some epidemiologic features of
intermittent claudication. J Am Geriatr Soc. 1985;33:13–18.

67. Sikkink CJ, van Asten WN, van ’t Hof MA, van Langen H, van der Vliet
JA. Decreased ankle/brachial indices in relation to morbidity and mor-
tality in patients with peripheral arterial disease. Vasc Med. 1997;2:
169–173.

68. Violi F, Criqui M, Longoni A, Castiglioni C. Relation between risk
factors and cardiovascular complications in patients with peripheral
vascular disease: results from the A.D.E.P. study. Atherosclerosis. 1996;
120:25–35.

69. Makisalo H, Lepantalo M, Halme L, Lund T, Peltonen S, Salmela K,
Ahonen J. Peripheral arterial disease as a predictor of outcome after renal
transplantation. Transpl Int. 1998;11(suppl 1):S140–S143.

70. Wilson RF. Pre-existing peripheral arterial disease in trauma. Crit Care
Clin. 1994;10:567–593.

71. MRC/BHF Heart Protection Study of cholesterol lowering with simva-
statin in 20,536 high-risk individuals: a randomised placebo-controlled
trial. Lancet. 2002;360:7–22.

72. Jain D, Shaker SM, Burg M, Wackers FJ, Soufer R, Zaret BL. Effects of
mental stress on left ventricular and peripheral vascular performance in
patients with coronary artery disease. J Am Coll Cardiol. 1998;31:
1314–1322.

73. Pelc L, Garancis J, Gross G, Warltier DC. Alteration of endothelium-
dependent distribution of myocardial blood flow after coronary occlusion
and reperfusion. Circulation. 1990;81:1921–1937.

74. Pasqualini L, Marchesi S, Vaudo G, Siepi D, Angeli F, Paris L, Schillaci
G, Mannarino E. Association between endothelial dysfunction and major
cardiovascular events in peripheral arterial disease. Vasa. 2003;32:
139–143.

75. Wieseler-Frank J, Maier SF, Watkins LR. Immune-to-brain communi-
cation dynamically modulates pain: physiological and pathological con-
sequences. Brain Behav Immun. 2005;19:104–111.

76. Watkins LR, Maier SF. Immune regulation of central nervous system
functions: from sickness responses to pathological pain. J Intern Med.
2005;257:139–155.

77. Lee HL, Lee KM, Son SJ, Hwang SH, Cho HJ. Temporal expression of
cytokines and their receptors mRNAs in a neuropathic pain model. Neu-
roreport. 2004;15:2807–2811.

78. Bierhaus A, Haslbeck KM, Humpert PM, Liliensiek B, Dehmer T,
Morcos M, Sayed AA, Andrassy M, Schiekofer S, Schneider JG, Schulz
JB, Heuss D, Neundorfer B, Dierl S, Huber J, Tritschler H, Schmidt AM,
Schwaninger M, Haering HU, Schleicher E, Kasper M, Stern DM, Arnold
B, Nawroth PP. Loss of pain perception in diabetes is dependent on a
receptor of the immunoglobulin superfamily. J Clin Invest. 2004;114:
1741–1751.

79. McDermott MM, Mehta S, Ahn H, Greenland P. Atherosclerotic risk
factors are less intensively treated in patients with peripheral arterial
disease than in patients with coronary artery disease. J Gen Intern Med.
1997;12:209–215.

KEY WORDS: peripheral arterial disease � peripheral vascular disease
� coronary artery disease � cerebrovascular disorders � risk factors

Golomb et al Peripheral Arterial Disease 699

 by guest on July 4, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/

