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PERIPHERAL ARTERIAL DISEASE

(PAD) refers to any patho-
logic process causing obstruc-
tion to blood flow in the arter-

ies exclusive of the coronary and
cerebral vessels. In this article we fo-
cus on lower extremity PAD, which is
a chronic obstructive disease of the aor-
tic, iliac, and lower limb arteries usu-
ally caused by atherosclerosis.1,2

The most widely accepted, objec-
tive definition of PAD is a resting ankle-
brachial index (ABI) of less than 0.90
(ie, the ratio of the ankle systolic blood
pressure [as measured by Doppler ul-
trasound] and the higher of the 2
brachial systolic pressures is less than
0.90).1,2 An ABI of less than 0.90 is up
to 95% sensitive in detecting angio-
gram-positive disease.1 A cutoff of less
than 0.95 has been used in some epi-
demiologic studies3 but may overesti-
mate disease prevalence.

PAD affects approximately 20% (95%
confidence interval [CI], 10%-30%) of
adults older than 55 years and an esti-
mated 27 million persons in North
America and Europe.2,4-12 About half of
all people with PAD are asymptom-
atic.3,13 The prevalence of PAD in-
creases with age and prolonged expo-
sure to smoking, hypertension, and
diabetes.2,4,5,14

About one fifth of people with PAD
have typical symptoms of intermittent

lower limb claudication, “rest pain,” ul-
ceration, or gangrene, and another third
have atypical exertional leg symp-
toms.13 The incidence of symptomatic
PAD (intermittent claudication) in the
general population in the Netherlands
has been reported to be 1.0 (95% CI, 0.7-
7.5) per 1000 population per year over-
all; 0.4 (95% CI, 0.3-10.0) for men, and
1.8 (95% CI, 1.0-10.3) for women.3 The
Framingham study reported higher in-
cidence rates and a 2-fold male predomi-
nance (1.8% for women and 3.6% for
men),15 as did the Quebec Cardiovascu-
lar Study16 and others.17,18 The inci-
dence of first-ever acute peripheral ar-
terial events, defined as aortic events

(ruptured or acute symptomatic aortic
or iliac aneurysm, or any thoracic aor-
tic dissection), acute thromboembolic
events (of the limbs or viscera), and criti-
cal limb ischemia (rest pain or ulcer-
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Context Peripheral arterial disease (PAD) affects approximately 20% of adults older
than 55 years and is a powerful predictor of myocardial infarction, stroke, and death
due to vascular causes. The goals of treatment are to prevent future major coronary
and cerebrovascular events and improve leg symptoms.

Objective To review the best evidence for medical treatment of PAD.

Evidence Acquisition MEDLINE and the Cochrane database were searched
from 1990 to November 2005 for randomized trials and meta-analyses of medical
treatments for PAD. References from these articles were also searched. Search terms
included, singly and in combination: peripheral arterial disease, peripheral artery
disease, PAD, randomized controlled trial, controlled trial, randomized, and meta-
analysis. Particular attention was directed toward randomized controlled trials and meta-
analyses of clinically relevant medical treatments for PAD. Outcome measures
included leg symptoms (intermittent claudication and walking distance), death, and
major coronary and cerebrovascular events.

Evidence Synthesis Symptoms of leg claudication, walking distance, and quality
of life can be improved by smoking cessation (physician advice, nicotine replacement
therapy, and bupropion), a structured exercise program, statin drugs, cilostazol, and
angiotensin-converting enzyme inhibitors. The risk of major coronary and cerebro-
vascular events can be reduced through lowering blood pressure with angiotensin-
converting enzyme inhibitors and other antihypertensive drugs, use of statin drugs,
antiplatelet therapy with aspirin or clopidogrel, and probably by stopping smoking.

Conclusion The substantial and increasing burden of PAD, and its local and sys-
temic complications, can be reduced by lifestyle modification (smoking cessation, ex-
ercise) and medical therapies (nicotine replacement therapy, bupropion, antihyper-
tensive drugs, statins, and antiplatelet drugs).
JAMA. 2006;295:547-553 www.jama.com
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ation of sufficient severity to warrant hos-
pital admission) in Oxfordshire in 2002-
2005 has recently been estimated at 0.52
(95% CI, 0.43-0.61) per 1000 popula-
tion per year.19

Among individuals with asymptom-
atic PAD, about 5% to 10% develop
symptoms of PAD over 5 years.20 A mi-
nority of patients with intermittent clau-
dication develop symptoms of critical
leg ischemia (rest pain and skin ulcer-
ation), with an incidence of 0.25 to 0.45
per 1000 people per year.21,22 Critical
leg ischemia is much more frequent in
patients with diabetes.14

Although PAD is characterized by a
slow and low rate of local symptoms and
complications, it is also characterized by
ongoing atherogenesis in other vascu-
lar beds and a very high rate of mortal-
ity (approximately 25%-30% within 5
years for patients with symptomatic
PAD) due mainly to stroke and myocar-
dial infarction (MI) (TABLE 1).18,23-34

Because of the aging of Western
populations, the burden of PAD and its
complications is likely to increase un-
less the incidence can be reduced and
the complications prevented by effec-
tive, affordable, and widely available
prophylactic therapies. This review
summarizes the current evidence-
based medical treatment of patients
with atherosclerotic PAD. Invasive
treatments such as angioplasty and ar-
terial bypass surgery are not reviewed.

EVIDENCE ACQUISITION
We searched MEDLINE (January 1990
to November 2005) and the Cochrane
electronic database (August 2005) for
English-language articles that ad-
dressed the medical treatment of PAD.
The search used the following terms, sin-
gly and in combination: peripheral arte-
rial disease,peripheralarterydisease,PAD,
randomized controlled trial, controlled
trial, randomized, and meta-analysis. We
focused on randomized controlled trials
(RCTs) or meta-analyses of RCTs be-
cause they provide the least biased and
most robust evidence for the efficacy of
treatments. We sought trials that stud-
ied the effect of medical treatments for
PAD both on leg symptoms (intermit-
tent claudication and walking distance)
and on death and major coronary and
cerebrovascular events.

EVIDENCE SYNTHESIS
Improving Leg Symptoms

Smoking Cessation. Smoking is the
dominant modifiable risk factor for
PAD; a dose-dependent relationship is
present between smoking and severity
of PAD.10,35 Smoking cessation among
patients with intermittent claudica-
tion does not significantly improve
walking capacity but may reduce the se-
verity of claudication36 and the risk of
developing rest pain.37

Smoking cessation can be facili-
tated to a modest extent in the general

population by physician advice to quit
smoking37 and by use of nicotine re-
placement therapy38 and bupropion39

(TABLE 2). This likely also applies to pa-
tients with PAD,40 although there have
been no RCTs of methods of smoking
cessation specifically in PAD.

Exercise. In patients with stable in-
termittent claudication, exercise signifi-
cantly improves maximal walking time
and overall walking ability.41 Exercise is
more effective than angioplasty for im-
proving walking time and is also more
effective than antiplatelet therapy, but it
does not differ significantly from surgi-
cal treatment.42 The optimal exercise pro-
gram for improving distances walked
without claudication pain in patients
with PAD involves intermittent walk-
ing to near-maximal pain over a period
of at least 6 months.42 The mechanism
by which exercise improves leg symp-
toms is uncertain, but it does not ap-
pear to operate through improvement
of the ABI or growth of collateral
vessels.43

Statin Drugs. In the randomized
Scandinavian Simvastatin Survival
Study (4S), simvastatin (20 to 40 mg/d)
significantly reduced the incidence of
new intermittent claudication from
3.6% (placebo) to 2.3% (simvastatin)
over a median period of 5.4 years in
4444 patients with prior MI or angina
pectoris (relative risk reduction [RRR],
0.62%; 95% CI, 0.44%-0.88%).44 Both

Table 1. Studies Reporting Risks of Death From All Causes and From Cardiovascular Disease in Patients With Peripheral Arterial Disease (PAD)

Study No. Age, y Sex
PAD

Symptoms

All-Cause Death Cardiovascular
Death,

RR (95% CI)Controls, % Patients, % ARI, % RR (95%CI)

Criqui et al,23 1992 256 38-72 Men . . . 1.7 6.2 4.5 3.3 (1.9-6.0) 5.1 (2.4-10.8)

309 Women . . . 1.2 3.3 2.1 2.5 (1.2-5.3) 4.8 (1.6-14.7)

Vogt et al,24 1993 1492 �65 Women . . . 1.1 5.4 4.3 3.1 (1.7-5.5) 4.0 (1.3-8.5)

Kornitzer et al,25 1995 2023 40-55 Men No 0.4 1.0 0.6 2.8 (1.4-5.5) . . .

Leng et al,18 1996 1592 55-74 Men and women Yes 2.0 3.8 1.8 1.6 (0.9-2.8) 2.7 (1.3-5.3)

No 2.0 6.1 4.1 2.4 (1.6-3.9) 2.1 (1.1-3.8)

Newman et al,26 1997 669 �60 Men . . . 1.5 5.3 3.8 3.0 (2.8-5.3) . . .

868 Women . . . 1.3 3.8 2.5 2.7 (1.6-4.6) . . .

Newman et al,27 1999 5714 �65 Men and women . . . 4.5 7.8 3.3 1.5 (1.2-1.9) 2.0 (1.1-2.8)

Hooi et al,28 2004 3649 40-78 Men and women All (n = 367)* 1.1 4.4 3.3 1.4 (1.1-1.7) 1.6 (1.2-2.1)

Yes (n = 117) 1.1 . . . . . . 1.4 (1.0-2.0) 1.6 (1.0-2.5)

No (n = 245) 1.1 4.3 2.2 1.4 (1.1-1.8) 1.5 (1.1-2.2)
Abbreviations: ARI, absolute risk increase; CI, confidence interval; ellipses, not available; RR, relative risk.
*Includes 5 patients with PAD of unspecified type.
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simvastatin and atorvastatin also im-
prove pain-free walking time.45,46 Ob-
servational data suggest that it is the
non–cholesterol-lowering properties of
statins that favorably influence leg func-
tion in patients with PAD.47,48

Blood Pressure–Lowering Drugs.
Contrary to prior belief, �-adrenergic
antagonist drugs do not worsen inter-
mittent claudication in patients with
PAD but, if indicated, should be used
with caution in severely affected pa-
tients.49 The combination of atenolol
and nifedipine marginally reduces maxi-
mal treadmill walking distance,50 while
angiotensin-converting enzyme inhibi-
tors (captopril, perindopril) may im-
prove walking distances.51,52

Cilostazol. Cilostazol is an inhibitor
of phosphodiesterase type 3 and thereby
inhibits platelet aggregation and causes
vasodilation. A meta-analysis of 8 RCTs
involving 2702 patients demonstrated
that cilostazol improved maximum walk-
ing distance and pain-free walking dis-
tance.53 Although cilostazol has not been
associated with the increase in cardiac
mortality seen with other phosphodies-
terase inhibitors such as milrinone
(which was developed for the treat-
ment of heart failure), it remains con-
traindicated in patients with PAD who
have coexistent cardiac failure.

Other Treatments. Ticlopidine54 and
ginkgo biloba special extract (Egb 761)
55,56 significantly increase pain-free walk-
ing distance. Numerous other thera-
pies, such as naftidrofuryl, pentoxifylline,
garlic, testosterone, levocarnitine, pro-
pionyl-L-carnitine, and chelation therapy
havebeenevaluated inRCTsbuthavenot
been shown to be effective or are less ef-
fective than established treatments.57-60

A variety of strategies to stimulate new
collateral channels in peripheral ische-
mia, such as the use of growth factors and
autologous bone marrow cells, are cur-
rently being evaluated.61,62

Preventing Systemic Complications
of Coronary and Cerebral
Atherosclerotic Arterial Disease

Smoking Cessation. Smoking cessa-
tion in the general population is asso-
ciated with a rapid reduction in cardio-

vascular risk.63 It is plausible to expect
similar benefits of smoking cessation in
patients with PAD, although the only
RCT that examined the effect of smok-
ing advice on mortality in such pa-
tients reported no statistically signifi-
cant differences in death rates at 20
years.36 However, observational data in-
dicate that smoking cessation reduces MI
and cardiac deaths and improves over-
all survival at 10 years among patients
with intermittent claudication.37

Lowering Blood Pressure. The 5
main classes of antihypertensive drugs
(diuretics, �-blockers, calcium chan-
nel blockers, angiotensin-converting en-
zyme inhibitors, and angiotensin II re-
ceptor antagonists) are all effective for
preventing cardiovascular events, and
the magnitude of their effect is mainly
determined by the magnitude of blood
pressure lowering.64,65

Among 4051 patients with PAD (ABI
�0.90) enrolled in the Heart Out-
comes Prevention Evaluation (HOPE)
study, random assignment to ramipril
(10 mg/d) (n=1966) was associated
with an RRR of subsequent stroke, MI,
and vascular death of approximately
25% (95% CI, 14%-37%), from 22%
(placebo) to 17% (ramipril) after 5 years
(mean) follow-up.66 This result was

consistent with that observed in all 9297
patients at high vascular risk (RRR,
22%; 95% CI, 14%-30%).66

In the Appropriate Blood Pressure
Control in Diabetes (ABCD) trial, more
intensive blood pressure control was
more effective than moderately inten-
sive control for preventing cardiovas-
cular events in 53 patients with PAD
and type 2 diabetes.67 The benefit of in-
tensive blood pressure control was in-
dependent of drug class.

The results of the HOPE and ABCD
trials in patients with PAD are consis-
tent with those of a recent systematic
review of RCTs assessing the effect of
blood pressure lowering in all individu-
als, which showed that lowering blood
pressure by about 10 to 12 mm Hg sys-
tolic and 5 to 6 mm Hg diastolic re-
duces the relative risk of stroke by about
38% and the risk of coronary events by
about 16%, and that more intensive
blood pressure lowering is more effec-
tive than less intensive lowering.68

There is some recent evidence sug-
gesting that �-blockers are less effec-
tive than other antihypertensive drugs.68

It remains uncertain whether angioten-
sin-converting enzyme inhibitors and
angiotensin II receptor antagonists have
significant additional prophylactic ef-

Table 2. Medical Treatment of Peripheral Arterial Disease

Indication Intervention Method/Comment

Improving leg
symptoms

Smoking cessation36,37 Physician advice
Nicotine replacement therapy
Bupropion

Exercise41,42 Consider structured exercise program

Statin drugs44-46 Benefit appears to be related to
non–cholesterol-lowering
properties of statins

Blood pressure–lowering
drugs49-52

Angiotensin-converting enzyme
inhibitors

Cilostazol53 Contraindicated in patients with heart
failure

Preventing systemic Smoking cessation37*
complications Weight loss77,78† Consider in overweight patients with

peripheral arterial disease

Lowering blood pressure66,67 Effect determined by magnitude of
blood pressure lowering

Angiotensin-converting enzyme
inhibitors66,67

Possible benefits beyond blood
pressure–lowering effect

Lowering blood cholesterol level70

Antiplatelet therapy79-86 Aspirin, with clopidogrel as suitable
alternative

*No randomized evidence but based on convincing observational data.
†Efficacy unproven in randomized trials, but observational data are compelling.
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fects on coronary and cerebrovascular
events that is independent of their ef-
fects on blood pressure.66,67,69

Lowering Blood Cholesterol Levels.
Among 6748 patients with a history of
PAD (with or without a history of coro-
nary heart disease) and a plasma total
cholesterol concentration of 3.5 mmol/L
(135 mg/dL) or greater, random alloca-
tion to simvastatin (40 mg/d) (n=3384)
was associated with an approximately
1.0-mmol/L (38.6-mg/dL) reduction in
low-density lipoprotein cholesterol
(LDL-C) concentration and an RRR of
stroke, MI, vascular death, and revascu-
larization procedures of approximately
20% (95% CI, 13%-27%), from 32.7%
(placebo) to 26.4% (simvastatin) after 5
years of follow-up.70 The results were
similar among patients with a history of
PAD only (from 30.5% [placebo] to
24.7% [simvastatin] after 5 years of treat-
ment; RRR, 21%; 95% CI, 7%-33%) and
in each subcategory based on sex, age,
or baseline concentrations of total plasma
cholesterol and LDL-C.70

These results are consistent with
those of a recent meta-analysis of more
than 90 000 individuals at high vascu-
lar risk, among whom statin therapy
safely reduced the 5-year incidence of
major vascular events by about one fifth
(relative risk, 0.79; 95% CI, 0.77-0.81;
P�.001) per 1.0-mmol/L reduction in
LDL-C concentration, irrespective of the
initial lipid profile and other present-
ing characteristics.71

Control of Blood Glucose Levels. It
hasbeenestimated that each1%increase
in glycosylated hemoglobin level is asso-
ciated with a 28% increased risk of inci-
dentPAD72 andwitha28%increasedrisk
of death, independent of age, smoking
status, blood pressure, or serum choles-
terolconcentration(P�.002).73 Although
randomized trials among patients with
diabetes have shown that more inten-
sive treatment of hyperglycemia results
in fewer microvascular complications of
diabetes (eg, retinopathy and renal dam-
age)anddecreasedprogressionofcarotid
artery intima-media thickness, theyhave
not shown significantly fewer macrovas-
cularcomplications(ie, stroke,MI,death,
or amputation due to PAD).74-76

Weight Loss. There are consistent
observational data that increasing waist-
to-hipratioandbodymass indexareasso-
ciated with increasing cholesterol, blood
pressure,andbloodglucose levels,aswell
as with increasing risk of cardiovascular
disease and death.77,78 There is, how-
ever, no evidence from RCTs that weight
loss reduces vascular events.

Antiplatelet Therapy. The Anti-
thrombotic Trialists’ Collaboration
meta-analysis of 195 trials of antiplate-
let treatment vs control among a total
of 135 640 patients at high risk of oc-
clusive arterial disease demonstrated
that antiplatelet therapy reduces the risk
of MI, stroke, or cardiovascular death
by about one quarter.79 The size of the
treatment effect in 9214 patients with
PAD included in this analysis (5.8% vs
7.1%; 23% odds reduction; P�.004)
was similar to that seen in other high-
risk groups (acute or previous acute MI,
previous stroke), and the benefits were
evident in patients with PAD who ex-
perience intermittent claudication as
well as those undergoing peripheral an-
gioplasty or bypass surgery.80,81

Aspirin is the most widely evaluated
antiplatelet agent for preventing cardio-
vascular events.79,81 Individual trials in
patients with PAD have not definitively
established a benefit of aspirin for pre-
venting MI, stroke, or cardiovascular
death,but theresultswithaspirinarecon-
sistent with the overall effects of anti-
platelet therapy in patients with
PAD.79,81,82 Likewise, the effectiveness of
different doses of aspirin has not been
definitively evaluated in PAD, but direct
and indirect comparisons of different
aspirin doses in the Antithrombotic Tri-
alists’ Collaboration meta-analysis sug-
gest that75to150mg/d isat leastaseffec-
tive as higher doses (�150 mg/d) and is
less likely to cause gastrointestinal and
bleeding complications.79,81

Aspirin has not been shown to im-
prove claudication, but it delays the rate
of progression, reduces the need for in-
tervention, and reduces graft failure in
patients who have undergone revascu-
larization procedures.79,83,84

Ticlopidine (250 mg twice daily)
compared with placebo reduces the risk

of MI, stroke, or death by about one
third in patients with PAD.82,85 How-
ever, it also causes thrombocytopenia
(in approximately 2%-3% of patients),
thrombotic thrombocytopenic pur-
pura (in approximately 0.03% of pa-
tients), and potentially fatal neutrope-
nia and has now largely been replaced
by clopidogrel as the thienopyridine of
choice.

The Clopidogrel vs Aspirin in Pa-
tients at Risk of Ischemic Events (CAP-
RIE) trial demonstrated that clopido-
grel (75 mg/d) compared with aspirin
(325 mg/d) reduced the risk of MI,
stroke, or cardiovascular death by 8.7%
(95% CI, 0.3%-16.5%; P = .04) in a
broad range of high-risk patients.86 The
greatest benefit was evident in the sub-
group of 6452 patients with PAD in
whom there was a 23.8% (95% CI,
8.9%-36.2%) RRR for MI, stroke, or car-
diovascular death in patients treated
with clopidogrel compared with aspi-
rin (4.9% per year vs 3.7% per year for
aspirin vs clopidogrel, respectively).86

Several novel antiplatelet drugs, in-
cluding picotamide (inhibits throm-
boxane A2 synthase and blocks throm-
boxane A2 receptors), triflusal (inhibits
platelet aggregation and vascular in-
flammation), and ketanserin (S2 sero-
tonin receptor antagonist) have not
been shown to be superior to aspirin for
preventing systematic complications in
patients with PAD.79

The combination of aspirin and clo-
pidogrel is currently being compared
with aspirin for preventing cardiovas-
cular events in high-risk patients with
PAD; results of the comparison are due
to be presented in March 2006.87

Anticoagulant Therapy. No benefit
of heparin, low-molecular-weight hep-
arin, or oral anticoagulants has been es-
tablished for intermittent claudica-
tion, but there is an increased risk of
major bleeding, especially with oral an-
ticoagulants.88 Patients undergoing in-
frainguinal venous bypass may ben-
efit from treatment with a vitamin K
antagonist instead of, or in addition to,
aspirin to maintain graft patency and
improve survival, but the evidence is
not conclusive.89,90 The combination of

MEDICAL TREATMENT OF PERIPHERAL ARTERIAL DISEASE

550 JAMA, February 1, 2006—Vol 295, No. 5 (Reprinted) ©2006 American Medical Association. All rights reserved.

 at Dartmouth College, on December 7, 2007 www.jama.comDownloaded from 

http://www.jama.com


aspirin and warfarin compared with as-
pirin alone for the treatment of PAD,
including among patients undergoing
revascularization procedures, is cur-
rently being evaluated in the Warfarin
and Vascular Evaluation (WAVE) trial.91

Summary of Treatment Evidence
for PAD

Improving Leg Symptoms. Smoking
cessation reduces the severity of clau-
dication and may be enhanced by phy-
sician advice coupled with nicotine re-
placement therapy or bupropion.

Exercise at least 2 times per week, even
in the presence of pain from intermit-
tent claudication, increases walking time.
For patients with claudication who con-
sider their leg pain a barrier to exercise,
structured exercise programs are appro-
priate. Walking through the claudica-
tion pain is not harmful and gradually
increases walking distance.

Simvastatin reduces the incidence of
new intermittent claudication, and sim-
vastatin and atorvastatin both signifi-
cantly increase pain-free walking time.
Angiotensin-converting enzyme inhibi-
tors appear to provide symptomatic
relief of PAD, but the data are limited.
Cilostazol improves maximal and pain-
free walking distance and is a suitable
treatment for disabling claudication, ex-
cept in patients with symptoms of heart
failure.

Preventing Systemic Complications
of Coronary and Cerebral Atheroscle-
rotic Arterial Disease. Although RCTs
have not shown that smoking cessa-
tion saves lives, the evidence from ob-
servational studies for reduced mortal-
ity after smoking cessation is compelling.
Smoking cessation is the main priority
in risk factor management.

For patients with PAD, ramipril re-
duces the risk of serious vascular events
by approximately one quarter and sim-
vastatin by approximately one fifth. Be-
cause all patients with PAD are at in-
creased risk of a vascular event, they
should be considered for prolonged treat-
ment with at least 1 blood pressure–
lowering agent and a statin, irrespective
of their baseline blood pressure and cho-
lesterol level. Modest reductions in blood

pressure and cholesterol level achieve
substantial and significant reductions in
serious vascular events. The absolute
benefit relates chiefly to an individual’s
absolute risk of such events and to the
absolute reduction achieved in blood
pressure and LDL-C level.

Early detection of diabetes and glu-
cose intolerance, followed by careful con-
trol of glycemia and vascular risk fac-
tors to target levels (BOX), is likely to
improve long-term outcome.14,92 Ac-
cording to current data, rigorous con-
trol of blood pressure and blood cho-
lesterol level is more important than
rigorous control of blood glucose level
in preventing serious vascular events
among individuals with diabetes.

Weight reduction should be a com-
ponent of the management strategy of
overweight patients with PAD.

Antiplatelet therapy should be used
in all patients with PAD who do not
have a specific contraindication. Aspi-
rin is the preferred antiplatelet drug be-
cause it is effective and inexpensive.
Clopidogrel is safer than ticlopidine and
slightly more effective than aspirin, but
it is much more expensive.

Anticoagulants are not indicated for
the medical management of PAD but
may have a role after infrainguinal by-
pass surgery.

Controversies and Uncertainties

Should ABI Be Used to Screen the Gen-
eral Population for PAD and Risk of
Vascular Disease? The ABI is a simple,
noninvasive, and reliable test that can be

complementary to conventional vascu-
lar risk factor profiles to identify indi-
viduals from the general population who
are at high risk of developing cardiovas-
cular disease and could benefit from pre-
ventive measures.93 After adjusting for
conventional cardiovascular risk fac-
tors and prevalent cardiovascular dis-
ease, a low ABI (�0.90) is an indepen-
dent predictor of cardiovascular risk.94

A low ABI is also highly specific (88%-
93%) for predicting future cardiovascu-
lar events (ie, a low ABI helps to “rule
in” a high-risk patient), with likelihood
ratios of about 2.5 (95% CI, 1.4-4.4) for
coronary heart disease, 2.4 (95% CI, 1.8-
3.4) for stroke, and 5.6 (95% CI, 3.4-
9.1) for cardiovascular death.94 How-
ever, because the sensitivity of a low ABI
to predict future cardiovascular out-
comes is low (ie, a normal ABI does not
“rule out” a high-risk patient), the ABI
lacks usefulness as a screening test for
PAD in the general population.94 Its op-
timal application may be as part of the
vascular risk assessment among se-
lected individuals without established
vascular disease but older than 70 years
or among those who are aged 50 to 69
years and have 1 or more cardiovascu-
lar risk factors (ie, elevated serum cho-
lesterol level, hypertension, dysglyce-
mia, tobaccoexposure,ora familyhistory
of atherosclerotic disease).94 Further
clarification of the role of ABI awaits
evaluation of its incremental predictive
value over conventional methods of risk
assessment in patients who may be at in-
creased risk of cardiovascular disease.94,95

Box. Management of Patients With Peripheral Arterial Disease
Who Have Diabetes*

Target Levels of Risk Factors in Patients With Diabetes14,92

Blood pressure �130/80 mm Hg

Low-density lipoprotein cholesterol level �2.6 mmol/L (100 mg/dL)

Triglycerides level �1.7 mmol/L (150 mg/dL)

High-density lipoprotein cholesterol �1.1 mmol/L (40 mg/dL)†

Glycosylated hemoglobin level �7%

*To achieve targets, lifestyle interventions (diet and exercise) are recommended first, fol-
lowed by pharmacological interventions, if necessary. Recommendations from the Ameri-
can Diabetes Association (2003).
†In women, a level above 1.3 mmol/L (50 mg/dL) may be appropriate.
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Is There a Role for Screening and
Modifying Novel Risk Factors? El-
evated blood levels of C-reactive pro-
tein predict the development of PAD in
apparently healthy men, indepen-
dently of elevated blood lipid levels,96

and elevated blood levels of homocys-
teine, C-reactive protein, and fibrino-
gen have been reported in patients with
PAD. However, it remains to be shown
that these are both causal and modifi-
able risk factors for atherothrombosis.
Traditional risk factors are still likely
to account for most of the risk of car-
diovascular disease worldwide.97

CONCLUSION

Peripheral arterial disease, particu-
larly asymptomatic disease, is com-
mon and is likely to become more com-
mon as the population ages and as the
diagnosis of hitherto unrecognized
asymptomatic disease improves.

Theimportanceofrecognizingasymp-
tomaticPADis that ithelps refineassess-
ment of vascular risk and identify indi-
viduals at considerable risk for MI and
stroke. This risk, along with severity of
claudicationinsymptomaticpatients,can
be substantially reduced by modest re-
ductions in the prevalence and level of
causal risk factors by means of lifestyle
modificationandeffectivemedical thera-
pies. An enormous opportunity—and
responsibility—exists to begin to trans-
late the evidence into practice.98
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78. Yusuf S, Hawken S, Ôunpuu S, et al. Obesity and
the risk of myocardial infarction in 27,000 participants
from 52 countries: a case-control study. Lancet. 2005;
366:1640-1649.
79. Antithrombotic Trialists’ Collaboration. Collabora-
tive meta-analysis of randomised trials of antiplatelet
therapy for prevention of death, myocardial infarction,
and stroke in high risk patients [published correction
appears in BMJ. 2002;324:141]. BMJ. 2002;324:7
1-86.
80. Dörfer-Melly J, Büller HR, Koopman MM, Prins
MH. Antiplatelet agents for preventing thrombosis
after peripheral arterial bypass surgery. Cochrane
Database Sys t Rev . 2003 ; (3 ) :CD000535
doi:10.1002/14651858.

81. Patrono C, Garcia Rodriguez LA, Landolfi R, Baigent
C. Low-dose aspir in for the prevent ion of
atherothrombosis. N Engl J Med. 2005;353:2373-2383.
82. Bergqvist D, Almgren B, Dickinson JP. Reduction
of the requirement for leg vascular surgery during long-
term treatment of claudicant patients with ticlopidine:
results from the Swedish Ticlopidine Multicentre Study
(STIMS). Eur J Vasc Endovasc Surg. 1995;10:69-76.
83. Hess H, Mietaschik A, Deichsel G. Drug-induced in-
hibition of platelet function delays progression of pe-
ripheral occlusive arterial disease: a prospective double-
blind arteriographically controlled trial. Lancet. 1985;1:
415-419.
84. Goldhaber SZ, Manson JE, Stampfer MJ, et al. Low-
dose aspirin and subsequent peripheral arterial surgery
in the Physicians’ Health Study. Lancet. 1992;340:143-
145.
85. Boissel JP, Peyrieux JC, Destors JM. Is it possible to
reduce the risk of cardiovascular events in subjects suf-
fering from intermittent claudication of the lower limbs?
Thromb Haemost. 1989;62:681-685.
86. CAPRIESteeringCommittee.A randomized,blinded,
trial of clopidogrel versus aspirin in patients at risk
of ischemic events (CAPRIE). Lancet. 1996;348:1329-
1339.
87. Bhatt DL, Topol EJ; Clopidogrel for High Athero-
thrombotic Risk and Ischemic Stabilization, Manage-
ment, and Avoidance Executive Committee. Clopido-
grel added to aspirin versus aspirin alone in secondary
prevention and high-risk primary prevention: rationale
and design of the Clopidogrel for High Atherothrom-
botic Risk and Ischemic Stabilization, Management, and
Avoidance (CHARISMA) trial. Am Heart J. 2004;
148:263-268.
88. Cosmi B, Conti E, Coccheri S. Anticoagulants (hep-
arin, low molecular weight heparin and oral anticoagu-
lants) for intermittent claudication. Cochrane Database
Syst Rev. 2001;(2):CD001999 doi:10.1002/
14651858.
89. Dörfer-Melly J, Büller HR, Koopman MM, Prins MH.
Antithrombotic agents for preventing thrombosis
after infrainguinal arterial bypass surgery. Cochrane
Database Syst Rev. 2003;(2):CD000536 doi:10.1002/
14651858.
90. Collins TC, Souchek J, Beyth RJ. Benefits of anti-
thrombotic therapy after infrainguinal bypass grafting:
a meta-analysis. Am J Med. 2004;117:93-99.
91. WAVE Study Investigators. The effects of oral an-
ticoagulants in patients with peripheral arterial disease:
rationale, design and baseline characteristics of the WAVE
trial including a meta-analysis of trials. Am Heart J. 2006;
151:1-9.
92. Solomon CG. Reducing cardiovascular risk in type
2 diabetes. N Engl J Med. 2003;348:457-458.
93. Caruana MF, Bradbury AW, Adam DJ. The valid-
ity, reliability, reproducibility and extended utility of ankle
to brachial pressure index in current vascular surgical
practice. Eur J Vasc Endovasc Surg. 2005;29:443-451.
94. Doobay AV, Anand SS. Sensitivity and specificity
of the ankle-brachial index to predict future cardiovas-
cular outcomes: a systematic review. Arterioscler Thromb
Vasc Biol. 2005;25:1463-1469.
95. Smith SC Jr, Greenland P, Grundy SM. Prevention
Conference V: beyond secondary prevention: identify-
ing the high-risk patient for primary prevention: execu-
tive summary. Circulation. 2000;101:111-116.
96. Ridker PM, Stampfer MJ, Rifai N. Novel risk fac-
tors for systematic atherosclerosis: a comparison of C-
reactive protein, fibrinogen, homocysteine, lipoprotein
(a), and standard cholesterol screening as predictors of
peripheral arterial disease. JAMA. 2001;285:2481-2485.
97. Yusuf S, Hawken S, Ounpuu S; INTERHEART Study
Investigators. Effect of potentially modifiable risk fac-
tors associated with myocardial infarction in 52 coun-
tries (the INTERHEARTstudy): case-control study. Lancet.
2004;364:937-952.
98. Majumdar SR, McAlister FA, Furberg CD. From
knowledge to practice in chronic cardiovascular dis-
ease: a long and winding road. J Am Coll Cardiol. 2004;
43:1738-1742.

MEDICAL TREATMENT OF PERIPHERAL ARTERIAL DISEASE

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, February 1, 2006—Vol 295, No. 5 553

 at Dartmouth College, on December 7, 2007 www.jama.comDownloaded from 

http://www.jama.com

