
EDUCATIONAL OBJECTIVE: Readers will use the ankle-brachial index to detect peripheral artery disease

Using the ankle-brachial index to 
diagnose peripheral artery disease 
and assess cardiovascular risk

■■ ABSTRACT

The ankle-brachial index is valuable for screening for 
peripheral artery disease in patients at risk and for diag-
nosing the disease in patients who present with lower-
extremity symptoms that suggest it. The ankle-brachial 
index also predicts the risk of cardiovascular events, 
cerebrovascular events, and even death from any cause. 
Few other tests provide as much diagnostic accuracy and 
prognostic information at such low cost and risk. 

■■ KEY POINTS

The ankle-brachial index is the systolic pressure in the an-
kle (either the dorsalis pedis or the posterior tibial artery, 
whichever has the higher pressure) divided by the systolic 
pressure in the arm (either the left or right, whichever is 
higher). The lower of the two values obtained (left and 
right) is the patient’s overall ankle-brachial index.

Most healthy adults have a value greater than 1.0.  A 
value of less than 0.91 indicates significant peripheral ar-
tery disease, and a value lower than 0.40 at rest generally 
indicates severe disease. Values higher than 1.4 indicate 
stiffened, noncompressible arteries.

Measuring the ankle-brachial index after exercise can un-
cover peripheral artery disease in patients with a normal 
resting ankle-brachial index.
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I n this article, we seek to convince you to 
measure the ankle-brachial index for any 

patient you suspect may have peripheral ar-
tery disease. This would include patients who 
are elderly, who smoke, or who have diabetes, 
regardless of whether or not they have symp-
toms. The ankle-brachial index is a simple test 
that involves taking the blood pressure in all 
four limbs using a hand-held Doppler device 
and then dividing the leg systolic pressure by 
the arm systolic pressure.
	 This simple test is both sensitive and spe-
cific for peripheral artery disease. It also gives 
a good assessment of cardiovascular risk. The 
downside: you or a member of your staff spends 
a few minutes doing it. Also, for patients with-
out leg symptoms or abnormal findings on 
physical examination, you may not be paid for 
doing it.
	 Despite these limitations, the ankle-bra-
chial index is a powerful clinical tool that de-
serves to be performed more often in primary 
care. 

■■ PERIPHERAL ARTERY DISEASE  
IS COMMON AND SERIOUS

Peripheral artery disease is important to detect, 
as it is common, it has serious consequences, 
and effective treatments are available. Howev-
er, many patients with the disease do not have 
typical symptoms. 
	 Peripheral artery disease affects up to 29% 
of people over age 70, depending on the popu-
lation sampled.1,2 Its classic symptom is inter-
mittent claudication, ie, leg pain with walk-
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ing that improves with rest. However, most 
patients do not have intermittent claudica-
tion; they have atypical leg symptoms or no 
symptoms at all.2,3 While the risk factors for 
peripheral artery disease are similar to those 
for coronary artery disease, the factors most 
strongly associated with peripheral artery 
disease are older age, tobacco smoking, and 
diabetes mellitus.4 Blacks are twice as likely 
to have it compared with whites, even after 
adjusting for other cardiovascular risk factors.5

	 Untreated peripheral artery disease may 
have serious consequences, such as amputa-
tion, impaired functional capacity, poor qual-
ity of life, and depression.3,6,7 In addition, it is 
a strong marker of atherosclerotic burden and 
cardiovascular risk and has been recognized 
as a coronary risk equivalent. Patients with 
peripheral artery disease are at higher risk of 
death, myocardial infarction, stroke, and hos-
pitalization, with event rates as high as 21% 
per year.8

	 Fortunately, simple therapies have been 
shown to prevent adverse cardiovascular 
events in peripheral artery disease, including 
antiplatelet drugs, statins, and angiotensin-
converting enzyme inhibitors.9–11 

■■ THE ANKLE-BRACHIAL INDEX  
IS SENSITIVE AND SPECIFIC

The evaluation for possible peripheral artery 
disease should begin with the medical his-
tory, a cardiovascular review of systems, and 
a focused physical examination in which one 
should: 
•	 Measure the blood pressure in both arms to 

assess for occult subclavian stenosis
•	 Auscultate for bruits over the carotid, ab-

dominal, and femoral arteries
•	 Palpate the pulses in the lower extremities 

and the abdominal aorta
•	 Inspect the bare legs and feet for thinning 

of the skin, hair loss, thickening of the 
nails (which are nonspecific signs), and 
ulceration.

	 However, the physical examination has 
limited sensitivity and specificity for diagnos-
ing peripheral artery disease. In general, the 
most reliable finding is the absence of a palpa-
ble posterior tibial artery pulse, which has been 
reported to have a specificity of 71% and a sen-

sitivity of 91% for peripheral artery disease.12

	 The ankle-brachial index is the first-line 
test for both screening for peripheral artery 
disease and for diagnosing it. It is inexpensive 
and noninvasive to obtain and has a high sen-
sitivity (79% to 95%) and specificity (95% to 
96%) compared with angiography as the gold 
standard.13–18 It can be measured easily in the 
office, and every practitioner who cares for pa-
tients at risk of cardiovascular disease can be 
trained to measure it competently.

■■ HOW TO MEASURE  
THE ANKLE-BRACHIAL INDEX

The ankle-brachial index is the ratio of the 
systolic pressure in the ankle to the systolic 
pressure in the arm. In healthy people, this ra-
tio is typically greater than 1.0 or 1.1. 
	 You can measure the ankle-brachial index 
in the office with a blood pressure cuff, sphyg-
momanometer, and handheld Doppler device. 
Alternatively, it can be measured in a nonin-
vasive vascular laboratory as part of a more de-
tailed examination that allows for assessment 
of blood pressures and waveforms (Doppler or 
pulse-volume recordings) at multiple segments 
along the limb. These more detailed vascular 
studies are generally reserved for patients with 
confirmed peripheral artery disease to locate 
the level and extent of blockage or for patients 
in whom lower-extremity revascularization is 
contemplated.
	 The use of a stethoscope to measure blood 
pressures for the ankle-brachial index has been 
studied in a few small series,19,20 but is thought 
to be less accurate than Doppler, especially in 
the setting of significant arterial occlusive dis-
ease. Because of this, it is recommended and 
assumed that a Doppler device be used to mea-
sure all blood pressures for the ankle-brachial 
index.
	 After the patient has been resting quietly 
for 5 to 10 minutes in the supine position, 
the systolic blood pressure is measured in 
both arms and in both ankles in the dorsalis 
pedis and posterior tibial arteries (FIGURE 1). 
The blood pressure cuff is placed about 1 inch 
above the antecubital fossa for the brachial 
pressure and about 2 inches above the medial 
malleolus for the ankle pressures. A clear ar-
terial pulse signal should be heard using the 
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MM How to calculate the ankle-brachial index
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FIGURE 1. How to calculate the ankle-brachial index (ABI). With the patient positioned supine with the 
ankles and arms at the level of the heart, a health care provider measures the blood pressure in all four 
limbs using a hand-held Doppler device with a blood pressure cuff and sphygmomanometer. For a stan-
dard ankle-brachial index measurement in clinical practice, the higher of the two ankle pressures mea-
sured at the ankle is used as the numerator and the higher of the two arm pressures is used as the denom-
inator for both limbs. If the index is abnormal in either lower extremity, the diagnosis of peripheral artery 
disease has been confirmed.  

INFORMATION BASED ON  2011 Writing Group Members; 2005 Writing Committee Members; ACCF/AHA Task Force Members. 2011 ACCF/AHA Focused Update of the Guide-
line for the Management of patients with peripheral artery disease (updating the 2005 guideline): a report of the American College of Cardiology Foundation/

American Heart Association Task Force on practice guidelines. Circulation 2011; 124:2020–2045.
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Doppler probe before inflating the blood pres-
sure cuff. The cuff is then inflated to at least 
20 mm Hg above the point where the arterial 
Doppler sounds disappear and then slowly de-
flated until the Doppler sounds reappear. The 
blood pressure at which the Doppler signal of 
the arterial pulse reappears is the systolic pres-
sure for that vessel.
	 The ankle-brachial index is calculated by 
dividing the higher of the two ankle systolic 
blood pressures in each leg by the higher of the 
two brachial systolic blood pressures. The high-
er of the two brachial pressures is used as the 
denominator to account for the possibility of 
subclavian artery stenosis, which can decrease 
the blood pressure in the upper extremity. The 
ankle-brachial index is calculated for each leg, 
and the lower value is the patient’s overall 
ankle-brachial index. An abnormal value in 
either leg indicates peripheral artery disease.
	 While other ways of calculating the ankle-
brachial index have been proposed, such as 
averaging the two pressures at each ankle or 
reporting the lower of the two ankle pressures, 
these methods are not standard for use in clin-
ical practice.
	 Similarly, the use of oscillometric blood 
pressure devices has been proposed, which 
would eliminate the need for a Doppler device 
and personnel trained in its use. However, 
results of validation studies of oscillomet-

ric measurement of the ankle-brachial index 
have been inconsistent, likely because the de-
vices were designed for measuring blood pres-
sure in nonobstructed arms, not the legs, and 
especially not diseased legs.21–25 In general, os-
cillometric devices tend to overestimate ankle 
pressure, giving a falsely high ankle-brachial 
index in patients with moderate to severe 
peripheral artery disease.21 Their utility in 
screening for peripheral artery disease has not 
been evaluated in broad, population-based 
studies. Efforts to develop and validate new 
oscillometric devices for diagnosing periph-
eral artery disease are ongoing.

■■ INTERPRETING  
THE ANKLE-BRACHIAL INDEX

Diagnostic criteria for the ankle-brachial in-
dex were standardized in 2011 (TABLE 1).26 Most 
healthy adults have a value greater than 1.0. 
A value of less than 0.91 is consistent with sig-
nificant peripheral artery disease, and a value 
lower than 0.40 at rest generally indicates se-
vere disease. A value between 0.91 and 0.99 
is borderline abnormal and does not rule out 
peripheral artery disease. A value greater than 
1.40 reflects noncompressibility of the leg ar-
teries and is not diagnostic (see below). 
	 The ankle-brachial index after exercise. 
In patients strongly suspected of having periph-
eral artery disease but who have a normal an-
kle-brachial index at rest, and especially if the 
resting value is borderline (ie, 0.91–0.99), the 
measurement should be repeated after exercise, 
the better to detect “mild” peripheral artery 
disease.15 With exercise, increased flow across a 
fixed stenosis leads to a significant fall in ankle 
pressure and a lower ankle-brachial index. In 
one study,27 the ankle-brachial index fell below 
0.9 after exercise in 31% of outpatients with 
symptoms who had initially tested normal. 
	 The exercise is optimally done on a motor-
ized treadmill set at an incline. A number of 
exercise protocols are in use; at our institution, 
we use a fixed workload protocol. The ankle-
brachial index and ankle pulse-volume record-
ings are recorded on both sides at rest, after 
which the patient generally walks for 5 min-
utes at a 12% grade at 2.0 mph or until symp-
toms force the patient to stop. The advantage 
of treadmill testing is the ability to assess func-

Care of  
peripheral 
artery disease 
should address 
cardiovascular 
risk factors, 
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and foot ulcers

TABLE 1

Diagnostic criteria  
for the resting ankle-brachial index 
Value   Interpretation

1.00–1.40 Normal

0.91–0.99 Borderline 
Perform exercise ankle-brachial index testing  
 if indicated

< 0.90 Abnormal—peripheral artery disease

> 1.40 Noncompressible vessels 
Obtain toe-brachial index to diagnose 
 peripheral artery disease

Adapted from 2011 Writing Group Members; 2005 Writing Committee Members; ACCF/
AHA Task Force Members. 2011 ACCF/AHA Focused Update of the Guideline for the 
Management of patients with peripheral artery disease (updating the 2005 guide-

line): a report of the American College of Cardiology Foundation/American Heart 
Association Task Force on practice guidelines. Circulation 2011; 124:2020–2045.
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tional capacity by measuring the time to the 
onset of pain and the total walking time. 
	 Alternatively, active pedal plantar flexion 
maneuvers (heel raises) or corridor walking 
to the point at which limiting symptoms oc-
cur can be done if a treadmill is not available, 
though this is not the favored approach and 
does not qualify as formal exercise testing for 
reimbursement purposes. The patient is asked 
to do heel raises as high and as fast as possible 
for 30 seconds or until limiting pain symptoms 
occur. Results with this maneuver have been 
shown to correlate well with those of tread-
mill exercise testing.28 
	 Immediately after any exercise maneuver, 
arm and ankle pressures are remeasured and 
bilateral ankle-brachial indices are recalcu-
lated. A fall in ankle pressure or the ankle-
brachial index after exercise (generally, a fall 
of more than 20%) supports the diagnosis of 
peripheral artery disease. If the patient devel-
ops leg symptoms during exercise while his 
or her ankle-brachial index falls significantly, 
this also supports the vasculogenic nature of 
the leg symptoms.
	 An ankle-brachial index greater than 1.40 
means that the pedal arteries are stiff and can-
not be compressed by the blood pressure cuff. 
This is considered abnormal, though not nec-
essarily diagnostic of peripheral artery disease. 
Noncompressible leg arteries are common 
among patients with long-standing diabetes 
mellitus or end-stage renal disease, and also 
can be found in obese patients. 
	 Because toe arteries are usually compress-
ible even when the pedal arteries are not, a 
toe-brachial index can be obtained to con-
firm the diagnosis of peripheral artery disease 
in these cases. This is calculated by measur-
ing the blood pressure in the great toe using a 
small digital blood pressure cuff and a Doppler 
probe or a plethysmographic flow sensor. The 
toe-brachial index is calculated by dividing 
the toe blood pressure by the higher of the two 
brachial artery pressures; a value of 0.7 or less 
generally indicates peripheral artery disease.

■■ WHAT SHOULD BE DONE  
WITH AN ABNORMAL RESULT?

An abnormal ankle-brachial index establishes 
the diagnosis of peripheral artery disease, and 

in many cases no additional diagnostic testing 
is necessary.
	 Care of patients with peripheral artery dis-
ease has three elements: 
•	 Cardiovascular risk factor assessment and 

reduction to prevent myocardial infarc-
tion, stroke, and death

•	 Assessment and treatment of leg symptoms 
to improve function and quality of life

•	 Foot care to prevent ulcers and amputa-
tion.

	 Risk factor reduction. Because they have 
a markedly greater risk of cardiovascular dis-
ease and death, all patients with peripheral 
artery disease should undergo aggressive car-
diovascular risk factor modification,26,29 in-
cluding:
•	 Antiplatelet therapy in the form of aspirin 

75–325 mg daily or clopidogrel 75 mg daily 
as an alternative to aspirin

•	 Counseling and therapy for immediate 
smoking cessation if the patient smokes

•	 Treatment of hypertension to Seventh 
Joint National Committee goals30 

•	 Treatment of lipids to Adult Treatment 
Panel III goals31 (generally to a goal low-
density lipoprotein cholesterol of less than 
100 mg/dL, and less than 70 mg/dL if pos-
sible)

•	 Treatment of diabetes to a goal hemoglo-
bin A1c of less than 7% (in the absence of 
contraindications).32

	 Exercise and anticlaudication medication. 
Patients with an abnormal ankle-brachial in-
dex and intermittent claudication may benefit 
from a supervised exercise program, a trial of 
drug therapy for claudication, or both. All pa-
tients with peripheral artery disease, regardless 
of symptoms, should be advised to incorporate 
aerobic exercise (ideally, walking) into their 
daily routine. 
	 Cilostazol (Pletal), a phosphodiesterase 
inhibitor, has been given a class IA recom-
mendation in the American College of Cardi-
ology/American Heart Association guidelines 
for the treatment of intermittent claudication. 
The dose is generally 100 mg by mouth twice 
daily.29

	 Revascularization. Patients with an ab-
normal ankle-brachial index and lifestyle-lim-
iting claudication that has failed to improve 
with medical therapy or a course of supervised 
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1/3 to 1/2 of 
those with 
peripheral 
artery disease 
have cerebro-
vascular or 
coronary artery 
disease

exercise training should be referred to a vas-
cular specialist for evaluation for revascular-
ization (endovascular therapy or surgical by-
pass).29 Endovascular therapy is particularly 
attractive for patients with claudication and 
evidence of aortoiliac disease (suspected in 
patients with gluteal or thigh claudication, 
diminution of the femoral pulse, or a bruit 
over the femoral artery on examination and 
confirmed by noninvasive vascular laboratory 
testing). 
	 Patients who have ischemic pain at rest, 
gangrene, or a nonhealing lower-extremity 
wound that has been present for at least 2 
weeks should be referred for revascularization 
on an urgent basis, given the risk of impend-
ing limb loss associated with critical limb isch-
emia.
	 A detailed review of the medical, endovas-
cular, and surgical management of peripheral 
artery disease can be found in a supplement to 
the Cleveland Clinic Journal of Medicine pub-
lished in 200633 and in comprehensive multi-
society guidelines.26,29

■■ THE ANKLE-BRACHIAL INDEX  
AS A MARKER OF RISK

Low values: Peripheral artery disease
Peripheral artery disease, as diagnosed by a low 
ankle-brachial index, confers an excess risk of 
death from all causes in a graded fashion: ie, 
the more severe the disease, the lower the sur-
vival rate (FIGURE 2).34 Because peripheral artery 
disease is a sign of systemic atherosclerosis and 
one-third to one-half of patients with periph-
eral artery disease have evidence of cerebro-
vascular or coronary artery disease,35–37 periph-
eral artery disease also confers a higher risk of 
cardiovascular death.
	 The Edinburgh Artery Study,38 a prospec-
tive cohort study of 1,592 randomly selected 
patients age 55 to 74 years, demonstrated the 
relationship between a low ankle-brachial 
index and an increased risk of cardiovascular 
death. Over 5 years of follow-up, compared 
with patients with a normal ankle-brachial 
index, the relative risk of cardiovascular death 
in symptomatic patients with a value of 0.9 or 
lower was 2.67 (95% confidence interval [CI] 
1.34–5.29). The relative risk in patients with 
asymptomatic disease was between 1.74 (95% 
CI 1.09–2.76) and 2.08 (95% CI 1.13–3.83), 
depending on the level of ankle-brachial in-
dex decrement and ankle blood pressure re-
sponse to hyperemia.
	  (Reactive hyperemia is an alternative to 
exercise testing. It is performed by inflating a 
blood pressure cuff at the thigh above the sys-
tolic pressure for 3 to 5 minutes or until the 
patient can no longer tolerate the inflation. 
Blood pressures at the ankle are remeasured 
after cuff release.)
	 Several other epidemiologic studies have 
established the association between low an-
kle-brachial index and the risk of cardiovascu-
lar death. 
	 Heald et al39 performed a meta-analysis 
of 44,590 patients in 11 epidemiologic stud-
ies and found that, after adjustment for age, 
sex, conventional cardiovascular risk factors, 
and prevalent cardiovascular disease, an an-
kle-brachial index lower than 0.9 conferred a 
higher risk of:
•	 All-cause mortality (pooled risk ratio [RR] 

1.60, 95% CI 1.32–1.95)
•	 Cardiovascular mortality (pooled RR 1.96, 
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FIGURE 2. Survival curves from 744 patients followed 
after ankle-brachial index testing at a single community 
hospital. The 5-year survival rate in patients with values 
< 0.4 was 44%, compared with 90% in patients with 
values > 0.85.

Adapted from 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; with permission from Elsevier.

 on August 26, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE    VOLUME 79  •  NUMBER 9    SEPTEMBER  2012  657

KIM AND COLLEAGUES

95% CI 1.46–2.64)
•	 Coronary heart disease (pooled RR 1.45, 

95% CI 1.08–1.93)
•	 Stroke (pooled RR 1.35, 95% CI 1.10-

1.65).
	 Fowkes et al,40 in a meta-analysis of 16 
population cohort studies including 48,294 
patients over 480,325 person-years of follow-
up, found that a low ankle-brachial index pre-
dicted cardiovascular events and death even 
after adjusting for the Framingham risk score, 
Hazard ratios for cardiovascular death were:
•	 2.92 (95% CI 2.31–3.70) in men
•	 2.97 (95% CI 2.02–4.35) in women. 
	 Hazard ratios for death from any cause 
were:
•	 2.34 (95% CI 1.97–2.78) in men
•	 2.35 (95% CI 1.76–3.13) in women. 
	 Adding the ankle-brachial index to the 
Framingham risk score resulted in reclassifica-
tion of risk category in approximately 19% of 
men and 36% of women.40

	 The German Epidemiological Trial on 
Ankle Brachial Index (getABI) screened 
6,880 patients 65 years of age and found an 
abnormal ankle-brachial index in 20.9% of 
them.41 In more than 5 years of follow-up, a 
value of less than 0.90 was associated with a 
higher rate of cardiovascular events and death 
from any cause in patients with both symp-
tomatic and asymptomatic peripheral artery 
disease (FIGURE 3).41

	 In addition, the lower the ankle-brachial 
index, the greater the rate of death or severe 
cardiovascular events. An index between 0.7 
and 0.9 was associated with a statistically sig-
nificant twofold increase (adjusted hazard ra-
tio 2.03), and a value lower than 0.5 was asso-
ciated with a nearly fivefold increase (hazard 
ratio 4.65) in the risk of events compared with 
the group of patients with normal values.41

Abnormal results after exercise 
Exercise testing may increase the sensitivity of 
the ankle-brachial index to detect peripheral 
artery disease in patients with normal resting 
values and especially in patients with border-
line values. As such, abnormal exercise values 
have also been associated with an increased 
risk of death due to any cause and of cardio-
vascular death. 
	 In a prospective cohort study of 3,209 

patients with suspected or known peripheral 
artery disease referred to a vascular surgery 
clinic in the Netherlands, patients with lower 
postexercise values had a higher rate of overall 
and cardiac death (hazard ratio per 10% lower 
value 1.16 [95% CI 1.13–1.18] and 1.10 [95% 
CI 1.09–1.13], respectively).42 
	 Sheikh et al43 reported similar findings in 
patients with normal resting ankle-brachial 
indices at Cleveland Clinic. In this study, an 
abnormal postexercise ankle-brachial index 
(defined as < 0.85) was associated with a haz-
ard ratio of 1.67 for all-cause mortality com-
pared with a normal postexercise value among 
individuals with no history of cardiovascular 
events.

High values: Noncompressible vessels
While the relationship between low values 
and increased mortality and cardiovascular 
risk is well accepted, there have been conflict-
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FIGURE 3. Kaplan-Meier curves in the German Epide-
miological Trial on Ankle Brachial Index (getABI). The 
difference in event-free survival between patients with 
symptomatic vs asymptomatic peripheral artery dis-
ease was largely driven by peripheral revascularization 
procedures.

Adapted from Diehm C, Allenberg JR, Pittrow D, et al; German Epidemiological Trial 
on Ankle Brachial Index Study Group. Mortality and vascular morbidity in older 

adults with asymptomatic versus symptomatic peripheral artery disease. Circula-
tion 2009; 120:2053–2061: with permission of lippincott williams & wilkins.
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ing reports regarding high values (> 1.4) and 
adverse outcomes.44,45 
	 The Strong Heart Study44 was a popula-
tion-based study in 4,393 Native Americans 
followed for more than 8 years for the rate of 
all-cause and cardiovascular mortality. Most 
(n = 3,773) of the cohort had a normal ankle-
brachial index (≥ 0.9 and ≤ 1.4); 4.9% (n = 
216) had a low value (< 0.9); and 9.2% (n = 
404) had a high value (> 1.4 or noncompress-
ible). Relative risk ratios for all-cause mor-
tality were 1.69 (95% CI 1.34–2.14) for low 
values and 1.77 (95% CI 1.48–2.13) for high 
values compared with those with normal val-
ues. Low and high ankle-brachial indices also 
conferred a risk of cardiovascular death, with 
relative risk ratios of 2.52 (95% CI 1.74–3.64) 
and 2.09 (95% CI 1.49–2.94), respectively. 

There was a U-shaped relationship between 
the ankle-brachial index and the mortality 
rate (FIGURE 4).44

	 The Atherosclerosis Risk in Communi-
ties (ARIC) study45 had different findings. 
In 14,777 participants followed for a mean of 
12.2 years, the cardiovascular disease event 
rates of patients whose ankle-brachial index-
was categorized as high (> 1.3, > 1.4, or > 1.5) 
were similar to those of patients with a normal 
value (between 0.9 and 1.3). 
	 Differences in event rates between the two 
studies may be due to a higher prevalence of 
values greater than 1.4 in the Strong Heart 
Study cohort as well as to a higher prevalence 
of concomitant risk factors (diabetes, older 
age, hypertension, lipid abnormality) in the 
high ankle-brachial index group in the Strong 
Heart Study compared with the ARIC study.

■■ DIFFERING RECOMMENDATIONS

The ankle-brachial index can be used to screen 
for asymptomatic peripheral artery disease. It 
can also be used to confirm the diagnosis in 
patients with symptoms such as intermittent 
claudication, ischemic pain at rest, or lower 
extremity ulcers or in patients with signs such 
as abnormal pulses, bruits, or lower-extremity 
skin changes. It is also used to reassess the se-
verity of known peripheral artery disease and 
as a part of a routine surveillance program to 
assess the patency of bypass grafts and endo-
vascular stents after revascularization proce-
dures.
	 The complication of peripheral artery dis-
ease that patients dread the most is limb loss, 
but of greater clinical consequence are the 
alarming rates of cardiovascular events and 
death in these patients. Epidemiologic studies 
have shown that fewer than 5% of patients age 
55 or older with claudication or asymptomatic 
peripheral artery disease experience major 
amputation over a 5-year follow-up period, 
but 20% of these patients will have a stroke 
or myocardial infarction and 15% to 30% will 
die. Of those who die, 75% die of a coronary 
or cerebrovascular cause.36 Because of the 
markedly increased risk of death or cardio-
vascular morbidity in patients with peripheral 
artery disease, many have advocated screening 
patients at high risk using the ankle-brachial 
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Adapted with permission from Resnick HE, Lindsay RS, McDermott MM, et al. Rela-
tionship of high and low ankle brachial index to all-cause and cardiovascular 

disease mortality: the Strong Heart Study. Circulation 2004; 109:733–739.

The U-shaped relationship between 
ankle-brachial index and death

 on August 26, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CLINIC JOURNAL OF MEDICINE    VOLUME 79  •  NUMBER 9    SEPTEMBER  2012  659

KIM AND COLLEAGUES

index. However, there have been conflicting 
recommendations from national societies and 
agencies.29,46–48

	 The United States Preventive Services 
Task Force (USPSTF) updated its 1996 rec-
ommendations on screening for peripheral ar-
tery disease in 2005 and recommended against 
routinely screening for it, giving the practice 
a “D” recommendation (not recommended). 
Specifically, it stated that it found “fair evi-
dence that screening asymptomatic adults 
with the ankle brachial index could lead to 
some small degree of harm, including false-
positive results and unnecessary work-ups,”46 
and concluded that “for asymptomatic adults, 
harms of routine screening for [peripheral ar-
tery disease] exceed benefits.”46 
	 This negative recommendation was in-
tensely debated among vascular specialty 
groups, and a rebuttal was published in 2006.49 
The major area of contention was the task 
force’s assumption that decreased disease-
specific morbidity (especially limb loss) is the 
most important outcome to be prevented by 
screening for asymptomatic peripheral artery 
disease, rather than adverse cardiovascular 
events. The USPSTF has announced plans for 
an update on screening for peripheral artery 
disease, anticipated for 2013.50

	 The American College of Cardiology/
American Heart Association task force in 
2005 recommended that a history of walking 
impairment, intermittent claudication, isch-
emic rest pain, or nonhealing wounds be so-
licited as part of a standard review of systems 
for adults age 70 and older or adults age 50 and 
older who have risk factors for atherosclerosis 
(class IC recommendation—based only on a 
consensus opinion of experts, case studies, or 
standard of care).29 In contrast to the USPSTF 
recommendations, the joint guidelines further 
recommended that patients with asymptom-
atic lower-extremity peripheral artery disease 
be identified by physical examination, ankle-
brachial index, or both, to prevent myocar-
dial infarction, stroke, or death (class IC).29 
Patients at risk for lower-extremity peripheral 
artery disease for whom ankle-brachial index 
measurement is recommended include those 
with exertional leg symptoms, those with 
nonhealing ulcers, those age 70 and older, and 
those age 50 and older who have a history of  

moking or diabetes.
	 The American Diabetes Association and 
the second Inter-Society Consensus for the 
Management of Peripheral Arterial Disease 
(TASC II) issued similar recommendations.48

	 In 2011, the American College of Cardi-
ology/American Heart Association task force 
issued a focused update to its 2005 guidelines, 
broadening the recommendation for testing to 
include patients age 65 and older on the basis 
of the getABI study, as well as maintaining the 
recommendation for testing for those age 50 
and older with a history of smoking or diabetes 
(class IB recommendation).26,41

	 The task force’s Guideline for the Assess-
ment of Cardiovascular Risk in Asymptomatic 
Adults says that measuring the ankle-brachial 
index is reasonable for cardiovascular risk as-
sessment in asymptomatic adults at interme-
diate risk (class IIA—conflicting evidence or 
divergence of opinion, from multiple random-
ized clinical trials).51 Also recommended as 
risk stratification tools for this patient popula-
tion are measurement of carotid intima-media 
thickness and measurement of coronary artery 
calcium (both class IIA recommendations). 
	 Unlike these tests, however, the ankle-
brachial index does not require highly trained 
technical and medical personnel to perform 
and interpret. In addition, there is no risk of 
radiation exposure as is the case in coronary 
calcium measurement. It is a simpler, lower-
cost, and more widely available tool for car-
diovascular risk assessment.

■■ LIMITATIONS TO ANKLE-BRACHIAL 
SCREENING IN PRACTICE

Although this test is relatively simple and non-
invasive, it is not widely performed in primary 
care and cardiovascular medicine. In a study 
by Mohler and colleagues,52 the most common 
barriers to its use among primary care provid-
ers were the time required to perform it, lack 
of reimbursement for it, and limited staff avail-
ability. Currently, third-party payers do not 
generally reimburse for an ankle-brachial in-
dex examination performed to screen a patient 
who is asymptomatic but at risk for peripheral 
artery disease. Unfortunately, this has limited 
the widespread adoption of a program to detect 
peripheral artery disease in patients at risk.

The ankle-
brachial index 
is the first-line 
test for  
diagnosing 
peripheral 
artery disease
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	 Despite these limitations, the ankle-brachial 
index is an invaluable tool to both screen for pe-
ripheral artery disease in the appropriate at-risk 
patient populations and to diagnose it in patients 
who present with lower extremity symptoms. 

There are few diagnostic tests available today 
that provide such a high degree of diagnostic 
accuracy with as much prognostic information 
as the ankle-brachial index and with such little 
expense and risk to the patient.	 ■
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