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The preferred method to calculate the Ankle-Brachial Index (ABI) 
for the diagnosis of Peripheral Arterial Disease (PAD) is to measure by 
the Doppler method the systolic pressures of the left and right brachial 
arteries in addition to the dorsalispedis and posterior tibial arteries in 
each leg [1,2]. For each leg, the higher of the dorsalispedis and posterior 
tibial pressures is divided by the higher brachial pressure, and the lower 
overall ABI of the 2 legs is used to diagnose the presence or absence of 
PAD. The cuff size should be appropriate with a width at least 40% of 
the limb circumference [2]. The ankle cuff should be placed just above 
the malleoli with the straight wrapping method [2]. The cuff should not 
be placed over a distal bypass to avoid the risk of bypass thrombosis [2]. 
The patient should be at rest for 5 to 10 minutes in the supine position, 
relaxed, head and heels supported, in a room with a temperature 
between 66˚ to 72˚Farenheit. The patient should not smoke for at least 
2 hours prior to measurement of the ABI [2]. 

The ABI should be used as the first-line non-invasive test for 
diagnosing PAD [2]. An ABI ≤ 0.90 should be considered the threshold 
for confirming the diagnosis of lower extremity PAD [2]. When the 
ABI is >0.90 but PAD is suspected, a post exercise ABI or other non-
invasive tests should be used. A post exercise ankle pressure decrease 
of >30 mm Hg or a post exercise ABI reduction of >20% is a diagnostic 
criterion for PAD [2]. When the ABI is >1.40, a toe-brachial index 
or other non-invasive tests should be used to confirm the diagnosis 
of PAD [2]. An ABI reduction of >0.15 over time can be effective in 
diagnosing progression of PAD [2]. A high ABI may be caused by 
calcification of the arterial wall and may occur in patients with medial 
calcinosis, diabetes mellitus, or end-stage renal disease [2].

An ABI of less than 0.90 is 95% sensitive and 99% specific for the 
diagnosis of PAD [3]. The lower the ABI, the more severe the restriction 
of arterial blood flow, and the more serious the ischemia. ABIs of 0.6 to 
0.9 usually correlate with mild to moderate intermittent claudication. 
ABIs of 0.4 to 0.6 usually correlate with severe intermittent claudication. 
With ABIs between 0.25 to 0.4, rest pain and tissue loss are often found. 
Patients with calcified arteries from diabetes mellitus or renal failure 
occasionally have relatively non-compressible arteries leading to falsely 
elevated ABI values in the normal range. Persons with an ABI of 1.4 or 
higher also have an increased incidence of cardiovascular events and 
lower quality of life [4,5]. 

In 740 men and women (460 with PAD), fewer than 40% of 
patients with an ABI <0.40 walked continuously for 6 minutes 
compared with more than 95% of patients with an ABI between 1.00 
and 1.50 [3]. Associations between ABI and accelerometer-measured 
physical activity over 7 days, 6-minute walk, 4-meter walking velocity, 
and standing balance were stronger than associations between leg 
symptoms and function [3]. In the PARTNERS (PAD Awareness, Risk 
and Treatment: New Resources for Survival) program, 296 patients had 
an ABI of ≥ 1.40, and 4,420 patients had an ABI between 0.90 and 1.40 
[5]. Patients with an increased ABI had higher odds for foot ulcers and 
neuropathy and 2.0 lower scores on the physical component scale on 
the Medical Outcomes Study Standard Form-36 and 5.5 points lower 
scores on the Walking Impairment Questionnaire walking distance 
domain [5]. 

In 118 patients, mean age 73 years, with a decreased ABI, the 

prevalence of Coronary Artery Disease (CAD) was 75%, whereas in 
118 age-matched and gender-matched patients with a normal ABI, 
the prevalence of CAD was 29% [6]. The prevalence of aortic valve 
calcium or mitral annular calcium was also higher in the patients with a 
decreased ABI (69%) than in the patients with a normal ABI (36%) [6]. 

In 279 men and women, mean age 71 years, with documented 
PAD with a low ABI and in 218 men and women, mean age 70 years, 
without PAD with a normal ABI undergoing coronary angiography for 
suspected CAD, the prevalence of obstructive PAD was significantly 
higher in patients with PAD (98%) than in patients with a normal ABI 
(81%) [7]. The prevalence of 3 or 4-vessel obstructive CAD was also 
significantly higher in patients with PAD (63%) than in patients with a 
normal ABI (11%) [7]. In 273 patients, mean age 71 years, with CAD, 
the lower the ABI, the higher the prevalence of 3-vessel or 4-vessel CAD 
[8]. Patients with PAD and CAD have more extensive and calcified 
coronary atherosclerosis, constrictive arterial remodeling, and greater 
disease progression [9]. 

The prevalence of PAD increases with age.The prevalence of PAD 
diagnosed by ABI was 16% in 360 men and 13% in 306 women aged 
60 years [10]. Criqui et al. [11] showed that the prevalence of PAD 
diagnosed by ABI was 5.6% in persons aged 38 to 59 years, 15.9% in 
persons aged 60 to 69 years old, and 33.8% in persons aged 70 to 82 
years old. In the Cardiovascular Health Study, PAD diagnosed by a low 
ABI was present in 13.9% of 2,214 men aged ≥ 65 years and in 11.4% 
of 2,870 women aged ≥ 65 years without cardiovascular disease [12]. In 
the Rotterdam Study, PAD diagnosed by ABI was present in 16.9% of 
2,589 men aged ≥ 55 years and in 20.5% of 3,861 women aged ≥ 55 years 
[13]. The prevalence of PAD in 6,979 men and women, mean age 69 
years, screened for PAD by an ABI because they were aged 70 years or 
older or because they were aged 50-69 years with a history of cigarette 
smoking or diabetes mellitus was 29% [14]. Among these patients with 
PAD, classic intermittent claudication was present in only 11% [14]. In 
the MESA (Multi-Ethnic Study of Atherosclerosis) study, of 6,674 men 
and women aged 45 to 84 years, 806 patients (12.1%) had an ABI <1.0, 
and 110 patients (1.7%) had an ABI of ≥ 1.4 [4].

An abnormal ABI is associated with an increased incidence of 
cardiovascular events, cardiovascular mortality,and all-cause mortality. 
At 10-year follow-up of 565 men and women, mean age 66 years, PAD 
significantly increased the risk of all-cause mortality (relative risk = 
3.1), of mortality from cardiovascular disease (relative risk = 5.9), and 
of mortality from CAD (relative risk = 6.6) [15]. At 4-year follow-up of 
1,492 women, mean age 71 years, an ABI of 0.9 or less was associated 
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with a relative risk of 3.1 for all-cause mortality after adjustment for 
age, smoking, and other risk factors [16]. Of 1,537 patients in the 
Systolic Hypertension in the Elderly program (SHEP) without clinical 
cardiovascular disease screened with an ABI, the prevalence of an ABI 
less than 0.90 was 19.7% [17]. At 4-year follow-up, the presence of an 
ABI less than 0.9 was associated with an age-adjusted relative risk of 3.00 
for all-cause mortality in men and of 2.67 in women [17]. Results were 
similar for cardiovascular mortality and persisted after adjustment for 
cardiovascular risk factors including an abnormal electrocardiogram 
[17]. At 5.3-year follow-up of 6,647 persons living in thecommunity, 
an ABI less than 1.0 increased cardiovascular events 1.77 times, and an 
ABI of 1.40 or higher increased cardiovascular events 1.85 times [4]. 

At 7.5-year follow-up of persons in the Cardiovascular Health 
study in a propensity-matchedstudy of community dwelling older 
adults, matched hazard ratios for PAD diagnosed by a low ABIfor all-
cause mortality,incident heart failure, andsymptomatic PAD were 1.57, 
1.32, and 3.92, respectively[18]. In a well-balanced propensity-matched 
population of 2689 patients with advanced chronic systolic heart 
failure, during 4.1 years of follow-up, PAD diagnosed by a low ABIwas 
significantly associated with increased mortality and hospitalization 
[19]. 

Of 6,880 patients aged 65 years and older, 836 (12.2%) had 
asymptomatic PAD with an ABI less than 0.90, and 593 (8.6%) had 
symptomatic PAD [20]. At 5-year follow-up, all-cause mortality was 
significantly increased 66% in patients with asymptomatic PAD and 
89% in patients with symptomatic PAD [20]. Compared with no PAD, 
all-cause mortality or severe cardiovascular event was significantly 
increasedin patients with asymptomatic PAD (hazard ratio = 1.81) and 
in patients with symptomatic PAD (hazard ratio = 2.66) [20]. 

Of 414 patients seen in a vascular surgery clinic, 259 (63%), mean 
age 72 years, had PAD diagnosedby an ABI of either less than 0.90 or ≥ 
1.40 [21]. At 33-month follow-up of patients with PAD and 48-month 
follow-up of patients without PAD, stepwise Cox regression analysis 
for the time to death showed that PAD was a significant independent 
risk factor for all-cause mortality with a hazard ratio of 2.2 [21]. In 508 
older patients followed with PAD, a decrease in ABI greater than 0.15 
between 2 visits to a vascular laboratory was significantly associated 
with an increased risk of all-cause mortality (risk ratio = 2.4) and of 
cardiovascular mortality (risk ratio of 2.8) at 3-year follow-up and of 
cardiovascular morbidity/mortality (risk ratio = 1.9) at 6-year follow-
up independent of visit 2 ABI and other risk factors [22].

The post exercise ABI is also a strong independent predictor of 
all-cause mortality and provides additional risk stratification beyond 
the ABI obtained at rest [23]. An alternative ABI method using the 
lower of the 2 ankle pressures has been shown to identify additional 
persons at increased risk for mortality [24]. However, these data need 
confirmation.

Despite the data discussed, the U.S Preventive Services Task Force 
recommended against screening for PAD with the ABI in asymptomatic 
adults because most prognostic studies did not allow for calculation 
of a bias-corrected net reclassification improvementand because 
treatment benefits for asymptomatic persons with screening detection 
of ABI have not been established [25]. However, the American College 
of Cardiology Foundation /American Heart Association guidelines for 
PAD provide a Class 1b recommendation for ABI screening in patients 
at risk for PAD [26]. A limitation of the ABI is that its usefulness has 
not been formally tested in a randomized controlled trial with a design 
that uses ABI as the entry point to assess outcomes [27]. 

References

1.	 Hirsch AT, Haskal ZJ, Hertzer NR, Bakai CW, Creager MA, et al. (2006) ACC/
AHA 2005 Practice Guidelines for the management of patients with peripheral 
arterial disease (lower extremity, renal, mesenteric, and abdominal aortic): 
Executive Summary. Circulation 2006 113:1474-1547.

2.	 Aboyans V, Criqui MH, Abraham P, Allison MA, Creager MA, et al. (2012) 
Measurement and interpretation of the ankle-brachial index: a scientific 
statement from the American Heart Association. Circulation 126: 2890-2909.

3.	 Mc Dermott MM, Greenland P, Liu K, Guralnik JM, Celic L, et al. (2002) The 
ankle brachial index is associated with leg function and physical activity: the 
Walking and Leg Circulation Study. Ann Intern Med 136: 873-883.

4.	 Criqui MH, McClelland RL, Mc Dermott MM, Allison MA, Blumenthal RS, et 
al. (2010) The ankle-brachial index and incident cardiovascular events in the 
MESA (Multi-Ethnic Study of Atherosclerosis). J Am CollCardiol 56: 1506-1512.

5.	 Allison MA, Hiatt WR, Hirsch AT, Coll JR, Criqui MH (2008) A high ankle-
brachial index is associated with increased cardiovascular disease morbidity 
and lower quality of life. J Am CollCardiol 51: 1292-1298.

6.	 Park H, Das M, Aronow WS, McClung JA, Belkin RN (2005) Relation of 
decreased ankle-brachial index to prevalence of atherosclerotic risk factors, 
coronary artery disease, aortic valve calcium, and mitral annular calcium. Am 
J Cardiol 95: 1005-1006.

7.	 Sukhija R, Yalamanchili K, Aronow WS (2003) Prevalence of left main 
coronary artery disease, of three- or four-vessel coronary artery disease, and 
of obstructive coronary artery disease in patients with and without peripheral 
arterial disease undergoing coronary angiography for suspected coronary 
artery disease. Am J Cardiol 92: 304-305.

8.	 Sukhija R, Aronow WS, Yalamanchili K, Peterson SJ, Frishman WH, et al. 
(2005) Association of ankle-brachial index with severity of angiographic 
coronary artery disease in patients with peripheral arterial disease and coronary 
artery disease. Cardiology 103: 158-160.

9.	 Hussein AA, Uno K, Wolski K, Kapadia S, Schoenhagen P, et al. (2011) 
Peripheral arterial disease and progression of coronary atherosclerosis. J Am 
CollCardiol 57: 1220-1225.

10.	Schroll M, Munck O (1981) Estimation of peripheral arteriosclerotic disease by 
ankle blood pressure measurements in a population study of 60-year-old men 
and women. J Chronic Dis 34: 261-269.

11.	Criqui MH, Fronek A, Barrett-Connor E, Klauber MR, Gabriel S, et al. 
(1985). The prevalence of peripheral arterial disease in a defined population. 
Circulation. 71: 510-515.

12.	Newman AB, Siscovick DS, Manolio TA, Polak J, Fried LP, et al. (1993) Ankle-
arm index as a marker of atherosclerosis in the Cardiovascular Health Study. 
Cardiovascular Heart Study (CHS) Collaborative Research Group. Circulation 
88: 837-845.

13.	Meijer WT, Hoes AW, Rutgers D, Bots ML, Hofman A, et al. (1998) Peripheral 
arterial disease in the elderly: The Rotterdam Study. ArteriosclerThrombVascBiol 
18: 185-192.

14.	Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, et 
al. (2001) Peripheral arterial disease detection, awareness, and treatment in 
primary care. JAMA 286: 1317-1324.

15.	Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, et al. (1992) 
Mortality over a period of 10 years in patients with peripheral arterial disease. 
N Engl J Med 326: 381-386.

16.	Vogt MT, Cauley JA, Newman AB, Kuller LH, Hulley SB (1993) Decreased 
ankle/arm blood pressure index and mortality in elderly women. JAMA 270: 
465-469.

17.	Newman AB, Tyrrell KS, Kuller LH (1997) Mortality over four years in SHEP 
participants with a low ankle-arm index. J Am Geriatr Soc 45: 1472-1478.

18.	Aronow WS, Ahmed MI, Ekundayo OJ, Allman RM, Ahmed A (2009). A 
propensity-matched study of the association of peripheral arterial disease with 
cardiovascular outcomes in community-dwelling older adults. Am J Cardiol 
103: 130-135.

19.	Ahmed MI, Aronow WS, Criqui MH, Aban I, Love TE, et al. (2010) Effects of 
peripheral arterial disease on outcomes in advanced chronic systolic heart 
failure: a propensity-matched study. Circ Heart Fail 3: 118-124.

http://circ.ahajournals.org/content/113/11/e463.full.pdf
http://circ.ahajournals.org/content/113/11/e463.full.pdf
http://circ.ahajournals.org/content/113/11/e463.full.pdf
http://circ.ahajournals.org/content/113/11/e463.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23159553
http://www.ncbi.nlm.nih.gov/pubmed/23159553
http://www.ncbi.nlm.nih.gov/pubmed/23159553
http://www.ncbi.nlm.nih.gov/pubmed/12069561
http://www.ncbi.nlm.nih.gov/pubmed/12069561
http://www.ncbi.nlm.nih.gov/pubmed/12069561
http://www.ncbi.nlm.nih.gov/pubmed/20951328
http://www.ncbi.nlm.nih.gov/pubmed/20951328
http://www.ncbi.nlm.nih.gov/pubmed/20951328
http://www.ncbi.nlm.nih.gov/pubmed/18371562
http://www.ncbi.nlm.nih.gov/pubmed/18371562
http://www.ncbi.nlm.nih.gov/pubmed/18371562
http://www.ncbi.nlm.nih.gov/pubmed/15820178
http://www.ncbi.nlm.nih.gov/pubmed/15820178
http://www.ncbi.nlm.nih.gov/pubmed/15820178
http://www.ncbi.nlm.nih.gov/pubmed/15820178
http://www.ncbi.nlm.nih.gov/pubmed/12888139
http://www.ncbi.nlm.nih.gov/pubmed/12888139
http://www.ncbi.nlm.nih.gov/pubmed/12888139
http://www.ncbi.nlm.nih.gov/pubmed/12888139
http://www.ncbi.nlm.nih.gov/pubmed/12888139
http://www.ncbi.nlm.nih.gov/pubmed/15785021
http://www.ncbi.nlm.nih.gov/pubmed/15785021
http://www.ncbi.nlm.nih.gov/pubmed/15785021
http://www.ncbi.nlm.nih.gov/pubmed/15785021
http://www.ncbi.nlm.nih.gov/pubmed/21371639
http://www.ncbi.nlm.nih.gov/pubmed/21371639
http://www.ncbi.nlm.nih.gov/pubmed/21371639
http://www.ncbi.nlm.nih.gov/pubmed/7240365
http://www.ncbi.nlm.nih.gov/pubmed/7240365
http://www.ncbi.nlm.nih.gov/pubmed/7240365
http://www.ncbi.nlm.nih.gov/pubmed/3156006
http://www.ncbi.nlm.nih.gov/pubmed/3156006
http://www.ncbi.nlm.nih.gov/pubmed/3156006
http://www.ncbi.nlm.nih.gov/pubmed/8353913
http://www.ncbi.nlm.nih.gov/pubmed/8353913
http://www.ncbi.nlm.nih.gov/pubmed/8353913
http://www.ncbi.nlm.nih.gov/pubmed/8353913
http://www.ncbi.nlm.nih.gov/pubmed/9484982
http://www.ncbi.nlm.nih.gov/pubmed/9484982
http://www.ncbi.nlm.nih.gov/pubmed/9484982
http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/8320785
http://www.ncbi.nlm.nih.gov/pubmed/8320785
http://www.ncbi.nlm.nih.gov/pubmed/8320785
http://www.ncbi.nlm.nih.gov/pubmed/9400557
http://www.ncbi.nlm.nih.gov/pubmed/9400557
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19101243
http://www.ncbi.nlm.nih.gov/pubmed/19861658
http://www.ncbi.nlm.nih.gov/pubmed/19861658
http://www.ncbi.nlm.nih.gov/pubmed/19861658


Citation: Aronow WS (2014) Usefulness of the Ankle-Brachial Index. Angiol 2: e106. doi: 10.4172/2329-9495.1000e106

Page 3 of 3

Volume 2 • Issue 2 • 1000e106
Angiol, an open access journal
ISSN: 2329-9495

20.	Diehm C, Allenberg JR, Pittrow D, Mahn M, Tepohl G, et al. (2009) Mortality
and vascular morbidity in older adults with asymptomatic versus symptomatic
peripheral artery disease. Circulation 120: 2053-2061.

21.	Chhabra A, Aronow WS, Ahn C, Duncan K, Patel JD, et al. (2012) Incidence
of new cardiovascular events in patients with and without peripheral arterial
disease seen in a vascular surgery clinic. Med SciMonit 18: CR131-134.

22.	Criqui MH, Ninomiya JK, Wingard DL, Ji M, Fronek A (2008) Progression of
peripheral arterial disease predicts cardiovascular disease morbidity and
mortality. J Am Coll Cardiol 52: 1736-1742.

23.	Sheikh MA, Bhatt DL, Li J, Lin S, Bartholomew JR (2011) Usefulness of
postexercise ankle-brachial index to predict all-cause mortality. Am J Cardiol
107: 778-782.

24.	Nead KT, Cooke JP, Olin JW, Leeper NJ (2013) Alternative ankle-brachial
index method identifies additional at-risk individuals. J Am CollCardiol 62: 553-
559.

25.	Lin JS, Olson CM, Johnson ES, Whitlock EP (2013). The ankle-brachial index
for peripheral artery disease screening and cardiovascular disease prediction
among asymptomatic adults: a systematic evidence review for the U.S.
Preventive Services Task Force. Ann Intern Med 159: 333-341.

26.	Rooke TW, Hirsch AT, Misra S, Sidawy AN, Beckman JA, et al (2011). 2011
ACCF/AHA Focused Update of the Guideline 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. J Am Coll Cardiol 58: 2020-2045.

27.	Hiatt WR (2013) Should an alternate ABI definition be adopted to evaluate risk? 
J Am Coll Cardiol 62: 560-561. 

http://www.ncbi.nlm.nih.gov/pubmed/19901192
http://www.ncbi.nlm.nih.gov/pubmed/19901192
http://www.ncbi.nlm.nih.gov/pubmed/19901192
http://www.ncbi.nlm.nih.gov/pubmed/22367123
http://www.ncbi.nlm.nih.gov/pubmed/22367123
http://www.ncbi.nlm.nih.gov/pubmed/22367123
http://www.ncbi.nlm.nih.gov/pubmed/19007695
http://www.ncbi.nlm.nih.gov/pubmed/19007695
http://www.ncbi.nlm.nih.gov/pubmed/19007695
http://www.ncbi.nlm.nih.gov/pubmed/21247542
http://www.ncbi.nlm.nih.gov/pubmed/21247542
http://www.ncbi.nlm.nih.gov/pubmed/21247542
http://www.ncbi.nlm.nih.gov/pubmed/23707317
http://www.ncbi.nlm.nih.gov/pubmed/23707317
http://www.ncbi.nlm.nih.gov/pubmed/23707317
http://annals.org/article.aspx?articleid=1733278
http://annals.org/article.aspx?articleid=1733278
http://annals.org/article.aspx?articleid=1733278
http://annals.org/article.aspx?articleid=1733278
http://content.onlinejacc.org/article.aspx?articleid=1146931
http://content.onlinejacc.org/article.aspx?articleid=1146931
http://content.onlinejacc.org/article.aspx?articleid=1146931
http://content.onlinejacc.org/article.aspx?articleid=1146931
http://content.onlinejacc.org/article.aspx?articleid=1146931
http://www.ncbi.nlm.nih.gov/pubmed/23707314
http://www.ncbi.nlm.nih.gov/pubmed/23707314

	Title
	Corresponding author
	References 

