
A

O
p
D
D
M
R
u
p
R
t
l
m
C
C
d
©

K

C

H
G
(
1
L

0
d

Atherosclerosis 189 (2006) 61–69

Review

Risk of mortality and cardiovascular disease associated with the
ankle-brachial index: Systematic review

C.L. Heald, F.G.R. Fowkes, G.D. Murray, J.F. Price ∗,

on behalf of the Ankle Brachial Index Collaboration1

Public Health Sciences, University of Edinburgh, Medical School, Teviot Place, Edinburgh EH8 9AG, United Kingdom

Received 7 November 2005; received in revised form 7 March 2006; accepted 8 March 2006
Available online 18 April 2006

bstract

bjective: To determine the strength and consistency with which a low ankle brachial pressure index (ABI), measured in the general
opulation, is associated with an increased risk of subsequent death and/or cardiovascular events.
esign: Systematic review.
ata sources: Medline, Embase, reference lists and grey literature were searched; studies known to experts were also retrieved.
ain outcome measures: All cause mortality, fatal and non-fatal coronary heart disease and stroke.
eview methods: Longitudinal studies in which participants were representative of the general population (all ages, either sex) and which
sed any standard method for measurement and calculation of the ABI. Studies in which participants were selected according to presence of
re-existing disease or were post intervention (e.g. angioplasty or peripheral arterial grafting) were excluded.
esults: 11 studies comprising 44,590 subjects from six different countries were included. Despite clinical heterogeneity between studies,

he findings were remarkably consistent in demonstrating an increased risk of clinical cardiovascular disease associated with a low ABI. A
ow ABI (<0.9) was associated with an increased risk of subsequent all cause mortality (pooled RR 1.60, 95% CI 1.32–1.95), cardiovascular
ortality (pooled RR 1.96, 95% CI 1.46–2.64), coronary heart disease (pooled RR 1.45, 95% CI 1.08–1.93) and stroke (pooled RR 1.35, 95%
I 1.10–1.65) after adjustment for age, sex, conventional cardiovascular risk factors and prevalent cardiovascular disease.
onclusions: The ABI may help to identify asymptomatic individuals in the general population who are at increased risk of subsequent car-
iovascular events. Evaluation is now required of the potential of incorporating ABI measurement into cardiovascular prevention programmes.
2006 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Cardiovascular disease remains the single most common
ause of death in the UK and other Western countries. Primary
revention programmes, based on the reduction of modifiable
isk factors such as cigarette smoking, hypercholesterolaemia
nd hypertension in an entire general population, have proved
xpensive and only partially successful at reducing incidence
f disease, suggesting that supplementary approaches are
equired to reduce the burden of disease further. Current sec-
ndary prevention strategies have proved effective in reduc-
ng the rate of further cardiovascular events in individuals
ith symptomatic cardiovascular disease, but the vast major-

ty of cardiovascular events occur in the ‘healthy’ population,
ith only 20% occurring in subjects with pre-existing clini-

al disease [1]. The major public health challenge is therefore
o prevent new cases of clinical disease from developing in
he apparently healthy but ‘at risk’ population. One approach
s the identification of people with markers of asymptomatic
therosclerosis, who may be at increased risk of develop-
ng symptomatic cardiovascular disease, followed by targeted
reventive measures.

Several markers have been suggested as potential pre-
ictors of cardiovascular morbidity and mortality, including
on-invasive measures of sub-clinical atherosclerosis, such as
arotid artery intima-media thickness, carotid plaques, aor-
ic calcification and the ankle-brachial index (ABI) [2]. Of
hese, the ABI (the ratio of systolic blood pressure in the
nkle to that in the arm), sometimes called the ankle-arm
ndex or ankle-brachial pressure index, has perhaps shown
he most promise as a potential tool in clinical practice and
as been most widely investigated. Cross-sectional studies
ndicate that the ABI is a marker of generalised atherosclero-
is and the test is currently used clinically in the assessment
f peripheral arterial disease of the lower limbs, with a lower
atio associated with more severe disease. Given the well-
ecognised association between peripheral arterial disease
nd other forms of atherosclerotic disease, several studies
ave investigated the ABI and risk of subsequent cardiovascu-
ar morbidity and mortality in the general population. These
tudies are reviewed systematically here.

. Methods
.1. Identification of studies

The aim was to identify all relevant longitudinal studies
hat examined the ABI as a marker of subsequent cardiovas-

a
u
s
(
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ular events, available for review by July 2005. We included
ongitudinal studies (with over 1000 person years of follow-
p) in which participants were representative of the general
opulation (all ages, either sex) and which used any standard
ethod for measurement and calculation of the ABI. Stud-

es in which participants were selected according to presence
f disease (such as intermittent claudication or diabetes) or
ere post intervention (e.g. angioplasty or peripheral arterial
rafting) were excluded. There were no language restrictions.

Studies were identified by computerised searches of Med-
ine (1996–2005) and Embase (1980–2005), by reference
o conference proceedings, by checking the reference lists
f studies and review articles, and by contacting experts
members of the Ankle Brachial Index Collaboration), asking
hem about other studies that may have been published. We
earched using common text-words for the term ‘ABI’, com-
ined with text-words and Medical Subject Headings which
ere most likely to capture all studies with a prospective

ohort design. Further details on the search strategy are avail-
ble from the authors on request. Eligibility was determined
y two reviewers, who also independently extracted the data.
isagreements were resolved by discussion.

.2. Outcome measures and data extraction

Outcome measures included were all cause mortality
nd cardiovascular mortality and morbidity (including coro-
ary heart disease, myocardial infarction and stroke). Out-
omes other than events, such as progression of atheroscle-
osis (measured invasively or non-invasively at any site in
he body), physical functioning or walking distance were
xcluded. For all studies, we extracted information on the
ype of participants, measurement of the ABI, duration of
ollow-up, outcomes and quality of the study. We rated qual-
ty according to pre-defined criteria that were most likely to
ffect the validity of the final results (Fig. 1). Studies scoring
ess than 4 out of a possible maximum 5 were excluded from
urther analysis.

.3. Data analysis and statistical methods

We examined risk estimates for each study for four main
utcomes: mortality (all cause), mortality (cardiovascular and
erebrovascular), fatal and non-fatal coronary heart disease
62 C.L. Heald et al. / Atherosclerosis 189 (2006) 61–69
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nd fatal and non-fatal stroke. The findings were reported
sing Forrest Plots. Modest heterogeneity was found in the
tudy results (tests for heterogeneity: χ2 = 18.59, p = 0.01
mortality – all cause), χ2 = 11.66, p = 0.04 (mortality – car-
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iovascular and cerebrovascular), χ2 = 13.03, p = 0.02 (fatal
nd non-fatal CHD) and χ2 = 5.07, p = 0.41 (fatal and non-
atal stroke)). Relative risks were pooled using a random
ffects model (Review Manager, Version 4.2.7, The Cochrane
ollaboration 2004©).

. Results

We identified 680 citations, reviewed 50 full text articles,
nd identified 18 eligible papers according to our inclu-
ion criteria (Fig. 1). Some major cardiovascular longitu-
inal studies in which ABI measurement was undertaken
ere excluded because subjects were categorised according

o other peripheral arterial disease criteria (peripheral arte-
ial bypass, amputation and/or abnormal flow velocities) in
ddition to ABI [3,4]. Two of the identified studies were sub-
equently excluded as they did not fulfil the quality criteria
5,6]. No articles written in languages other than English met
he inclusion criteria. The sixteen included papers [7–22]
eported findings from eleven separate population cohort
tudies, five of which were conducted in Europe and six in
he US. Table 1 gives key details of these studies. For stud-
es in which findings relevant to this review were published

n more than one publication, only findings pertaining to the
ongest reported follow-up period of that study were included
7,16,20]. Five additional studies were also identified as being
ikely to fulfil the inclusion criteria, but no published results

i
i
o
u

Fig. 1. Flow chart of eligibility of st
sis 189 (2006) 61–69 63

ere available as they were still in progress (Health in Men
tudy, Australia; InChianti Study, Italy; Women’s Health and
ging Study, USA; Health and Aging and Body Composition
tudy, USA and GetABI Study, Germany).

In the eleven included studies, the number of study partici-
ants ranged from 439 [7] to 14,839 [14], the ages of subjects
t baseline ranged from 40–55 years [10] to 74–95 years [19]
nd all but four studies [7,9,10,12,13] included both men and
omen. Duration of follow-up ranged from 4 years [19] to
2 years [20]. The potentially confounding effects of age and
ex were controlled for in all studies. Prevalent cardiovascu-
ar or coronary heart disease was controlled for in all but one
f the studies [22], either by adjustment of the final results
r omitting subjects with disease at baseline. All but one of
he studies [19] also controlled for a variety of cardiovascular
isk factors, including smoking, hypertension and hyperlipi-
aemia. Most, but not all [12,16,17], of the studies reported
he relative risk of an outcome (all cause mortality, cardio-
ascular mortality, coronary heart disease and/or stroke) for
n ABI cut-point of 0.9. In these studies, the prevalence of an
BI < 0.9 ranged from 3.8% [10] to 20.0% [19]. Six studies

lso omitted subjects with an ABI > 1.5 [9,11–13,17–20], on
he basis that such readings could be measurement artefacts
eflecting the presence of rigid or calcified walls. All stud-

es used a recognised method of measurement for the ABI,
nvolving either a Doppler [9–13,16–20,22], a DinaMap [14]
r an alternative pulse sensor [7]. All but two studies [10,20]
sed the mean of two blood pressure readings at both the

udies included in the review.
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Table 1
Key characteristics of included studies and quality score

References Study (country) Study population/size Age range (at
base line)

Follow-up
(years)

ABI Cut-points
reported

Definitions of outcome
measures included in reviewa

Factors adjusted for in
multivariate analysis

Quality Score

Ogren [7,8] Sweden Men Born
in 1914 Study

439 men born in 1914,
residing in Malmo

68 years 8
mean: 6.9

<0.9 Mortality (all cause)
Mortality (fatal MI & IHD)
IHD (fatal IHD &
fatal/non-fatal MI)

Hypertension, smoking,
alcohol,
hypertriglyceridaemia,
prevalent IHD [7]

5

Hypertension, smoking,
hyperlipidaemia, prevalent
IHD & carotid stenosis [8]

Vogt [9] U.S. 1492 white women
participating in the
Multicenter Study of
Osteoporotic Fractures

65–93 years 4.3 ≤0.9
ABI ≥ 1.5
excluded

Mortality (all cause)
Mortality (total CV & CeV)
Fatal CHD

Age, smoking, diabetes,
WHR, BMI, cholesterol, BP,
exercise, prevalent CVD

5

Kornitzer [10] Belgium Belgian
ABPI Study

2023 male factory workers 40–55 years 10 ≤0.9 Mortality (all cause)
Mortality (fatal MI/stroke &
sudden death) Fatal CHD

Age, smoking, HDL & LDL
cholesterol

4

Prevalent CHD and IC
excluded

Newman [11] US
Cardiovascular
Health Study

5714 black and white men
and women, sampled from
a defined sample of
Medicare eligible persons
from 4 US communities

≥65 years 6
mean: 5.1

<0.9
ABI ≥ 1.5
excluded

Mortality (all cause)
Mortality (fatal MI/stroke &
sudden death) CHD (fatal &
non-fatal MI) Stroke (fatal &
non-fatal)

Age, gender, race, smoking,
diabetes, cholesterol,
triglycerides, glucose, insulin,
fibrinogen, factor VII, BMI

5

Prevalent CVD excluded

Abbott [12,13] Hawaii, US
Honolulu Heart
Program

2863 men of Japanese
ancestry residing on Oahu.

71–93 yrs 3–6 <0.8 Vs >1.0
[12]
0.8–1.0 Vs >1.0
[12]

CHD (fatal CHD & non-fatal
MI) [12]

Age, gender, fibrinogen,
cholesterol, BMI, BP,
diabetes, distance walked,
smoking, alcohol intake.

4

<0.9 [13]
ABI >1.5
excluded

Stroke (fatal & non-fatal)
[13] Ischaemic stroke (fatal &
non-fatal) [13]

Prevalent CHD & vascular
surgery excluded [12] (&
prevalent stroke [13])

Tsai [14] US ARIC study 14,839 black and white
men and women, sampled
from 4 US communities.

45–64 yrs 7 ≤0.9 Ischaemic stroke (fatal &
non-fatal)

Age, gender, Race, centre,
BP, hypertension, diabetes,
smoking, cholesterol,
prevalent CVD

5

Prevalent stroke excluded.

Hooi [15,16] Netherlands
Limburg Study

3649 men and women
selected from GP lists.

40–78 yrs 7.2 <0.7 Vs >0.95
[15]
0.70–0.95 Vs
>0.95 [15]

Mortality (all cause) [15,16]
Mortality (total CV & CeV)
[15,16]

Age, gender, smoking,
hypertension, diabetes,
hypercholesterolemia,
prevalent CVD.

5

<0.95 [16] Fatal CHD [16], fatal MI [16],
fatal stroke [16] Non-fatal
CHD [16], Non-fatal MI [16]
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Hollander [17]
Van der Meer [18]

Netherlands
Rotterdam Study

6913 [17]/6389 [18] men
and women residing in a
district in Rotterdam.

≥55 yrs 7–10 [18]
Mean: 6.1
[17]

<1.01 Vs >1.17
[17]
1.01–1.17 Vs
>1.17 [17]

Stroke (fatal & non-fatal)
[17] CHD (fatal & non-fatal
MI) [18]

Age, gender, Diabetes,
smoking, BP, cholesterol,
prevalent CVD [17]

5

<0.8 [18] <0.9
[18]
<0.97 Vs >1.21
[18]

Prevalent stroke excluded
[17]

ABI >1.5
excluded

Age, gender, Smoking, BMI,
cholesterol, BP, diabetes,
aspirin, other medication [18]
Prevalent CVD excluded [18]

Murabito [19] US Framingham
Heart Study

674 male and female
survivors of the
Framingham study

74–95 yrs 4 <0.9
ABI >1.5
excluded

Mortality (all cause) CHD
(fatal & non-fatal) Stroke
(fatal & non-fatal)

Age, gender, prevalent CVD.
(& systolic BP, atrial
fibrillation—for stroke only)

4

Lee [20]
Leng [21]

UK
Edinburgh Artery
Study

1592 men and women
sampled from GP
practices.

55–74 yrs 12 [20]
5 [21]

≤0.9
ABI ≥ 1.5
excluded

Mortality (all cause)
Mortality (total CV & CeV)
CHD (fatal & non-fatal MI)
Fatal MI Non-fatal MI Stroke
(fatal & non-fatal)

Age, gender, diabetes, BP,
HDL & total cholesterol,
smoking, prevalent CVD
[20]. Prevalent symptomatic
IC excluded [20].

5

Age, gender, diabetes,
prevalent CHD [21].

Resnick [22] US Strong Heart
Study

4393 male and female
American Indians living in
tribal communities in three
states.

45–74 yrs 8.3 <0.9 Vs 0.9–1.4
>1.4 Vs 0.9–1.4

Mortality (all cause)
Mortality (total CV & CeV)

Age, gender, diabetes, lipids,
hypertension, renal function,
fibrinogen.

4

ABI, ankle brachial pressure index; BMI, body mass index; BP, blood pressure; CeV, cerebrovascular; CHD, coronary heart disease; CI, confidence interval; CV, cardiovascular; CVD, cardiovascular disease;
HDL, high density lipoprotein; IC, intermittent claudication; IHD, ischaemic heart disease; LDL, low density lipoprotein; WHR, waist hip ratio.

a Stroke: ischaemic and haemorrhagic stroke unless stated otherwise.
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Table 2
summary of pooled age and sex adjusted RRs associated with low ankle brachial index by outcome group

Outcome group Age and sex adjusted RRsa

Number of studies Pooled RRs (95% CI) Test for heterogeneity

All cause mortality 5 2.35 (1.66–3.32) P < 0.001
Cardiovascular and cerebrovascular mortality 5 3.34 (2.12–5.28) P = 0.002
F
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atal and non-fatal coronary heart disease 4
atal and non-fatal stroke 5
a Age and sex adjusted RRs (if both genders included in study). N.B: Not

nkle and the arm to calculate the ABI. Blood pressure was
easured in both ankles (with the exception of ARIC [14]

n which blood pressure was measured in one ankle chosen
t random) with the lower (mean) ankle blood pressure used
n the calculation of ABI used in the analysis. Most stud-
es measured blood pressure in the right arm only, with the
xception of three studies [7,15,16,19] in which blood pres-
ure was measured in both arms—the higher (mean) blood
ressure was then used to calculate ABI.

.1. Age and sex adjusted relative risks

To set the context for the main, multivariate analysis,
able 2 gives a summary of pooled estimates for relative
isks associated with a low ABI (cut-point 0.9) adjusted only
or age and sex. Only five [9–11,20,22] of the eight studies
7,9–11,16,19,20,22] that examined the association between
ow ABI and at least one of the specified outcomes reported
ge and sex adjusted relative risks. The remaining three
tudies [7,16,19] reported only multi-adjusted relative risks
adjusted for traditional cardiovascular risk factors and preva-
ent cardiovascular disease) and results from these studies are
ncluded in the main multivariate analysis (Fig. 2). Following
djustment for age and sex, a low ABI was associated with a
ignificantly increased risk of the specified outcome(s) in all
f the individual studies except for stroke in one study [20].
ooling of the results gave an estimated age and sex adjusted
elative risk of 2.35 (95% CI 1.66–3.32) for all cause mor-
ality, 3.34 (95% CI 2.12–5.28) for cardiovascular mortality
nd 2.13 (95% CI 1.54–2.94) for coronary heart disease (fatal
nd non-fatal events combined). The findings for stroke were
lightly weaker, albeit still significant, with a pooled relative
isk of 1.86 (95% CI 1.43–2.42) for fatal and non-fatal events
ombined.

.2. Multivariate adjusted relative risks

Fig. 2 shows Forrest plots of the relative risks associated
ith a low ABI for each study by outcome measure, fol-

owing adjustment for traditional cardiovascular risk factors
nd (where appropriate) prevalent cardiovascular disease. For
ll-cause mortality, a low ABI remained significantly asso-

iated with an increased risk in five out of the eight studies
7,9,11,16,22], with a pooled multivariate adjusted RR of
.60 (95% CI 1.32–1.95) (Fig. 2a). Similar associations were
bserved for cardiovascular mortality, which although atten-

v
a
I
a

2.13 (1.54–2.94) P = 0.003
1.86 (1.43–2.42) P = 0.07

d by all studies.

ated compared to the age and sex adjusted RRs, remained
ignificant in five [9–11,16,22] out of six studies with a
ooled multivariate adjusted RR of 1.96 (95% CI 1.46–2.64)
Fig. 2b).

After multivariate adjustment, the association between
utcome and a low ABI also decreased in both magnitude
nd significance for coronary heart disease (Fig. 2c) and
troke (Fig. 2d). However, pooled multivariate adjusted RRs
emained significant at 1.45 (95% CI 1.08–1.93) and 1.35
95% CI 1.10–1.65) for coronary heart disease and stroke,
espectively.

. Discussion

In this systematic review of eleven, high quality,
opulation-based cohort studies, we confirmed that a low
BI is associated with subsequent all cause mortality, car-
iovascular mortality, coronary heart disease and stroke with
high degree of consistency. The main multivariate analysis

howed significant associations in the presence of impor-
ant co-variables, including a range of conventional cardio-
ascular risk factors and prevalent cardiovascular disease,
ndicating that the ABI may help to identify asymptomatic
ndividuals at increased risk of cardiovascular disease, over
nd above their conventional risk factor profile. Prior to this
eview, the association between ABI and subsequent cardio-
ascular events had been explored only in individual studies,
part from one systematic review which excluded several
arge studies mostly due to publication after January 2004
23]. The current paper represents an up-to-date and compre-
ensive systematic review of the ABI as a marker of all cause
ortality and cardiovascular mortality and morbidity.
Although the ABI is known to vary with gender and age

a low ABI is generally, though not exclusively, found in
en and women aged over 50 years [24]), we were unable

o examine in detail the effect of these variables on the asso-
iation between ABI and cardiovascular risk due to the lack
f individual patient data. However, an association between
BI and subsequent disease was seen in studies including a

ange of different age groups and in both sexes. In addition,
wo studies reported an association between ABI and cardio-

ascular mortality in both men and women separately [11,16]
nd in subjects both younger and older than 75 years [11].
n these studies, the association was slightly stronger in men
nd in subjects ≤75 years.
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There are several limitations to this review. The current
ack of a universally accepted ABI cut-point as the best pre-
ictor of cardiovascular events was reflected in a range of
ifferent cut-points used in individual studies, and this made
t difficult to directly compare study outcomes. The mea-

urement techniques used to calculate the ABI also differed
etween studies. Most investigators used the mean of two
eadings at two separate sites to calculate the ABI, whereas
thers used just one reading. Also, some investigators used

i
f
I
e

x for Mortality (all cause), Mortality (cardiovascular and cerebrovascular),
b): mortality (cardiovascular and cerebrovascular); (c): Fatal and non-fatal

he lower of both right and left ankle pressures and the
igher of both arm pressures to calculate the ABI, while oth-
rs used pressures in only one ankle and/or arm at random.
here was considerable variation in the range of confound-

ng variables used in multivariate adjustment, although most

nvestigators included the conventional cardiovascular risk
actors of smoking, hypertension and hypercholesterolaemia.
n many respects, these inter-study differences led to a het-
rogeneous group of studies, which, in addition to variation
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etween study populations, made it remarkable that the over-
ll findings associating ABI with cardiovascular risk were so
onstant.

It should be noted that we reviewed only published stud-
es (an important means of ensuring quality through the
eer-review process [25]) and it is possible that unpublished
tudies may have contained valid results that conflicted with
ur conclusions. During the writing of this review, five stud-
es which were likely to fulfil the inclusion criteria but which
ad not published data were brought to our attention (Health
n Men study, Australia; InChianti Study, Italy; the Women’s
ealth and Aging Study, USA; the Health, Aging and Body

omposition Study, USA and the GetABI Study, Germany).
owever, lack of publication was due to the studies being

till in progress, rather than any potentially negative results,
nd so publication bias is less likely.

The American Heart Association has described the ABI as
simple (patient acceptable) and inexpensive diagnostic test

or lower-extremity peripheral arterial disease, which, among
ell-trained operators, has excellent test-retest reliability

nd, in symptomatic patients, high validity for stenosis ≥50%
n leg arteries (sensitivity ≈9 0% and specificity ≈ 98%)
2,26]. Our review lends considerable support to the Associ-
tion’s assertion that the ABI is now emerging as a powerful
nd independent marker of future coronary events (and of
atal cardiovascular events and stroke). It also supports the
ecommendation that an ABI < 0.9 may be a useful addition to
he assessment of disease risk in selected populations, includ-
ng people whose risk assessment is neither clearly low risk
or high risk as assessed by presence or absence of traditional
isk factors [26] and people aged 50 years and over. To date,
everal risk formulas and tables based on conventional car-
iovascular risk factors, such as the Framingham Risk Score
27], have been used to predict an individual’s risk of a sub-
equent cardiovascular event. Our findings suggest that the
BI has the potential to add to the sensitivity, specificity and
redictive values of such cardiovascular risk tables. In addi-
ion, a low ABI may be sufficient in its own right to identify
igh-risk individuals who could benefit from aspirin or other
econdary preventive measures. Before such preventive ther-
pies are recommended however (necessitating some form of
BI ‘screening’ of the general population), it is essential that

andomised controlled trials are performed to demonstrate
heir effectiveness in such a group of high risk individuals.

Although ABI measurement is simple and quick, and
ould theoretically be carried out fairly easily in general
ractice, studies on the feasibility of ABI testing for the
ssessment of overall cardiovascular risk are lacking. In the
K, ABI measurement has been used increasingly in gen-

ral practice since district nurses started checking circulation
n patients with venous ulceration before applying graduated
ompression. There is therefore a pool of growing expertise

nd increasing awareness of the test among general prac-
itioners. In the USA, a survey of primary care clinicians
as undertaken to identify clinician-defined factors that were
erceived to foster acceptance of, or create barriers to, the
sis 189 (2006) 61–69

se of the ABI to detect peripheral arterial disease [28]. The
BI was perceived to be a clinically useful diagnostic test.
he majority of clinicians believed that the ABI was a useful

ool in the diagnosis and management of both symptomatic
96%) and asymptomatic (89%) peripheral arterial disease,
ith 88% of clinicians believing that it was feasible to incor-
orate measurement of the ABI into daily practice.

This review demonstrates the remarkable consistency
etween individual studies on a wide range of different popu-
ations in concluding that a low ABI increases cardiovascular
isk (as well as demonstrating an association with cardio-
ascular risk independent of conventionally-measured risk
actors), thereby increasing the generalisability of our find-
ngs. The evidence is now compelling that the ABI may help
o identify subjects in the general population who are at
ncreased risk of subsequent cardiovascular events, includ-
ng those who are currently asymptomatic. However, further
esearch requires a meta-analysis of individual patient data
rom all relevant studies to (i) calculate accurate sensitivity,
pecificity and likelihood ratios, (ii) explore potential differ-
nces in the relationship between ABI and cardiovascular
isk by age and sex, (iii) determine the extent to which risk
cores improve on addition of the ABI and (iv) determine
he best ABI cut-points to categorise risk. It is also neces-
ary to explore more fully the feasibility and acceptability
f ABI measurement for cardiovascular risk prediction in
eneral practice and other clinical settings. In general, the
ndings of our review indicate that it is now time to evaluate

he potential of incorporating the ABI into population-based
ardiovascular prevention programmes.

cknowledgements

JP and GF conceived the idea for the review. JP designed
he study. CH and JP extracted and analysed the data and co-
rote the manuscript. GF and GM contributed to data analysis

nd commented on drafts. Members of the ABI collaboration
ad the opportunity to comment on a final draft of the paper.
P is guarantor. Photocopying/inter-library loans for some of
he articles was paid for by the ABI Collaboration (supported
y an educational grant from Sanofi Aventis).

eferences

[1] Rose G. Coronary heart disease epidemiology. Oxford University Press;
1992.

[2] Greenland P, Abrams J, Aurigemma GP, et al. Prevention Conference V:
beyond secondary prevention: identifying the high-risk patient for pri-
mary prevention: noninvasive tests of atherosclerotic burden: Writing
Group III. Circulation 2000;101:E16–22.

[3] Criqui MH, Langer RD, Fronek A, et al. Mortality over a period of

10 years in patients with peripheral arterial disease. N Engl J Med
1992;326:381–6.

[4] Jager A, Kostense PJ, Ruhe HG, et al. Microalbuminuria and periph-
eral arterial disease are independent predictors of cardiovascular
and all-cause mortality, especially among hypertensive subjects: five-



rosclero

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

C.L. Heald et al. / Athe

year follow-up of the Hoorn Study. Arterioscler Thromb Vasc Biol
1999;19:617–24.

[5] Zanocchi M, Ponzetto M, Scarafiotti C, et al. Is ankle/arm pressure
predictive for cardiovascular mortality in older patients living in nursing
homes? Panminerva Med 2003;45:145–50.

[6] Jackson SA, Burke GL, Thach C, et al. Incidence and predictors of coro-
nary heart disease among older African Americans–the Cardiovascular
Health Study. J Natl Med Assoc 2001;93:423–9.

[7] Ogren M, Hedblad B, Jungquist G, et al. Low ankle-brachial pres-
sure index in 68-year-old men: prevalence, risk factors and prognosis.
Results from prospective population study “Men born in 1914”, Malmo,
Sweden. Eur J Vasc Surg 1993;7:500–6.

[8] Ogren M, Hedblad B, Isacsson SO, et al. Non-invasively detected
carotid stenosis and ischaemic heart disease in men with leg arterioscle-
rosis. Lancet 1993;342:1138–41.

[9] Vogt MT, Cauley JA, Newman AB, Kuller LH, Hulley SB. Decreased
ankle/arm blood pressure index and mortality in elderly women. JAMA
1993;270:465–9 (see comment).

10] Kornitzer M, Dramaix M, Sobolski J, Degre S, De Backer G. Ankle/arm
pressure index in asymptomatic middle-aged males: an independent
predictor of ten-year coronary heart disease mortality. Angiology
1995;46:211–9.

11] The Cardiovascular Health Study GroupNewman AB, Shemanski L,
Manolio TA, et al. Ankle-arm index as a predictor of cardiovascular
disease and mortality in the Cardiovascular Health Study. Arterioscler
Thromb Vasc Biol 1999;19:538–45.

12] Abbott RD, Petrovitch H, Rodriguez BL, et al. Ankle/brachial blood
pressure in men >70 years of age and the risk of coronary heart disease.
Am J Cardiol 2000;86:280–4.

13] Abbott RD, Rodriguez BL, Petrovitch H, et al. Ankle-brachial blood
pressure in elderly men and the risk of stroke: the Honolulu Heart
Program. J Clin Epidemiol 2001;54:973–8.

14] Tsai AW, Folsom AR, Rosamond WD, Jones DW. Ankle-brachial
index and 7-year ischemic stroke incidence: the ARIC study. Stroke
2001;32:1721–4.
15] Hooi JD, Stoffers HE, Kester AD, van Ree JW, Knottnerus JA. Periph-
eral arterial occlusive disease: prognostic value of signs, symptoms, and
the ankle-brachial pressure index. Med Decis Making 2002;22:99–107.

16] Hooi JD, Kester AD, Stoffers HE, et al. Asymptomatic peripheral
arterial occlusive disease predicted cardiovascular morbidity and mor-

[

[

sis 189 (2006) 61–69 69

tality in a 7-year follow-up study. J Clin Epidemiol 2004;57:294–
300.

17] Hollander M, Hak AE, Koudstaal PJ, et al. Comparison between mea-
sures of atherosclerosis and risk of stroke: the Rotterdam Study. Stroke
2003;34:2367–72.

18] van der Meer IM, Bots ML, Hofman A, et al. Predictive value of nonin-
vasive measures of atherosclerosis for incident myocardial infarction:
the Rotterdam Study. Circulation 2004;109:1089–94.

19] Murabito JM, Evans JC, Larson MG, et al. The ankle-brachial index in
the elderly and risk of stroke, coronary disease, and death: the Fram-
ingham Study. Arch Intern Med 2003;163:1939–42.

20] Lee AJ, Price JF, Russell MJ, et al. Improved prediction of fatal
myocardial infarction using the ankle brachial index in addition to
conventional risk factors—The Edinburgh Artery Study. Circulation
2004;110:3075–80.

21] Leng GC, Fowkes FG, Lee AJ, et al. Use of ankle brachial pressure
index to predict cardiovascular events and death: a cohort study. BMJ
1996;313:1440–4.

22] Resnick HE, Lindsay RS, McDermott MM, et al. Relationship of
high and low ankle brachial index to all-cause and cardiovascu-
lar disease mortality: the Strong Heart Study. Circulation 2004;109:
733–9.

23] Doobay AV, Anand SS. Sensitivity and specificity of the ankle-brachial
index to predict future cardiovascular outcomes: a systematic review.
Arterioscler Thromb Vasc Biol 2005;25:1463–9.

24] Criqui MH, Fronek A, Barrett-Connor E, et al. The prevalence
of peripheral arterial disease in a defined population. Circulation
1985;71:510–5.

25] Chalmers TC, Levin H, Sacks HS, et al. Meta-analysis of clinical trials
as a scientific discipline. I: Control of bias and comparison with large
co-operative trials. Stat Med 1987;6:315–28.

26] Smith Jr SC, Greenland P, Grundy SM. AHA Conference Proceedings.
Prevention conference V: Beyond secondary prevention: Identifying the
high-risk patient for primary prevention: executive summary. American
Heart Association. Circulation 2000;101:111–6.
27] Wilson PW, D’Agostino RB, Levy D, et al. Prediction of coronary heart
disease using risk factor categories. Circulation 1998;97:1837–47.

28] Mohler ER, Treat-Jacobson D, Reilly MP, et al. Utility and barriers to
performance of the ankle-brachial index in primary care practice. Vasc
Med 2004;9:253–60.


	Risk of mortality and cardiovascular disease associated with the ankle-brachial index: Systematic review
	Introduction
	Methods
	Identification of studies
	Outcome measures and data extraction
	Data analysis and statistical methods

	Results
	Age and sex adjusted relative risks
	Multivariate adjusted relative risks

	Discussion
	Acknowledgements
	References


