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OBJECTIVE — To investigate whether a low ankle-brachial pressure index (ABI) predicts
increased risk of cardiovascular disease (CVD) independent of the metabolic syndrome and
conventional cardiovascular risk factors.

RESEARCHDESIGNANDMETHODS — The Edinburgh Artery Study is a population-
based cohort study in which subjects were followed up until their death or for �15 years. Low
ABI at baseline was defined as �0.9; subjects with ABI �1.4 (n � 13) were excluded from the
analyses. We used a modified version of the definition of the metabolic syndrome published in
the Third Report of the National Cholesterol Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults, replacing waist circumference
criteria with BMI criteria. Data on relevant parameters were available for 1,467 men and women
ages 55–74 years at baseline. Cox proportional hazards models were used to study cardiovas-
cular morbidity and mortality before and after adjusting for potential confounding factors.

RESULTS — We determined that 25% of the study population had the metabolic syndrome
and that a low ABI was more prevalent among people with than without the metabolic syndrome
(24 vs. 15%; P � 0.001). During the follow-up period, there were 226 deaths from CVD and 462
nonfatal cardiovascular events. The hazard ratio (95% CI) for low ABI after adjusting for age, sex,
baseline CVD, diabetes, smoking status, LDL cholesterol, and metabolic syndrome was 1.5
(1.1–2.1) for CVD mortality and 1.5 (1.2–1.8) for all CVD outcomes.

CONCLUSIONS — Low ABI is associated with increased risk of CVD independent of the
metabolic syndrome and other major CVD risk factors.
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T he ankle-brachial pressure index
(ABI), which is the ratio of ankle to
brachial systolic blood pressure,

provides a simple measurement that can
be performed in primary care settings

without expensive or elaborate equip-
ment or extensive training or experience.
An ABI value �0.9 is widely acknowl-
edged to indicate an abnormally low level
(1). Several studies have shown that a low

ABI is associated with increased risk of
subsequent mortality in populations, in-
cluding (2) and excluding (3–7) people
known to have cardiovascular disease
(CVD). A low ABI was shown to predict
increased risk of fatal myocardial infarc-
tion in the Edinburgh Artery Study cohort
(8) and increased risk of CVD mortality in
other studies (3,4,6,7) independent of
conventional risk factors.

In one systematic review (1), data on
the relation between a low ABI and inci-
dent cardiovascular outcomes from pro-
spective studies were examined. The
researchers used weighted, rather than in-
dividual level, data so that adjustment for
other risk factors was not possible. They
determined that a low ABI has a high
specificity and low sensitivity for subse-
quent cardiovascular outcomes (1). Their
results indicated that a normal ABI alone
might still be associated with increased
risk of CVD, so that further information
on other cardiovascular risk factors is re-
quired. The researchers concluded that
further study of the incremental predic-
tive role of a low ABI was required in stud-
ies that could adjust for conventional risk
factors.

Depending on the definition used, the
metabolic syndrome includes measures of
general obesity (as reflected by BMI [kilo-
grams divided by height in meters
squared]), central obesity (as reflected by
waist circumference or waist-to-hip ra-
tio), dyslipidemia (as reflected by low
HDL cholesterol and/or high triglyceride
levels), hyperglycemia, high blood pres-
sure, and resistance to the action of insu-
lin. Several definitions of the metabolic
syndrome exist, including that of the
World Health Organization (WHO) (9),
that defined in the Third Report of the
National Cholesterol Education Program
Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol
in Adults (ATP III) (10), and that of the
International Diabetes Federation (IDF)
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(11). The WHO definition also includes a
measurement of insulin resistance that is
not available in many large epidemiolog-
ical studies.

The presence of the metabolic syn-
drome is associated with increased risk of
CVD morbidity and mortality; the magni-
tude of the risk varies with the criteria for
the metabolic syndrome, the definition of
the outcome, and the population studied.
The relative risk of the metabolic syn-
drome is generally highest for coronary
heart disease mortality, intermediate for
CVD mortality, and lowest (and not nec-
essarily statistically significantly elevated)
for all-cause mortality (12–15). The in-
creased risk of CVD mortality associated
with the metabolic syndrome has been
shown to be independent of other con-
ventional cardiovascular risk factors, in-
cluding age, sex, LDL cholesterol levels,
and smoking status (12–14,16,17). How-
ever, some studies have suggested that the
metabolic syndrome does not add infor-
mation beyond that offered by risk scores
such as the Framingham equation
(15,18).

Effective interventions to reduce CVD
risk are available; thus it is important to
identify high-risk individuals so they can
be treated. Because the number of people
at risk for CVD is high, the methods used
to identify such individuals should be eas-
ily performed in primary care. Two such
methods are the assessment of the pres-
ence or absence of the metabolic syn-
drome and the determination of a low
ABI. The aim of this study was to investi-
gate whether a low ABI is associated with
increased risk of subsequent CVD inde-
pendent of the metabolic syndrome and
conventional cardiovascular risk factors.

RESEARCH DESIGN AND
METHODS — The Edinburgh Artery
Study recruited 1,592 people (809 men
and 783 women) ages 55–74 years in
1988 from a general northern European
white population sample. Full details of
recruitment, data collection at baseline in
1988–1989, methods of follow-up, and
definitions of outcomes have been previ-
ously described (19,20). The study pop-
ulation was selected to provide a
population-based sample by random
identification of eligible individuals in
5-year age bands from 11 general prac-
tices across the city of Edinburgh that
provide primary care for populations of
varying socioeconomic status. The re-
sponse rate was 65%. Respondents were
found to be representative of the wider

population, as comparisons with a ran-
dom sample of 20% of nonrespondents
did not detect substantial bias (19). Base-
line data were collected during partici-
pants’ attendance at a research clinic
using a combination of questionnaire and
examination data. Complete mortality
follow-up was achieved by flagging for
deaths at the National Health Service
Central Registry in addition to being no-
tified of deaths by general practitioners
and family members. For this analysis,
follow-up was undertaken until the date
of death or for �15 years until the end of
April 2003. The study was approved by
the Lothian Health Board Ethics Commit-
tee, and informed consent was obtained
from each participant.

Participants completed a self-
administered questionnaire at baseline
that included the WHO angina and inter-
mittent claudication questionnaires (21).
Height and weight were measured using
standard methods. Participants were
asked to indicate whether they had re-
ceived a diagnosis of diabetes from a doc-
tor. Systolic blood pressure was measured
in the right arm using a random zero
sphygmomanometer with the subject in
the supine position after a 10-min rest.
The ankle systolic blood pressure at the
posterior tibial artery was measured
where possible in both legs using a ran-
dom zero sphygmomanometer and a
Doppler probe.

A fasting blood sample was collected
from the antecubital vein using a tourni-
quet while the subject was recumbent.
Glucose, total cholesterol, HDL choles-
terol, and triglycerides were measured us-
ing a Cobas Bioanalyser (Roche, Welwyn
Garden City, U.K.) and standard kits. Par-
ticipants received an oral glucose toler-
ance test in the form of 75 g of glucose in
335 ml of Solripe Gluctoza Health Drink
(Strathmore Mineral Water, Angus,
U.K.); a further blood specimen was col-
lected 2 h later for the measurement of
glucose using the same method as for the
fasting sample.

Prevalent CVD at baseline was de-
fined as stroke (recall of a doctor’s diag-
nosis), angina (WHO questionnaire
evidence and electrocardiographic isch-
emia or recall of a doctor’s diagnosis), or
myocardial infarction (two out of three of
recall of a doctor’s diagnosis, evidence
from responses to the WHO question-
naire, and electrocardiographic evi-
dence). Diabetes at baseline was defined
using recall of a doctor’s diagnosis and
WHO 1999 criteria (fasting glucose �7

mmol/l or 2-h glucose �11.1 mmol/l) (8)
applied to data collected during the oral
glucose tolerance test. Smoking status
was defined as self-report of current
smoking at baseline.

Criteria used to define cardiovascular
outcomes were adapted from interna-
tional diagnostic criteria developed by the
American Heart Association (22) and
have been described in detail elsewhere
(19). In brief, cardiovascular death was
defined as postmortem evidence of acute
myocardial infarction, cerebral infarction,
or hemorrhage or from death certificates
with an underlying cause of death in the
range of CVD codes from ICD-9 (codes
410–414, 430–438, and 440–445) and
ICD-10 (I21–25 and I60–73). Nonfatal
cardiovascular outcomes included myo-
cardial infarction, stroke or transient isch-
emic attack, angina, intermittent
claudication, revascularization, and am-
putation. All possible cardiovascular out-
comes were investigated using medical
records, and only those that fulfilled the
protocol criteria for a definite event were
included in the analysis. Questionnaire
and clinic measurement data were
checked by clinic staff, coded, and en-
tered onto a DBASE IV database. Double
data entry was used and discrepant en-
tries were checked against original
records.

A low ABI was defined as ABI �0.9.
Participants with an ABI �1.4 were ex-
cluded because of possible erroneously
high levels due to arterial stiffness.

The ATP III criteria for the metabolic
syndrome include the presence of three or
more of the following: waist circumfer-
ence �102 cm (men) or �88 cm (wom-
en); blood pressure 130/85 or treatment
for hypertension; triglycerides �1.7
mmol/l (�150 mg/dl); HDL cholesterol
�1.03 mmol/l (�50 mg/dl) (men) or
�1.29 mmol/l (�50 mg/dl) (women);
and fasting plasma glucose �6.1 mmol/l
(�110 mg/dl) (9). Waist circumference
was not available in the Edinburgh Artery
Study, and therefore the waist circumfer-
ence criteria used in the ATP III definition
were replaced with cut points for BMI
(28.8 kg/m2 for men and 26.7 kg/m2 for
women), as in previous studies (16,22).
The cut point for men was identified as
being equivalent to a waist measurement
of 102 cm in a regression analysis of a
cross-sectional study (16). The criterion
for women was developed from the
Women’s Health Study using the BMI
value that corresponded to the same per-
centile cut point for a waist circumference
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of 88 cm measured at the same time dur-
ing follow-up (23).

Statistical analysis was performed us-
ing Stata software (Stata, College Station,
TX). Geometric means and transformed
confidence intervals are presented for tri-
glyceride levels that were positively
skewed. ANOVA was used to test for dif-
ferences in baseline characteristics be-
tween groups defined by the presence or
absence of a low ABI and the metabolic
syndrome, with t tests and �2 tests used to
determine differences between groups for
continuous and categorical variables.
Hazard ratios for CVD were estimated us-
ing Cox proportional hazards modeling
for mortality and for all CVD with adjust-
ment for age and sex in a basic model and
adjustment for various other CVD risk
factors in subsequent models. Likelihood
ratio tests were used to compare full-
adjusted models that included and ex-
cluded ABI to determine whether a low
ABI contributed to the risk of CVD out-
comes.

RESULTS — Of the 1,592 participants
in the Edinburgh Artery Study, 8 had
missing data for ABI, 13 had an ABI �1.4,

31 had data missing for one or more cri-
teria of the metabolic syndrome, and 2
had data missing for both ABI and the
definition of the metabolic syndrome. A
further 71 had data missing on diabetes or
smoking status at baseline. Data for the
remaining 1,467 people were included in
our analysis. Of this population, �17%
had a low ABI and 25% had the metabolic
syndrome, with 6% having both a low ABI
and the ATP III–defined metabolic syn-
drome. Characteristics of the subgroups
defined by the presence or absence of a
low ABI and the metabolic syndrome are
given in Table 1. Subjects with both a low
ABI and the metabolic syndrome tended
to have a more adverse cardiovascular risk
factor profile. During the follow-up pe-
riod, 554 people died, 226 from CVD.
Just over half of the people that died of
CVD (118 people) had a nonfatal cardio-
vascular event before death. A further 462
people had at least one nonfatal con-
firmed cardiovascular event but did not
die from CVD during the study, giving a
total number of cardiovascular events of
688.

Tables 2 and 3 show hazard ratios for
cardiovascular mortality and for com-

bined fatal and nonfatal CVD derived
from Cox proportional hazards models of
increasing complexity. A low ABI was a
statistically significant risk factor for CVD
mortality independent of the metabolic
syndrome and conventional cardiovascu-
lar risk factors: hazard ratio 1.53 (95% CI
1.13–2.07; P � 0.006). The hazard ratio
for the metabolic syndrome for CVD mor-
tality did not achieve conventional levels
of statistical significance after full adjust-
ment for other CVD risk factors (1.30
[0.97–1.75]; P � 0.07), and the hazard
ratio was further attenuated by the addi-
tion of a low ABI to the model (1.26
[0.94–1.70]; P � 0.13). The addition of a
low ABI to the model with the outcome of
CVD mortality and independent variables
of age, sex, metabolic syndrome, LDL
cholesterol, baseline CVD, known or
newly diagnosed diabetes, and smoking
status at baseline significantly improved
the fit of the model (P � 0.007, change in
�2 log likelihood 7.2 with one degree of
freedom [df]). A low ABI was also a statis-
tically significant risk factor for the com-
bined outcome of fatal and nonfatal CVD
independent of the metabolic syndrome
and conventional cardiovascular risk fac-

Table 1—Characteristics of participants by presence or absence of low ABI (<0.9) and metabolic syndrome by ATP III criteria

Neither low ABI
nor ATP III
metabolic
syndrome

Low ABI without
ATP III metabolic

syndrome

ATP III metabolic
syndrome without

low ABI

Low ABI and ATP
III metabolic

syndrome P

n 936 167 273 91 —
Mean age (years) 64.4 � 5.6 66.3 � 5.6* 64.5 � 5.5† 67.7 � 5.1*†‡ �0.0001
Men 475 (51) 72 (43) 138 (51) 41 (45) 0.246
Mean BMI (kg/m2) 24.7 � 3.3 24.3 � 3.5 28.8 � 4.1*† 28.6 � 4.1*† �0.0001
Smoker at baseline 216 (23) 76 (46)* 53 (19)† 32 (35)*‡ �0.0001
Mean systolic blood pressure

(mmHg)
139 � 22 152 � 28* 152 � 21* 166 � 24*†‡ �0.0001

Mean total cholesterol (mmol/l) 6.9 � 1.3 7.3 � 1.3* 7.2 � 1.4* 7.3 � 1.5* �0.0001
Mean LDL cholesterol (mmol/l) 5.1 � 1.2 5.5 � 1.2* 5.6 � 1.3* 5.6 � 1.3* �0.0001
Mean HDL cholesterol (mmol/l) 1.5 � 0.4 1.5 � 0.4* 1.2 � 0.3*† 1.2 � 0.3*† �0.0001
Triglyceride (mmol/l) 1.21 (1.18–1.24) 1.36 (1.28–1.43)* 2.18 (2.06–2.28)*† 2.11 (1.92–1.31)*† �0.0001
Diabetes (known and newly

diagnosed)
37 (4.0) 9 (5.4) 58 (21.3)*† 27 (29.7)*† �0.0001

History of myocardial infarction,
angina, stroke, or intermittent
claudication at baseline

56 (6.0) 38 (22.8)* 30 (11.0)*† 26 (28.6)*‡ �0.0001

Mean ABI 1.09 � 0.11 0.75 � 0.14* 1.08 � 0.10*† 0.72 � 0.17*‡ �0.0001
Deaths from all causes during

follow-up
305 (33) 93 (56)* 106 (39)† 50 (55)*‡ �0.0001

Deaths from CVD during follow-up 109 (12) 40 (24)* 46 (17)* 31 (34)*‡ �0.0001
Fatal or nonfatal cardiovascular

events during follow-up
381 (41) 95 (57)* 134 (49)* 64 (70)*†‡ �0.0001

Data are means � SD, n (%), or geometric mean (transformed 95% CI). P values by ANOVA for continuous variables and �2 tests for categorical variables are given.
*P � 0.05 vs. group with neither a low ABI nor the metabolic syndrome; †P � 0.05 vs. group with a low ABI without the metabolic syndrome; ‡P � 0.05 vs. group
with the metabolic syndrome without a low ABI.
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tors (hazard ratio 1.46 [1.20–1.76]; P �
0.0001). The statistical significance of the
metabolic syndrome as a risk factor for all
CVD independent of a low ABI and con-
ventional risk factors was borderline (haz-
ard ratio 1.20 [1.00–1.43]; P � 0.05).
Adding a low ABI to a model with all CVD as
the outcome with adjustment for all other
factors mentioned above significantly im-
proved the fit of the model (P � 0.002,
change in �2 log likelihood 14.3 with 1 df).

CONCLUSIONS — We have shown
that a simple measure of preclinical ath-
erosclerosis, a low ABI, is associated with
an increased risk for CVD independent of
the metabolic syndrome and conven-
tional cardiovascular risk factors. This
measurement could be applied in clinical
practice to identify patients at high risk of
CVD. The excess risk of CVD associated
with the metabolic syndrome was of bor-
derline statistical significance after adjust-
ing for conventional cardiovascular risk
factors and a low ABI; this may have been
due to the limited power of this study to
detect an independent effect of the meta-
bolic syndrome.

The IDF recently released a world-
wide consensus definition of the meta-
bolic syndrome, stated as a waist
circumference �94 cm (men) or �80 cm
(women) and two or more of the follow-
ing factors: fasting plasma glucose 5.6
mmol/l and the same blood pressure and
lipid criteria as for the ATP III definition
of the metabolic syndrome (10). In our
study, data for the general population
ages 55–74 years in the Health Survey for
England 1999 were used to generate BMI

cut points in place of the waist cutpoints
used in the IDF definition for the meta-
bolic syndrome that had similar sensitiv-
ity and specificity to those used as proxy
measurements for the ATP III criteria
(S.H.W., unpublished observations).
These values were 26.2 kg/m2 for men
and 24.2 kg/m2 for women. Using the
modified IDF criteria, over a third (34%)
of the study population had the metabolic
syndrome compared with 25% using the
modified ATP III criteria. The hazard ra-
tios for fatal and all CVD for a low ABI
adjusted for age, sex, metabolic syn-
drome, and cardiovascular risk factors
were similar for the ATP III– and IDF-
defined metabolic syndrome (data not
shown but available from S.H.W.). The

adjusted hazard ratios for fatal and all
CVD for the metabolic syndrome were
generally lower for the IDF definition
than for the ATP III definition.

The advantages of this study were its
long follow-up period and the high num-
ber of fatal and nonfatal outcomes. Work
before the start of this study showed that a
single measurement of ABI is suitable for
most epidemiological studies (24). The
limitations of this study were those com-
mon to many cohort studies with lengthy
follow-up, such as the use of baseline data
only, which does not allow for adjustment
for regression dilution bias or changing
prevalence of risk factors. It was not pos-
sible to validate reports of doctor diag-
noses of myocardial infarction, stroke, or
intermittent claudication in the baseline
data. Self-report of angina or myocardial
infarction appears to be reasonably valid
in men (25) but less accurate in women
(26) when comparisons are made against
medical records. In this study, further in-
formation from questionnaires and elec-
trocardiographic findings were used to
define CVD in addition to self-report of a
doctor’s diagnosis.

Patterns of cardiovascular risk factors
have changed in recent years, and it is likely
that the distribution of the metabolic syn-
drome components have changed. In a con-
temporary cross-sectional study, a lower
prevalence of hypertension and hypercho-
lesterolemia might be expected than was
observed in this population at baseline in
1988–1989. However, the current preva-
lence of the metabolic syndrome may be
similar to the 1988–1989 level because of
the increasing prevalence of central obesity

Table 2—Cardiovascular disease mortality associated with a low ABI (<0.9) and the meta-
bolic syndrome after adjusting for other factors

Low ABI Metabolic syndrome

Model 1: Age and sex 2.19 (1.64–2.91) 1.66 (1.26–2.18)
Model 2: Age, sex, and baseline

cardiovascular disease
1.85 (1.37–2.48) 1.44 (1.08–1.90)

Model 3: Age, sex, baseline
LDL cholesterol, smoking
status, cardiovascular
disease, and known and
newly diagnosed diabetes

1.56 (1.15–2.11) 1.30 (0.97–1.76)

Model 4: Model 3 variables and
metabolic syndrome (for low
ABI as the independent
variable) or low ABI (for
metabolic syndrome as the
independent variable)

1.53 (1.13–2.07) 1.26 (0.94–1.70)

Data are adjusted hazard ratios (95% CI).

Table 3—Fatal and nonfatal cardiovascular disease associated with low ABI (<0.9) and
metabolic syndrome after adjusting for other factors

Low ABI Metabolic syndrome

Model 1: Age and sex 1.85 (1.55–2.22) 1.39 (1.18–1.64)
Model 2: Age, sex, and baseline

cardiovascular disease
1.64 (1.36–1.98) 1.31 (1.11–1.54)

Model 3: Age, sex, baseline
cardiovascular disease, LDL
cholesterol, smoking status,
and known and newly
diagnosed diabetes

1.47 (1.22–1.78) 1.21 (1.02–1.45)

Model 4: Model 3 variables and
metabolic syndrome (for low
ABI as the independent
variable) or low ABI (for
metabolic syndrome as the
independent variable)

1.46 (1.20–1.76) 1.20 (1.00–1.43)

Data are adjusted hazard ratios (95% CI).
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and dysglycemia, and there is evidence to
suggest that the prevalence of the metabolic
syndrome is increasing (27). At present it is
not clear whether certain combinations of
metabolic syndrome components confer
different risks from other combinations.
Smoking habits have also shown secular
changes, which is likely to affect the preva-
lence of a low ABI. Although waist circum-
ference measurements were not available
for Edinburgh Artery Study data, we were
able to use a proxy measure of BMI that has
been shown to reflect central obesity in
other populations, one of which was a co-
hort of Scottish men (16,23).

A previous cross-sectional study re-
ported no independent effect of the met-
abolic syndrome on the prevalence of
CVD beyond that associated with the in-
dividual components of the syndrome
and diabetes (28). This finding may have
been influenced by survival bias, and it
contrasts with those of a cohort study that
found the metabolic syndrome was a
stronger predictor of coronary heart dis-
ease, CVD, and total mortality than its in-
dividual components (13). Moreover, in a
prospective study of subjects with newly
diagnosed type 2 diabetes, one of us
(C.D.B.) has shown that there is a pro-
gressive decrease in survival over �5
years with the presence at diagnosis of
each additional feature of the metabolic
syndrome defined by ATP III criteria (29).
Based on data from the Framingham off-
spring cohort study of 3,323 men and
women (mean age 52 years) with 8 years
follow-up, it has been estimated that the
metabolic syndrome (as defined using
ATP III criteria) contributes almost half of
the population-attributable risk for diabe-
tes and �25% of all incident CVD (30).

In summary, a low ABI can be used
to identify individuals at increased risk
of CVD and thus provides information
on risk beyond that provided by a prev-
alence of conventional cardiovascular
risk factors and the presence of the met-
abolic syndrome (whether defined us-
ing ATP III or IDF criteria). ABI can
easily be measured in a primary care
setting and could be used as part of the
assessment of cardiovascular risk in in-
dividuals if further research confirms its
cost-effectiveness.
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