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Research

ncreasing attention is being paid to the
importance of peripheral arterial disease
(PAD) as a marker of cardiovascular

risk.1 PAD, as measured by the ankle–bra-
chial index has been shown to be an inde-
pendent marker of cardiovascular disease
(CVD) in numerous population-based
cohorts,2 although the role of the ankle–
brachial index as an effective screening tool
has yet to be established.3 Most patients
with an abnormal ankle–brachial index do
not have leg symptoms,4 and it is unclear
how widely this measure is used just to
identify patients at risk of CVD. For the
clinician, intermittent claudication is the
most common presentation of PAD. As such,
its presentation remains an important
opportunity to identify patients at risk of
other CVD. Unfortunately, there is evidence
that this opportunity is underutilised and
the management of risk factors in patients
with PAD remains suboptimal.5-8

Most of the studies that have examined
the association between claudication and
future CVD have focused on middle-aged
individuals, and there is a paucity of data for
older people.9-11 Given that the prevalence
of PAD increases with age, it is important to
understand its prognostic significance, and
to identify any opportunities for the preven-
tion of cardiovascular events in older age
groups. We aimed to assess the prevalence,
incidence, risk factors for, and prognosis of
claudication in a large cohort of men aged
65 years and over.

METHODS
We performed an observational cohort
study (Box 1). The Health in Men Study
(HIMS) arose from a trial of screening for
abdominal aortic aneurysm.12 All aspects of
the study were approved by the Human
Research Ethics Committee of the University
of Western Australia.

Briefly, between 1996 and 1999, men
aged 65–83 years were identified from the
Western Australian electoral roll and invited
to attend a screening clinic. Men attending
at baseline (n = 12 203) had their height,
weight, circumference at waist and hip, and
blood pressure measured. The diameter of
the infra-renal aorta was measured by ultra-
sound. Each man completed a questionnaire
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Objectives:  To assess the prevalence of and risk factors for claudication and its 
association with subsequent cardiovascular events.

Design, setting and participants:  Observational cohort study of 12 203 Western 
Australian men aged 65 years and over, recruited from 1996 to 1999, and followed up 
from 2001 to 2004.

Main outcome measures:  Prevalence of claudication and incidence of peripheral 
arterial disease (PAD); risk factors for claudication and its association with subsequent 
cardiovascular events.

Results:  The prevalence of claudication was 5.3% (638 of 11 970 men). At follow-up, 
after exclusion of 148 men with claudication at baseline and 76 with missing data at 
follow-up, the crude average annual incidence of new PAD (claudication or procedure 
for PAD) was 0.85% (95% CI, 0.72%–0.96%). The risk factors for prevalent claudication 
and incident PAD were similar, with age, smoking, hypertension, diabetes and history of 
cardiovascular disease dominating. Of the men with claudication at baseline, nearly half 
(47.5%; 303 of 638) were not taking aspirin. At follow-up, 42.5% (82 of 193) of the men 
with incident PAD were not taking aspirin. Claudication at baseline was associated with 
twice the risk of cardiovascular death (hazard ratio, 2.00; 95% CI, 1.52–2.64). There was a 
J-shaped relationship between aortic diameter, and both prevalent claudication and 
subsequent cardiovascular events.

Conclusions:  Among older men, claudication is prevalent and is associated with factors 
that can still be modified in older age, including smoking, exercise and diet. Relatively 
few men with claudication or at risk of PAD use aspirin. Claudication is a significant 
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predictor of cardiovascular outcome.

I

1 Study design showing participant numbers at baseline and follow-up

Attended baseline screening in 1996-1999 (12 203)

Cohort for assessment of prevalent claudication (11 970)

Participated in follow-up survey in 2001-2004 (4218)

Cohort for assessment of incident claudication (3945)

Prior procedure for peripheral arterial disease (108)

Atypical claudication (124) or missing data at baseline (1)

Did not attend follow-up (7752)

Claudication at baseline (148)

Missing data at follow-up (76)

Interim procedure for peripheral arterial disease (49)

Incident peripheral arterial 
disease (193)

New claudication
(144)

Free of claudication
(3801)
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assessing history and lifestyle relevant to
CVD including: smoking status; alcohol
consumption; exercise; dietary habits; his-
tory of (or treatment for) coronary heart
disease (CHD), stroke or transient ischaemic
attack, hypertension, dyslipidaemia or dia-
betes; and aspirin use.13 Prior CVD (a past
history of angina, myocardial infarction,
coronary intervention or stroke) was identi-
fied through the questionnaire or the West-
ern Australian Data Linkage System using
the relevant codes in the International Clas-
sification of Diseases (ICD). Claudication
was assessed with the Edinburgh Claudica-
tion Questionnaire (ECQ).14

All surviving men were invited to partici-
pate in a follow-up survey which was con-
ducted in 2001 to 2004.13 These men
completed a new questionnaire which again
included the ECQ. Additional information
was obtained through the Western Austral-
ian Data Linkage System. Discharges or

deaths from CVD, and discharges following
procedures for PAD were identified with the
relevant codes in the ICD.

As the focus of our study was risk factors
and outcome in men with claudication,
rather than any PAD, those who had under-
gone a procedure for PAD before baseline
screening (n = 108) were excluded. Men
were considered to have prevalent claudica-
tion if they returned a “definite positive”
ECQ. Men with atypical (“possible positive”)
claudication14 at baseline (n = 124) or miss-
ing data (n = 1) were excluded, leaving
11 970 men for analysis of risk factors. The
long-term outcome of men with and with-
out claudication was also based on this
cohort. Of the 11 970 men, 4218 attended
for follow-up (Box 1). Men undergoing a
procedure for PAD after baseline may have
become free of claudication at follow-up,
and could not necessarily be distinguished
from men without claudication by their

ECQ results. We therefore used the outcome
of “incident PAD” rather than incident clau-
dication. This was defined as a positive ECQ
at follow-up or a procedure for PAD
between baseline and follow-up, and was
assessed in men who were free of claudica-
tion at baseline.

Statistical analyses
We used the statistical packages SPSS, ver-
sion 15 (SPSS Inc, Chicago, Ill, USA), and
Stata, version 10 (StataCorp, College Sta-
tion, Tex, USA) to analyse the data. Risk
factors were defined on the basis of answers
in questionnaires and supplemented with
data from the Western Australian Data Link-
age System. Aortic diameter was categorised
into < 19 mm, 19–22.9 mm, 23–29.9 mm
and � 30 mm on the basis of a previous
analysis.15 Differences in categorical varia-
bles were assessed with Pearson’s χ2 test, and
continuous variables were compared with t
tests. Binary logistic regression was used to
explore factors associated with claudication
at baseline and at follow-up, and covariates
were fitted in a forward, stepwise manner in
multivariate models.

Kaplan–Meier time-to-event curves were
generated to illustrate cumulative differences
between men with and without claudication.
Cox proportional hazards regression analysis
was undertaken to assess risk factors (includ-
ing claudication at baseline) for cardiovascu-
lar mortality and admission to hospital with
non-fatal cardiovascular events. All statistical
tests were two-tailed, and P values less than
0.05 were considered significant.

RESULTS

The overall prevalence of claudication at
baseline was 5.3% (95% CI, 4.9%–5.7%),
increasing with age from 3.9% (95% CI,
3.3%–4.5%) in men aged 65–69 years to
6.5% (95% CI, 4.8%–8.6%) in men aged 80
years and over (Box 2). After a median
follow-up period of 5.7 years (interquartile
range, 5.04–6.40 years), 4218 of the 11 970
men with ECQ data participated in the
follow-up study (Box 1). After excluding the
148 men with claudication at baseline and
the 76 with missing data at follow-up, the
crude average annual incidence of incident
PAD (claudication or procedure for PAD)
was 0.85% (95% CI, 0.72%–0.96%). The
cumulative incidence increased with age
from 3.6% (95% CI, 2.7%–4.6%) in men
aged 70–74 years to 8.6% (95% CI, 4.5%–
14.6%) in men aged 85 years and over.
During the first 4 years after baseline assess-

2 Baseline characteristics of participants in screening and follow-up cohorts

Screening cohort Follow-up cohort

Variable

No 
claudication 
(n = 11 332)

Claudication 
(n = 638)

Free from 
peripheral 

arterial disease 
(n = 3801)

Incident 
peripheral 

arterial disease 
(n = 193)

Age at baseline

65–69 years 4395 (38.8%) 177 (27.7%) 1741 (45.8%) 69 (35.8%)

70–74 years 3951 (34.9%) 239 (37.5%) 1326 (34.9%) 78 (40.4%)

75–79 years 2323 (20.5%) 176 (27.6%) 598 (15.7%) 36 (18.7%)

80–84 years 663 (5.9%) 46 (7.2%) 136 (3.6%) 10 (5.2%)

Exercise � 3 hours/week 7116 (62.8%) 341 (53.4%) 2675 (70.4%) 128 (66.3%)

Diabetes 1244 (11.0%) 120 (18.8%) 273 (7.2%) 26 (13.5%)

Smoking status

Never smoked 3437 (30.3%) 95 (14.9%) 1405 (37.0%) 37 (19.2%)

Ex-smoker 6755 (59.6%) 422 (66.1%) 2130 (56.0%) 130 (67.4%)

Current smoker 
< 25 cigarettes/day

948 (8.4%) 98 (15.4%) 232 (6.1%) 17 (8.8%)

Current smoker 
� 25 cigarettes/day

192 (1.7%) 23 (3.6%) 34 (0.9%) 9 (4.7%)

Hypertension 7154 (63.1%) 487 (76.3%) 2224 (58.5%) 133 (68.9%)

Eat fish � 3 times/week 1180 (10.4%) 52 (8.2%) 346 (9.1%) 10 (5.2%)

Dyslipidaemia 3822 (33.7%) 306 (48.0%) 1355 (35.6%) 87 (45.1%)

Aortic diameter

< 19 mm 1333 (11.8%) 78 (12.2%) 400 (10.5%) 18 (9.3%)

19–22.9 mm 6332 (55.9%) 275 (43.1%) 2220 (58.4%) 93 (48.2%)

23–29.9 mm 2889 (25.5%) 200 (31.3%) 938 (24.7%) 55 (28.5%)

� 30 mm 778 (6.9%) 85 (13.3%) 243 (6.4%) 27 (14.0%)

Waist-to-hip ratio > 0.9 9423 (83.2%) 554 (86.8%) 3092 (81.3%) 167 (86.5%)

Cardiovascular disease 3541 (31.2%) 368 (57.7%) 963 (25.3%) 74 (38.3%)

Aspirin use 3863 (34.1%) 335 (52.5%) 1253 (33.0%) 86 (44.6%)
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ment, 38 men (6.0%) with claudication and
84 (0.07%) without claudication at baseline
were subsequently admitted for a procedure
for PAD (P < 0.001). Men who did not
attend for follow-up were no more likely to
undergo a procedure for PAD within 4 years
of baseline than those who did attend for
follow-up (1.1% [88/7752] v 0.8% [34/
4218]; P = 0.087).

The baseline characteristics of men in the
screening and follow-up cohorts are sum-
marised in Box 2. With the exception of the
proportion who were taking aspirin, those
attending follow-up had significantly fewer
cardiovascular risk factors than those not
attending follow-up (data not shown). Men
with claudication at baseline were signifi-
cantly less likely to have attended for fol-
low-up (23.2% v 35.9%, P < 0.001). Of the
men with claudication at baseline, nearly
half (47.5%, 303/638) were not taking
aspirin. At follow-up, 42.5% (82/193) of
the men with incident PAD were not taking
aspirin.

The multivariate models of risk factors
associated with prevalent claudication and
incident PAD are shown in Box 3 and Box 4,
respectively. The pattern of positive associa-
tions was similar with regard to age, smok-
ing, hypertension, diabetes and history of
CVD. Although exercise was associated with
a lower prevalence of claudication, it was
not associated with a lower incidence of
PAD. There was a strong and graded rela-

tionship between smoking, and a J-shaped
relationship between aortic diameter, and
both prevalent claudication and incident
PAD.

Kaplan–Meier time-to-event curves
showed a clear increase in fatal and non-
fatal cardiovascular events for men with
claudication at baseline (Box 5). The Cox
proportional hazards model for mortality
from CVD is shown in Box 6. Claudication
at baseline was associated with twice the
risk of cardiovascular death (hazard ratio
[HR], 2.00; 95% CI, 1.52–2.64); the associ-
ation with non-fatal cardiovascular events
was similar (HR, 1.80; 95% CI, 1.57–2.07).
There was also a J-shaped relationship
between aortic diameter and increasing risk.

DISCUSSION
In this population-based cohort of men aged
65 years and over, we found that: (i) claudi-
cation is prevalent and is associated with
factors that can still be modified in older
age, including smoking, exercise and diet;
(ii) aspirin usage in men with, or at risk of,
claudication is inadequate; and (iii) men
with claudication are at significant risk of
subsequent CVD.

Prevalence of intermittent claudication
The reported prevalence of claudication var-
ies with method of assessment and type of
population studied. It rises with age from
about 1% of people under the age of 60
years to 3%–8% for those aged 70–74 years,
and tends to be about twofold higher in men
than in women.4,9,10,16,17 Surprisingly few
studies have reported the prevalence of clau-
dication in populations over the age of 75
years. In the Rotterdam Study (which used

4 Multivariate logistic regression 
analysis of risk factors for incident 
peripheral arterial disease

Variable
Odds 
ratio 95% CI

Age at follow-up (years)

70–74 years 1.00

75–79 years 1.45 1.01–2.08

80–84 years 1.55 0.98–2.45

85–89 years 2.78 1.42–5.46

Diabetes 1.98 1.27–3.09

Smoking status

Never smoked 1.00

Ex-smoker 2.03 1.39–2.98

Current smoker 
< 25 cigarettes/day

2.87 1.56–5.27

Current smoker 
� 25 cigarettes/day

12.61 5.41–29.43

Hypertension 1.43 1.03–1.99

Aortic diameter

< 19 mm 0.88 0.51–1.53

19–22.9 mm 1.00

23–29.9 mm 1.34 0.94–1.90

� 30 mm 1.79 1.12–2.88

Cardiovascular disease 1.57 1.14–2.16

3 Multivariate logistic regression 
analyses of risk factors for 
prevalent claudication

Variable
Odds 
ratio 95% CI

Age

65–69 years 1.00

70–74 years 1.40 1.14–1.73

75–79 years 1.69 1.34–2.13

80–84 years 1.67 1.17–2.38

Exercise � 3 hours/
week

0.78 0.66–0.93

Diabetes 1.55 1.24–1.93

Smoking status

Never smoked 1.00

Ex-smoker 1.96 1.54–2.49

Current smoker < 25 
cigarettes/day

3.98 2.93–5.42

Current smoker � 25 
cigarettes/day

4.64 2.79–7.74

Hypertension 1.57 1.29–1.91

Eat fish � 3 times/week 0.72 0.53–0.97

Dyslipidaemia 1.42 1.19–1.70

Aortic diameter

< 19 mm 1.24 0.95–1.62

19–22.9 mm 1.00

23–29.9 mm 1.44 1.18–1.75

� 30 mm 1.53 1.17–2.00

Cardiovascular disease 2.01 1.65–2.45

Aspirin use 1.31 1.08–1.59

5 Kaplan–Meier time-to-event curves of cumulative cardiovascular mortality and 
non-fatal cardiovascular events for 638 men with and 11 332 men without 
claudication*

* Log rank test P < 0.001 for both outcomes. ◆
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the World Health Organization Rose Ques-
tionnaire for angina pectoris and intermit-
tent claudication) the prevalence of
claudication in men was 3.3% in those aged
75–79 years, 4.5% in those aged 80–84
years and 6% in those aged 85 years and
over.17 The prevalence of claudication in our
study was comparable, but slightly higher
(6.9% in those aged 75 years and over); this
probably reflects the known greater sensitiv-
ity of the ECQ compared with the Rose
Questionnaire.14 The true prevalence of
claudication is undoubtedly higher because
of the self-selection bias of those participat-
ing in the study.

Incidence of peripheral arterial disease
The average annual incidence of new symp-
tomatic PAD in men aged 65 years and over
was about 0.8%. Most previous studies
examining the incidence of claudication have
focused on populations aged under 65 years
(at baseline); the annual incidence varies
considerably, but is probably in the region of
0.5%–2% for those aged 45–65 years.9-11,18

The assessment of incident claudication is
challenging as a result of selective loss to

follow-up of individuals most at risk of new
claudication. To minimise the underestima-
tion of incident claudication, we examined
the outcome of incident PAD (either a pro-
cedure for PAD or new claudication).

Risk factors for peripheral arterial 
disease
The pattern of risk factors associated with
prevalent claudication is consistent with
atherosclerosis, and reflects that seen in
numerous other studies. The pattern for
incident symptomatic PAD was similar,
although a history of or treatment for dyslip-
idaemia were not predictive. This may
reflect the adequacy of control of this risk
factor. Smoking was a more prominent risk
factor for both prevalent claudication and
incident PAD than for subsequent cardiovas-
cular mortality. This dominant association
between smoking and PAD compared with
other cardiovascular risk factors (and out-
comes) has been reported previously, and
the reason for it is unknown.19 The associa-
tion we found between diabetes and inci-
dent PAD differs from a recent study which
showed that diabetes predicts progression of

small-vessel PAD but not large-vessel PAD.20

Our result may have been influenced by our
inclusion of men undergoing procedures for
PAD, some of these procedures being for the
combined consequences of PAD and dia-
betic foot complications.

The positive association between taking
aspirin and claudication may be the result of
an association with other cardiovascular
indications for aspirin. Nevertheless, only
about half of the men with prevalent claudi-
cation or incident PAD were taking aspirin.
This relatively low level of aspirin use is
consistent with findings of other studies; for
example, a survey in the United Kingdom
suggested that only 59% of patients with
claudication were prescribed aspirin.5 Aspi-
rin is recommended in all patients with
PAD, despite evidence from a recent meta-
analysis suggesting that aspirin may not
reduce cardiovascular mortality.21

Cardiovascular outcomes of 
claudication
The strong association between claudication
and subsequent cardiovascular events was
first observed in middle-aged individuals
(mostly aged 45–60 years) in cohorts of
studies such as Framingham,22 Speedwell9

and Whitehall.23 This observation has been
confirmed in studies that included older age
groups (up to 75 years).11 Our study, which
included 3208 men aged 75 years and over
at baseline, confirms that claudication
remains a statistically significant independ-
ent predictor of cardiovascular events in
older men. The protective association with
dyslipidaemia, and the insignificant associa-
tion with hypertension may reflect the ade-
quacy of management of these risk factors.

We have previously shown that aortic
diameter predicts all-cause mortality.15

Based on these earlier findings, we included
this variable in all our models, using a
diameter of 19–22.9 mm as the reference
(normal) range. Men with aortic diameters
outside this range, including those with
enlarged but non-aneurysmal aortic diam-
eters (23–30 mm), were at increased risk of
both prevalent claudication of cardiovascu-
lar death. The reason for the J-shaped asso-
ciation between aortic diameter and
cardiovascular outcomes is unknown, but
similar findings have recently been reported
in the Cardiovascular Health Study.24

Strengths and weaknesses
The strengths of this study include: its large
size and longitudinal design; the compre-
hensive range of clinical risk factors

6 Multivariate Cox proportional hazards analysis of risk factors for mortality 
from cardiovascular disease

Variable Hazard ratio 95% CI

Age at baseline (years) 1.11 1.09–1.13

Claudication at baseline 2.00 1.52–2.64

Exercise � 3 hours/week 0.68 0.56–0.82

Diabetes 1.77 1.39–2.25

Smoking status

Never smoked 1.00

Ex-smoker 1.31 1.03–1.66

Current smoker < 25 cigarettes/day 1.22 0.82–1.81

Current smoker � 25 cigarettes/day 1.53 0.76–3.07

Hypertension 1.12 0.91–1.38

Eat fish � 3 times/week 0.88 0.64–1.22

Dyslipidaemia 0.77 0.62–0.95

Aortic diameter

< 19 mm 1.28 0.94–1.74

19–22.9 mm 1.00

23–29.9 mm 1.45 1.16–1.81

� 30 mm 1.73 1.29–2.33

Family history of cardiovascular disease (maternal) 1.04 0.85–1.26

Family history of cardiovascular disease (paternal) 0.96 0.79–1.16

Waist-to-hip ratio > 0.9 0.93 0.72–1.20

History of alcohol consumption 0.83 0.67–1.04

Cardiovascular disease 2.32 1.86–2.91

Aspirin use 1.06 0.85–1.32



MJA • Volume 192 Number 11 • 7 June 2010 645

R ESEARCH

assessed; and its population-based origin.
Access to the Western Australian Linked
Data System allowed assessment of a wide
range of outcomes in both men who
attended and those who did not attend for
follow-up. Weaknesses of our study include:
the inclusion of men only; the lack of
detailed drug history (particularly with
regard to the treatment of dyslipidaemia and
hypertension); and possible selection bias,
with only the healthiest men attending for
the baseline and follow-up surveys. How-
ever, the consequence of this bias is that the
findings are likely to be conservative.

Implications and conclusions

The rate of fatal and non-fatal cardiovascular
events remains high in old age, suggesting
that there is still scope for primary or sec-
ondary prevention. Our study shows that
claudication is prevalent (at a rate of about
5%) among older men, and that about 0.8%
develop new PAD each year. This is not only
a cause of distressing symptoms, but is a
significant predictor of cardiovascular out-
come. The risk of claudication and cardio-
vascular mortality is associated with factors
that can still be modified in older age
including smoking, exercise, diet and asp-
irin therapy. Although a low ankle–brachial
index (usually < 0.9) is a more sensitive
marker of PAD than claudication, and has
attracted considerable attention as a predic-
tor of cardiovascular risk, there is recent
evidence from the REACH (Reduction of
Atherothrombosis for Continued Health)
Registry that a diagnosis of PAD by a low
ankle–brachial index alone does not ensure
optimal risk factor control.8 While measur-
ing the ankle–brachial index is relatively
simple, eliciting a history of claudication is
even simpler and is universally available at
no cost. The significance of claudication in
the identification of all patients at risk of
future CVD, irrespective of age, should not
be forgotten.
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