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Abstract

Objective This study was designed to assess the incidence

of peripheral arterial occlusive disease (PAOD) in a pop-

ulation-based cohort of men aged 55–74 years and to

establish a predictive function based on risk factors for the

disease.

Methods This was a prospective study of 699 men rep-

resentative of an urban population. Cardiovascular risk

factors, history of cardiovascular events, and ankle-bra-

chial index (ABI) at baseline and at 5 years were measured.

PAOD was defined as a confirmed ABI \0.9.

Results A total of 468 (67%) subjects could be evaluated

at 5 years. In the remaining 233 subjects, 94 had PAOD at

baseline, 66 died during the study, and 73 were lost to

follow-up. At the end of the 5-year study period, 56 (12%)

subjects developed PAOD (21.4% ABI \0.6, 78.6% ABI

between 0.61 and 0.9). Independent predictors for PAOD

were age older than 70 years at baseline (odds ratio [OR]

2.5, P = 0.004), smoking history more than 40 pack-year

(OR = 2.27, P = 0.007), history of cerebrovascular dis-

ease (OR = 3.49, P = 0.02), and symptomatic coronary

disease (OR = 3.36, P = 0.004). The 5-year incidence of

PAOD was 22.4% for subjects older than 70 years, 21.5%

for heavy smokers, 29.4% for those with previous cere-

brovascular events, and 25% for subjects with ischemic

heart disease. The risk for PAOD in subjects without risk

factors was 6%.

Conclusions Twelve percent of adult men aged between

aged 55 and 74 years developed PAOD during a follow-up

of 5 years. Besides subjects with history of cardiovascular

disease, men older than aged 70 years and heavy smokers

constituted a high-risk group for PAOD and, therefore, the

object of directed efforts of primary prevention.

Introduction

Peripheral arterial occlusive disease (PAOD) is an impor-

tant cause of quality of life impairment in older adults and

has been strongly associated with cardiovascular events

and cardiovascular and all-cause mortality [1–4]. Knowl-

edge about prevalence, risk factors, and outcome of

subjects with PAOD has largely emerged from epidemio-

logical studies performed during the last two decades,

when PAOD received the attention of cardiovascular epi-

demiologists [5–8]. Although these data have raised the

recognition of PAOD as an independent predictor of car-

diovascular disease, there remains epidemiological issues

related to PAOD that are poorly studied, such as the risk for

PAOD development among the general population.

The incidence and risk factors for PAOD have been

evaluated in limited number of epidemiological surveys

[9–14], rarely by means of an objective measurement, such

as the Doppler ankle-brachial index, and never with further

confirmation of suspected cases by a vascular surgeon or

vascular laboratory. Further precise data on this topic
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would allow researchers to establish a better estimate of the

risk of developing PAOD in the general population and to

develop strategies for primary prevention of the disease.

The ‘‘Pubilla Casas Artery Study’’ was a longitudinal

study with the objective of establishing the incidence and

risk factors for PAOD assessed by the ankle-brachial index

(ABI) in a population-based cohort of 699 adult healthy

men from an urban district in the neighborhood of Barce-

lona, Spain [15–17]. All participants underwent reassess-

ment by means of ABI at 5 years after inclusion in the

cohort. The objective of this study was to determine the

incidence of PAOD and to establish a predictive function

based on the presence of risk factors for PAOD.

Methods

Study population

The target population included all men aged 55–74 years

of Pubilla Casas, an urban neighborhood nearby Barcelona,

Spain. At the time of recruitment (1996–1997), 3,500 of all

Pubilla Casas inhabitants were men in this age stratum,

85% of whom were registered in the lists of the Pubilla

Casas Primary Care Centre, attended by 14 general prac-

titioners. All male subjects (except those with mental

impairment or terminal diseases) attended by four of these

general practitioners were recruited. To improve general-

izability, a 4/14 random sample of the 15% unregistered

male population of this district was added. This sampling

method, more detailed elsewhere [17], yielded 900 eligible

men for the study, 708 of which agreed to participate.

Informed consent was obtained from all participants.

Baseline measurements

The participating physicians evaluated cardiovascular risk

factors and the presence of PAOD at the time of recruit-

ment. Risk factors included age, body mass index (BMI),

cigarette smoking, alcohol consumption, hypertension,

diabetes, and dyslipemia (serum cholesterol and triglycer-

ides). Previous symptomatic disease in other vascular ter-

ritories (coronary heart disease or cerebrovascular events)

was recorded by medical history, review of hospital dis-

charge forms, or results of medical evaluation performed

by a cardiologist or a neurologist.

PAOD was assessed by rest ABIs performed by the four

previously mentioned general practitioners, using a cali-

brated mercury sphygmomanometer and a handheld

Doppler device. Current or past symptoms suggestive of

PAOD also were recorded. Subjects with any ABI\0.9 or

current or past PAOD symptoms were referred to the

Department of Vascular Surgery of Hospital del Mar for

confirmation. At the hospital, data of the patient’s medical

record were evaluated by a vascular surgeon and patients

underwent ABI, which was performed in the vascular

laboratory. Definitive diagnosis of PAOD was established

when an ABI\0.9 was confirmed independently of clinical

manifestations. Nine patients had abnormal ABIs ([1.5),

suggestive of arterial calcification and were excluded from

the study.

Follow-up

Subjects were followed for 5 years at the Primary Care

Centre by the four general practitioners. Standard care was

provided with the goal of controlling cardiovascular risk

factors, including cessation of smoking. ABIs were again

performed in all subjects 5 years after recruitment (except

those who died or subjects lost to follow-up). A definitive

diagnosis of PAOD was established according to the same

criteria used at baseline (confirmed ABI \0.9).

Statistical analysis

The association of PAOD development with baseline risk

factors was assessed by crude event rates and logistic

regression. A P value \0.05 was considered statistically

significant. To control for potential confounding factors, all

variables related to PAOD (at baseline or at 5-year mea-

surements) with P \ 0.10 in the bivariate analyses were

considered in the logistic regression. Statistically nonsig-

nificant variables not modifying beta-coefficients were

retrieved from the model to increase statistical power.

To estimate risk of developing PAOD at 5 years, a

predictive function based on event probability calculated

with the logistic regression model was done. The validity

of the model was assessed on the basis of its calibration

(Hosmer-Lemershow test) and its discrimination (ROC

curve). All analyses were performed using SPSS statistical

software (version 14.0).

Results

A total of 699 men were included in the study. Ninety-four

(13.4%) patients had PAOD in baseline assessment, 71

(10.1%) were lost at follow-up, and 66 (9.4%) died before

5-year evaluation, of which 30 (45.5%) were cardiovas-

cular-related. Therefore, measurements at baseline and at

5-year follow-up were available for 468 participants. The

mean age of these patients was 64.2 years; 48.9% were ex-

smokers and 27.8% current smokers. Other cardiovascular

risk factors included hypertension in 53.6% of cases, dia-

betes mellitus in 20.1%, serum LDL-cholesterol levels

[4 mmol/l in 33.5%, and total serum cholesterol levels
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[5.2 mmol/l in 70.7%. Previous ischemic cerebrovascular

and coronary events were recorded in 17 (3.6%) and 32

(6.8%) patients, respectively.

The prevalence of risk factors in subjects who died

during follow-up was not significantly different than that of

patients who finished the study. However, subjects who

were lost to follow-up were older, the percentage of current

smokers was greater, and the prevalence of cardiovascular

events and cerebrovascular disease was higher.

At 5-year follow-up, 56 (11.9%) subjects had developed

PAOD, of whom 21.4% had ABIs\0.6. Within this group,

40 subjects were asymptomatic, 11 had symptoms of

intermittent claudication, and 1 patient had critical ische-

mia. The PAOD incidence was 23.8 per 1,000 persons per

year.

When subjects with and without incident PAOD were

compared, those with PAOD were older (mean, 66.4 vs.

63.9 years; P = 0.01), had an increased prevalence of

some cardiovascular risk factors, including diabetes (30.4%

vs. 18.7%, P = 0.04), heavy smoking habit ([40 pack-

year; 41.1% vs. 26%, P = 0.01), previous ischemic heart

disease (14% vs. 5.8%, P = 0.01), and previous cerebro-

vascular event (9.8% vs. 2.9%, P = 0.04; Table 1).

Regarding baseline medication, subjects with newly diag-

nosed PAOD were more frequently prescribed antiplatelet

agents (17.3% vs. 7.7%, P = 0.03) and anticoagulants

(5.3% vs. 0.2%, P \ 0.01; Table 2).

In the multivariate analysis, age older than 70 years

(odds ratio [OR] 2.5, P = 0.04), smoking habit [40 pack-

year (OR = 2.2, P \ 0.01), previous cerebrovascular

events (OR = 3.4, P = 0.02), and previous ischemic heart

disease (OR = 3.3, P \ 0.01) at baseline were significant

risk factors independently associated with the development

of PAOD (Table 3). The incidence of PAOD at 5 years

was 22.4% for subjects older than aged 70 years, 21.5% for

heavy smokers, 29.4% for patients with previous cerebro-

vascular events, and 25% for patients with history if

ischemic heart disease. The risk for PAOD in subjects in

whom all these risk factors were absent was only 6%.

To assess the calibration of the logistic regression

model, the Hosmer–Lemeshow goodness of fit test was

performed. The results was not significant (P = 0.59),

indicating proper calibration of the model. As for dis-

crimination, the ROC curve was significant (P \ 0.001;

95% confidence interval, 0.593–0.749), indicating enough

capability to predict probability to develop PAOD. Indeed,

PAOD risk at 5 years for subjects sharing the four inde-

pendent risk factors was as high as 76%.

Discussion

At the beginning of the study, 13.4% of subjects had

PAOD. This finding was consistent with previous studies

reporting PAOD prevalence in men older than aged

55 years from 11–18% [7, 18–20]. Of the remaining cohort

of non-PAOD adult elderly older men followed 5 years,

12% developed the disease. The actual incidence could

have been higher, because subjects lost to follow-up

showed higher prevalence of some risk factors associated

with PAOD. The present findings showed that men older

than aged 70 years, with smoking history of [40 pack-

year, and previous cardiovascular events or stroke were at

high risk of PAOD. Accordingly, male subjects in whom

one of these risk factors is present constitute a population

group that should be targeted for primary prevention of

PAOD. Similarly to that observed in previous studies

[21, 22], the majority of subjects with new diagnosed

PAOD were asymptomatic. Screening based on claudica-

tion questionnaires may therefore identify only a subset of

Table 1 Baseline character-

istics of subjects with and

without incident PAOD

PAOD peripheral arterial

occlusive disease, CHD
coronary heart disease, ns not

significant
a Mean ± SD

Subjects

developing PAOD

Subjects not

developing PAOD

P

Age (yr)a 63.9 66.4 0.01

Nonsmoker 17.9 24 ns

Smoker [40 pack-year 41 26 0.01

Hypertension 62.5 52.5 ns

Diabetes mellitus 30.4 18.7 0.05

Cholesterol [5.2 mmol/l 69.9 70.8 ns

HDL-Chol \0.9 mmol/l 9.1 7.1 ns

LDL-chol [4 mmol/l 38.1 33.1 ns

Triglycerides [2.3 mmol/l 16.3 11.4 ns

Symptomatic CHD 14 5.8 0.01

Cerebrovascular events 9.8 2.9 0.04

Body mass index (kg/m2)a 28.48 ± 4.4 27.68 ± 3.2 ns
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all those PAOD subjects suitable for cardioprotective

medications. Because all PAOD subjects—both symp-

tomatic and asymptomatic—share an increased risk of

morbidity and mortality, noninvasive screening by means

of ABI maximizes any cardioprotective strategy in these

patients.

In the present cohort, the incidence of PAOD was 23.8

per 1,000 persons per year, which is slightly higher than the

incidence rate of 17.8 per 1,000 persons per year reported

in the Limburg study [10]. In men aged 55–74 years, the

Framingham and Edinburgh Artery Studies showed an

incidence of intermittent claudication at 5 years of 2.5%

and 3.2%, respectively [8, 11]. Because the proportion of

symptomatic PAOD in our cohort was 21.4%, the inci-

dence rate of intermittent claudication also was 2.5% at

5 years, which is consistent with that reported in these

studies.

In these studies, age, sex, smoking habit, and previous

cardiovascular events were the most frequent risk factors

associated with symptomatic or asymptomatic PAOD

development. These results were consistent with our find-

ings. However, the Framingham, Limburg, and Quebec

Cardiovascular studies also found association of PAOD

with hypertension and diabetes [8, 10, 14]. These results

were not observed within our population of study, which

may be explained by the sample size or characteristics of

the cohort. PAOD rates found in our study cannot be

attributed to medication because no statistical significance

was found according to lipid-lowering and antihypertensive

intake. Furthermore, antiplatelet and anticoagulant intake

rates were even higher among those who later developed

PAOD, thus reflecting a higher prevalence of previous

coronary heart or cerebrovascular diseases among them.

The estimation of incidence rates relies on the time of

disease occurrence. This exact time was not known in our

study because the time lapse between both ABI measure-

ments was 5 years. We considered our population of study

as a constant cohort, being possible an underestimation of

the reported incidence rates. Incidence data about every

risk factor subgroup allowed us to develop a mathematical

function for measuring the individual risk. In a similar way

than that of coronary risk, equations were developed some

decades ago with the Framingham cohort, PAOD preven-

tion based on risk functions may allow for a better pre-

ventive decision-making than any other approach.

Although our study population may represent only Medi-

terranean adult elderly men, our results suggest an inci-

dence rate of PAOD close to that observed in other

countries with higher incidence of coronary heart disease.

This finding underscores the importance of the relative

weight and prevalence of each risk factor in each of the

clinical forms of atherothrombosis.

Our findings should be interpreted by taking into

account some limitations: the small number of patients in

each subgroup is probably the most important. To partly

compensate for this limitation, exhaustive care was taken

when considering each risk factor and each PAOD diag-

nosis at baseline or follow-up. This included general

practitioner clinical history, hospital records review,

tobacco consumption questionnaires, lipid-lowering medi-

cation wash out, except for those on secondary prevention

among others, and PAOD noninvasive measurements and

confirmation of any PAOD diagnosis at baseline and fol-

low-up by a vascular surgeon.

In summary, 12% of adult men aged 55–74 years

developed PAOD during a follow-up of 5 years. Beyond

subjects with history of cardiovascular disease, men older

than aged 70 years and heavy smokers constitute a high-

risk group for PAOD development and, therefore, the

object of directed efforts of primary prevention.

Table 2 Baseline medication prescribed for subjects with and without incident PAOD

Medication Subjects developing PAOD Subjects not developing PAOD P

Angiotensin-converting enzyme inhibitors 21.4 14.5 ns

Calcium antagonist 14.2 10.1 ns

b-blockers 3.5 3.6 ns

Diuretics 10.7 6.3 ns

Antiplatelet aggregation agents 17.3 7.7 0.03

Anticoagulants 5.3 0.2 \0.01

Lipid lowering medication 5.3 10.6 ns

PAOD peripheral arterial occlusive disease, ns not significant

Table 3 Multivariate analysis of risk factors independently associ-

ated with the development of PAOD

Odds ratio P

Age [70 years 2.5 0.04

Smokers [40 pack-years 2.2 \0.01

Previous cerebrovascular events 3.4 0.02

Previous cardiovascular heart disease 3.3 \0.01

PAOD peripheral arterial occlusive disease, ns not significant
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