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SUMMARY
Background. Peripheral arterial occlusive disease (PAOD)
is the most common peripheral vascular disorder in the
elderly. A clear picture of the disease’s course, especially in
patients with non-critical limb ischaemia (Fontaine stages I
and II), is essential for the general practitioner, who plays a
key role in the diagnosis and management of PAOD. 
Aim. To evaluate the population-based evidence on the
course and prognosis of PAOD.
Methods. An exhaustive literature search yielded 16 popula-
tion-based studies on the prognosis of PAOD. The method-
ological qualities of the studies were assessed according to
eight criteria. 
Results. Thirteen studies of high methodological quality
show that data on the course, cardiovascular morbidity, and
mortality of asymptomatic PAOD are scarce. Only a small
group of asymptomatic patients seem to develop intermit-
tent claudication symptoms. However, asymptomatic
patients appear to have the same increased risk for cardio-
vascular morbidity and mortality when compared with clau-
dicants. No data were available on prognostic factors for
intermittent claudication and cardiovascular morbidity in
asymptomatic patients. The course, cardiovascular morbidi-
ty, and mortality of symptomatic PAOD are better document-
ed. A small group of claudicants experience symptom pro-
gression. Smoking, hypertension, increasing age, and dia-
betes are the most relevant risk factors for intermittent clau-
dication. Claudicants are at a higher risk for developing
other cardiovascular diseases, resulting in a significantly
increased mortality mainly owing to coronary heart disease.
Intermittent claudication and a low ankle-brachial pressure
index are significant predictors of mortality. Men had inter-
mittent claudication and symptom progression more often
than women. Cardiovascular (co-)morbidity was common in
both male and female PAOD patients, but male PAOD
patients had a higher mortality compared with female PAOD
patients.
Conclusion. Given the current knowledge on the prognosis
of PAOD in the general population, an important task for
(secondary) prevention is reserved for the general practi-
tioner. Further research is required to document the course
and prognosis of asymptomatic PAOD patients.

Keywords: peripheral arterial occlusive disease; epidemiol-
ogy; prognosis.

Introduction

PERIPHERAL arterial occlusive disease (PAOD) is a common
health problem among the elderly.1 The prevalence of PAOD

in the general population, assessed by means of the ankle-
brachial pressure index, ranges from 4.2% to 35%.2-4

The majority of PAOD patients have asymptomatic PAOD
(Fontaine stage I) or intermittent claudication symptoms (stage
II). Intermittent claudication can be physically disabling and
claudicants have a diminished quality of life because of the
impact of their symptoms on their daily life activities.5 In a small
group of PAOD patients, symptoms are continuously present
(stage III) and a small minority experience gangrene and/or
necrosis (stage IV). Stages I and II are denoted as non-critical
limb ischaemia and stage III and IV as critical limb ischaemia.6

Much research has been done on the prognosis of PAOD in
referred patients with disabling claudication complaints or criti-
cal ischaemia.7-17 However, these referral-based studies are not
representative for PAOD patients in primary care, since, in this
setting, the majority of patients have non-critical limb ischaemia.
Data from population-based studies can provide the general prac-
titioner (GP) with valuable information; for example, which fac-
tors are of prognostic importance in the clinical course of asymp-
tomatic and mildly symptomatic PAOD? Do patients with non-
critical limb ischaemia have advanced atherosclerosis in other
parts of the circulation more often, resulting in an increased risk
for cardiovascular morbidity and mortality? Is PAOD a predomi-
nantly male disease? And to what extent is the knowledge on
these issues based on results of methodologically well-designed
epidemiological studies? In order to answer these questions, we
present a systematic review of methodologically well-designed
population-based studies on the prognosis of non-critical
ischaemia.

Method
Identification and selection procedure
A MEDLINE literature search of the period between 1980 and
1996 was conducted using the following keywords: ‘peripheral
occlusive disease’, ‘peripheral arterial disease’, ‘peripheral vas-
cular disease’, ‘atherosclerosis’, ‘intermittent claudication’, ‘epi-
demiology’, ‘prognosis’, ‘ankle-brachial pressure index’,
‘prospective’, ‘follow-up’, ‘morbidity’, ‘mortality’, ‘not
surgery’, and ‘not clinical trial’. Studies were selected if they
were population-based and primarily aimed to investigate prog-
nosis, with at least one year of follow-up. References cited in
these studies were screened for additional relevant publications. 

Assessment of methodological quality
To evaluate the methodological quality of the selected papers, a
set of eight criteria was formulated according to Tugwell and
Silagy:18,19

1. clear description of the study population,
2. clearly defined diagnosis of PAOD,
3. baseline measurements for all subjects,
4. documentation of follow-up length,
5. less than 20% loss to follow-up,
6. documentation of measurements of prognostic factors,
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7. documentation of end points, and
8. adequate statistical methods. 

The scoring categories for each item were: + (present), ±
(questionable), and – (absent). The questionable score was
assigned if a criterion was incompletely specified. When no
information was present a negative score was given. 

The selected papers were independently reviewed by JDH and
HEJH. The results were compared and disagreements were dis-
cussed until consensus was reached. Studies were included in
this review if they had no more than one questionable or negative
criterion.

Results
General remarks
The literature search resulted in the identification of 19 popula-
tion-based studies.20-38 Four sets of papers reported on the same
populations. Consequently, in some papers, the results over-
lapped or were complementary. In one set of three papers,34-36

the two papers with the longest follow-up period with comple-
mentary data were selected.35,36In a second set of three papers,27-29

the paper that included the most accurate information on the
prognosis of PAOD was chosen.28 The third (four papers)30-33

and fourth set (two papers)37-38 were fully presented in the
methodological quality assessment, because each paper con-
tained additional data. Thus, 16 papers were selected for the
methodological assessment.

Methodological quality assessment
Table 1 describes the methodological qualities of the 16 papers.
Thirteen papers met our inclusion condition. In the older papers,
loss to follow-up (criterion 5) and measurements of prognostic
factors (criterion 6) were often not accurately documented. Older
papers also applied fewer adequate statistical analyses (criterion
8).

Study populations and diagnostic measurements
Table 2 reviews the study populations and diagnostic measure-
ments of the 13 papers. The 13 study populations in fact consist-
ed of nine cohorts, with age ranging from 29 to 93 years. In four
cohorts, cases were defined by the presence of intermittent clau-
dication, measured using the WHO questionnaire.39,40 In the
other five studies, ankle-brachial pressure index was included in
the case definition.41,42 An ankle-brachial pressure ≤0.90 was
considered indicative for PAOD in three of these five studies.
The other two studies used a variety of non-invasive measure-
ments including an ankle-brachial pressure index ≤0.90 or ≤0.80
as case definition.

Cardiovascular mortality 
Table 2 also summarizes the data on the mortality of PAOD.
Most of the total mortality could be attributed to cardiovascular
death. Four studies presented the mean follow-up period.20,21,24,28

From these studies, the person-years at risk were retrievable and
the crude total and cardiovascular mortality rates calculated. The
crude total mortality rate ranged from 0.9 to 6.4 per 100 person-
years at risk.20,21,24,28The crude cardiovascular mortality rate
ranged from 0.7 to 2.8 per 100 person-years at risk.20,21,24,28The
adjusted relative risks of total, cardiovascular, and coronary heart
disease mortality were significantly elevated in claudicants, even
when these patients were free of a history of cardiovascular dis-
ease at baseline (Table 3). When the ankle-brachial pressure
index was included in the case definition, PAOD patients had an

even greater risk for cardiovascular mortality. Statistical pooling
of the relative risks was not feasible because of the heterogeneity
of the study populations.

Both the Belgian study and the Edinburgh Artery study
showed a trend of an increased total and cardiovascular mortality
in asymptomatic PAOD patients.25,38 Asymptomatic PAOD was
associated with significantly elevated cardiovascular mortality
risks, even when these patients had no history of cardiovascular
disease at baseline (Table 3).

All but two studies confirmed any intermittent claudication, an
ankle-brachial pressure index ≤0.90, or other abnormal non-inva-
sive test results as significantly independent prognostic factors
for cardiovascular death in PAOD patients.

Only the Whitehall study and the Edinburgh Artery study
reported on cerebrovascular death. Cerebrovascular death was
less common than coronary death, but was still elevated in
PAOD patients. 

The clinical course of symptomatic and asymptomatic
PAOD 
Table 4 summarizes risk factors and clinical course of PAOD.
Increasing age, smoking, diabetes, and hypertension were risk
factors for the development of intermittent claudication in the
Framingham and the Quebec Vascular studies.21,33 The contribu-
tion of smoking was the strongest, increasing the risk from two
to four times. In the Framingham study, high serum cholesterol
was also a risk factor for claudication, but this was not confirmed
by the Quebec Vascular study. In the Framingham study, after a
mean of 8.5 years, seven (4.3%) of the 162 claudicants experi-
enced symptom progression resulting in amputations. Of these,
five were diabetic and three were smokers. In the Edinburgh
Artery study, after five years, seven (9.6%) of the 73 claudicants
had symptom deterioration, resulting in critical ischaemia, ampu-
tation, and/or vascular surgery.38
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Table 1. Methodological scores of the studies on the prognosis of
PAOD.

Criteria

Authora 1 2 3 4 5 6 7 8

Widmer, 196426 + + + + ± ± ± ±
Kannel, 197030 + + + + + + + ±
Newton Peabody, 197431 + + + + + + + –
Agner, 198123 + + + + – ± + ±
Reunanen, 198222 + + + + – + + +
Kannel, 198532 + + + + + ± + ±
Stokes, 198733 + + + + - + + +
Davey Smith, 199020 + + + ++ + + + +
Criqui, 199135 + + + ± + + + +
Dagenais, 199121 + + + ++ + + + +
Criqui, 199236 + + + – + + + +
Ögren, 199328 + + + ++ + + + +
Vogt, 199324 + + + ++ + + + +
Kornitzer, 199525 + + + + + ± + +
Leng, 199637 + + + + + + + +
Leng, 199638 + + + + + + + +

++  Criterion is specified and the mean follow-up duration was stated
in the papers; + present; – absent;  ± questionable. aName of first
author listed only. Criteria: (1) clear description of the study population;
(2) clearly defined diagnosis of PAOD; (3) baseline measurement for all
subjects; (4) documentation of follow-up length; (5) loss to follow-up
not more than 20%; (6) documentation of measurements of prognostic
factors; (7) documentation of end points; (8) adequate statistical meth-
ods.
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Table 2. Mortality in patients with peripheral arterial occlusive disease (PAOD). Results from nine population studies. (IC = intermittent claudication; ABPI = Ankle-brachial pressure index.)

Study PAOD Follow-up period Total Total Cardiovascular CVD Prognostic 
Studies population Diagnostic subjects as stated in mortality mortality (CVD) mortality mortality factors for 
(Author)a (age and sex) criteria male/female papers (years) male/female rate male/female rate mortality

CVD      CHDb

Framingham 29–62 years
study, 1970 5209 men and 
(Kannel30) women IC questionnaire 79/46 14 23/8 16/8          – IC

Helsinki study, 1982 30–59 years IC questionnaire 122/93 5 18/2 15/-           7 smoking, CVD 
(Reunanen22) 5738 men – comorbidity

5224 women

The Whitehall 40–64 years IC questionnaire 147c 17e 56 2.2/100 45             – 1.8/100 IC
study, 1990 18388 men 175d 70 2.4/100 42 1.4/100
(Davey Smith20)

Quebec Vascular 35–64 years IC questionnaire 188 12e 21 0.9/100 16             – 0.7/100 –
study, 1991 4570 men
(Dagenais21)

Lipid Research 38–82 years A set of non- 34f/33f 10 21/11 16/6        12/3 PAOD
study, 1992 256 men invasive criteria, 
(Criqui36) 309 women including ABPI 

Û0.80 and IC 
questionnaire

Malmö Sweden 68 years ABPI <0.90 67f 7e 30 6.4/100 13             – 2.8/100 ABPI <0.90
study, 1993 477 men IC questionnaire 
(Ögren28)

Multicentre study 65–93 years ABPI ≤0.90 –/82f 4.3e –/18 5.1/100 –/10         –/5 2.8/100 ABPI ≤0.90
of Osteoporotic 1492 women IC questionnaire
Fractures, 1993 
(Vogt24)

Belgian study, 1995 40–55 years ABPI ≤0.90 and 77g 10 8 4               4 Smoking, 
(Kornitzer25) 2023 men IC questionnaire ABPI ≤0.90, 

low density 
lipoprotein 
cholesterol 

Edinburgh Artery 55–74 years A set of non- 73h 5 14 10             4 ABPI ≤0.90
study, 1996 1592 men invasive criteria, 
(Leng37-38) and women including ABPI 105i 32 12             7

≤0.90 and IC 
questionnaire 240j 33 20            12

aName of first author listed only; bcoronary heart disease, as a subset of cardiovascular disease; cpatients with probable IC; dpatients with possible IC; emean follow-up period; fasymptomatic PAOD
patients included; gonly asymptomatic PAOD patients; hclaudicants; imajor asymptomatic PAOD: ABPI ≤0.90 and drop in ankle pressure during reactive hyperaemia >20% or ABPI ≤0.70 or reactive
hyperaemia >20%; jminor asymptomatic PAOD: ABPI ≤0.90 or reactive hyperaemia >20%.
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No data were available on risk factors for asymptomatic
PAOD. In the Edinburgh Artery study, of the 345 asymptomatic
PAOD patients, 33 (9.6%) developed intermittent claudication,
and three (0.9%) underwent vascular surgery.38 No data were
available concerning prognostic factors that play a role in the
transition of asymptomatic PAOD to symptomatic PAOD.

Cardiovascular morbidity 
Table 4 also presents the proportion of cardiovascular morbidity
in PAOD patients. Most cardiovascular morbidity was caused by
coronary heart disease. The risk of non-fatal cardiovascular
events increased with the duration of the follow-up period. In the
Framingham study, 10 years after onset of intermittent claudica-
tion, more than 50% of the claudicants had developed cardiovas-
cular diseases.31 Claudicants from the Quebec study had a four-
fold risk of developing a non-fatal ischaemic heart event as com-
pared with the normal population.21 In the Edinburgh Artery
study, claudicants had a significantly increased risk for angina
pectoris (relative risk [RR] = 2.3; 95% confidence interval [CI] =
1.04–5.10) as compared with the normal population.38 In one
study, an abnormal ankle-brachial pressure index was an impor-
tant prognostic factor for non-fatal cardiovascular occurrences in
PAOD patients.37

Only the Edinburgh artery study reported explicitly on the car-
diovascular morbidity of asymptomatic PAOD patients.38 They
also had an increased risk of developing cardiovascular diseases.
No data were available on prognostic factors for non-fatal car-
diovascular events in asymptomatic PAOD patients.

Sex of subjects
Male subjects were present in eight of the nine cohorts, whereas
female subjects were present in only five. Cumulative total mor-
tality seemed more pronounced in male PAOD patients (up to
62%) as compared with female PAOD patients (up to 33%)
(Table 2). Adjusted relative risks showed increased cardiovascu-
lar mortality in both sexes (Table 3).

Male PAOD patients were more likely to have intermittent
claudication and unfavourable clinical course than female PAOD
patients. In the Framingham study and the Lipid Research study,
non-fatal events were more frequent in female PAOD patients
than in male PAOD patients.31,35

Discussion
We found six papers that met all relevant methodological crite-
ria, while a further seven had only one questionable or negative
item. In general, recent studies were of better methodological
quality than older studies. Nevertheless, the duration of the mean
follow-up period, essential for the calculation of the person-years
at risk for an event, was specified in only four studies. 

In four studies, symptomatic PAOD was defined by means of
the standardized WHO questionnaire on intermittent claudica-
tion. In five studies, the ankle-brachial pressure index was used
as well. The WHO questionnaire is highly specific but only mod-
erately sensitive.41,43 Given the fact that, in the general popula-
tion, asymptomatic PAOD is more common than symptomatic
PAOD,3,4 and that use of the WHO questionnaire does not reveal
asymptomatic PAOD, its use in identifying patients at risk is less
adequate. The ankle-brachial pressure index currently is the most
common and widely applicable diagnostic method in epidemio-
logic studies, having a quite high sensitivity and a specificity of
95% or more.1,3,41,42It has a good reproducibility,44 has a quanti-
tative outcome, and is significantly associated with the severity
of PAOD.48

The following conclusions can be drawn from this systematicT
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review of population-based data:

• Important risk factors for symptomatic PAOD are smoking,
increasing age, hypertension, and diabetes.

• Claudicants do not often experience symptom progression
with unfavourable outcomes unless smoking or diabetes are
involved.

• Compared with asymptomatic PAOD patients and normal
subjects, claudicants have a higher cardiovascular morbidity:
mainly resulting from coronary heart diseases.

• Claudicants have an increased risk of cardiovascular death
(main cause: coronary heart disease) compared with the gen-
eral population.

• There is a lack of scientific data on the prognosis of asymp-
tomatic PAOD. The data available indicate a relatively
benign course as far as the legs are concerned. However, also
in these patients, a trend of increased cardiovascular morbidi-
ty and mortality is observed.

• Strong independent predictors for cardiovascular mortality
are intermittent claudication and an ankle-brachial pressure
index ≤0.90 or other abnormal non-invasive test results.

• In women, PAOD seems to follow a more benign course as
compared with men. The incidence of non-fatal cardiovascu-
lar events appears to be higher in female PAOD patients than
in male PAOD patients. Increased mortality risks are
observed in both sexes, but total mortality is higher in male
PAOD patients.

Comparison with referral-based studies
Population-based evidence on risk factors, prevalence, and inci-
dence and risk factors is more suitable for primary care than
referral-based evidence. When comparing the results of this
review with the evidence from referral-based studies, the follow-
ing similarities emerge. Increasing age, smoking, and hyperten-
sion are the most significant risk factors, and smoking and dia-
betes are important prognostic determinants for symptom pro-
gression.46,47 The proportion of cardiovascular death in referral-
based and population-based studies is quite similar, and referred
claudicants also have mortality risks two to five times higher
than the general population.48-50 The presence of intermittent
claudication and an abnormal ankle-brachial pressure index
(≤0.90) are strong independent predictors for cardiovascular
mortality in referral-based PAOD cohorts.11,13,16,48-50Male
referred claudicants have a higher total mortality compared with

female referred PAOD patients,45 the same trend that is observed
in population-based studies.

However, there are also differences between population-based
and referral-based studies. In referral-based studies, hypercholes-
terolaemia is mentioned as a risk factor,46 whereas in population-
based studies its role remains inconclusive. A much higher pro-
portion of referred claudicants experience symptom progression
(25%) and they have a higher prevalence of co-existing coronary
and cerebrovascular disease (40–60%)45-47 than claudicants from
population-based studies (5–10% and 15–30%, respectively).
Nevertheless, the reported incidences of non-fatal coronary and
cerebrovascular disease in referral-based studies seem lower
(19–35%)45 compared with population-based studies (5–66%).
Total mortality also seems to be higher in referred claudicants
(5–80%)45 compared with claudicants from population-based
studies (2–62%). 

Clinical implications 
The GP has an important task in (secondary) prevention of car-
diovascular diseases. With respect to PAOD, the preventive
objectives are to avert symptom progression and to decrease
cardiovascular morbidity and mortality.51 The present knowledge
suggests that cessation of smoking and treatment of hypertension
and diabetes are the principal preventive actions, whereas treat-
ment of hypercholesterolaemia seems less important. Obviously,
a patient with intermittent claudication complaints should be
treated in accordance with the rule ‘stop smoking and keep walk-
ing’ to prevent symptom progression and to improve the level of
functioning. Furthermore, improvement of the atherosclerotic
risk-factor profile is of significance for prevention of coronary
heart disease and cerebrovascular disease in claudicants and
asymptomatic PAOD patients: patients with an abnormal non-
invasive test result such as an ankle-brachial pressure index
lower than 0.90–1.00.1,42,52

The ankle-brachial pressure index, measured with a Doppler
probe and a sphygmomanometer, is a reproducible and valid
diagnostic tool suitable for use in primary care.42,52 In addition,
the height of the ankle-brachial pressure index is inversely asso-
ciated with disease severity and the occurrence of cardiovascular
events.37,48 Thus, in patients over 50 years of age with one or
more conventional atherosclerotic risk factors, assessment of the
ankle-brachial pressure index by the GP could provide additional
information on the risk of developing manifest atherosclerotic
disease. 

Table 4. Risk factors, clinical course, prognostic factors, and cardiovascular morbidity in patients with peripheral arterial occlusive disease
(PAOD). Results from population-based studies.

Asymptomatic
Claudicants PAOD patients

Risk factors Increasing age,21,33 smoking,21,33

hypertension,21,33 diabetes,21,33 male sex,21,33

high serum cholesterol33 No data

Proportion with symptom progression 4.3% (6 males; 1 female),31 9.6%38 10.4%38

Proportion with unfavourable outcome (surgery, amputation) 4.3% (6 males; 1 female),31 9.6%38 0.9%38

Prognostic factors for symptom progression smoking,31 diabetes mellitus31 No data

Proportion with cardiovascular morbidity Incident cases in male and female: 29%38 Incident cases in 
Incident cases malea: 5–56%21,31,35 male and female: 22.3%38

Incident cases femalea: 16–66%31,35

Prevalent cases malea: 15.4–29%31,35

Prevalent cases femalea: 16%35

aTotal PAOD group, including asymptomatic patients.
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