Journal of Cardiology & Current Research
Research Article

Open Access

Arterial peripheral disease-assessment by ankle
brachial index
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Peripheral arterial disease is a syndrome predominantly atherosclerosis, which occurs in a
partial or total occlusion of an artery, usually in the arms or legs and can be in association
with other cardiovascular problems.

Cristiana Ramalhao, Ana Alves, Alexandre
Pereira

Aim: It aims at the comparison of peripheral arterial disease in males and females for
different age groups. This will allow correlating different risk factors with each age group.
Moreover, it is in the scope of this study to learn which gender is most affected by PAD in
the population living in Castelo Branco, a city in the center of Portugal.
Methods: This cross-sectional study was conducted at the Dr. Lopes Dias School of Health
(ESALD), the Santa Casa da Mesericordia and the headquarters of the Volunteer Fire
fighters of the city of Castelo Branco (Portugal), between September 2011 and February
2012.
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Results: There was a 17.5% prevalence of peripheral arterial disease in the city of Castelo
Branco, with predominance in males (56.9%). It was found that the occurrence of stroke,
of acute myocardial infarction and the presence of hypertension increases the risk of
developing pathology 7,33, 6,41 and 5,74 times, respectively.
Conclusion: This study reveals the importance of high prevalence of peripheral arterial
disease in patients with more than 75 years old (83.3%) and alert for the presence of
cardiovascular problems which increases the occurrence of this disease in about eight times.
Further investigations are needed to properly assess the importance of the risk factors for
the various age groups and verify the impact of preventive and therapeutic measures on the
complications of this disease overlooked by society.
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Introduction
The peripheral arterial disease (PAD) is a pathological entity
related with atherosclerotic and thromboembolic processes affecting
the aorta, visceral branches and the arteries of the lower limbs.1–5
It is caused in most of cases by atherosclerosis, which leads to the
development of stenosis and occlusions in the major arteries of the
lower limbs movement, with the arteries of the upper limbs more
rarely affected.1,5,6 The main physiological disorder is the limitation
of arterial blood flow, leading to ischemia of tissues irrigated by the
affected artery, hence the signs and symptoms of the disease. The
most common symptom of PAD is intermittent claudication (IC),
whose prevalence is about 3% in patients with 40 years old, rising to
6% inpatients over 60year old.4,5
Identification of risk factors is extremely important for the early
diagnosis and treatment of PAD, as this is associated with reduced
functional capacity and quality of life. Moreover, it has been related
to an increase in cardiovascular morbidity and mortality, especially
after acute myocardial infarction and/or stroke.1,5,7,8 Basic clinical
examination is usually based on symptoms such as IC, pain at rest
and abnormal signs such as decreased peripheral pulses, ischemic
ulceration and gangrene. PAD can be diagnosed in most cases by
measuring the ankle-brachial index.4,7. The present study aims at
comparing PAD in males and females for different age groups. This
will allow correlating different risk factors with each age group.
Moreover, it is in the scope of this study to learn which gender is most
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affected by PAD in the population living in Caste lo Branco, a city in
the center of Portugal.

Materials and methods
Methodology
This cross-sectional study was conducted at the Dr. Lopes Dias
School of Health (ESALD), the Santa Casa da Misericordia and the
head quarters of the Volunteer Fire fighters of the city of Castelo Branco
(Portugal), between September 2011 and February 2012. Inclusion
criteria were predefined as age≥20year old and being a citizen of
Castelo Branco. Upon explaining the exam to the volunteer and the
consent form signed, subjects were asked to complete a questionnaire
to obtain information such as demographic data, symptoms of PAD,
cardiovascular events, and existence of risk factors. The included
study variables were: age; gender; Body Mass Index (BMI) class,
defined according to the World Health Organization (WHO).9 smoking
habits; dyslipidaemia and cardiovascular events {stroke, AMI and
Transient ischemic accident (TIA)}, family history of cardiovascular
conditions (CVP), hypertension, diabetes mellitus (DM), IC (limiting
and non-limiting) and discoloration of the skin. The IC stages in the
lower limb were adapted from the Fontaine classification in stage-I
asymptomatic; stage-IIa non-limiting IC; stage-IIb limiting IC; stageIII pain at rest and stage-IV necrotic lesions, ulcers or gangrene.10
The presence of hypertension was considered if: systolic pressure
≥140mm Hg and/or diastolic pressure ≥90 mm Hg, or controlled by
anti hypertensive.11
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The ABI was measured using a Nicolet TM Vascular
IMEXDOPCT+TM (a flow measurement device), with an 8MHz
probe. The patient remained supine for at least 5 minutes before the
palpation of the radial artery pulses of both arms, in order to identify
the pulse asymmetry. If this was verified, the na measurement of blood
pressure (BP) in both arms was performed, otherwise a measurement
was taken in only one artery, preferably the left brachial. In the lower
limbs, the dorsal artery of the foot and posterior tibial artery were
evaluated. The ABI was obtained by calculating the ratio between the
smallest value of systolic pressure of each leg and arm, determined
for each extremity. It was considered the subject had PAD when
ABI≤0.90, and had a non-compressible artery when ABI≥1.40. Within
this range, the ABI was classified as normal for values between 1.0 and

1.39; border line between 0.91 and 0.99; mild to moderate ischemia
between 0.41and 0.90 and severe ischemia when ABI <0.40.10

Sample characterization
873 individuals, predominantly female (55%), aged between 20and
99 years (mean age of56±21.9 years) were included in the study. The
sample population is characterized in Table 1, for which a higher
prevalence of risk factors was seen in females, with the exception
of CVP. Regarding smoking and the presence of hypertension,
differences between the sexes are not statistically significant.
Regarding the division of BMI for the different classes, it was found
that there was a high prevalence of overweight individuals (33.6%),
regardless of the gender (Table 1).

Table 1 Study sample characteristics.
Total Sample

Female

Male

Mean±SD or N (%)

Mean±SD or N (%)

Mean±SD or N (%)

Age (Years)

56,0±21,9

56,72±21,9

55,15±21, 9

Height (cm)

164,0±9,91

158,1±6,93

171,2±8,0

Weight (Kg)

68,5±12,7

63,7±12,4

74,4±10,3

BMI (Kg/m )

25,6±5,8

25,53±6,8

25,73±4,96

CVP*

95 (10,9)

43 (45,3)

52 (54,7)

Yes

153 (17,5)

76 (49,7)

77 (50,3)

Ex

99 (11,3)

23 (23,2)

76 (76,8)

DM**

87 (10,0)

54 (62,1)

33 (37,9)

Dyslipidaemia

291 (33,3)

179 (61,5)

112 (38,5)

Hypertension

314 (36,0)

211 (52,9)

188 (47,1)

2

Smoker

*CVP, cardiovascular problems; **DM, diabetes mellitus-2

Statistical analysis
Statistical analysis was performed with the Statistical Package for
Social Sciences (SPSS ®) version 20. Simple descriptive analysis was
used, where values are presented as mean±standard deviation (SD)
for continuous variables, and total (n) and percentage (%) for discrete
variables. To test the hypothesis, the chi-square test of independence
was used. In order to verify the influence of risk factors on the
probability of developing PAD, univariate and multivariate logistic
regression models were adjusted, as described by Moroco.12 Statistical
significance was established at p<0.05.

Results
Amongst the873subjects that participated in the study, 153
(17.5%) had an ABI<0.90. There was a mean ABI of 1.07±0.19 for
the right leg with minimum and maximum values of 0.23 and 2.17,
respectively. For the left leg, it was found a mean ABI of 1.06±0.17,
with a minimum and maximum value of 0.28 and 2.17, respectively.
In analyzing the results for the different classes of ABI for each leg
(Graph 1&2), it was found that a normal ABI was the most prevalent
for both legs. However, when evaluating the presence of pathology,
moderate to mild ischemia is the most frequent ABI class, with
a percentage of 13.3% (left leg) and 12.3% (right leg). It is also
important to highlight the increased prevalence of an ABI>1.40,
which corresponds to a non-compressible artery.
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Graph 1 ABI classes-left leg.
*ABI, ankle brachial index

Graph 2 ABI classes-right leg.
*ABI, ankle-brachial index
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Severe ischemia is present only in individuals aged over 85 years.
In terms of the ABI correspondent to a non-compressible artery,
despite its presence throughout all age groups, it was observed to have
increased more than the double for subjects above 75 yeras, compared
with their younger counter parts. In the sample the study comprised,
it was found a prevalence of PAD of 17.5%, mainly amongst males
(56.9%). Graph 3 shows the analysis of the PAD prevalence distributed
by gender and age, wherein this increase for older age groups in both
genders can be observed. For the age groups with 55-64year and
65-74year it was found a greater PAD prevalence in males than in
females; however, this relationship appears to be reversed for patients
older than 75years, with a higher prevalence in the female gender class
(Graph 3). Studying the patients with PAD, it was found that28.1%
of those reported pain at rest and 27.5% anon-limiting IC, the two
most common conditions observed in this study. Graph 4 represents
the Leriche-Fontaine classification for these patients with PAD. From
here, it was apparent a difference in terms of gender: where as the pain
at rest was seen more frequently in females (20.9%), non-limiting
IC had a higher frequency in males (15.7%) (Graph 4). Limiting IC
was more frequent in females (9.2%) compared with males (5.2%).
This also emphasizes the importance of detection of symptomatic
individuals with significant prevalence (22.9%). Univariate logistic
regression models were performed, by using PAD as the dependent
variable, and pain with exercise, pain at rest, IC, cold extremities and
changes in skin color as independent variables. This aimed at studying
the relationship between PAD and symptoms, as shown in Graph 5.
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Moreover, patients who have pain with exercise are approximately
2 times more likely to have PAD. Referring to risk factors for PAD,
it was found that, in absolute terms, the most prevalent risk factor
was hypertension (78.4%), followed by dyslipidaemia (45.1%) and
the presence of back ground CVP (33.3%). Split by gender, the most
prevalent risk factor is still hypertension, with 42.5% in females’ and
35.9% in males. It is also relevant to highlight a significant statistical
difference between genders for the presence of DM, with 15.0% in
females and 5.9% in males. The same is true for the CVP history,
affecting males 1.6 times more than females. In regards to smoking
habits, active smokers comprised the fourth largest percentage of
individuals with PAD (27.5%); however, there was no statistically
significant evidence for its influence on PAD (ρ=0.74). Graph 6 shows
the univariate logistic regression analysis of the association of risk
factors with PAD. Considering these, gender (ρ=0.60), history of TIA
(ρ=0.80), family history of cardiovascular conditions (ρ=0.60) and
smoking (ρ=0.16) did not have a predictive effect on PAD (Graph 6).

Graph 5 Odds Ratio-Symptomatology-PAD.
*IC, intermittent claudication; CI, confidence interval

Graph 6 Odds Ratio-Risk factors PAD.
*DM, diabetes mellitus; MI, myocardial infarction
Graph 3 PAD prevalence by age group.

It is noteworthy that the occurrence of stroke, MI and hypertension
increase the risk of developing PAD by 7.33, 6.41 and 5.74 times,
respectively. A multivariate logistic regression model was adjusted to
the data points in order to ascertain whether the risk factors remain
predictive for the risk of PAD. It was found that age, history of stroke,
MI, presence of DM and hypertension all contributed independently
to an increased risk of PAD.

Discussion
Graph 4 Leriche-Fontaine classifications.
I, asymptomatic; IIa, non-limiting IC; IIb, limiting IC; III, pain at rest; IV, necrotic
lesions

Regarding the symptoms, it appears that resting pain is the
symptom less associated with the probability of PAD (OR=1.15).

The ABI is a measurement tool that provides objective
information, so it is considered the gold standard technique for the
diagnosis and evaluation of therapeutic efficacy in treating PAD. This
test has a sensitivity of 79% and a specificity of 96%.10 Analyzing the
prevalence of the disease, the observed results in this study (17.5%)
were similar to those reported in literature (estimated at 10-25%.13,14
Hirsh et al.5 showed that PAD is easily detectable and diagnosed by
an ABI<0.90 in the primary diagnosis with a prevalence of 29%).
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However, a study of prevalence of PAD performed by the Portuguese
Society of Angiology and Vascular Surgery in 2008, using the ABI,
revealed a prevalence of 5.9%.14 This value was lower than that
described in literature and the results herein reported, which can be
explained by the large sample size (n=5731) and higher diversity
of the characteristics analyzed. There is, none the less, a strong
association between advanced age (≥70 years) and the prevalence
of PAD across all studies. In the NHANES report, it was noted that
the prevalence of PAD was 4.3% in individuals aged over 40year,
compared with 14.5% for those aged 70 years or over.15 Criqui et al.16
reported that the prevalence of PAD is 2-3% in individuals less than 50
years, compared with 20% in those over 75 years of age. Even more
relevant results were observed by the Cardiovascular Health Study.
A larger number of older people was recruited as part of that study,
during which it was found a prevalence of PAD in 25% of people aged
80-84year that increased to 30% in those over 85 years.17 Similarly,
the current study observed a significant increase in the prevalence of
PAD in older individuals: younger age groups presented a PAD of
47.5%, which increased to 83.3% in those aged over 75years of age
the prevalence of PAD is, this number decreases to 47.5% in younger.
McDermott et al.21 showed that PAD is more prevalent in men
(59.2%) than in women (40.8%). Another study, by Baena-Diez et al.19
has also found a prevalence of PAD more pronounced in men (55.4%)
compared with that in women (44.6%). In the same line, Bozkurt et al.18
also concluded that the prevalence of PAD is higher in males (52.8%)
compared to females (47.2%). In contrast, Meijer et al.22 showed in
the Rotterdam study, composed of a sample of 7715 individuals, that
the prevalence of PAD in women (20.5%) was larger than that in men
(16.9%). The current study has identified that, although not statistically
significant, a prevalence of this pathology in ages over 75 years was
more pronounced in women (87%) than in men (78.1%). However,
for ages between 55 and 74 years this relationship is reversed, with
a higher prevalence in men (38.7%) compared to 17.4% in women.
The identified risk factors for this disease still remain controversial.
However, there is experimental evidence that highlights the influence
of age, hypertension, dyslipidaemia and DM.13,18--20,22 In regards to
smoking habits, some authors argue this to be the most important
risk factor for the development of complications of PAD, with active
smokers presenting an increased risk of developing PAD by four times
and an earlier onset of symptoms by about ten years.23 According to
Brandao et al.20 smokers with PAD have lower survival rates when
compared to non-smokers, with death attributed to a major vascular
event. The former also have a higher probability of progression to
critical limb ischemia, as well as a risk of amputation twice as higher.
In this study it was not possible to verify the impact of smoking habits
in patients with PAD, as no significant correlation was found for the
presence of the disease. These can be justified by the low percentage
of active smokers in the sample (17.5%), with 153 smokers in a total
of 873 participants. According to literature, DM was found to increase
the risk of developing PAD by four-fold. It was also associated with
an increased risk of premature cardiovascular events and mortality
amongst patients already diagnosed with PAD.8 In the NHANES
report it was found that 26% of individuals with this condition had
DM.15 The Multi-Ethnic Study of Atherosclerosis (MESA) found
that 26% of women and 27.5% of men with ABI<0.90 had DM.8 In
the current study, the presence of DM was found to be statistically
significant for the presence of PAD, with 15.0% in females and 5.9%
in males. It was also found that patients with DM have an increased
risk of developing PAD by 3.19 times.
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In the Framingham Heart Study, high cholesterol levels
were associated with an increased risk in developing IC.24 The
NHANES report found that over 60% of individuals with PAD had
hypercholesterolemia,15 whilst the PARTNERS program reported that
the prevalence of hyperlipidemia in patients with PAD was 77%.25 The
current study has corroborated these results, having found a prevalence
of high cholesterol levels in 45.1% of individuals with PAD. There
also appears to be increased risks of developing PAD by 1.84 times in
individuals with hyperlipidemia, when compared to those with regular
cholesterol levels. Most epidemiological studies have shown a strong
association between hypertension and PAD, observed in between 50%
to 92% of patients with the condition.15,25–27 In the NHANES report
and the PARTNERS Program,5 PAD and hypertension were observed
in 74% and 92% of participants, respectively.25,27 The Cardiovascular
Health Study reported that 52% of patients with an ABI<0.90 showed
hypertension,17 whilst the Framingham Study stated that in individuals
with hypertension there is an increased risk to develop IC by 2.5 to 4
times.28 The current study is concordant with the literature, showing a
prevalence of hypertension in 78.5% of patients with PAD, although
more frequent in females (42.5% of the cases). It was also found that
hypertensive individuals have an increased risk of developing PAD
5.7 times higher than individuals without PAD.
The Seventh Report of the National Committee of the United
States of America on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure (SHEP) acknowledged that PAD
is equivalent in terms of risk to ischemic heart disease.3 Patients with
hypertension and PAD have a high risk of stroke and MI, independent
of the presence of other risk factors.25,27 In the SHEP study, elderly
patients with hypertension and an ABI≤0.90 were found to have two
to three times’ higher risk of cardiovascular mortality when compared
to the other participants.3 It is worth of note the limitations of the
current study, e.g. there presentativeness of the questionnaires in the
sample population. The IC was evaluated through this method and not
by objective examination, as it would be expected. However, these
types of enquiries are important to identify possible subjects with the
disease, hence ensuring the prevention and treatment of the condition
more quickly and efficiently. Another limitation in this study relates
to the diagnosis of some risk factors, such as dyslipidaemia and DM.
These were obtained through information given by the participants,
and not supported by diagnostic procedures. In regards to the group
of smokers, and as already identified, the low sample representatively
made it impossible to demonstrate significant differences in smokers
with PAD and without PAD. Finally, this data does not allow defining
the degree to which other conditions may affect the symptoms and
physical appearance of the lower limbs.

Conclusion
The chances for an early diagnosis of PAD are increased by recurring
to specific tests aimed at detecting indirect signals, as many patients
are asymptomatic but still carry PAD.13,20 Several epidemiological
studies have shown that men aged above 60 years have a very high
prevalence of atherosclerosis complications.17,25,26 These findings
allow ascertaining that the risk factors for atherosclerosis and its
corresponding complications have therefore different effects in both
men and women. Thus, more careful studies into these differences are
very important so that the most appropriate preventive and therapeutic
measures can be taken for each case.25 Literature data also suggests
that the hierarchical importance of risk factors may change with
age. Hence, studies are needed to control the disease in younger age
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groups.4,18,29 Still, there are no studies that demonstrate a relationship
between the most prevalent risk factors for each age group and gender.
Considering the diagnostic means of DAP are nowadays easy to put in
practice, for a disease with such great impact into the quality of life, it
is suggested that more effort be put into better understanding this over
looked pathology in clinical practice.
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