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INTRODUCTION

Atherosclerotic diseases are the main cause of 
death in both developed and developing coun-
tries [1]. Atherosclerotic process begins in the 
early period in life, the inflammation being 
considered as very important for its develop-
ment [2].

Peripheral vascular, or peripheral arterial 
disease (PAD) has been defined as the pres-
ence of classic lower extremity pain with exer-
tion (intermittent claudication) or as absent or 
markedly diminished pulses in physical exami-
nation. An abnormal ankle-brachial index (ABI) 
is used as a broader, but more specific defini-
tion of PAD [3].

According to Criqui et al. [4], and Aronow 
[5], the prevalence of PAD varies from 2% to 
more than 30% depending on age, sex, and 
ethnicity. According to another group of authors, 
the prevalence of PAD ranges from 0.6 to 8.8% 
[6]. The main risk factors associated with the 
development of PAD, such as age, sex, cigarette 

smoking, hypertension, diabetes, and dyslipidae-
mia, are similar to those of other types of athero-
sclerotic disease.

OBJECTIVE

Since the relationship between various risk 
factors and severity of PAD has been the subject 
of a relatively small number of investigations, 
the aim of the present study was to investigate 
whether there was any relationship between 
severity of PAD, expressed as Ankle Brachial 
Index (ABI), and anthropometric, clinical and 
biochemical characteristics of patients, includ-
ing inflammatory markers.

METHODS

For the present investigation, a cross-sectional 
study was used. The study involved 388 consec-
utive patients with verified PAD referred to the 
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Dedinje Vascular Surgery Clinic in Belgrade, from April 
2006 to November 2007. The diagnosis of PAD was defined 
by Doppler sonography as ABI<0.9, and by symptoms (clau-
dication, rest pain, and gangrene). Doppler sonography was 
performed on both lower limbs, and the lowest value was 
recorded as the ABI. According to ABI, the patients were 
divided in two groups (ABI≤0.40 and ABI>0.40).

The patients under 18 years of age and the patients with 
malignant disease or rheumatoid arthritis were excluded 
from the study.

Anthropometric parameters and data on cardiovascular 
risk factors were collected for all participants.

For the assessment of body composition and abdominal 
obesity, body mass index (BMI) and waist circumference 
were used respectively in the way proposed by the World 
Health Organization [7]. Body fat was calculated accord-
ing to the method proposed by Durnin and Womersley [8].

Blood pressure measurements were taken using the 
auscultatory method recommended by the Seventh Report 
of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure [9].

For estimating fasting blood glucose (FBG) and lipopro-
teins, blood samples were obtained after an overnight fast and 
abstention from liquids. The levels of FBG, total cholesterol 
(TC), serum triglycerides (TGs), high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein choles-
terol (LDL-C) were estimated using the commercial kits 
(Abbot, III) on an automated analyser (AEROSET, Abbot). 
The levels of high-sensitivity C-reactive protein (hsCRP) and 
fibrinogen were measured using the Immunoturbidimetric 
fixed time test (Olympus Diagnostics, O’Callagan’s Mills Co 
Clare, Ireland), and the high value of hsCRP was assessed 
according to the Centers for Disease Control (CDC) recom-
mendation (≥3 mg/L) [10]. Referent values for fibrinogen 
were 2-4 g/L [11].

Data on smoking and alcohol consumption were collected 
using a questionnaire prepared for this study. Each partic-
ipant was classified as a non-smoker, former smoker or 
current smoker and as a non-drinker, former drinker and 
current drinker respectively [12]. Alcohol consumption was 
analysed in 2 ways, (1) by using the alcohol consumption 
yes/no variable and (2) by calculating the total dose of alco-
hol consumption for each participant by adding all individ-
ual beverages weighted to their alcohol content [12].

Data on physical activity were collected by the use of 
the questionnaire prepared for this study and by the use of 
Baecke questionnaire [13].

Statistical analysis

Continuous variables were described as means and stan-
dard deviation, and categorical variables were presented by 
counts and percentages. In the analysis of data, chi-square 
test, 2-tailed t- test, and multivariate logistic regression anal-
ysis were used. In multivariate logistic regression analysis, 
there were included variables which were related to PAD 
(according to chi-square test and t-test) at significance level 
of p≤0.10.

A level of α=0.05 was used to indicate statistical signifi-
cance. Data were analysed using Statistical Package for the 
Social Sciences, version 12 (SPSS Inc., Chicago, IL, USA).

Ethical approval

The study was approved by the Ethics Committee of the 
Medical Faculty in Belgrade. All patients gave a written 
informed consent.

RESULTS

Out of 388 patients with PAD, 214 (55.2%) had ABI≤0.40, 
and 174 (44.8%) had ABI>0.40.

The patients with PAD did not significantly differ in 
their socio-demographic characteristics according to ABI. 
However, the patients with ABI≤0.40 were older than those 
with ABI>0.40, and the difference was at borderline signifi-
cance (p=0.054) (Table 1).

There were no significant differences between the 
compared groups in the average values of anthropomet-
ric, clinical and biochemical parameters with the exception 
of the value of uric acid which was significantly greater in 
the patients with more severe form of disease – ABI≤0.40 
(p=0.048) (Table 2).

In comparison with the patients whose ABI was >0.40, 
the patients with a more severe disease (ABI>0.40) had 
significantly higher average values of hsCRP (p=0.002) and 
fibrinogen (p=0.012), as well as higher percentage of those 
with increased values of both hsCRP (p=0.006) and fibrin-
ogen (p=0.018). The patients with ABI>0.40 had higher 
percent of body fat in comparison with the patients whose 
ABI was ≤0.40, but this difference was at significance level 
of p≤0.10 (Table 3).

Table 1. Socio-demographic characteristics of patients according to 
severity of peripheral arterial disease (number of patients)

Variable
Group with 

ABI≤0.40 
(n=214)

Group with 
ABI>0.40 
(n=174)

p*

Age (years) 62.5±9.1** 60.8±7.9** 0.054

Sex
Female 42 (19.6%) 42 (24.1%)

0.283
Male 172 (80.4%) 132 (75.9%)

Marital 
status

Married 154 (72.0%) 133 (76.4%)

0.719
Divorced 20 (9.3%) 13 (7.5%)
Widowed 31 (14.5%) 20 (11.5%)
Single 9 (4.2%) 8 (4.6%)

Education

Elementary 
school 57 (26.6%) 40 (23.0%)

0.120
Secondary 
school 109 (50.9%) 89 (51.1%)

High school 22 (10.3%) 14 (8.0%)
University 26 (12.1%) 31 (17.8%)

Occupation

Industrial 
worker 106 (49.5%) 79 (45.4%)

0.251
Agricultural 
worker 4 (1.9%) 6 (3.4%)

Clerk 91 (42.5%) 84 (48.3%)
Housewife 13 (6.1%) 5 (2.9%)

* According to chi-square test or t-test
** expressed in mean value (X) with standard deviation (SD)
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The groups compared did not significantly differ in 
smoking, alcohol consumption and the frequency of phys-
ical activity defined as any type of non-occupational phys-
ical exercise lasting more that 30 minutes per day during 
the previous month. However, when physical activity was 
assessed by the use of Baecke questionnaire, significant 
differences were present in leisure-time physical activity. 
The patients with ABI>0.40 were more physically active in 
their leisure-time (p=0.005). The patients with ABI>0.40 
were also more physically active at work in comparison with 
the patients whose ABI was ABI≤0.40, but this difference 
was at significance level of p≤0.10 (Table 4).

In order to find out which of potential risk factors are 
independently related to ABI, multiple logistic regression 
analysis was used. In the model of multivariate analysis were 
included following variables (variables which were accord-
ing to chi square test or t-test related to ABI at significance 
level of p≤0.10): age, percentage of body fat, average value of 
uric acid, hsCRP≥3 mg/L, fibrinogen ≥4 g/L, Baecke index 
of physical activity at work and Baecke index of leisure-time 
physical activity. According to the result of multivariate anal-
ysis, in comparison with the patients whose ABI was >0.40, 
the patients with more severe PAD (ABI>0.40) had lower 
percentage of body fat and lower Baecke index of physical 
activity at work and Baecke index of leisure-time physical 
activity, but among them significantly more subjects had 
increased values of hsCRP (≥3 mg/l) (Table 5).

DISCUSSION

According to the results of this study, in the patients with 
PAD, higher values of hsCRP and physical inactivity were 
significantly independently related to a more severe form of 
disease (ABI ≤ 0.40), but percentage of body fat was higher 
in the patients with ABI >0.40.

It is considered that inflammatory process plays the 
central part in pathogenesis of atherosclerosis and its 
complications. In many investigations, the association was 
found between cardiovascular disease and various inflam-
matory markers among which C-reactive protein has been 
most frequently studied [14].

C-reactive protein is a very sensible marker of inflam-
matory process and many investigators associate CRP with 
atherosclerotic process [15]. At the beginning, it was believed 
that CRP was only an inflammatory marker, but data have 
been accumulatied suggesting that CRP is directly involved 
in atherogenesis and that arterial plaques can produce CRP 
[14, 16].

There are many data showing the association between 
CRP and PAD [17, 18]. CRP, which is inversely related to 
ABI [19], is an independent risk factor for the occurrence 
and severity of PAD [20, 21] and a predictor of other athero-
sclerotic diseases in subjects with severe form of PAD [22]. 
The level of CRP was also related to subclinical atheroscle-
rosis including PAD [23, 24]. The investigation conducted 
on a representative sample of the USA people free of cardio-
vascular diseases diabetes and hypertension, showed that 
increased value of CRP was related to PAD independently 

Table 3. Inflammatory markers in patients according to severity of 
peripheral arterial disease (X±SD and number of patients)

Variable
Group with 

ABI≤0.40 
(n=214)

Group with 
ABI>0.40 
(n=174)

p*

hsCRP (mg/L)
X±SD 8.9±14.7 5.0±8.6 0.002

<3 93 (43.5%) 100 (57.5%)
0.006

≥3 121 (56.5%) 74 (42.5%)

Fibrinogen (g/L)
X±SD 3.8±1.4 3.4±1.2 0.012

<4 134 (63.2%) 126 (74.6%)
0.018

≥4 78 (36.8%) 43 (25.4%)

* According to chi-square test or t-test
hsCRP – high sensitivity C-reactive protein

Table 5. Factors independently related to severity of peripheral arte-
rial disease – results of multivariate logistic regression analysis

Variable Odds 
ratio 95% CI p

Percent of body fat – average values 0.9 0.9-1.0 0.006
hsCRP ≥3mg/L 1.9 1.3-3.0 0.002
Baecke index of physical activity at 
work 0.7 0.5-1.0 0.050

Baecke index of leisure time physical 
activity 0.7 0.5-0.9 0.024

Table 4. Distribution of smoking, alcohol consumption and physi-
cal activity according to severity of peripheral arterial disease (num-
ber of patients)

Variable
Group with 

ABI≤0.40 
(n=214)

Group with 
ABI>0.40 
(n=174)

p*

Smoking 
status

Non-smoker 22 (10.3%) 16 (9.2%)

0.565
Current 
smoker 129 (60.3%) 98 (56.3%)

Former 
smoker 63 (29.4%) 60 (34.5%)

Alcohol 
consumption

No 105 (49.1%) 90 (51.7%)
0.680Yes – current 51 (23.8%) 35 (20.1%)

Yes – former 58 (27.1%) 49 (28.2%)

Daily alcohol 
consumption 
(dL)

X±SD 3.5±5.9 3.0±5.9

0.299
Median 0 0

Min 0 0
Max 52.5 48.0

Physical 
activity** 
(times per 
month)

0-4 198 (92.5%) 152 (87.4%)

0.1585-8 14 (6.5%) 21 (12.1%)

≥9 2 (0.9%) 1 (0.6%)

Baecke index 
of physical 
activity (X±SD)

Work 2.9±0.6 2.9±0.7 0.073
Sports 1.9±0.4 2.0±0.4 0.197

Leisure time 2.2±0.5 2.3±0.7 0.005

* According to chi-square test or t-test
** at least 30 minutes a day

Table 2. Anthropometric, clinical and biochemical characteristics of 
patients according to severity of peripheral arterial disease (X±SD)

Variable
Group with 

ABI≤0.40 
(n=214)

Group with 
ABI>0.40 
(n=174)

p*

Body Mass Index (kg/m2) 25.8±4.0 26.4±3.6 0.109
Body fat (%) 28.9±6.6 30.1±6.3 0.068
Waist 
circumference 
(cm)

Women 92.7±14.2 90.6±9.7 0.431

Men 97.6±10.8 99.0±9.6 0.220

Blood pressure 
(mm Hg)

Systolic 141.8±22.4 140.9±21.2 0.680
Diastolic 81.9±10.4 81.9±10.7 0.937

Triglycerides (mmol/L) 2.2±1.5 2.1±1.4 0.657

Cholesterol 
(mmol/L)

Total 5.2±1.3 5.4±1.3 0.207
HDL 0.9±0.2 1.0±0.2 0.216
LDL 3.3±1.0 3.5±1.2 0.209

Glucose (mmol/L) 5.7±1.9 5.8±2.4 0.593
Uric acid (μmol/L) 364.6±108.7 343.4±99.6 0.048

* According to t-test
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of other risk factors [25]. The ratio of total cholesterol and 
HDL cholesterol and the level of CRP were the strongest 
independent predictors of PAD development in the study of 
Ridker et al. [26] and the addition of either CRP or fibrino-
gen to standard lipid screening significantly improved the 
predictive value of the computed risk prediction models 
[26]. C-reactive protein provided additive prognostic infor-
mation over standard lipid measures [26].

The association between physical inactivity and cardio-
vascular diseases was the subject of many studies [26-31]. 
According to the results of the study involving 9, 824 men 
free of atherosclerotic disease at baseline examination, 
Crespo et al. [27] concluded that any physical activity, 
even lower than the recommended one, was better than a 
sedentary type of life. In comparison with physically inac-
tive subjects, those physically active had significantly more 
frequently adequate BMI and significantly lower mortality 
not only from atherosclerotic diseases but also from other 
diseases [27]. In a study which comprised 9,193 patients 
with hypertension and with hypertrophy of left ventricle 
and followed for 4.8 years, Fossum et al. [28] found that 
regular physical activity (30 minutes two or three times per 
week) significantly decreased the risk of any atheroscle-
rotic disease and of type 2 diabetes. Lee et al. [29], who also 
found that physical activity decreased the risk of atheroscle-
rotic diseases, suggested that instead of following general 
recommendations for physical activity, every person should 
have his/her own programme of physical activity that would 
depend on the age and presence of other cardiovascular risk 
factors or diseases.

In the above-mentioned studies, the effect of leisure-
time physical activity was investigated. The effect of phys-
ical activity at work was studied only in few investigations 
[30]. The majority of these investigations showed that phys-
ical activity at work was an important component of healthy 
life [30] and that physical activity at work decreased mortal-
ity from cardiovascular diseases [31]. There are no litera-
ture data about the effect of physical inactivity, measured by 
Baecke questionnaire, on severity of PAD. On the basis of 
this cross-sectional study, we cannot tell whether the patients 
with ABI≤0.40 were less physically active (at least when 
sports and leisure-time physical activities are concerned) 
because of severity of disease, or physical inactivity influ-
enced the progression of disease.

According to the results of many studies, obesity has 
an adverse effect on health, especially on cardiovascular 
morbidity and mortality [32, 33]. Obesity is considered as 
the risk factor for atherosclerotic diseases. However, the data 

on the relationship between obesity and PAD are not consis-
tent. In Planes et al. study [34], PAD was related to abdomi-
nal fat distribution expressed as waist-hip ratio, but it was not 
related to BMI. In old people (≥ 60 years), BMI might not be 
a proper indicator of obesity [35, 36]. In spite of increasing 
adiposity, BMI can remain the same or can even decrease 
because of substantial loss of lean body mass. There are no 
literature data about the association between percentage of 
body fat and PAD. Also, we have no explanation for signif-
icantly greater percentage of body fat in the patients with 
ABI>0.40, not in those with a more severe form of disease.

The present study has some limitations. One of them is 
its cross-sectional design, which makes it difficult to judge 
causal relations. Another limitation is that the study partic-
ipants had a clinical manifestation of PAD and there is a 
possibility that the analysed variables might be changed after 
the events. The study participants were taken from a single 
hospital and they did not represent all patients with PAD. As 
in other studies based on self reported data, in this investi-
gation, there is a problem of reliability of data on smoking, 
alcohol consumption and physical activity. However, since 
in the present study all participants were patients, misclas-
sification is most probably not differential but it is equally 
distributed in the compared groups.

CONCLUSION

The patients with a severe form of PAD (ABI ≤0.40) had 
significantly more frequently increased values of hsCRP (≥3 
mg/L), which is in line with other authors’ findings that CRP 
is an independent risk factor for development and severity 
of PAD. The study results are also in agreement with the 
already existing data about the influence of physical inactiv-
ity on the development of atherosclerosis. We have no expla-
nation for significantly greater percentage of body fat in the 
patients with ABI>0.40 in comparison with those who had 
a more severe form of disease (ABI≤0.40).

NOTE

This paper is a part of the PhD thesis by Dr. Miloš Mak si-
mo vić titled “Relationship between lifestyle and metabolic 
syndrome in patients with atherosclerotic disease”, which was 
defended at the Faculty of Medicine in Belgrade, March 2009. 
The supervisor was Prof. Dr. Jagoda Jorga, and co-supervi-
sor Prof. Dr. Djordje Radak.
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KRATAK SADRŽAJ
Uvod Pe ri fer na ar te rij ska bo lest (engl. pe rip he ral ar te rial di­
se a se – PAD) je te ško ate ro skle rot sko obo qe we. Po ve za nost 
raz­li­či­tih­fak­to­ra­ri­zi­ka­s­te­ži­nom­ovog­obo­qe­wa,­iz­ra­
že­nom­kao­An kle Brac hial In dex (ABI),­pred­met­je­is­tra­ži­va­wa­
ma­log­bro­ja­stu­di­ja.
Ciq ra da­Ciq­ra­da­je­bio­da­se­utvr­di­da­li­je­ste­pen­te­ži­
ne PAD­iz­ra­žen­pre­ko­ABI­po­ve­zan­sa­so­ci­o­de­mo­graf­skim,­an­
tro­po­me­trij­skim,­kli­nič­kim­i­bi­o­he­mij­skim­od­li­ka­ma,­kao­i­
po­ka­za­te­qi­ma­za­pa­qew­skog­pro­ce­sa.
Me to de ra da­Is­tra­ži­va­we­je­ura­đe­no­kao­stu­di­ja­pre­se­ka,­a­
iz­ve­de­no­je­na­In­sti­tu­tu­za­kar­di­o­va­sku­lar­ne­bo­le­sti­„De­
di­we”­u­Be­o­gra­du.­Ob­u­hva­ti­lo­je­388­bo­le­sni­ka­sa­PAD ko ja je 
di­jag­no­sti­ko­va­na­do­pler­so­no­gra­fi­jom­(ABI­ma­wi­od­0,9)­i­na­
osno­vu­kli­nič­kih­simp­to­ma­obo­qe­wa.­Od­svih­is­pi­ta­ni­ka­su­
spe­ci­fič­nim­upit­ni­kom­pri­ku­pqe­ni­po­da­ci­o­fak­to­ri­ma­ri­
zi­ka­za­kar­di­o­va­sku­lar­ne­bo­le­sti­i­ura­đe­na­an­tro­po­me­trij­
ska­me­re­wa,­kli­nič­ka­i­bi­o­he­mij­ska­is­pi­ti­va­wa­bo­le­sni­ka.­U­

ana­li­zi­po­da­ta­ka­ko­ri­šće­ni­su­χ2­test,­Stu­den­tov­t­­test­i­mul­
ti­va­ri­jant­na­lo­gi­stič­ka­re­gre­si­ja.
Re zul ta ti­Pre­ma­re­zul­ta­ti­ma­mul­ti­va­ri­jant­ne­ana­li­ze,­u­či­
ji­mo­del­su­bi­li­ukqu­če­ni­sta­rost­bo­le­sni­ka,­pro­ce­nat­te­
le­sne­ma­sti,­pro­seč­ne­vred­no­sti­mo­krać­ne­ki­se­li­ne,­ul­tra­
sen zi tiv ni C­re­ak­tiv­ni­pro­tein­(hsCR P≥3,0­g/l),­fi­bri­no­gen­
(≥4­g/l),­Be­ke­ov­in­deks­fi­zič­ke­ak­tiv­no­sti­na­po­slu­i­Be­ke­ov­
in­deks­re­kre­a­tiv­ne­fi­zič­ke­ak­tiv­no­sti,­kod­is­pi­ta­ni­ka­s­te­
žim­ob­li­kom­obo­qe­wa­(ABI≤0,40)­bi­le­su­zna­čaj­no­če­šće­po­
ve­ća­ne­vred­no­sti­hsCRP (p=0,002)­i­ma­we­vred­no­sti­Be­ke­o­vog­
in­dek­sa­fi­zič­ke­ak­tiv­no­sti­na­po­slu­(p=0,050)­i­re­kre­a­tiv­ne­
fi­zič­ke­ak­tiv­no­sti­(p=0,024).­Pro­seč­ne­vred­no­sti­pro­cen­ta­
ma­snog­tki­va­su­bi­le­zna­čaj­no­ve­će­kod­is­pi­ta­ni­ka­s­lak­šim­
ob­li­kom­bo­le­sti­(p=0,006).
Za kqu čak­Re­zul­ta­ti­studije­po­ka­zu­ju­da­su­po­vi­še­ne­vred­no­sti­
hsCRP­i­fi­zič­ka­ne­ak­tiv­nost­po­ve­za­ni­s­te­žim­ob­li­kom­PAD.
Kquč ne re či:­pe­ri­fer­na­ar­te­rij­ska­bo­lest;­stu­di­ja­pre­se­ka;­
fak­to­ri­ri­zi­ka;­ul­tra­sen­zi­tiv­ni­C­re­ak­tiv­ni­pro­tein

Веза између социодемографских, антропометријских и биохемијских одлика 
и степена тежине периферне артеријске болести
Милош Максимовић1, Христина Влајинац2, Ђорђе Радак3, Јелена Маринковић4, Небојша Ђуришић5,  
Јагода Јорга1

1Институт за хигијену и медицинску екологију, Медицински факултет, Универзитет у Београду, Београд, Србија;
2Институт за епидемиологију, Медицински факултет, Универзитет у Београду, Београд, Србија;
3Институт за кардиоваскуларне болести „Дедиње”; Медицински факултет, Универзитет у Београду, Београд, Србија;
4Институт за медицинску статистику и информатику, Медицински факултет, Универзитет у Београду, Београд, Србија;
5Болнишница Тополшица, Тополшица, Словенија

Примљен • Received: 10/09/2009 Прихваћен • Accepted: 28/10/2009


