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SUMMARY

Introduction Peripheral arterial disease (PAD) is a severe atherosclerotic condition. The relationship
between various risk factors and severity of PAD, measured by Ankle Brachial Index (ABI), has been the
subject of a relatively small number of studies.

Objective The aim of the present study was to investigate whether there was any relationship between
severity of PAD, expressed as ABI, and anthropometric, clinical and biochemical characteristics of
patients, including inflammatory markers.

Methods The cross-sectional study, involving 388 consecutive patients with verified PAD, was performed
at the Dedinje Vascular Surgery Clinicin Belgrade. The diagnosis of PAD was defined by Doppler sonog-
raphy as ABI<0.9, and by symptoms. Data on cardiovascular risk factors, anthropometric parameters,
clinical and biochemical characteristics were collected for all participants. In the analysis, x? test, t-test
and multivariate logistic regressions were used.

Results According to the results of multivariate analysis (the model of which included age, percentage
of body fat, average value of uric acid, high sensitivity C-reactive protein — hsCRP >3 mg/L, fibrinogen
>4 g/L, Baecke index of physical activity at work and Baecke index of leisure-time physical activity), the
patients with more severe form of peripheral arterial disease (ABI<0.40) had more frequently increased
high sensitivity C-reactive protein (p=0.002), lower Baecke index of physical activity at work (p=0.050)
and lower Baecke index of leisure-time physical activity (p=0.024). Average value of body fat was signif-
icantly higher in the patients with a less severe form of disease (p=0.006).

Conclusion According to the results obtained, the increased values of hsCRP and physical inactivity are
associated with a more severe form of PAD (ABI<0.40).

Keywords: peripheral arterial disease; cross-sectional study; risk factors; high sensitivity C-reactive
protein

INTRODUCTION smoking, hypertension, diabetes, and dyslipidae-
mia, are similar to those of other types of athero-
Atherosclerotic diseases are the main cause of  sclerotic disease.
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].

OBJECTIVE

Since the relationship between various risk
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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

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 fastand
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 (23 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 a=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 ABL
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)

Group with Group with
Variable ABI<0.40 ABI>0.40 p*
(n=214) (n=174)
Age (years) 62.5+9.1%* 60.8+7.9%* 0.054
Female 42 (19.6%) 42 (24.1%)
S 0.283
X Male 172(804%) | 132 (75.9%)
Married 154 (72.0%) 133 (76.4%)
Marital Divorced 20 (9.3%) 13 (7.5%) 071
status Widowed 31 (14.5%) 20 (11.5%) '
Single 9 (4.2%) 8 (4.6%)
Elementary | 57 (56 gos) 40 (23.0%)
school
S d
Education | oo | 109(509%) | 89(511%) | 0120
High school 22 (10.3%) 14 (8.0%)
University 26 (12.1%) 31 (17.8%)
Industrial 106 (49.5%) 79 (45.4%)
worker
Occupation | Adficultural | 4 ¢ o 6(34%) | 0251
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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Table 2. Anthropometric, clinical and biochemical characteristics of
patients according to severity of peripheral arterial disease (X+SD)

Group with Group with
Variable ABI<0.40 ABI>0.40 p*
(n=214) (n=174)
Body Mass Index (kg/m?) 25.8+4.0 26.4+3.6 0.109
Bodly fat (%) 28.9+6.6 30.146.3 0.068
Waist Women 92.7414.2 90.6+9.7 0.431
i fi

my e Men | 9764108 | 99096 | 0.220
Blood pressure Systolic | 141.8+22.4 140.9421.2 | 0.680
(mm Hg) Diastolic 81.9+10.4 81.9+10.7 | 0.937
Triglycerides (mmol/L) 2.241.5 21114 0.657

Total 5.2+1.3 5.4+1.3 0.207
Cholesterol HDL 0.9£0.2 1.0£0.2 0.216
(mmol/L)

LDL 3.3+1.0 3.541.2 0.209
Glucose (mmol/L) 5.7+1.9 5.8+2.4 0.593
Uric acid (umol/L) 364.6+108.7 | 343.4+99.6 | 0.048

* According to t-test

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

Group with Group with
Variable ABI<0.40 ABI>0.40 p*
(n=214) (n=174)

X+SD 8.9+14.7 5.0+8.6 0.002

hsCRP (mg/L) <3 93 (43.5%) 100 (57.5%) 0.006
>3 121 (56.5%) 74 (42.5%)

X+SD 3.8+1.4 3.4+1.2 0.012

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

Group with | Group with
Variable ABI<0.40 ABI>0.40 p*
(n=214) (n=174)
Non-smoker 22 (10.3%) 16 (9.2%)
Smoking S;:;ﬁgﬁ 129(60.3%) | 98(563%) | (ces
status i
Former | 63(29.49%) | 60(34.5%)
smoker
No 105 (49.1%) 90 (51.7%)
Alcohol
. Yes —current | 51 (23.8%) 35 (20.1%) 0.680
consumption
Yes - former 58 (27.1%) 49 (28.2%)
X+SD 3.5+5.9 3.0£5.9
Daily alcohol Medi 0 0
consumption ;,Ian 0.299
(dL) in 0 0
Max 52.5 48.0
Physical 0-4 198 (92.5%) 152 (87.4%)
activity** 5-8 14 (6.5%) 21(121%) | 0158
(times per
month) >9 2(0.9%) 1(0.6%)
Baecke index Work 2.9+0.6 29407 | 0.073
of physical Sports 1.9+0.4 2.0+0.4 0.197
activity (X+3D) | Leisuretime | 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 5. Factors independently related to severity of peripheral arte-
rial disease - results of multivariate logistic regression analysis

Variable 0dds | o504 ¢y b
ratio

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 0.7 0.5-1.0 0.050

work

Baecke index of leisure time physical 07 05-09 | 0024

activity

doi: 10.2298/SARH1010584M

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
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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
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Besa nsmehy counogemorpadckux, aHTPONOMETPUJCKUX U BUOXEMUjCKUX 04 NKA
U cTeneHa TeXuHe nepudepHe aptepujcke bonectu

Murnow Makcumosuh', Xprctrta BnajuHau?, hophe Pagak?, JeneHa MapuHkoBuh?, He6ojwa hypuwinh?,

Jaropa Jopra'

"MIHCTUTYT 3a XUrKjeHy 1 MeANLMHCKY ekonorujy, MeguuuHckn GakynTeT, YHuBep3utet y beorpaay, beorpag, Cp6uja;
2NHCTUTYT 3a enugemuonorujy, MegnumnHckn dakyntert, YHuBepauTeT y beorpagy, beorpag, Cpbuja;

3UHCTUTYT 3a KapguoBackynapHe 6onectu ,Jeante”; MegnumnHcku dakyntet, YHuBep3uTeT y beorpagy, beorpag, Cpbuja;
UHCTUTYT 33 MEANLIMHCKY CTaTUCTUKY 1 MHGOPMaTUKY, MeanumHckn dakynTeT, YHUBep3uTeT y beorpaay, beorpag, Cpbuja;

*bonHuwHMya Tononwuua, Tononwuuya, CnoseHuja

KPATAK CAZIPXKAJ

YBop NepudepHa aptepujcka bonect (eHrn. peripheral arterial di-
sease — PAD) je TelwKo aTepoCKNepoTcko 060s/bere. MoBesaHocT
pasnuunTX GakTopa pU3mnKa C TEXMHOM OBOT 060/betba, U3pa-
xeHom Kao Ankle Brachial Index (ABI), npegmeT je ucTpaxuvBara
manor 6poja cTyauja.

Lum papa Linmb paga je 6ro fa ce yTBpAY fa N je CTENeH Texu-
He PAD n3paeH npeko ABI noBe3aH ca coLnogemorpadCkim, aH-
TPOMOMETPUJCKNM, KTMHUYKAM 1 GUOXEMUjCKMM OANNKaMa, Kao 1
MoKa3aTesbiMa 3anasberCkor npoLeca.

MeTope papa VctpaxuBatbe je ypaheHo Kao cTyauja npeceka, a
13BEfEHO je Ha MIHCTUTYTY 3a KapamoBacKynapHe 6onectu ,[le-
anke” y beorpagy. Obyxsatuno je 388 6onecHrka ca PAD Koja je
AnjarHoCTMKOBaHa aonnep coHorpadujom (ABI maku og 0,9) 1 Ha
OCHOBY KJIMHNYKUX CUMNTOMa 060sberba. Of CBUX MCMUTaHMUKa Cy
cneumdUYHIM YNUTHUKOM NPUKYN/beHN NoAaLm o GakTopuma pu-
311Ka 3a KaparoBacKynapHe 6onect 1 ypaheHa aHTponomeTpuj-
CKa Mepemba, KNMHUYKa 1 brioxemmjcka ncnutrBara bonecHmka. Y
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aHanu3u nogataka Kopuihenn cy x> Tect, CTyAeHTOB t- TeCT 1 MyJ1-
TWBapWjaHTHa OrMCTUYKaA perpecyja.

Pesyntatm [pema pe3yntatma MynTBapujaHTHe aHanu3e, y uu-
jn Mmopen cy 6unu yKibyyeHu cTapocT 60NeCcHUKa, NpoLeHar Te-
NleCHe MacTU, NPOCeYHe BpeJHOCTY MoKpahHe KucenvHe, yntpa-
ceH3nTrBHU C-peakTuBHU npotenH (hsCRP=3,0 g/l), dubpuHoreH
(>4 g/1), bekeoB MHAEKC GpU3MUKe aKTUBHOCTY Ha nocny 1 bekeos
VHAEKC pekpeaTuBHe Gr3nyKe akTUBHOCTY, KOL UCMMTaHMKa C Te-
X1m ob6nvKom obormbersa (ABI<0,40) 6une cy 3HayajHO yelwhe no-
BehaHe BpegHocTtn hsCRP (p=0,002) n marbe BpegHoCTV bekeosor
MHAEeKca GU3NUKe akTUBHOCTY Ha nocny (p=0,050) 1 pekpeaTnBHe
¢dur3mnyke akTBHOCTY (p=0,024). MpoceyHe BpegHOCTN NMPOLeHTa
MacHOT TK1Ba Cy 6une 3HauajHo Behe Kof McnuTaHmKa ¢ nakiium
obnukom 6onectu (p=0,006).

3aKsbyyak Pesyntatu cTyavje nokasyjy Aa cy NoBuULLEHE BPEAHOCTM
hsCRP 1 d13nyKa HeaKTUBHOCT MOBE3aHN C TeXUM obnrKom PAD.
KmbyuHe peun: nepndepHa aptepujcka 6onect; cTyauja npeceka;
(baKTopm pu3mnKa; ynTpaceH3nTnBHY C-peakTUBHY MPOTENH
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