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SUMMARY
Introduction Obesity, particularly visceral obesity, is considered one of major risk factors for cardiovas-
cular events.
Objectives The aim of the present study was to investigate relationship between abdominal obesity 
and other cardiovascular risk factors.
Methods The cross-sectional study involved 657 consecutive patients with verified carotid atheroscle-
rosis. Carotid atherosclerosis was estimated by high resolution B-mode ultrasonography. Abdominal 
obesity was defined as waist circumference >102 cm in men and >88 cm in women.
Results Abdominal obesity was present in 324 (49.3%) participants. Multivariate analyses showed that 
abdominal obesity was significantly positively associated with female sex, increased Baecke ’s Work Index 
of physical activity at work, years of school completed <12, metabolic syndrome, increased triglycerides, 
hyperglycemia and high serum uric acid. Smoking, alcohol consumption, physical inactivity, hyperten-
sion, increased total cholesterol, increased HDL and LDL cholesterols, increased high sensitive C-reactive 
protein, increased fibrinogen, anti-lipid therapy and anti-diabetic therapy were not significantly related 
to abdominal obesity.
Conclusion Abdominal obesity among patients with symptomatic carotid disease is significantly related 
to other cardiovascular risk factors, especially metabolic syndrome, metabolic syndrome components 
and high level of serum uric acid.
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INTRODUCTION

Obesity has become a public health problem in 
many countries over the several past decades, 
followed by many clinical and public health 
consequences [1]. According to the World 
Health Organization (WHO), on the basis of 
body mass index (BMI), more than 1 billion 
adults worldwide are overweight, of whom 300 
millions are obese. If the current trend contin-
ues, this number will increase to 1.5 billion 
by 2015 [2]. In 2006, in Serbia every second 
person among those aged >20 years had BMI 
>25 kg/m², of whom 36.2% was overweight and 
18.3% obese [3].

As well known, obesity is positively associated 
with increased risk for atherosclerotic disease [4] 
including stroke [5]. Some investigations have 
suggested that atherosclerosis is not related to 
general obesity expressed by BMI, but to abdom-
inal obesity measured by waist circumference 
(WC) or waist/hip ratio [6,7]. Although BMI 
is usually correlated with waist circumference, 
people with identical BMI can have a different 
distribution of body fat. Waist circumference, 
which can be easily measured, has been estab-

lished as a leading anthropometric parameter 
for measuring the intraabdominal fat depot. Ac-
cording to many investigators, it was found to 
be a better indicator of obesity and health risks, 
especially for atherosclerotic disease and type 2 
diabetes, than BMI [8,9], and was included as a 
component of metabolic syndrome (MetS).

OBJECTIVE

The aim of the present study was to investi-
gate relationship between abdominal obesity, 
expressed by waist circumference and other 
atherosclerotic risk factors in patients with 
symptomatic carotid atherosclerotic disease.

METHODS

This cross-sectional study involved 657 consec-
utive patients with verified carotid atheroscle-
rotic disease who were referred to the Vascular 
Surgery Clinic Dedinje in Belgrade during the 
period April 2006 – November 2007. The study 
included subjects who had symptoms of cer-
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ebral ischemia and carotid stenosis of ≥50%, according 
to the criteria of North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) [10]. Carotid atheroscle-
rosis was estimated by high resolution B-mode ultrasonog-
raphy HDI, ATL 3500.

Exclusion criteria were <18 years of age, malignant dis-
ease, previous endarectomy or rheumatoid arthritis.

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

Waist circumference was measured at the midway be-
tween the lower ribs and iliac crest. According to WHO 
criteria patients with abdominal obesity were defined as 
those with WC >102 cm (men) and >88 cm (women) [11].

Blood pressure was measured using the method rec-
ommended by the Seventh Report of the Joint National 
Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure [12]. The cut-off point 
was ≥130/<130 or ≥85/<85 mm Hg.

To estimate metabolic parameters, fasting plasma glu-
cose (FPG) and lipoproteins, blood samples were obtained 
after an overnight fast and avoidance of liquids. Levels of 
fasting plasma glucose (FPG), total cholesterol (TC), se-
rum triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol (LDL-
C) and serum uric acid level were estimated using com-
mercial kits (Abbot, IL,USA) on an automated analyzer 
(AEROSETTM, Abbot, IL, USA). Levels of high sensitivity 
C-reactive protein (hsCRP) and fibrinogen were measured 
by using Immunoturbidimetric Fixed Time test (Olympus 
Diagnostics, O’Callaghan’s Mills Co. Clare, Ireland), and 
high value of hsCRP was detected according to the CDC 
recommendations (≥3 mg/L) [13].

Metabolic syndrome (MetS) was defined according to 
NCEP III criteria [14]. The patients were classified as hav-
ing metabolic syndrome if they fulfilled 3 or more of the 
following criteria: 1) triglycerides ≥1.69 mmol/L; 2) HDL-
C <1.03 mmol/L (men) and <1.29 mmol/L (women); 3) 
systolic blood pressure ≥130 mm Hg or diastolic blood 
pressure ≥85 mm Hg or antihypertensive drug therapy; 4) 
obesity, defined as waist circumference >102 cm (men) and 
>88 cm (women); and 5) abnormal glucose metabolism 
defined as fasting glucose ≥6.11 mmol/L.

Data on formal educational status, smoking habit and 
physical activity of study participants were collected by the 
use of questionnaire.

The cut-off point for educational level was ≤12/>12 
years of schooling.

In terms of smoking, participants were divided into 
never/ever smokers. According to alcohol consumption 
each patient was classified as drinker (former or current) 
or non-drinker [15].

Physical activity was assessed in two ways:
1. Physical activity was defined as any type of non-oc-

cupational physical exercise for more than 30 minutes per 
day, during the previous month. Classification of partici-
pants in physically active and inactive group was based on 
the cut-off level of ≤1 per week/>1 per week.

2. Baecke’s questionnaire [16] was used for assessing 
work, sport and leisure physical activity of each participant.

Statistical analysis

Continuous variables were described as means ± standard 
deviation (SD), and categorical variables were presented by 
counts and percentages. In the analysis of data univariate 
and multivariate logistic regression analyses were used. All 
variables which were associated with abdominal obesity 
at significance level of p≤0.1 were included in the model 
of multivariate logistic regression analysis. Formal detec-
tion of collinearity between independent variables was 
produced by using Variance Inflation Factor (VIF) which 
represents the amount of inflation in the variance when the 
collinearity of a variable with others exists. Criterion used 
was that with VIFs >2.0 the logistic regression model can 
lead to inflated standard errors [17]. If collinearity existed 
the approach to drop one of the correlated variables from 
the logistic regression model was established in order to 
reduce multicollinearity.

Data were analyzed using SPSS package version 15 with 
significance level set at p<0.05.

The study was reviewed and given ethical approval by 
the Ethics Committee at the University School of Medicine 
in Belgrade. All patients gave written, informed consent.

RESULTS

Of 657 patients, 324 (49.3%) had abdominal obesity. Pa-
tients with and without abdominal obesity did not signifi-
cantly differ either in the degree of carotid stenosis or in 
the degree of its clinical manifestation (Table 1).

Abdominal obesity was significantly more frequent in 
women than in men. Patients with abdominal obesity had 
significantly higher education level, and patients without 
obesity significantly more frequently consumed alcohol 
(Table 2). The compared groups did not significantly differ 
in terms of age, smoking and physical activity.

Patients with abdominal obesity had significantly more 
frequently metabolic syndrome and all its components ex-
cluding hypertension. Obese patients had significantly more 
frequently increased serum uric acid, and they were sig-
nificantly more frequently on anti-diabetic therapy (Table 
3). There were no significant differences between the com-
pared groups in the frequency of increased blood pressure, 

Table 1. Carotid stenosis and clinical manifestation of carotid athero-
sclerotic disease in patients with and without abdominal obesity

Variable

Abdominal  
obesity (n)

p valuea

With 
(n=324)

Without 
(n=333)

Carotid stenosis ≥70% 261  
(80.6%)

283  
(85.0%) 0.133

Clinical 
manifestation 
of carotid 
disease

Amaurosis fugax
109  

(33.6%)
118  

(35.4%) 0.689

Transient 
ischemic attack

91  
(28.1%)

79  
(23.7%) 0.202

Stroke 124  
(38.3%)

136  
(40.8%) 0.501

n – number of patients
a According to univariate logistic regression analysis
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total cholesterol, LDL cholesterol, high sensitive C-reactive 
protein and fibrinogen, and in the use of anti-lipid therapy.

Patients with and without abdominal obesity signifi-
cantly differed in the number of other metabolic syndrome 
components (p<0.001). Three or four components were 
present in 51.8% patients with abdominal obesity and in 
28.8% of patients without abdominal obesity (Table 4).

Since there were moderate collinearity between the 
MetS and its components (VIF=2.33), in multivariate logis-
tic regression analysis two models were used. In the Model 
1 MetS (but not its components) was included together 
with other risk factors. In the Model 2, in spite of MetS, its 
components were included together with other risk factors. 
According to the results of Model 1, the abdominal obes-
ity was significantly positively associated with female sex, 
higher Baecke’s work index of physical activity, metabolic 
syndrome and high serum uric acid. According to the re-
sults of Model 2, the abdominal obesity was significantly 
positively associated with female sex, years of school <12, 
high serum uric acid, increased triglycerides and hyper- 
glycemia (Table 5).

DISCUSSION

In the present study, out of 657 participants 324 (49.3%) 
had abdominal obesity. According to multivariate analyses, 
abdominal obesity was significantly positively related to 
female sex, higher Baecke’s work index, years of school 
<12, metabolic syndrome, increased triglycerides, hyper-
glycemia and high serum uric acid. The number of other 
metabolic syndrome components (hypertension, hyper-
tryglicidemia, low level of HDL-C and hyperglycemia) was 
significantly greater in patients with abdominal obesity 
than in those without abdominal obesity.

Association of abdominal obesity with the MetS and its 
components (hypertrygliceridemia and hyperglycemia) 
could have been expected.

There are the literature data supporting the notion that 
abdominal obesity is predictive of insulin resistance and 
of the metabolic syndrome [18]. Abdominal obesity in-
fluences insulin resistance, a key abnormality associated 
with metabolic syndrome, as well as alterations in lipids 
(increased levels of triglycerides and very-low density 
lipoproteins, and low level of HDL-C), blood pressure, 
coagulation, fibrinolysis and inflammation, leading to 
endothelial dysfunction and atherosclerosis [19]. Al-
though there are forms of insulin resistance unrelated to 
abdominal obesity [20, 21], the most prevalent form of 
insulin resistance is found among patients with an excess 

Table 2. Some demographic characteristics and habits of patients with 
and without abdominal obesity

Variable
Abdominal obesity*

p valueaWith  
(n=324)

Without  
(n=333)

Age (years) 65.3±7.8 65.3±8.9 0.990

Female sex 152 (46.9%) 93 (27.9%) <0.001

Years of school <12 142 (43.8%) 100 (30.0%) <0.001

Ever smokers 203 (62.6%) 229 (68.8%) 0.099

Alcohol consumption 105 (32.4%) 137 (41.1%) 0.021

Physical inactivityb 297 (91.7%) 305 (91.6%) 0.978

Work indexc 2.89±0.63 2.79±0.62 0.058

Sport indexc 1.95±0.35 1.93±0.35 0.411

Leisure indexc 2.40±0.65 2.41±0.70 0.482

* The values are expressed as mean value ± standard deviation or number of 
patients with percent.

a According to univariate logistic regression analysis
b Non-occupational physical exercise 0-4 times per month
c According to Baecke’s questionnaire

Table 3. Clinical and biochemical characteristics of patients with and 
without abdominal obesity

Variable
Abdominal obesity (n)

p valueaWith 
(n=324)

Without 
(n=333)

Metabolic syndrome 269 (83.0%) 96 (28.8%) <0.001

Increased blood pressureb 293 (90.4%) 289 (86.8%) 0.143

Triglycerides ≥1.69 mmol/L 191 (58.9%) 116 (34.8%) <0.001

Low HDL-cholesterolc 223 (68.8%) 186 (55.9%) 0.001

Fasting glucose ≥6.11 mmol/L 95 (29.3%) 66 (19.8%) 0.005

Total cholesterol ≥5.2 mmol/L 161 (49.7%) 160 (48.0%) 0.674

LDL-cholesterol ≥3.4 mmol/L 155 (47.8%) 151 (45.3%) 0.522

High sensitive CRP ≥3mg/L 133 (41.0%) 113 (33.9%) 0.060

Fibrinogen >4 g/L 86 (26.5%) 73 (21.9%) 0.135

Serum uric acid >6.8 mg/dL 92 (28.4%) 60 (18.0%) 0.002

Anti-diabetic therapy 98 (30.2%) 76 (22.8%) 0.032

Anti-lipid therapy 154 (47.5%) 145 (43.5%) 0.346
a According to univariate logistic regression analysis
b ≥130/≥85 mm Hg or on antihypertensive therapy
c <1.03 mmol/L in men and <1.29 mmol/L in women

Table 4. Number of other metabolic syndrome (MetS) components 
(increased blood pressure, hypertrygliceridemia, low HDL-cholesterol 
and hyperglycemia) in patients with and without abdominal obesity

MetS 
components

Abdominal obesity (n)

With (n=324) Without (n=333)

0 7 (2.2%) 11 (3.3%)

1 48 (14.8%) 104 (31.2%)

2 101 (31.2%) 122 (36.6%)

3 129 (39.8%) 77 (23.1%)

4 39 (12.0%) 19 (5.7%)

Table 5. Variables significantly related to abdominal obesity according 
to multivariate regression analyses

Variable OR (95%CI) p value

M
od

el
 1

Female sex 2.34 (1.56–3.51) <0.001

Baecke’s work index 1.44 (1.06–1.95) 0.018

Metabolic syndrome 11.04 (7.53–16.19 <0.001

Serum uric acid >6.8 mg/dL 1.67 (1.05–2.64) 0.029

M
od

el
 2

Female sex 2.56 (1.79–3.65) <0.001

Years of school <12 1.66 (1.17–2.34) 0.004

Serum uric acid >6.8 mg/dL 2.03 (1.35–3.04) 0.001

Triglycerides ≥1.69 mmol/L 2.43 (1.74–3.38) <0.001

Fasting glucose ≥6.11 mmol/L 1.64 (1.11–2.42) 0.013

OR – odds ratio; CI – confidence interval

Model 1 included: sex (females/males), years of school (<12/≥12), smoking 
(never/ever), alcohol consumption (drinkers/non-drinkers), Baecke’s work in-
dex for physical activity, MetS (yes/no), high sensitive CRP (≥3mg/L/ <3mg/L), 
serum uric acid (>6.8 mg/dL/≤6.8 mg/dL) and anti-diabetic therapy (yes/no).

Model 2 included all variables from Model 1 with exception of MetS , which was 
replaced by its components: blood pressure (≥130/<130 or ≥85/<85 mmHg 
or on antihypertensive therapy), triglycerides (≥1.69/<1.69 mmol/L), HDL-C 
(<1.03/≥1.03 mmol/L in men and <1.29/≥1.29 mmol/L in women) and fasting 
blood glucose (≥6.11/<6.11 mmol/L).
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of abdominal fat [22]. Recent studies that have measured 
abdominal fat using computed tomography have shown 
that, out of subjects with abdominal obesity, those with a 
selective excess of intra-abdominal fat accumulation have 
the most atherogenic and diabetogenic metabolic profile 
in comparison with individuals who have selective excess 
of subcutaneous fat [18, 22, 23].

There are several possible explanations for the observed 
association between excess visceral fat accumulation and 
the MetS.

Visceral fat is thought to release fatty acids into the por-
tal circulation, where they may cause insulin resistance in 
the liver and subsequently in muscles [24, 25].

A parallel hypothesis is that adipose tissue is an endo-
crine organ that secretes a variety of products that affect 
atherosclerotic process, such as leptin, interleukin 6, angi-
otensin II, adiponectin, resistin, tumor necrosis factor-α, 
inflammatory markers, markers of homeostasis and fibri-
nolysis and other [26, 27].

Another emerging hypothesis is that excess intra-ab-
dominal fat is a marker of impaired ability of subcutaneous 
adipose tissue to store excess energy intake, leading to the 
ectopic storage of fat into nonadipose tissue such as skeletal 
muscles, liver, heart and even in pancreatic β-cells [28].

Elevated level of uric acid has been shown to be, at 
least in some studies, an independent predictor of coro-
nary heart disease, stroke and peripheral arterial disease 
[29-32]. The results of recently published meta-analysis 
[32] including 16 prospective cohort studies, suggests that 
hyperuricemia may modestly increase the risks of both 
stroke incidence and mortality.

There is no agreement about the mechanism through 
which hyperuricemia increases the risk for cardiovascular 
disease.

Association of serum uric acid with obesity was report-
ed in several investigations [33, 34]. Abdominal obesity 
was found to be the main determinant of uric acid variance 
[35]. Hyperuricemia has been also associated with other 
MetS components, such as hypertension and dislypidemia 
(hypertrigyceridemia and decreased values of HDL-C) [36, 
37, 38]. A prospective study of 8429 men and 1260 women 
(20-82 years old) showed that higher serum uric acid is a 
strong and independent predictor of incident MetS in men 
and women [39].

Serum uric acid has been related to insulin resistance 
which in turn is associated with MetS and cardiovascular 

risk factors. The results of a population-based study which 
comprised 4536 subjects free from diabetes at baseline and 
followed during a mean of 10.1 years, suggest that serum 
uric acid is a strong and independent risk factor for dia-
betes [40].

There are suggestions that association between uric acid 
and carotid plaque may be attributable to MetS – depend-
ent and independent mechanisms [41].

In the present study high serum uric acid was related to 
abdominal obesity independently of MetS, its components, 
and other atherosclerotic risk factors.

Inverse association between abdominal obesity and 
education level in the present study, which was independ-
ent of sex, was seen in some other populations, but only in 
women [42, 43]. According to the results of a large cross-
sectional study conducted in seven major Latin American 
cities, Boissonnet et al. [43] concluded that obesity should 
be considered as a socially-generated disease and an indi-
cator of socioeconomic disadvantages.

Higher Baecke’s work index among our patients with 
abdominal obesity than in those without abdominal obes-
ity could be explained by the fact that obese patients, be-
cause of their lower education, were more frequently blue-
collar workers.

The main drawback of the present study is its cross-
sectional design which does not make possible to judge 
causal relationship. Consequently, since all participants 
had clinical manifestation of carotid atherosclerosis, there 
was a possibility that analyzed variables might have been 
changed after the events.

CONCLUSION

In the present study, among patients with symptomatic 
carotid disease, the abdominal obesity was significantly 
related to other cardiovascular risk factors, especially 
metabolic syndrome and its components, and increased 
serum uric acid.
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КРАТАК САДРЖАЈ
Увод Го ја зност, по себ но аб до ми нал на, је дан је од глав них 
фак то ра ри зи ка за на ста нак кар ди о ва ску лар них бо ле сти.
Циљ ра да Циљ ра да је био да се утвр ди ве за из ме ђу аб до-
ми нал не го ја зно сти и дру гих фак то ра ри зи ка за кар ди о ва-
ску лар не бо ле сти.
Ме то де ра да Сту ди јом пре се ка об у хва ће но је 657 осо ба са 
ди јаг но сти ко ва ном ка ро тид ном бо ле шћу. Ка ро тид на бо лест 
је ди јаг но сти ко ва на на осно ву до плер на ла за. Аб до ми нал на 
го ја зност је од ре ђе на као обим стру ка ве ћи од 102 cm код 
му шка ра ца и 88 cm код же на.
Ре зул та ти Аб до ми нал на го ја зност је за бе ле же на код 324 ис-
пи та ни ка (49,3%). Мул ти ва ри јант ном ана ли зом је утвр ђе но 
да је она зна чај но по ве за на са жен ским по лом, по ве ћа ним 
Бе ке о вим (Ba ec ke) ин дек сом фи зич ке ак тив но сти на по слу, 

ни жом струч ном спре мом (до 12 го ди на шко ло ва ња), ме та-
бо лич ким син дро мом, по ви ше ним ни во ом три гли це ри да, 
хи пер гли ке ми јом и ви со ким ни во ом мо краћ не ки се ли не. 
Пу ше ње, пи је ње ал ко хол них пи ћа, фи зич ка не ак тив ност, по-
ве ћан ни во укуп ног хо ле сте ро ла и хо ле сте ро ла ма ле и ве ли-
ке гу сти не, по ви ше на кон цен тра ци ја C-ре ак тив ног про те и на 
и фи бри но ге на и ан ти ли пид на и ан ти ди ја бе тич ка те ра пи ја 
ни су би ли зна чај но по ве за ни са аб до ми нал ном го ја зно шћу.
За кљу чак Аб до ми нал на го ја зност код осо ба са симп то мат-
ском ка ро тид ном бо ле шћу зна чај но је по ве за на са дру гим 
фак то ри ма ри зи ка за кар ди о ва ску лар не бо ле сти, по себ но 
с ме та бо лич ким син дро мом, ком по нен та ма ме та бо лич ког 
син дро ма и ви со ким ни во ом мо краћ не ки се ли не.
Кључ не ре чи: аб до ми нал на го ја зност; ка ро тид на бо лест; 
фак то ри ри зи ка
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