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1. INTRODUCTION 

The metabolic syndrome (MS) is a major and escalating clinical challenge and public-health 

worldwide in the wake of urbanization, surplus energy intake, increasing obesity and 

sedentary life habits [1]. MS confers a 5-fold increase in the risk of type 2 diabetes mellitus 

(T2DM) and 2-fold the risk of developing coronary heart disease (CHD) over the next years 

[1-2]. 

MS is defined by a constellation of an interconnected physiological, biochemical, clinical, and 

metabolic factors that associated with increases the risk of atherosclerotic coronary heart 

disease (ASCHD), T2DM and all-cause mortality [3-4]. These abnormal test results and the 

collection of unhealthy body measurements include proinflammatory state, prothrombotic 

state, hypertension, atherogenicdyslipidaemia and glucose intolerance[1]. 

MS is a clinical manifestation of insulin resistance [5]. Its frequency in type 1 diabetes 

(T1DM) is around 20% [1-4]. MS is an independent risk factor for vascular complications and 

for progression of the disease [6-7]. The mechanisms of MS in T1DM remain poorly defined 

but some are likely to be similar to those proposed in type 2 diabetes (T2DM) i.e. accentuated 

ectopic fat accretion, enhanced lipolysis and inhibited insulin-stimulated glucose uptake 

[8-10].  

The prevalence of the metabolic syndrome has been shown to be significantly higher in each 

age-group of patients with type 2 diabetes in comparison to the general population [5]. 

Coronary heart disease (CHD) is a major cause of morbidity and the leading cause of 

mortality among people with diabetes mellitus [11]. People with diabetes mellitus have a 

higher prevalence of other coronary risk factors, including hyperlipidaemia and hypertension 

[12-13]. Moreover, chronic hyperglycaemia is a risk factor for atherosclerosis in diabetes 

mellitus [14]. However, neither traditional CHD risk factors nor hyperglycaemia fully 

explains the risk for CHD. An additional factor that may play a role in the increased risk of 

CHD among diabetics is an increase in the overall level of systemic inflammation[11]. 

As well-known the characteristic feature of the atherosclerotic process in its course is a 

significant intensity [15]. Both obesity which is a major risk factor for the insulin resistance 

development and T2DM and the chronic hyperglycaemia itself play an important role in its 

pathogenesis. Hyperglycaemia contributes to glycosylation of proteins and lipids, increases 
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the production of reactive oxygen species, stimulates the synthesis and secretion of 

pro-inflammatory cytokines and acute phase proteins in various tissues, promoting thus 

inflammation processes in the vascular wall [15-18]. 

Although there have been some reports on coronary risk biomarkers in metabolic syndrome 

[19-21], there is scarce data on the influence of different glycaemic status in MS subjects 

(diabetes mellitus, impaired fasting glucose or normoglycemia) on inflammation and 

endothelial activation biomarkers. Furthermore, usage of medications that may affect the 

concentration of the biomarkers could become confounding factors if not excluded. Therefore, 

this present study was undertaken with the objectives to: 1) examine the inflammation and 

endothelial activation biomarkers in drug-naive MS subjects compared to lean normal 

controls; 2) investigate the influence of different glycaemic status (diabetes mellitus, impaired 

fasting glucose or normoglycemia) in MS subjects on biomarkers of inflammation and 

endothelial activation; and 3) ascertain the independent determinants of these biomarkers. 

 

2. EXPERIMENTAL  

2.1. Study Design and Subject Selection 

This cross-sectional study involved a total of 319 subjects aged 30-65 years old, recruited 

from UniversitiTeknologi MARA (UiTM) Malaysia Specialist Clinics and community health 

screenings. Sample size was calculated using OpenEpi software with power of study set at 80% 

and α-level at 0.05, yielding the minimum number of 60 subjects for each group. Institutional 

Ethics Committee approval was obtained prior to commencement of the study from the 

Institutional Board ofUniversitiTeknologi MARA (UiTM) [ref no.: 600-RMI (5/1/6)] and all 

subjects gave written informed consent. For each subject, a set of questionnaire was 

completed and detailed history taking including smoking habits, alcohol intake and family 

history or premature coronary heart disease (history of ischemic heart disease, myocardial 

infarction or sudden death at the age of < 55 years in males and < 65 years in females in 

first-degree relatives) were documented.  

Recruited subjects were categorized into MS (n=223) and normal lean control (NC, n=96) 

groups, and matched for age, gender and smoking status. The MS subjects were then 

subdivided into 3 groups according to glycaemic status: 1) MS with diabetes mellitus (MSDM, 
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n=62); 2) MS with impaired fasting glucose (MSIFG, n=91); and 3) MS with normoglycemia 

(MSNG, n=70). The MS subgroups were matched for age, gender, smoking status, obesity 

indices, blood pressure and lipid profile. 

2.2. Inclusion and Exclusion Criteria 

MS was defined according to the 2006 International Diabetes Federation (IDF) definition 

[38].Individuals were considered to have MS if they were centrally obese (elevated waist 

circumference: > 90 cm in men, > 80 cm in women) with at least 2 out of 4 of the following 

criteria: elevated triglycerides (TG) > 1.7 mmol/L; reduced high density lipoprotein 

cholesterol (HDL-c) < 1.0 mmol/L in men, < 1.3 mmol/L in women; elevated blood pressure 

[systolic blood pressure (SBP) > 130 mmHg and/or diastolic blood pressure (DBP) > 85 

mmHg] or elevated fasting glucose > 5.6 mmol/L].  

Diabetes mellitus (DM), impaired fasting glucose (IFG) and normoglycemia (NG) were 

defined as those with fasting plasma glucose (FPG) > 7.0 mmol/L, 5.6-6.9 mmol/L and < 5.6 

mmol/L respectively [28].  

Subjects with waist circumference of > 90 cm for men and > 80 cm for women with 0 or 1 

other component of MS (elevated BP, raised TG or low HDL-c) were grouped as COBXMS. 

Normal controls were lean (WC < 90 cm in men, < 80 cm in women), normotensive (SBP < 

130 mmHg and DBP < 85 mmHg), normoglycemic (FPG < 5.6 mmol/L) subjects with TG < 

1.7 mmol/L and HDL-c ≥ 1.0 mmol/L in men and ≥ 1.3 mmol/L in women. 

Exclusion criteria for this study were those on oral hypoglycaemic agents or insulin, lipid 

lowering or anti-hypertensive medications, on long term antioxidant or anti-inflammatory 

therapy and subjects with chronic inflammatory disorders, malignancy or severe diseases that 

shorten life expectancy. 

2.3. Anthropometric and Blood Pressure Measurement 

Anthropometric measurements including height, weight, body mass index (BMI) and waist 

circumference (WC) were obtained using standardized techniques. Body weight and height 

(to the nearest 0.1 kg and 0.01 m respectively) were measured in light clothing without shoes 

using a pre-calibrated Seca digital scale and height rod. BMI was calculated as weight (kg) 

divided by squared height (m2). Waist circumference was measured (to the nearest 0.5 cm) 

using a measuring tape midway between the inferior margin of the last palpable rib and the 
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top of the iliac crest. Blood pressure was taken using an automated BP monitor (Omron, 

USA) on the right arm with the subject in a seated position and the right arm supported at 

heart level, after at least 5 minutes rest. BP was measured three times in each subject and 

average of the last two readings was taken as the subject’s BP. 

2.4. Biochemical Analysis 

Fasting venous blood samples were collected and centrifuged at 3,500 rpm for 10 minutes 

within 2 hours after collection. Serum and plasma were aliquoted and stored at -20°C until 

analysis. Samples were assayed for routine biochemistry tests such as fasting lipid profile and 

fasting plasma glucose using standardized assays on an automated analyzer (Cobas Integra 

400 plus, Roche Systems, Germany). The intra- and inter-assay coefficient of variation (CV) 

for the biochemical assays ranged between 0.5% and 1.9%. 

2.5. Markers of Inflammation and Endothelial Activation 

Inflammatory markers measured were high sensitivity C-reactive protein (hsCRP) and 

interleukin-6 (IL-6) while the endothelial activation markers include soluble intercellular 

adhesion molecule 1 (sICAM-1), soluble vascular cell adhesion molecule 1 (sVCAM-1) and 

soluble E-selectin (E-selectin). 

hsCRP measurement was based on a particle enhanced immunoturbidimetric method on an 

automated analyzer (Cobas Integra 400 plus, Roche Systems, Germany), while IL-6, 

sICAM-1, sVCAM-1 and E-selectin were measured using commercial enzyme-linked 

immunosorbent assay (ELISA) kits (eBioscience, Austria). The intra- and inter-assay CV for 

hs-CRP were 0.8% and 2.9% respectively, while the intra- and inter-assay CV of the 

immunosorbent assays ranged between 5.7% and 16.9%. 

2.6. Statistical Analysis 

Statistical analyses were carried out using Statistical Program for Social Science Software 

(SPSS) version 16.0 (SPSS inc. Chicago II, USA 2008). Normality testing was determined by 

Kolmogorov Smirnov test. Data were expressed as mean ± standard deviation (SD) or 

proportions (%). Data for all biomarkers were log10 transformed to improve the normality and 

used in subsequent analyses. Comparison of continuous variables between study groups was 

performed using one-way Analysis of Variance (ANOVA), followed by post-hoc Scheffe or 

Dunnett’s T3 test depending on the result of Levene statistic. Correlation between two 



M. T. Osman et al.          J Fundam Appl Sci. 2017, 9(6S), 331-349              336 
 

continuous data was analysed by Pearson’s correlation coefficient test. Multiple linear 

regression analysis was used to further investigate the influence of conventional 

cardiovascular risk factors on inflammation and endothelial activation biomarkers. Forward, 

backward and stepwise multiple linear regressions were performed and thebest fit modelwas 

selected. Level of significance was set at p < 0.05. 

 

3. RESULTSAND DISCUSSION 

The characteristics of the 319 study subjects are presented in Table 1. All subjects of two 

groups (MS and NC) were matched for age, gender and smoking status. The mean age (+ SD) 

of the subjects were 47.6 (+ 8.4) years old; comprising of 204 (63.9%) females and 115 

(36.1%) males.  

Subjects with MS had lower HDL-c and significantly higher BMI, WC, SBP and DBP, TG 

and FPG (p< 0.001) with slightly higher total cholesterol (TC, p<0.05) concentrations 

compared to NC. With regard to biomarkers of inflammation and endothelial activation, MS 

subjects had significantly elevated concentrations of all biomarkers compared to normal 

controls (Table 1). 
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Table 1. Baseline characteristics of subjects and concentration of inflammation 

andendothelial biomarkers in MS and NC groups 

Parameter MS(n=223) NC(n=96) 

aAge (years) 48.7±8.4 46.2±7.8 

bGender (Male/Female) 82/141(36.8/63.2) 33/63(34.4/65.6) 

bCurrent smoker 12.1 14.3 

aBMI (kg/m2) 29.5±4.1 21.9±2.5 

aWC (cm) 94.4±8.8 73.8±7.7 

aSystolic BP (mmHg) 138.7±22.4 112.8±10.0 

aDiastolic BP (mmHg) 84.5±12.8 69.9±8.4 

aTC (mmol/L) 6.0±1.1 5.6±1.0 

aTriglyceride (mmol/L) 2.3±1.2 1.0±0.3 

aHDL-c (mmol/L) 1.1±0.3 1.6±0.4 

aLDL-c (mmol/L) 3.8±1.0 3.5±1.0 

aGlucose (mmol/L) 7.4±3.3 4.9±0.5 

Biomarkers of inflammation and endothelial activation 

aLoghs-CRP (mg/L) 0.54 ± 0.3 0.27 ± 0.2 

aLog IL-6 (pg/ml) 0.65 ± 0.2 0.55 ± 0.2 

aLog sICAM-1 (ng/ml) 2.75 ± 0.2 2.62 ± 0.2 

aLog sVCAM-1 (ng/ml) 3.09 ± 0.3 2.90 ± 0.2 

 Log E-selectin(ng/ml) 1.71 ± 0.3 1.36 ± 0.1 

Data are expressed as amean±SD or bpercentage 

Out of the 223 MS subjects, 62 (27.8%) had diabetes mellitus, 91 (40.8%) had IFG and 70 

(31.4%) were normoglycemic. The MS subgroups (MSDM, MSIFG and MSNG) were 

matched for age, gender, smoking status, BMI, WC, blood pressure and lipid profile. The 

concentrations of inflammation and endothelial activation biomarkers were not significantly 

dissimilar among the MS subgroups with different glycaemic status (Table 2). 
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Table 2. Baseline characteristics of subjects and concentration of inflammation and 

endothelial biomarkers according to glycaemic status in metabolic syndrome subjects 

Parameter 
MSDM 

(n=62) 

MSIFG 

(n=91) 

MSNG 

(n=70) 

p-Value4 

(MSDM 

vs. 

MSNG) 

p-Value5 

(MSIFG 

vs. 

MSNG) 

p-Value6 

(MSDM 

vs. 

MSIFG) 

aAge (years) 49.2 ± 6.7 49.2 ± 8.6 47.7 ± 9.4 NS 

bGender (Male / 

Female) 

23/39 

(37.1/62.9) 

40/51 

(44.0/56.0) 

19/51 

(27.1/72.9) 

NS 

bCurrent smoker 11.3 13.2 11.4 NS 

aBMI (kg/m2) 29.2 ± 3.8 29.3 ± 3.9 30.1 ± 4.6 NS 

aWC (cm) 93.5 ± 9.4 95.0 ± 8.4 94.4 ± 8.8 NS 

aSystolic BP 

(mmHg) 

139.7 ± 

23.1 

136.8 ± 

22.7 

140.1 ± 

21.6 

NS 

aDiastolic BP 

(mmHg) 

85.9 ± 13.0 82.2 ± 

12.7 

86.3 ± 12.7 NS 

aTC (mmol/L) 6.1 ± 1.0 6.0 ± 1.1 5.8 ± 1.2 NS 

aTriglyceride 

(mmol/L) 

2.4 ± 1.2 2.2 ± 1.1 2.3 ± 1.1 NS 

aHDL-c (mmol/L) 1.2 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 NS 

aLDL-c (mmol/L) 3.9 ± 1.0 3.9 ± 1.0 3.6 ± 1.0 NS 

aGlucose (mmol/L) 11.4 ± 3.7 6.5 ± 1.2 5.0 ±0.5 *** *** *** 

Biomarkers of inflammation and endothelial activation 

a Log hs-CRP 

(mg/L) 

0.58 ± 0.3 0.52 ± 0.3 0.54 ± 0.3 NS 

aLog IL-6 (pg/ml) 0.65 ± 0.2 0.67 ± 0.2 0.63 ± 0.3 NS 

aLog sICAM-1 

(ng/ml) 

2.72 ± 0.2 2.76 ± 0.2 2.76 ± 0.2 NS 

aLog sVCAM-1 3.17 ± 0.3 3.06 ± 0.3 3.05 ± 0.3 NS 



M. T. Osman et al.          J Fundam Appl Sci. 2017, 9(6S), 331-349              339 
 

(ng/ml) 

aLog E-Selectin 

(ng/ml) 

1.71 ± 0.2 1.72 ± 0.3 1.68 ± 0.3 NS 

Data are expressed as amean±SD, or bpercentage. * p<0.05, ** p<0.01, *** p<0.001, NS: not 

significant 

MSDM: metabolic syndrome with diabetes mellitus; MSIFG: metabolic syndrome with 

impaired fasting glucose; MSNG: metabolic syndrome with normoglycemia; BMI: body mass 

index; WC: waist circumference; BP: blood pressure; TC: total cholesterol; HDL-c: high 

density lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; hs-CRP: high 

sensitivity C-reactive protein; IL-6: interleukin-6; sICAM-1: soluble intercellular adhesion 

molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1. 

Table 3 shows that in the MS subgroups (MSDM, MSIFG and MSNG), glycaemic status did 

not show any association with the quartiles of all biomarkers except for IL-6 which showed 

only marginal association (p=0.048, Table 4). 

Based on Pearson’s correlation analysis performed on all subjects, BMI and WC were shown 

to have small but significant positive correlations with hsCRP, sICAM-1, E-selectin (p<0.001) 

and IL-6 (p<0.01). Meanwhile, positive correlations were observed between TG and 

E-selectin and between blood pressure and sVCAM-1 and E-selectin (p<0.001). HDL-c was 

shown to be inversely correlated with the endothelial activation biomarkers. Glucose showed 

positive correlations with hsCRP, sVCAM-1 and E-selectin. However, glucose concentration 

did not show correlation with any biomarker when Pearson’s correlation analysis was 

performed in MS subjects only (Table 4). 

 



M. T. Osman et al.          J Fundam Appl Sci. 2017, 9(6S), 331-349              340 
 

Table 3. Association between glycaemic status in MS subjects with quartiles of biomarkers of 

inflammation and endothelial activation 

Biomarker 
 MSDM 

n (%) 

MSIFG 

n (%) 

MSNG 

n (%) 
p-Value 

Log hs-CRP (mg/L) 

Q1: < 0.30  7 (4.1) 22 (12.9) 13 (7.6) 

NS 
Q2: 0.30-0.53  15 (8.8) 15 (8.8) 13 (7.6) 

Q3: 0.54-0.78  13 (7.6) 14 (8.2) 12 (7.0) 

Q4: ≥ 0.79  16 (9.4) 18 (10.5) 13 (7.6) 

Log IL-6 (pg/ml) 

Q1: < 0.53  15 (7.3) 12 (5.8) 24 (11.7) 

0.048 
Q2: 0.53-0.62  13 (6.3) 23 (11.2) 11 (5.3) 

Q3: 0.63-0.76  16 (7.8) 28 (13.6) 12 (5.8) 

Q4: ≥ 0.77  16 (7.8) 20 (9.7) 16 (7.8) 

Log sICAM-1 (ng/ml) 

Q1: < 2.63  15 (7.0) 22 (10.3) 14 (6.6) 

NS 
Q2: 2.63-2.73  18 (8.5) 19 (8.9) 13 (6.1) 

Q3: 2.74-2.86  14 (6.6) 19 (8.9) 24 (11.3) 

Q4: ≥ 2.87  12 (5.6) 26 (12.2) 17 (8.0) 

Log sVCAM-1 (ng/ml) 

Q1: < 2.88  9 (4.1) 21 (9.6) 22 (10.1) 

NS 
Q2: 2.88-3.05  15 (6.9) 26 (11.9) 13 (6.0) 

Q3: 3.06-3.33  13 (6.0) 22 (10.1) 20 (9.2) 

Q4: ≥ 3.34  24 (11.0) 19 (8.7) 14 (6.4) 

Log E-Selectin (ng/ml) 

Q1: < 1.49  10 (4.5) 27 (12.3) 17 (7.7) 

NS 
Q2: 1.49-1.68  21 (9.5) 17 (7.7) 17 (7.7) 

Q3: 1.69-1.90  20 (9.1) 17 (7.7) 17 (7.7) 

Q4: ≥ 1.91  11 (5.0) 28 (12.7) 18 (8.2) 

MSDM: metabolic syndrome with diabetes mellitus; MSIFG: metabolic syndrome with 
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impaired fasting glucose; MSNG: metabolic syndrome with normoglycemia; hs-CRP: high 

sensitivity C-reactive protein; IL-6: interleukin-6; sICAM-1: soluble intercellular adhesion 

molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1; NS: not significant. 

Table 4. Correlation between biomarkers of inflammation and endothelial activation with 

components of metabolic syndrome 

Parameters Log hsCRP 

(mg/L) 

Log IL-6 

(pg/ml) 

Log 

sICAM-1 

(ng/ml) 

Log 

sVCAM-1 

(ng/ml) 

Log 

E-Selectin 

(ng/ml) 

aBMI 

(kg/m2) 

0.284*** 0.148** 0.229*** 0.086 0.273*** 

aWC 

(cm) 

0.239*** 0.156** 0.259*** 0.090 0.332*** 

aHDL-c 

(mmol/L) 

0.006 0.030 -0.098* -0.142** -0.274*** 

aTG 

(mmol/L) 

0.011 0.006 0.073 0.087 0.240*** 

aSBP 

(mmHg) 

0.074 0.045 -0.004 0.200*** 0.262*** 

aDBP 

(mmHg) 

0.061 0.149** 0.066 0.176*** 0.229*** 

aGlucose 

(mmol/L) 

0.143** 0.002 0.082 0.180*** 0.119** 

bGlucose 

(mmol/L) 

0.102 0.005 0.072 0.111 -0.019 

Data are expressed as Pearson’s correlation coefficient (r) analyzed in aall subjects or b 

metabolic syndrome subjects only; ***p<0.001, **p<0.01, *p<0.05, NS: not significant; 

hs-CRP: high sensitivity C-reactive protein; IL-6: interleukin-6; sICAM-1: soluble 

intercellular adhesion molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1; BMI: 

body mass index; WC: waist circumference; HDL-c: high density lipoprotein cholesterol; TG: 
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triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure. 

The summary of the multiple linear regression analysis performed in all subjects is presented 

in Table 5. Using log hsCRP as the dependent variable, we found that BMI, log sVCAM-1, 

log IL-6, the female gender, glucose were the independent determinants (R2=0.182, p=0.0001); 

while log IL-6 was independently associated with log hsCRP, and DBP (R2=0.241, p=0.0001). 

Waist circumference (B=0.004) and age (B=0.006) were the independent determinant of log 

sICAM-1 (R2=0.067, p=0.0001) and log E-selectin (R2=0.022, p= 0.001) respectively while 

log hs-CRP and glucose were the significant determinants of log sVCAM-1 (R2=0.252, 

p=0.0001).  

Table 5. Multiple linear regression analysis in all subjects using inflammation and endothelial 

activation biomarkers as the dependent variable 

Dependent 

Variable 

Independent 

Variable 

Coefficient S.E. 95% Confidence 

Interval 

p-Value 

Log hs-CRP 

BMI 0.017 0.003 0.010, 0.024 0.0001 

Log 

sVCAM-1 0.135 0.052 0.034, 0.237 0.009 

Log IL-6 0.192 0.070 0.055, 0.329 0.006 

Female 0.091 0.033 0.027, 0.155 0.006 

Glucose 0.014 0.006 0.003, 0.025 0.010 

Indian 0.242 0.102 0.041, 0.444 0.019 

Log IL-6 

Log hs-CRP 0.136 0.042 0.054, 0.218 0.001 

Bumiputera 0.480 0.215 0.058, 0.902 0.026 

DBP 0.002 0.001 0.0001, 0.004 0.033 

Log sICAM-1 WC 0.004 0.001 0.003, 0.006 0.0001 

Log sVCAM-1 
Log hs-CRP 0.180 0.056 0.070, 0.291 0.002 

Glucose 0.017 0.006 0.006, 0.028 0.004 

Log E-selectin Age 0.006 0.002 0.002, 0.009 0.001 

hs-CRP: high sensitivity C-Reactive Protein; BMI: body mass index; sVCAM-1: soluble 

Vascular Cell Adhesion Molecule-1; IL-6: Interleukin-6; DBP: diastolic blood pressure; 
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sICAM-1: soluble Intercellular Cell Adhesion Molecule-1; WC: waist circumference. 

The present study demonstrated that subjects with MS have an enhanced inflammation and 

endothelial activation status compared to normal controls which was reflected by the 

significantly higher hsCRP, IL-6, sICAM-1, sVCAM-1 and E-selectin concentrations. It is 

interesting to note that more elevated concentrations of sVCAM-1 and E-selectin were 

observed in subjects with MS compared to NS group. The increase in biomarkers may be 

attributed to MS components other than WC such as TG, HDL, BP and glucose. A 

significantly higher proportion of MS subjects were also found in the highest quartile of each 

biomarker of inflammation and endothelial activation compared to NC group. All these 

findings reinforce the results of previous researches associating MS with biomarkers of 

inflammation [22-23] and endothelial activation [22,24]. 

Subjects of MS demonstrated an augmented inflammatory and endothelial activation state. 

They have higher concentrations of all biomarkers compared to normal controls. Our findings 

are in keeping with previous studies which have reported a significant association between 

elevated hsCRP[25-27] and IL-6 [25-26] and E-selectin[27]. In this present study, small but 

significant positive correlations were observed between BMI and WC with concentrations of 

hsCRP, IL-6, sICAM-1 and E-selectin. Multiple regression analysis revealed BMI as one of 

the significant determinants of hsCRP, while WC was the only independent determinant of 

sICAM-1.These findings are in agreement with previous studies which demonstrated higher 

concentration of prothrombogenesis and inflammatory biomarkers represented by PAI-1, IL-6 

and hs-CRP in metabolic syndrome subjects [22,28-29]. Thus, these findings support the 

proposition that there is enhanced prothromboticand pro-inflammatory states in individual 

with metabolic syndrome. 

Indeed several studies have suggested that inflammation is a key player in the development of 

CHD and a number of studies have found that several circulating molecules involved in 

inflammation such as sICAM-1, hsCRPpredict risk of CHD [11]. Moreover, raised circulating 

levels of adhesion molecules are thought to indicate a state of endothelial activation with 

consequent induction of immunological activity [30-31]. Levels of sICAM-115 but not 

sVCAM-141 predict future cardiovascular events. Although adhesion molecules have also 

been implicated in the pathogenesis of diabetes mellitus [32-33], there is little information 
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about their relationship with metabolic control or their potential role in the pathogenesis of 

complications [11].  

In the present study, the BMI and WC were shown to have small but significant positive 

correlations with hsCRP, sICAM-1, E-selectin (p<0.001) and IL-6 (p<0.01) and glucose 

showed positive correlations with hsCRP, sVCAM-1 and E-selectin. Actually, a number of 

prospective studies have shown that hs-CRP levels predict development of diabetes mellitus 

in different non-diabetic populations regardless the degree of adiposity, fat distribution and 

insulin resistance. All these studies were included in a review and meta-analysis which 

provided further evidence that elevated CRP levels are significantly associated with increased 

risk of T2DM (relative risk [RR] 1.26 [95% confidence interval or CI 1.16-1.37]) [34]. This 

meta-analysis also detected a significant dose response association between IL-6 (its inducer) 

and T2DM risk (RR 1.31 [95% CI 1.17-1.46]) [18,34]. However, since hs-CRP plasma levels 

have been associated with cardiovascular diseases and death in the general population [35] 

and in patients with metabolic syndrome [36], an important question is the possible 

association of inflammatory markers with these risks in T2DM patients. The Hoorn 

population-based study was the first to show that CRP is a predictor of mortality in T2DM 

individuals over a 5- to 7-year period [11,37].  

In current study, the concentration of coronary risk biomarkers was similar across the 

metabolic syndrome subjects irrespective of their glycaemic status. This study further 

revealed that in this cohort of subjects, diastolic blood pressure is the independent predictor 

for high mean concentration of IL-6. However, the present study failed to demonstrate the 

association between fasting plasma glucose with any of the coronary risk biomarkers. The 

present data also raises a question on whether additional elevation of these biomarkers is 

associated with the severity of each metabolic syndrome parameter (e.g. established T2DM vs. 

newly diagnosed T2DM) or whether it is due to the number of metabolic syndrome 

parameters involved (e.g. having 4 metabolic syndrome parameters vs. 5 metabolic syndrome 

parameters). Therefore, it is recommended that future studies should include a longitudinal 

design in order to ascertain the influence of each metabolic syndrome parameter severity 

especially glycaemic status, from glucose intolerance to newly diagnose T2DM and 

established T2DM on the biomarkers concentration. 
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4. CONCLUSION  

MS subjects irrespective of glycaemic status have enhanced inflammation and endothelial 

activation compared to normal controls, which may partially explain their increased risk of 

developing coronary heart disease. This study further revealed that diastolic blood pressure is 

the independent predictor for high mean concentration of IL-6. However, the present study 

failed to demonstrate the association between fasting plasma glucose with any of the coronary 

risk biomarkers.  
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