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INTRODUCTION
Metabolic syndrome (MS) is considered to be a 

significant risk factor for type 2 diabetes mellitus and 
cardiovascular disease1. An overall 23.7% prevalence 
of metabolic syndrome is recently reported in the U.S. 
adults of above 20 years age2,3. Marjani et al. showed 
that metabolic syndrome and lipid peroxidation alter in 
different ethnic and age groups and in different diseas-
es4-15. 

Oxidative stress occurs when there is instability be-
tween anti-oxidants system and reactive oxygen spe-
cies. This instability leads to oxidative damage16 and 
has been shown to play a key role in the causation of 
different pathologies17. Studies have indicated that glu-
cose uptake by muscle and fat cell is altered by oxida-
tive stress18,19. Moreover, pancreas secrets insulin in a 
decreased amount20.

Oxidative stress may be increased by constituents 
of metabolic syndrome (type 2 diabetes, hypertension, 
insulin resistance, dyslipidemia, visceral obesity)21-23 

and vascular disease24. These diseases may associate 
with metabolic syndrome. Elevated oxidative and in-
flammatory stress has been shown to be significantly 
contributing in the beginning and development of ath-
erosclerotic vascular disease in different studies25,26. It 
has reported that low density lipoprotein oxidation as 
a marker of oxidative stress increased in patients with 
coronary heart disease25 and subclinical atherosclero-
sis27. It has been shown that the metabolic syndrome 
has an association with elevated oxidative stress and 
inflammatory burden28,29. The risk of coronary heart dis-
ease was seen more in obese subjects with metabolic 
syndrome30. IL-6 is a pro-inflammatory cytokine and is 
secreted in atherosclerotic lesions by smooth muscle 
cells and macrophages31,32. Adipocytes and white blood 
cells secret plasma IL-633-39. 

Studies have indicated that there is an association 
between IL-6 and increased risk of coronary heart dis-
ease40-43 as well as type 2 diabetes mellitus. It has shown 
that IL-6 has principal role in the relationship among in-
flammation, obesity and cardiovascular disease44. 

This article may be cited as: Sarbijani HM, Khoshinia M, Marjani A. The association between metabolic syndrome 
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ABSTRACT
Objective: There are limited studies on the relationship between inflamma-
tory marker such as IL-6 and lipid peroxidation and metabolic syndrome. The 
aim of present study was to assess IL-6 and lipid peroxidation in subjects with 
and without the metabolic syndrome and their association with metabolic 
syndrome components. 

Methodology: Age and gender matched 40 subjects with metabolic syn-
drome and 40 control groups took part in this study. 

Results: The mean malondialdehyde level was significantly higher in over-
weight and obese subjects with metabolic syndrome than control groups 
(P<0.05). The mean level of IL-6 in men and the mean level of malondialde-
hyde in women with metabolic syndrome was significantly higher than con-
trol groups (p < 0.05). There were significant positive correlation between 
malondialdehyde and fasting blood glucose, triglyceride and systolic blood 
pressure (p<0.05). 

Conclusion: Our results suggest that higher levels of IL-6 and malondialde-
hyde may cause insulin resistance and metabolic disorders in all subjects with 
metabolic syndrome. Malondialdehyde level shows strong association with 
some metabolic syndrome components. This means the greater risk of met-
abolic syndrome.

Key Words: Metabolic Syndrome, Lipid peroxidation, Interleukin-6

1-3 Gorgan Faculty of Medi-
cine, Golestan University of 
Medical Sciences, Gorgan, 
Golestan Province, Iran.
Address for correspondence:
Dr. Abdoljalal Marjani
Professor, Department of Bio-
chemistry and Biophysics, 
Metabolic Disorders Research 
Center, Gorgan Faculty of 
Medicine, Golestan University 
of Medical Sciences, Gorgan, 
Golestan province, Iran.
E-mail: abdoljalal@yahoo.com
Date Received:
March 08, 2015
Date Revised:
November 27, 2015
Date Accepted:
December 03, 2015



JPMI VOL. 29 NO. 4 265

THE ASSOCIATION BETWEEN METABOLIC SYNDROME AND SERUM LEVELS OF MALONDIALDEHYDE & IL-6

It has been shown that IL-6 was a significant factor in 
the etio-pathogenesis of cardiovascular disease, obesity 
and inflammatory process44.

Some other findings have shown that increased in-
terleukin (IL)-6 is a marker of systemic inflammation and 
diagnostic marker of future cardio-vascular events45-46. 
Clinical studies showed that the level of interleukin-6 
(IL-6) is used as inflammatory marker for diagnosis of 
early stages of coronary artery disease47. Low-grade in-
flammation was recently reported as one of the com-
ponents of metabolic syndrome47,48. There are limited 
studies on the relationship between inflammatory 
marker such as IL-6 and lipid peroxidation and meta-
bolic syndrome. The aim of present study was to assess 
IL-6 and lipid peroxidation in subjects with and without 
the metabolic syndrome and their association with met-
abolic syndrome components.

METHODOLOGY
Age and gender matched 40 subjects with metabolic 

syndrome and 40 control groups took part in this study. 
Blood samples were collected after overnight fast-
ing from all subjects who were referred to the Jelleyin 
health center in Golestan University of Medical Scienc-
es, 2014. Commercial kit (With the use of photometer 
techniques, Model CLINIC II-Photometer) were used for 
determination of serum fasting glucose, triglycerides, 
LDL-cholesterol and HDL-cholesterol levels in the 
Metabolic Disorders Research Center, Gorgan Faculty 
of Medicine. Weight measurement of all subjects was 
done, using digital scales, while subjects were without 
shoes and minimally clothed. 

Using a tape meter, height was measured in stand-
ing position. Body mass index (BMI) was calculated 
as weight in kilograms divided by height in meters 
squared. Subjects with BMI=25.0-29.9 Kg/m2 and BMI 
≥30 Kg/m2 were indicated as overweight and obese 
subjects, respectively49. Waist circumferences were de-
termined at the point halfway between the lower border 
of ribs and the iliac crest in a horizontal plane50. Systol-
ic and diastolic blood pressure was measured in sitting 
position in the right hand. Subjects with 3 or more of 

the below mentioned criteria were considered as having 
metabolic syndrome subjects according to Adult Treat-
ment Panel III definition51: 

A. Waist circumference >102 cm in men and >88 cm 
in women. 

B. Serum triglycerides level ≥ 150 mg/dl.

C. Low HDL-cholesterol: < 40 mg/dl in men and < 50 
mg/dl in women.

D. Systolic blood pressure (SBP) ≥ 130 mmHg and/or 
diastolic blood pressure (DBP) ≥ 85 mmHg or on treat-
ment for hypertension.

E. Serum glucose level ≥110 mg/dl or on treatment 
for diabetes. 

Serum IL-6 (Picogram/mL) and malondialdehyde 
(Nano mol/L) were determined by Immunoassay (LOT: 
IL6041453, REF: EIL06001, Germany) and Kei Satoh (us-
ing spectrophotometer technique, JENWAY6305) [52] 
methods, respectively ((the level of lipid peroxidation 
expressed as Malondialdehyde (MDA)). Collected data 
was analyzed using SPSS–16 version software. Data 
was expressed as percentage and means and standard 
deviations were carried out. Chi squared, independent 
sample t and Pearson’s correlation tests were used to 
evaluate data. Statistical differences were considered 
significant if p<0.05.

RESULTS
The clinical and biochemical data of the subjects with 

metabolic syndrome and control group are shown in Ta-
ble1. The mean malondialdehyde level was significantly 
higher in overweight and obese subjects with metabolic 
syndrome than control groups (P<0.05). Table 2 shows 
characteristic of the men and women with metabolic 
syndrome and control groups. The mean level of IL-6 in 
men and the mean level of malondialdehyde in women 
with metabolic syndrome were significantly higher than 
control groups (p < 0.05). Correlation between metabolic 
syndrome components and IL-6 and malondialdehyde 
are shown in Table 3. There were significant positive cor-
relation between malondialdehyde and fasting blood 

Table 1: Characteristics of subjects with metabolic syndrome and control groups.
Parameter Parameter Subject with meta-

bolic syndrome
Control groups P-value

Age (years) 48.50±7.80 46.20±9.70 0.227
BMI (kg/m2) 29.95±3.82 26.35±4.14 0.0001

Overweight
IL-6 (pgm/L) 3.74±0.24 3.50±0.01 0.342
Malondialdehyde(nmol/L) 3.40±0.20 1.90±0.19 0.02

Obese
IL-6 (pgm/L) 6.85±2.07 4.40±0.93 0.063
Malondialdehyde (nmol/L) 3.58±050 1.89±0.15 0.01
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glucose, triglyceride and systolic blood pressure (p<0.05). 
There were no significant correlation between IL-6 and 
other metabolic syndrome components. There were no 
significant correlation between IL-6 and malondialde-
hyde ( P= 0.917, not shown in result section).

DISCUSSION
In present study, we observed that the levels of IL-6 

were significantly higher in subjects with the metabolic 
syndrome (Table 1). Studies have shown that there is an 
association between the participation of IL-6 and sys-
temic inflammatory responses that leads to metabolic 
syndrome53,54. Higher levels of IL-6 in men than in wom-
en show that abdominal obesity, which is more prev-
alent in men, causes more proatherogenic cytokines 
production. This may show that men are in higher risk 
for cardiovascular diseases than women55,56. Men hav-
ing higher IL-6 levels than women, is not in agreement 
with some other studies53,57. IL-6, as a pro-inflammatory 
cytokine was higher in obese subjects than overweight 
subjects with metabolic syndrome. This may shows a re-
lationship between obesity and IL-6 levels58. Some stud-

ies have indicated that serum IL-6 are not associated 
with metabolic syndrome59,60. It revealed that IL-6 has an 
important role in development of insulin resistance44,61 
while some other studies reported IL-6 prevents insulin 
resistance62. 

Our results showed that there were no significant 
correlation between IL-6 and metabolic syndrome com-
ponents. Thus, in contrast to some other studies, the 
use of IL6 as a marker for the diagnosis of metabolic 
syndrome may not be suggested59. Oxidative stress may 
play a significant role in the development of metabolic 
syndrome23. In the present study malondialdehyde lev-
el was high in subjects with metabolic syndrome which 
is not in agreement with some studies63,64 while it is in 
agreement with some other16. The results of this study 
show that the metabolic syndrome intensifies oxidative 
stress in subjects. The present study also shows that ox-
idative stress was significantly higher in overweight and 
obese subjects with metabolic syndrome in compar-
ison with subjects without metabolic syndrome which 
is in agreement with the findings of other studies that 
they have shown independent association of obesity 

Table 2: Characteristics of subjects with metabolic syndrome and control groups in men and women
Parameter Subject with meta-

bolic syndrome
Control groups P-value

Men

Number of subjects 
(%)

18(100%) 18(100%)

Age (years) 49.11±8.74 45.72±11.40 0.324
BMI (kg/m2) 30.88±3.53 25.98 ±2.34 0.0001
IL-6 (pg/mL) 7.14±0.24 3.50±0.01 0.0001
Malondialdehyde 
(nmol/L)

3.36±0.23 2.01±0.11 0.262

Women

Number of subjects 
(%)

22(55%) 22(55%)

Age (years) 48±7.11 46.59±6.86 0.507
BMI (kg/m2) 29.18±3.96 26.65±5.01 0.071
IL-6 (pg/mL) 3.77±0.21 3.92±0.42 0.351
Malondialdehyde 
(nmol/L)

3.65±0.45 1.75±0.14 0.001

Table 3: Correlation between metabolic syndrome components and IL-6 and Malondialdehyde
Parameters Malondialdehyde (nmol/L) IL-6 (pg/L)

r P-value r P-value
Glucose(mg/dl) 0.474 0.0001 -0.007 0.948
Triglyceride(mg/dl) 0.224 0.003 0.065 0.565
HDL-C(mg/dl) 0.064 0.573 -0.131 0.247
Waist Circumference(cm) 0.388 0.0001 0.193 0.256
Systolic blood pressure 0.232 0.038 0.126 0.256
Diastolic blood pressure 0.151 0.183 0.054 0.637
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and metabolic syndrome with elevated oxidative stress 
and inflammatory burden28,29,45,46. In the present study, 
we also determined the correlations between oxidative 
stress and metabolic syndrome components. Our find-
ings showed that the oxidative stress was positively cor-
related with triglyceride, glucose, systolic blood pres-
sure and waist circumference (Table 3). Therefore, it can 
be suggested that subjects with metabolic syndrome 
may have a higher level of oxidative stress. In gener-
al, abdominal obesity has been seen in subjects with 
metabolic syndrome. Obesity causes oxidative stress 
that may lead to the decrease of antioxidant enzymes 
activities65. This may have influence on inflammation 
which plays a pathogenic role in the development and 
progression of metabolic syndrome66. 

CONCLUSION
Our results suggest that higher levels of IL-6 and 

malondialdehyde may cause insulin resistance and 
metabolic disorders in all subjects with metabolic syn-
drome. Malondialdehyde level shows strong associa-
tion with some metabolic syndrome components. 

REFERENCES
1.	 Ferrannini E, Haffner SM, Mitchell BD, Stern MP. Hyper 

insulin anemia: the key feature of a cardiovascular and 
metabolic syndrome. Diabetologia 1991; 34:416–22.

2.	 Shrestha S, Das BKL, Baral N and Chandra L. Association 
of metabolic syndrome and its components with thyroid 
dysfunction in females. Int J Diabetes Dev Ctries 2007; 
27:24-6. 

3.	 Pandey S, Baral N, Majhi S, Acharya P, Karki P, Shrestha 
S, et al. Prevalence of the metabolic syndrome in acute 
myocardial infarction and its impact on hospital out-
comes. Int J Diabetes Dev Ctries 2009; 29:52-5.

4.	 Marjani A, Hezarkhani S, Shahini N. Prevalence of Meta-
bolic Syndrome among Fars Ethnic Women in North East 
of Iran. World J Med Sci 2012; 7: 17-22. 

5.	 Shahini N, Shahini I, Marjani A. Prevalence of Metabolic 
syndrome in Turkmen Ethnic Groups in Gorgan. J Clin Di-
agn Res 2013; 7:1849-51. 

6.	 Marjani A, Shahini N, Atabay OA, Tabari RG. Prevalence 
of Metabolic Syndrome among Sistanee Ethnic Women. 
Advan Stud Biology 2012; 4:363–72. 

7.	 Marjani A, Shahini N. Age related metabolic syndrome 
among Fars ethnic women in Gorgan, Iran. J Pharm 
Biomed Sci 2013; 30:929-35. 

8.	 Marjani A, Moghassemi SA. The Metabolic Syndrome 
among Postmenopausal Women in Gorgan. Int J Endocri-
nol 2012; 2012:1-6.

9.	 Marjani A, Veghari G, Badeleh MT. Serum lipid peroxida-

tion and leptin levels in male and female type 2 diabet-
ic patients in Gorgan (South East of Caspian Sea), Iran. J 
Chin Clin Med 2010; 5:26-35.

10.	 Marjani A, Mansourian AR, Ghaemi EO, Ahmadi A, Khori 
V.  Lipid peroxidation in the serum of hypothyroid pa-
tients (In Gorgan-South East of Caspian Sea). Asian J Cell 
Biol 2008; 3: 47-50. 

11.	 Marjani A, Mansourian AR, Veghari GR, Rabiee MR. 
Age-related alterations of plasma lipid peroxidation and 
erythrocyte superoxide dismutase activity in different 
ethnic groups of Gorgan. J App Sci 2007; 7:1795-9.

12.	 Marjani A, Moradi A, Saeedi M. Plasma lipid peroxidation 
zinc and erythrocyte cu-zn superoxide dismutase enzyme 
activity in patients with type 2 diabetes mellitus in Gor-
gan City (South East of the Caspian Sea). J Med Sci 2007; 
7:585-90.

13.	 Marjani A. Alterations in plasma lipid peroxidation and 
total antioxidant status during storage of blood. Pak J Biol 
Sci 2006; 9:2520-3.

14.	 Marjani A. Effect of haemodialysis on plasma lipid per-
oxidation and endogenous non-enzymic antioxidants 
in Gorgan (South East of Caspian Sea). J Med Sci 2006; 
6:681-5.

15.	 Marjani A. Age-related alterations of plasma lipid perox-
idation and erythrocyte superoxide dismutase activity in 
different age groups of Gorgan City, Iran. Saudi Med J 
2005; 26:1647-8.

16.	 Higdon JV, Frei B. Obesity and oxidative stress; a direct 
link to CVD? Arterioscler Thromb Vasc Biol 2003; 23:365-
7.

17.	 Brownlee M. Biochemistry and molecularcell biology of 
diabetic complications. Nature 2001; 414:813–20.

18.	 Maddux BA, See W, Lawrence JC Jr. Goldfine AL, Goldfine 
ID, Evan JL. Protection against oxidative stress-induced 
insulin resistance in rat L6 muscle cells by micromolar 
concentrations of lipoic acid. Diabetes 2001; 50:404–10.

19.	 Rudich A, Tirosh A, Potashnik R, Hemi R, Kanety H, Bashan 
N. Prolonged oxidative stress impairs insulin-induced 
GLUT4 translocation in 3T3-L1 adipocytes. Diabetes 1998; 
47:1562–9.

20.	 Matsuoka T, Kajimoto Y, Watada H, Kaneto H, Kishimoto 
M, Umayahara Y, et al. Glycation-dependent, reactive ox-
ygen species-mediated suppression of the insulin gene 
promoter activity in HIT cells. J Clin Invest 1997; 99:144–
50.

21.	 Ceriello A, Quatraro A, Giugliano D. Diabetes mellitus 
and hypertension: the possible role of hyperglycaemia 
through oxidative stress. Diabetologia 1993; 36:265–6.

22.	 Giugliano D, Ceriello A, Paolisso G. Diabetes mellitus, hy-
pertension, and cardiovascular disease: which role for ox-



JPMI VOL. 29 NO. 4 268

THE ASSOCIATION BETWEEN METABOLIC SYNDROME AND SERUM LEVELS OF MALONDIALDEHYDE & IL-6

idative stress? Metabolism 1995; 44: 363–8.

23.	 West IC. Radicals and oxidative stress in diabetes. Diabet 
Med 2000; 17:171–80.

24.	 Giugliano D. Dietary antioxidants for cardiovascular dis-
ease prevention. Nutr Metab Cardiovasc Dis 2000; 10:38–
44.

25.	 Toshima S, Hasegawa A, Kurabayashi M, Itabe H, Takano T, 
Sugano J, et al. Circulating oxidized low density lipopro-
tein levels: a biochemical risk marker for coronary heart 
disease. Arterioscler Thromb Vasc Biol 2000; 20:2243–7.

26.	 Libby P, Ridker PM, Maseri A. Inflammation and athero-
sclerosis. Circulation 2002; 105:1135–43.

27.	 Wallenfeldt K, Fagerberg B, Wikstrand J, Hulthe J. Oxi-
dized low-density lipoprotein in plasma is a prognostic 
marker of sub clinical atherosclerosis development in 
clinically healthy men. J Intern Med 2004; 256:413–20.

28.	 Hansel B, Giral P, Nobecourt E, Chantepie S, Bruckert E, 
Chapman MJ, et al. Metabolic syndrome is associated 
with elevated oxidative stress and dysfunctional dense 
high-density lipoprotein particles displaying impaired 
anti-oxidative activity. J Clin Endocrinol Metab 2004; 
89:4963–71.

29.	 Festa A, D’Agostino R Jr, Howard G, Mykkanen L, Tracy 
RP, Hattner. Chronic subclinical inflammation as part of 
the insulin resistance syndrome: the Insulin Resistance 
Atherosclerosis Study (IRAS). Circulation 2000; 102:42–7.

30.	 Lakka HM, Laaksonen DE, Lakka TA, Nishkanen LK, Kum-
pusalo E, Tuomilehto J, et al. The metabolic syndrome and 
total and cardiovascular disease mortality in middle-aged 
men. J Am Med Asso 2002; 288:2709 –16. 

31.	 Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R. 
Metabolic syndrome: a comprehensive perspective based 
on interactions between obesity, diabetes, and inflamma-
tion. Circulation 2005; 111:1448–54.

32.	 Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. Adi-
ponectin and Metabolic Syndrome. Arterioscler Thromb 
Vasc Biol 2004; 24: 29–33.

33.	 Hansson GK. Inflammation, atherosclerosis, and coronary 
arterydisease. N Engl J Med 2005; 352:1685–95.

34.	 Papanicolaou DA, Wilder RL, Manolagas SC, Chrousos GP. 
The pathophysiologic roles of interleukin-6 in human dis-
ease. Ann Intern Med 1998; 128: 127–37. 

35.	 Heinrich PC, Castell JV, Andus T. Interleukin-6 and the 
acute phase response. Biochem J 1990; 265:621–36.

36.	 Fernandez-Real JM, Ricart W. Insulin resistance and 
chronic cardiovascularinflammatory syndrome. Endocr 
Rev 2003; 24:278–301.

37.	 Zuliani G, Volpato S, Ble A, Bandinelli S, Corsi AM, Laure-

tani F, et al. High interleukin-6 plasma levels are asso-
ciated with low HDL-C levels in community-dwelling 
older adults: the In Chianti study. Atherosclerosis 2007; 
192:384–90.

38.	 Choi KM, Ryu OH, Lee KW, Seo JA, Kim SG, Kim NH, et al. 
Serum adiponectin, interleukin-10 levels and inflammato-
ry markers in the metabolic syndrome. Diabetes Res Clin 
Pract 2007; 75:235–40.

39.	 Hung J, McQuillan BM, Chapman CM, Thompson PL, Bei-
lby JP. Elevated interleukin-18 levels are associated with 
the metabolic syndrome independent of obesity and 
insulin resistance. Arterioscler Thromb Vasc Biol 2005; 
25:1268–73.

40.	 Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma 
concentration of interleukin-6 and the risk of future myo-
cardial infarction among apparently healthy men. Circula-
tion 2000; 101: 1767–72.

41.	 Jenny NS, Tracy RP, Ogg MS, Luong le A, Kuller LH, Arnold 
AM, et al. In the elderly, interleukin-6 plasma levels and 
the -174G>C polymorphism are associated with the de-
velopment of cardiovascular disease. Arterioscler Thromb 
Vasc Biol 2002; 22: 2066–71.

42.	 Lowe GD, Rumley A, MacMahon AD, Ford I, O’Reilly DS, 
Packard CJ. West of Scotland Coronary Prevention Study 
Group.Interleukin-6, fibrin D-dimer, and coagulation fac-
tors VII and XIIa in prediction of coronary heart disease. 
Arterioscler Thromb Vasc Biol 2004; 24:1529–34.

43.	 Tuomisto K, Jousilahti P, Sundvall J, Pajunen P, Salomaa V. 
C-reactive protein, interleukin-6 and tumor necrosis fac-
tor alpha as predictors of incident coronary and cardio-
vascular events and total mortality. A population-based, 
prospective study. Thromb Haemost 2006; 95:511–8.

44.	 Yudkin JS, Kumari M, Humphries SE, Mohamed-Ali V. In-
flammation, obesity, stress and coronary heart disease: 
isinterleukin-6 the link? Atherosclerosis 2000. 148:209–14.

45.	 Keaney JF Jr, Larson MG, Vasan RS, Wilson PW, Lipinska I, 
Corey D, et al. Obesity and systemic oxidative stress: clini-
cal correlates of oxidative stress in the Framingham Study 
Arterioscler Thromb Vasc Biol 2003; 23:434 –9.

46.	 Festa A, D’Agostino R Jr, Williams K, Karter AJ, Mayer-Da-
vis EJ, Tracy RP, et al. The relation of body fat mass and 
distribution to markers of chronic inflammation. Int J 
Obes Relat Metab Disord 2001; 25:1407–15.

47.	 Luc G, Bard JM, Juhan-Vague I, Ferrieres J, Evans A, 
Amouyel P, et al. C-reactive protein, interleukin-6, and 
fibrinogen as predictors of coronary heart disease: 
the PRIME Study. Arterioscler Thromb Vasc Biol 2003; 
23:1255–61. 47.

48.	 Choi KM, Ryu OH, Lee KW, Kim HY, Seo JA, Kim SG, et al. 
Serum adiponectin, interleukin-10 levels and inflammato-
ry markers in the metabolic syndrome. Diabetes Res Clin 



JPMI VOL. 29 NO. 4 269

THE ASSOCIATION BETWEEN METABOLIC SYNDROME AND SERUM LEVELS OF MALONDIALDEHYDE & IL-6

Pract 2007; 75:235–40.

49.	 Altekin E, Çoker C, Şişman AR, Önvural B, Kuralay F, Kırımlı 
Ö. The relationship between trace elements and cardiac 
markers in acute coronary syndromes. J Trace Elem Med 
Biol 2005; 18:235-42.

50.	 World Health Organization. Obesity: Preventing and 
Managing the Global Epidemic. Report of a WHO Consul-
tation. [Online] 2004 [cited on 2015, August 25]. Available 
from URL: http://www.who.int/nutrition/publications/
obesity/WHO_TRS_894/en/.

51.	 Expert Panel on Detection. Evaluation and Treatment of 
High Blood Cholesterol in Adults. Executive Summary of 
the third report of the National Cholesterol Education 
Program (NCEP) expert panel on detection, Evaluation 
and treatment of high blood cholesterol in adults. (Adult 
Treatment Panel III). J Am Med Asso 2001; 285:2486-97.

52.	 Satoh K. Serum lipid peroxide in cerebrovascular disor-
ders determined by new colorimetric method. Clin Chim 
Acta 1978; 90:37-43.

53.	 Berg AH, Scherer PE. Adipose tissue, inflammation and 
cardiovascular disease. Circ Res 2005; 96: 939–49.

54.	 Hung J, McQuillan BM, Chapman CM, Thompson PL, Bei-
lby JP. Elevated interleukin-18 levels are associated with 
the metabolic syndrome independent of obesity and 
insulin resistance. Arterioscler Thromb Vasc Biol 2005; 
25:1268–73.

55.	 Drabkin DL, Austin JH. Spectrophotometric constants for 
common heamoglobin derivatives in human, dog and 
rabbit blood. J Biol Chem 1932; 98:719-33.

56.	 Bae JH, Bassenge E, Kim KB, Kim YN, Kim KS, Lee HJ et 
al. Post prandial hypertriglyceride miaimpair sendothe-
lial function by enhanced oxidant stress. Atherosclerosis 
2001; 155:517–23.

57.	 Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Mi-
yagawa Jet al. Paradoxical decrease of an adipose-spe-
cific protein,adiponectin, in obesity. Biochem Biophys Res 
Commun 1999; 257:79–83.

58.	 Bastard JP, Jardel C, Delattre J, Hainque B, Bruckert E, 
Oberlin F. Evidence for a link between adipose tissue in-
terleukin-6 content and serum C-reactive protein concen-

trations in obese subjects. Circulation 1999; 99:2221-2.

59.	 Salmenniemi U, Ruotsalainen E, Pihlajamaki J, Vauhkonen 
I, Kainulainen S, Punnonen K, et al. Multiple abnormali-
ties in glucose and energy metabolism and coordinated 
changes in levels of adiponectin, cytokines and adhesion 
molecules in subjects with metabolic syndrome. Circula-
tion 2004; 110:3842–8.

60.	 Choi KM, Lee J, Lee KW, Seo JA, Oh JH, Kim SG, et al. 
Comparison of serum concentrations of C-reactive pro-
tein, TNF-alpha, and IL 6 between elderly Korean women 
with normal andimpaired glucose tolerance. Diabetes Res 
Clin Pract 2004; 64:99–106.

61.	 Bermudez EA, Rifai N, Buring J, Manson JE, Ridker PM. 
Interrelationships among circulating IL-6, C-reactive pro-
tein, and traditional cardiovascular risk factors in women. 
Arterioscler Thromb Vasc Biol 2002; 22:1668–73.

62.	 Febbraio MA, Pedersen BK. Muscle-derived IL-6: mecha-
nisms for activationand possible biological roles. FASEB J 
2002; 16:1335–47.

63.	 Shrestha S, Chandra L, Aryal M, Das BKL, Pandey S, Baral 
N. Evaluation of Lipid Peroxidation and Antioxidants’ Sta-
tus in Metabolic Syndrome. Kathmandu Univ Med J 2010; 
8:382-6.

64.	 Romero FG, Moran MR. Hypomagnesemia, oxidative 
stress, inflammation and metabolic syndrome. Diabetes 
Metab Res Rev 2006; 22:471-6.

65.	 Karaouzene N, Merzouk H, Aribi M, Merzouk SA, Ber-
rouiguet AY, et al. Effects of the association of aging and 
obesity on lipids, lipoproteins and oxidative stress bio-
markers: a comparison of older with young men. Nutr 
Metab Cardiovasc Dis 2011; 21:792–9.

66.	 Shoelson SE, Herrero L, Naaz A. Obesity, inflammation, and 
insulin resistance. Gastroenterology 2007; 132:2169–80.

CONTRIBUTORS
HMS conceived the idea, planned the study, and 

drafted the manuscript. MK helped acquisition of 
data and did statistical analysis. AM drafted and crit-
ically revised the manuscript. All authors contributed 
significantly to the submitted manuscript.


