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 Abstract
 Objectives. Metabolic syndrome (MetS) is a 
cluster of metabolic abnormalities that is linked with 
increased circulating markers of oxidative stress and low-
grade inflammation. The link between inflammation and 
MetS is not yet fully understood. We aim to evaluate the 
relationship between the levels of pro and anti-inflammatory 
markers such as apolipoprotein A1 (Apo-A1), apolipoprotein 
B (Apo-B), interleukin (IL) 6, tumor necrosis factor alpha 
(TNF-α), fibrinogen and complement component 3 (C3) and 
adiponectin and MetS/MetS components.
 Methods. This study was a case-control study 
conducted in an outpatient internal medicine clinic of the 
Ondokuz Mayıs University Internal Medicine Department. 
A total of 108 subjects (59 female, 49 male) who were not 
under any dietary restrictions and older than 17 years were 
selected and divided into two groups (54 with MetS and 54 
healthy controls).
 Results. Increased levels of IL-6, C3 and Apo-B/
Apo-A1 ratios and decreased levels of Apo-A1 and TNF-α 
(except in patients with hypertriglyceridemia) were detected 
in the MetS group. Apo-A1 and TNF-α exhibited decreased 
levels, and IL-6, fibrinogen, C3 and Apo-B levels and 
Apo-B/Apo-A1 ratios increased as higher numbers of MetS 
criteria were met in the total study group.
 Conclusions. We found that inflammatory marker 
levels were not affected by an increased number of MetS 
criteria met in the MetS group although these levels 
increased in the control group with higher numbers of 
MetS components. The presence of a high number of MetS 
components does not have an additive pro-inflammatory 
contribution for subjects already diagnosed with MetS.

 Key words: Metabolic syndrome, inflammatory 
markers, abdominal obesity, hypertension, hyperglycemia, 
hypertriglyceridemia.

INTRODUCTION

 MetS is a cluster of metabolic abnormalities 
characterized by the following traits: hypertension, 

a fasting blood glucose greater than 100 mg/dL, 
increased waist circumference, hypertriglyceridemia 
and low high-density lipoprotein (HDL) cholesterol 
levels (1). In most cases, MetS is accompanied by 
obesity. In the last decade, adipose tissue was found to 
have roles other than functioning as a passive storage 
depot, including the secretion of a variety of molecules 
(members of the cytokine class) and involvement in 
immune modulation and inflammatory responses (2). 
As a result, with an increase in fat tissue, obesity is also 
associated with low-grade inflammation and increased 
levels of oxidative stress markers. Additionally, MetS 
has been independently linked with increased oxidative 
stress and inflammatory burden (3). Previous studies 
have also shown increased secretion of apolipoprotein 
B (Apo-B), uric acid, fibrinogen, plasminogen activator 
inhibitor 1, complement component 3 (C3), and several 
cytokines, including interleukin (IL) 6, IL-8, resistin, 
tumor necrosis factor alpha (TNF-α), C-reactive 
protein (CRP), in addition to reduced secretion of 
adiponectin in MetS (2, 4-5). Inflammatory markers 
are not currently included in the National Cholesterol 
Education Program Adult Treatment Panel III (NCEP 
ATP III) or World Health Organization (WHO) 
diagnostic criteria for MetS, but several studies claim 
that the pro-inflammatory state is a component of this 
syndrome. 
 The relationship between MetS and 
inflammation is not fully understood. One mechanism 
that could explain this linkage is the stimulation of 
hepatic CRP production from the cytokines, which 
originate from the adipose tissue. A second mechanism 
that could explain this may be related to the insulin 
resistance responsible for the increased production of 
cytokines (6).
 Various inflammatory markers were evaluated 
in MetS patients in different studies. We aim to evaluate 
the relationship between MetS/MetS components and 
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their associated levels of pro and anti-inflammatory 
markers such as apolipoprotein A (Apo-A1), Apo-B, 
IL-6, TNF-α, fibrinogen and C3) and adiponectin.

MATERIALS AND METHODS

 Patient selection
 This study was conducted in an outpatient 
internal medicine clinic of the Ondokuz Mayıs 
University Internal Medicine Department. The study 
protocol was approved by the Ethics Committee of 
Ondokuz Mayıs University and has been performed in 
accordance with the ethical standards as laid down in the 
1964 Declaration of Helsinki and its later amendments 
or comparable ethical standards. This study is a case-
control study evaluating the relationship between 
inflammatory markers and MetS criteria. Individuals 
with MetS were identified by meeting at least three 
out of the five criteria established by the National 
Cholesterol Education Program Adult Treatment 
Panel III (NCEP ATP III) (1). A total of 108 subjects 
(59 female, 49 male) who were not under any dietary 
restrictions and older than 17 years were selected and 
divided into two groups. The first group consisted of 
subjects meeting compatible clinical MetS criteria 
(n:54) and the second group of subjects without MetS 
(n:54). All individuals signed informed consent forms 
to participate in this study and answered questions about 
their age and their clinical and genetic backgrounds. 
Subjects with known or newly diagnosed renal disease, 
liver disease, hyperthyroidism, hypothyroidism, 
malignancy, rheumatologic or connective tissue disease 
or with histories of smoking, trauma or infection in the 
last two weeks were excluded from the study. None of 
the subjects in the control or study group were being 
treated with anti-inflammatory drugs during the time of 
the study.

 Anthropometric and blood pressure 
measurements
 Subjects were wearing light clothing and no 
shoes while measurements were taken. Weight was 
determined by the nearest 0.1 kg using a standardized 
electronic digital scale, and height was measured to 
the nearest 0.1 cm using a portable stadiometer. The 
body mass index (BMI) was calculated by dividing the 
subject’s weight (kg) by the square of the height (m2). 
Waist circumference (WC) was measured, at the end 
of a gentle expiration, midway between the lowest rib 
margin and the iliac crest. Systolic and diastolic blood 
pressure was measured twice in the right arm after 15 

minutes of rest in the seated position using a mercury 
sphygmomanometer with the cuff size adjusted to 
individual arm circumferences.

 Metabolic evaluation
 Blood samples were obtained by venipuncture 
into vacutainer tubes early in the morning after a 
12-hour fasting period. Serum was separated by 
centrifugation, and total cholesterol (TC), triglycerides 
(TG), HDL–cholesterol (HDL-c), creatinine, alanine 
aminotransferase, aspartate aminotransferase and 
glucose were measured using the Roche Cobas Integra 
800 autoanalyzer. The concentration of low-density 
lipoprotein cholesterol (LDL-c) was calculated using the 
Friedewald Equation of LDL-c = TG-(HDL-c + (TG/5)). 
 The serums TNF-α and IL-6 were measured 
using a commercially available highly sensitive enzyme-
linked immunosorbent assay (ELISA) kit (DIAsource, 
Belgium), (Reference Range (RR): TNF-α < 0.7 pg/
mL and IL-6 < 2 pg/mL). The adiponectin serum 
concentration was measured using the sandwich ELISA 
(Biovendor, The Czech Republic), (RR: < 0.47 ng/mL). 
The fibrinogen concentration was measured according 
to the modified Clauss method using a commercially 
available kit (Multifibren U, Siemens, Germany), (RR: 
1.8-3.5 gr/dL). C3 was measured using N antisera to 
human complement factors (C3c, C4) (Siemens BN™ 
II System, Germany), (RR: 0.9-1.8 gr/L). Apo-A1 
and Apo-B were measured using N antisera to human 
apolipoprotein A1 (RR: male: 110-205 mg/dL, female: 
125-215 mg/dL) and apolipoprotein B (RR: male: 55-
140 mg/dL, female: 55-125 mg/dL), (Siemens BN™ 
II System, Germany). All measurements were taken 
according to the manufacturers’ recommendations.

 Statistical analysis
 The statistical assessment was conducted using 
the SPSS statistical package for Windows (version 15.0, 
Chicago, IL). Because of the skewed distribution of 
data, nonparametric methods were used. All continuous 
variables were shown as the mean ± standard deviation 
(SD) or median and interquartile range (IQR). The 
median values of the groups were compared using the 
Mann-Whitney U test to compare two groups. A p-value 
of < 0.05 was considered statistically significant. 
Correlations between variables were evaluated using 
Spearman’s correlation coefficients.

RESULTS

 In this study, 108 subjects (59 female, 49 
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male) were selected and divided into the following two 
groups: (1) the MetS group (n:54), and (2) the healthy 
control group (n:54). The thyroid, liver and renal 
function tests were within normal limits in all subjects.

 Demographic characteristics of the study 
group (Table 1)
 There were no significant differences 
between the groups in terms of age and sex. BMI was 
significantly high in the MetS group. 

 Comparisons between MetS and control 
groups (Table 2)
 IL-6, fibrinogen, C3 and Apo-B/Apo-A1 were 
detected at significantly high levels and the TNF-α and 
Apo-A1 levels were detected at significantly low levels 

in the MetS group than in the control group (p <0.001, 
for all markers). 

 Comparisons concerning the number of MetS 
criteria met (Table 3)
 We evaluated the correlations between the 
inflammatory marker levels and the number of MetS 
criteria met in each group (MetS, control and total study 
groups). We found that the inflammatory marker levels 
were not affected by increases in the number of MetS 
criteria met in the MetS group. In the control group, 
Apo-A1 was lower while Apo-B and Apo-B/Apo-A1 
yielded higher levels with an increased number of 
MetS criteria met. In the total study group, we found 
that Apo-A1 and TNF-α were in low levels, but IL-6, 
fibrinogen, C3, Apo-B and Apo-B/Apo-A1 exhibited 

Abbreviations: n, number; SD, standard deviation; IQR, interquartile range. In non-normally distributed data Mann-Whitney-U test* and for frequency 
comparisons Chi-square test** were used. 

Table 1. Demographic characteristics of the study group

Control Group 
(n: 54)

MetS Group 
(n: 54)

P value

Age (Years) 
(Mean ± SD, Median, IQR) 52.9 ± 13.3, 55.0, 13.3 51.8 ± 5.7, 51.0, 6.0

0.132*

Female (n)
Male (n)

26 (48.1 %) 
 28 (51.9 %)

33 (61.1 %) 
21 (38.9 %)

0.246**

Body Mass Index (kg/m²)
(Mean ± SD) 35.0 ± 6.6 26.4 ± 3.9 < 0.001*

Parameters Control Group (n: 54) MetS Group (n: 54) P value*Median (IQR) Median (IQR)
TNF-α (pg/mL) 8.7 (4.6) 1.6 (12.3) < 0.001
IL-6 (pg/mL) 0.00 (59.7) 74.7 (81.4) < 0.001
Adiponectin (ng/mL) 8.3 (5.7) 7.0 (6.0) 0.191
Apo-A1 (mg/dL) 147.5 (34.3) 117.0 (22.0) < 0.001
Apo-B (mg/dL) 89.9 (34.1) 102.0 (27.0) 0.154
Apo-B/Apo-A1 ratio 0.60 (0.33) 0.85 (0.27) < 0.001
Fibrinogen (gr/dL) 3.0 (0.56) 3.36 (1.0) < 0.001
C3 (gr/L) 1.67 (0.6) 2.32 (0.8) < 0.001

Table 2. Levels of pro and anti-inflammatory markers in control and MetS Groups

Abbreviations: See Table1. *Mann-Whitney U test to compare two groups was used.

Total Study Group
(n:108)

P value*

Control Group
(n: 54)

P value*

MetS Group
(n: 54)

P value*

Number of MetS 
Criteria

TNF-α (pg/mL) < 0.001 0.654 0.645
IL-6 (pg/mL) < 0.001 0.199 0.149
Adiponectin (ng/mL) 0.168 0.959 0.541
Apo-A1 (mg/dL) < 0.001 0.002 0.748
Apo-B (mg/dL) 0.014 < 0.001 0.461
Apo-B /Apo-A1 ratio < 0.001 < 0.001 0.727
Fibrinogen (gr/dL) 0.001 0.632 0.828
C 3 (gr/L) < 0.001 0.227 0.066

Table 3. Relationship between the levels of pro and anti-inflammatory markers and the increased number of MetS criteria

Abbreviations. See Table1. *Correlations between variables were evaluated using Spearman’s correlation coefficients.
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high levels with higher numbers of MetS criteria met.
Evaluation of the inflammatory marker levels in the 
presence of each of the MetS criteria (Table 4).
 IL-6, Apo-B/Apo-A1 and C3 levels were 
found to be significantly high and Apo-A1 levels 
were low in subjects with any of the MetS criteria. 
Fibrinogen levels were significantly high in subjects 
with hypertriglyceridemia, hyperglycemia and 
increased abdominal obesity. TNF-α levels were low 
in subjects with any of the MetS criteria except for 
hypertriglyceridemia. Apo-B levels were significantly 
high in subjects with hypertriglyceridemia and low 
HDL-C states. Adiponectin levels were in low level 
only in subjects with hypertriglyceridemia.

DISCUSSION

 One of the roles of adipose tissue is secreting 
a wide range of protein factors and signals, referred 
to as adipokines, such as adiponectin, IL-1 beta, 
IL-6 and IL-8 (2, 7). Pro-inflammatory cytokines, 
including IL-1 beta, IL-6 and TNF-α, are released 
during an inflammatory response, activating the 
hepatic genes that encode acute phase reactants, such 
as fibrinogen, CRP and serum amyloid A (8). CRP is a 
nonspecific but sensitive marker of infection and tissue 
inflammation. It activates the complement system, 
mediates phagocytosis and regulates inflammation. 
CRP, serum amyloid A and fibrinogen all increase in 
subjects with obesity (9-11). In our study, we found 

increased levels of fibrinogen in the MetS group and in 
subjects with any of the following three MetS criteria: 
hypertriglyceridemia, hyperglycemia and abdominal 
obesity.
 IL-6 is produced by many cell types and is the 
principal procoagulant cytokine. It affects hematopoiesis, 
regulation of B and T cell function, secretion of 
immunoglobulins and acute phase inflammatory 
reactions (12, 13). Adipose tissue is one of the major 
sources of plasma IL-6 (14). Some studies have also 
shown a direct correlation between IL-6 and obesity (15-
17). Several studies have noted elevated levels of IL-6 
in individuals with insulin resistance syndrome and type 
2 diabetes mellitus. Acute hyperglycemia has also been 
shown to affect the concentration of plasma cytokines 
IL-6 and TNF-α in humans (18). In our study, high 
levels of IL-6 were found in the MetS group, as well as 
in subjects exhibiting any criteria of MetS or increased 
numbers of MetS criteria. 
 TNF-α is a well-known pro-inflammatory 
cytokine that can be released in response to a variety 
of stimuli, including other cytokines (19). Increased 
levels of TNF-α have been reported in MetS, healthy 
hyperlipidemic individuals, insulin resistance and 
diabetes mellitus (2, 20-21). Conversely, some previous 
reports have found that serum TNF-α and IL-6 were not 
significantly associated with MetS (22-23). Our study 
found that low levels of TNF-α in the MetS group and 
in subjects with three of the MetS criteria, excluding 
hypertriglyceridemia and low HDL states.

Parameters

Hypertriglyceridemia Hypertension Hyperglycemia Low HDL-C Abdominal obesity
Positive
(n: 72)

Negative 
(n: 36)

P 
Value

Positive 
(n: 27)

Negative 
(n: 81)

P 
Value

Positive 
(n: 54)

Negative 
(n: 54)

P 
Value

Positive 
(n: 75)

Negative 
(n: 33)

P 
Value

Positive 
(n: 54)

Negative 
(n: 54)

P 
Value

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

TNF-α 
(pg/mL)

6.84 
(11.5)

8.27
 (5.2)

0.263
0.37 

(13.0)
8.36 

(6.33)
0.006

1.6 
(12.3)

8.7 
(4.6)

< 0.001
5.8 

(11.9)
9.1 

(5.0)
0.029

1.78 
(10.1)

8.7 
(5.0)

< 0.001

IL-6
 (pg/mL)

59.65 
(99.9)

0.0
 (57.4)

0.001
77.9 

(81.4)
16.1 

(64.1)
< 0.001

74.7 
(81.4)

0.00 
(59.7) 

< 0.001
57.4 

(84.6)
0.0 

(55.8)
< 0.001

69.5 
(85.5)

0.0 
(59.7)

< 0.001

Adiponectin 
(ng/mL)

7.1 
(5.0)

9.77 
(8.5)

0.029
8.65 

(8.62)
7.6 

(5.9)
0.458

7.0 
(6.0) 

8.3 
(5.7) 

0.191
7.3 

(6.0)
8.4 

(4.7)
0.162

7.7 
(6.0)

8.3 
(5.6)

0.253

Apo-A1 (mg/
dL)

121.0 
(28.0) 

147.5 
(42.0) 

< 0.001
117.0 
(23.0)

133.0 
(37.3)

< 0.001
117.0 
(22.0)

147.5 
(34.3)

< 0.001
120.0
 (26.0)

161.0 
(29.8)

< 0.001
117.0 
(22.5)

146.5 
(32.3)

< 0.001

Apo-B 
(mg/dL)

104.0 
(30.4)

80.8 
(28.2)

< 0.001
98.2 

(26.1)
94.0 

(34.5)
0.800

102.0 
(27.0)

89.9 
(34.1)

0.154
101.0
(29.4)

82.3 
(35.6)

0.016
98.6 

(28.6)
92.5 

(34.8)
0.311

Apo-B/Apo- 
A1 ratio

0.85 
(0.29) 

0.57 
(0.24) 

< 0.001
0.84 

(0.29)
0.71 

(0.34)
0.031

0.85 
(0.27)

0.60
(0.33)

< 0.001
0.84 

(0.28)
0.52 

(0.19)
< 0.001

0.84 
(0.24)

0.61 
(0.36)

< 0.001

Fibrinogen 
(gr/dL)

3.24 
(0.75)

3.0 
(0.6)

0.037
3.34 

(1.11)
3.1 (0.68) 0.059

3.36 
(1.0)

3.0 
(0.56)

< 0.001
3.22 

(0.84)
3.1 

(0.55)
0.104

3.35 
(1.15)

3.0 
(0.57)

< 0.001

C3 
(gr/L)

2.15 
(0.97)

1.7 
(0.63)

0.001
2.3 

(0.91)
1.81 

(0.75)
0.002

2.32 
(0.8)

1.67 
(0.6)

< 0.001
2.16 

(0.93)
1.71 
(0.6)

0.004
2.28 

(0.88)
1.68 

(0.59)
< 0.001

Table 4. Comparison of pro and anti-inflammatory marker levels in each of the MetS criteria

Abbreviations. See Table1. *Mann-Whitney U test to compare two groups was used in this table.



S. Kir et al.

434

 Adiponectin is secreted by adipose cells and 
is an anti-inflammatory cytokine that plays a role in 
regulating insulin sensitivity and lipid metabolism and 
inhibiting many steps in the inflammatory process (24-
25); therefore adiponectin is considered a key molecule 
in the pathogenesis of MetS (26-27). Decreased levels 
of adiponectin have been found in subjects with obesity 
and diabetes (28), and these decreased levels could be 
a culprit in the development of both atherosclerosis and 
insulin resistance (29). Decreased levels of adiponectin 
were only found in hypertriglyceridemic individuals in 
our study. 
 We found that TNF-α levels were lower 
than expected in the MetS group, and no significant 
difference in adiponectin levels was found between 
groups, despite our expectation of discovering 
decreased levels in MetS subjects. Circulating TNF-α 
has been reported as not representing its biological 
function accurately because it may instead function as a 
paracrine (30). Additional reports claim that circulating 
TNF-α might not be an appropriate marker of MetS 
(31). In our study, decreased levels of TNF-α may have 
caused increased levels of adiponectin in the MetS 
group because adiponectin and TNF-α are known to 
reciprocally inhibit their productions in adipose tissue 
(32). Adiponectin exhibited decreased levels only in 
hypertriglyceridemic individuals in our study. 
 C3 is also an important inflammatory marker 
related to coronary artery disease. It has been associated 
with dyslipidemia, obesity, type 2 diabetes mellitus and 
hypertension (33). In our study, increased C3 levels 
were found in the MetS group and in subjects with 
each of the MetS criteria, which was consistent with 
the findings of previous studies. 
 Studies have suggested that the Apo-B/Apo-A1 
ratio predicts cardiovascular risk more accurately than 
any of the cholesterol indices. High Apo-B/Apo-A1 
ratios were detected in individuals with greater waist 
circumferences, hypertension, obesity, hyperlipidemia 
and hyperglycemia. The Apo-B/Apo-A1 ratio also 
increased significantly with increased numbers of MetS 
components (34). In our study, we also found increased 
Apo-B/Apo-A1 ratios and decreased Apo-A1 in the 
presence of MetS and in the presence of each of the 
MetS components. 
 Our findings also suggest that IL-6, C3 and 
MetS are all closely related. The increased Apo-B/
Apo-A1 ratios and decreased Apo-A1 levels in our 
study also support an increased cardiovascular risk 
in the MetS group and in the presence of each MetS 
component.

 We found that inflammatory marker levels 
were not affected by an increase in the number of MetS 
criteria in the MetS group, but their levels increased 
in the control group with higher numbers of MetS 
components.
 Our study has several limitations. We did not 
evaluate physical activity or possible drug usages of 
the patients. The populations of the study and control 
group are relatively small. Although our findings are 
consistent with previous studies to a considerable 
extent, further examination of the association between 
the number of MetS syndrome criteria and pro and anti-
inflammatory markers, in a larger cohort may provide 
a better assessment. To our knowledge, no other study 
exists evaluating the pro and anti-inflammatory markers 
levels of each MetS component and the relationship 
of those pro and anti-inflammatory markers with the 
number of MetS criteria. 
 In conclusion, we suggest that the presence 
of a high number of MetS components does not have 
a higher pro-inflammatory contribution for subjects 
already diagnosed with MetS. 

  Conflict of interest
 The authors declare that they have no conflict of 
interest. 
 Acknowledgement
 Authors would like to thank Dr Yüksel BEK (Prof 
Biostatistics) for his help and assistance in data analyzing.
 Funding
 This research is supported by Ondokuz Mayıs 
University scientific research fund.

References

1. 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). Final 
report. Circulation 2002; 106: 3143-3421.
2. Lee YH, Pratley RE. The evolving role of inflammation in 
obesity and the metabolic syndrome. Curr Diab Rep 2005; 5: 70-75.
3. Van Guilder GP, Hoetzer GL, Greiner JJ, Stauffer BL, DeSouza 
CA. Influence of metabolic syndrome on biomarkers of oxidative 
stress and inflammation in obese adults. Obesity 2006; 14: 2127–
2131.
4. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. 
Lancet 2005; 365: 1415–1428.
5. Gustafson B, Hammarstedt A, Anderson CX, Smith U. Inflamed 
adipose tissue: a culprit underlying the metabolic syndrome and 
atherosclerosis. Arterioscler Thromb Vasc Biol 2007; 27: 2276-
2283.
6. Sutherland J, McKinnley B, Eckel RH. The Metabolic Syndrome 
and Inflammation. Metabolic Syndr Rel Disord 2004; 2: 82-104.
7. Trayhurn P. Endocrine and signaling role of adipose tissue: new 
perspectives on fat. Acta Physiol Scand 2005; 184: 285-293.

Figure 1. Light microscopic micrograph of testis in control group.



Inflammation in metabolic syndrome

435

8. Koh KK, Han SH, Quon MJ. Inflammatory markers and the 
Metabolic Syndrome: Insights from therapeutic interventions.  
J Am Coll Cardiol 2005; 46: 1978-1985.
9. Weyer C, Yudkin JS, Stehouwer CD, Schalkwijk CG, Pratley RE, 
Tataranni PA. Humoral markers of inflammation and endothelial 
dysfunction in relation to adiposity and in vivo insulin action in 
Pima Indians. Atherosclerosis 2002; 161: 233-242.
10. Leinonen E, Hurt-Camejo E, Wiklund O. Insulin resistance 
and adiposity correlate with acute-phase reaction and soluble cell 
adhesion molecules in type 2 diabetes. Atherosclerosis 2003; 166: 
387-394.
11. Yudkin JS. Adipose tissue, insulin action and vascular disease: 
inflammatory signals. Int J Obes Relat Metab Disord 2003; 27: 25-28.
12. Ridker PM, Willerson JT. Inflammation as a cardiovascular risk 
factor. Circulation 2004; 109: 2-10.
13. Santos-Rosa M, Bienvenu J, Whicher J. Cytokines. In: Burtis 
CA, Ashwood ER, editors. Tietz Textbook of Clinical Chemistry. 
3rd ed. Philadelphia, PA, USA: WB Saunders Company; 1999. pp. 
541-617.
14. Fried SK, Bunkin DA, Greenberg AS. Omental and subcutaneous 
adipose tissues of obese subjects release interleukin-6: depot 
difference and regulation by glucocorticoids. J Clin Endocrinol 
Metab 1998; 83: 847-850.
15. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ.  
J Clin Endocrinol Metab 2004; 89: 2548-2556.
16. Rajala MW, Scherer PE. Minireview: The adipocyte- at the 
crossroads of energy homeostasis, inflammation and atherosclerosis. 
Endocrinology 2003; 144: 3765-3773.
17. Vozarova B, Weyer C, Hanson K, Tataranni PA, Bogardus 
C, Pratley RE. Circulating interleukin-6 in relation to adiposity, 
insulin action, and insulin secretion. Obes Res 2001; 9: 414-417.
18. Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, 
Ciotola M, Quagliaro L, Ceriello A, Giugliano D. Inflammatory 
cytokine concentrations are acutely increased by hyperglycemia in 
humans: role of oxidative stress. Circulation 2002; 106: 2067-2072.
19.  Libby P. Molecular bases of the acute coronary syndrome. 
Circulation 1995; 91: 2844-2850.
20. Gurrola-Díaz CM, Sánchez-Enriquez S, Oregon-Romero E, 
García-López PM, Garzón de la Mora P, Bastidas-Ramírez BE, 
Gonza´lez-Hita M, Mun˜oz-Valle JF. Establishment of a cut-point 
value of serum TNF-alpha levels in the metabolic syndrome. J Clin 
Lab Anal 2009; 23: 51-56.
21. Moon YS, Kim DH, Song DK. Serum tumor necrosis factor-
alpha levels and components of the metabolic syndrome in obese 
adolescents. Metabolism 2004; 53: 863-867.
22. Choi KM, Lee J, Lee KW, Seo JA, Oh JH, Kim SG, Kim 
NH, Choi DS, Baik SH. Comparison of serum concentrations of 
C-reactive protein, TNF alpha, and IL 6 between elderly Korean 
women with normal and impaired glucose tolerance. Diabetes Res 
Clin Pract 2004; 64: 99-106.

23. Salmenniemi U, Ruotsalainen E, Pihlajama¨ki J, Vauhkonen 
I, Kainulainen S, Punnonen K, Vanninen E, Laakso M. Multiple 
abnormalities in glucose and energy metabolism and coordinated 
changes in levels of adiponectin, cytokines, and adhesion molecules in 
subjects with metabolic syndrome. Circulation 2004; 110: 3842-3848. 
24. Nawrocki AR, Scherer PE. The delicate balance between fat 
and muscle: adipokines in metabolic disease and musculoskeletal 
inflammation. Curr Opin Pharmacol 2004; 4: 281-289.
25. Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S, 
Yamashita S, Noda M, Kita S, Ueki K, Eto K, Akanuma Y, Froguel 
P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB, 
Kadowaki T. Adiponectin stimulates glucose utilization and fatty-
acid oxidation by activating AMP-activated protein kinase. Nat 
Med. 2002; 8: 1288-1295.
26. Ryo M, Nakamura T, Kihara S, Kumada M, Shibazaki S, 
Takahashi M, Nagai M, Matsuzawa Y, Funahashi T. Adiponectin as 
a biomarker of the metabolic syndrome. Circ J 2004; 68: 975-981.
27. Matsuzawa Y, Funahashi T, Kihara S, Shimomura I. 
Adiponectin and metabolic syndrome. Arterioscler Thromb Vasc 
Biol 2004; 24: 29-33.
28. Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA, 
Sinha M, Olefsky JM. The effect of thiazolidinediones on plasma 
adiponectin levels in normal, obese, and type 2 diabetic subjects. 
Diabetes 2002; 51: 2968-2974.
29. Nichenig G. Should angiotensin II receptor blockers and statins 
be combined? Circulation 2004; 110: 1013-1020.
30. Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G. 
Adipose tissue tumor necrosis factor and IL-6 expression in human 
obesity and insulin resistance. Am J Physiol Endocrinol Metab 
2001; 280: 745-751.
31. Matsushita K, Yatsuya H, Tamakoshi K, Wada K, Otsuka 
R, Takefuji S, Sugiura K, Kondo T, Murohara T, Toyoshima H. 
Comparison of circulating adiponectin and proinflammatory 
markers regarding their association with metabolic syndrome in 
Japanese men. Arterioscler Thromb Vasc Biol 2006; 26: 871-876.
32. Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, 
Wright CM, Patel HR, Ahima RS, Lazar MA. The hormone resistin 
links obesity to diabetes. Nature 2001; 409: 307-312.
33. Oksjoki R, Kovanen PT, Pentikainen MO. Role of complement 
activation in atherosclerosis. Curr Opin Lipidol 2003;14: 477-482.
34. Sierra-Johnson J, Somers VK, Kuniyoshi FH, Garza CA, Isley 
WL, Gami AS, Lopez-Jimenez F. Comparison of apolipoprotein-B/
apolipoprotein-AI in subjects with versus without the metabolic 
syndrome. Am J Cardiol 2006; 98: 1369-1373.


