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Abstract: Background. Role of systemic pro- and anti-inflammatory cytokines are associated with type 2 diabetes 
mellitus (T2DM) in adults is unclear. In this cross section study, we compared cytokine concentrations in patients with 
T2DM and healthy individuals to test the hypothesis that differences of cytokine concentrations between them are 
attributable to diabetes and metabolic control. Methods. The pro-inflammatory cytokine as interferon gamma (IFN-γ) 
and anti-inflammatory cytokines as adiponectin and interleukin (IL)-10 were measured in 50 participants with T2DM 
and 70 healthy controls using ELISA kits. Results. IFN-γ was significantly increased while adiponectin and IL-10 were 
significantly decreased in T2DM than healthy controls (P <0.0001). In T2DM patients, negative correlations were 
found between fasting blood glucose with adiponectin (r= -0.293, P <0.039) and IFN-γ with IL-10 (r= -0.320, P 
<0.023). BMI was positively correlated with IFN-γ (r= 0.723, P <0.0001) and glycozylated hemoglobin (r=0.399, P 
<0.016). Conclusion. T2DM showed elevated serum levels of inflammatory cytokine IFN-γ and decrease serum levels 
of anti-inflammatory cytokines (adiponectin and IL-10) and negative association between anti-inflammatory cytokine 
and blood glucose levels indicated importance of inflammation in pathogenesis of T2DM. The hypothesis that T2DM is 
inflammatory disease opens new clinical perspectives for diagnosis and treatment but still requires further investigation. 
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1. Introduction 

Type 2 diabetes mellitus (T2DM) is a growing 
health problem all over the world widely discussed in 
literature. There is good evidence that both insulin 
resistance and progressive pancreatic beta cell failure 
are key pathomechanisms in natural history of T2DM. 
However, it is unclear how these abnormalities arise. It 
has been postulated that T2DM is a manifestation of an 
ongoing chronic low-grade inflammation (1). This low-
grade inflammation state reflects the activation of 
innate immunity with the implication of metabolic, 
environmental, and genetic factors (2).  

Previous studies have indicated that the 
enhanced inflammation in T2DM is associated with 
elevated levels of the prototypic inflammatory marker 
C-reactive protein (CRP) as well as the 
proinflammatory cytokines tumor necrosis factor 
(TNF)-α and interleukin (IL)-6 (3). Both T helper 
(Th)1 cells and natural killer (NK) cells express 
interferon gamma (IFN-γ) on activation. Despite the 
established role of IFN-γ in mediating the immune 
response in type 1 diabetes and diet-induced obesity 
(4), the role of IFN-γ in inducing inflammation in 
T2DM  have not been studied.  

Adiponectin is a predominantly anti-
inflammatory adipokine that inhibits pro-inflammatory 
cytokines IL-6 and TNF-α and nuclear factor-kB (5) 
and induces anti-inflammatory cytokines [IL-10 and 
IL-1 receptor antagonist (IL-1Ra)] (6). Under certain 
conditions, adiponectin however has pro-inflammatory 
effects as well (7). In the circulation, adiponectin exists 

as low-, medium-, and high-molecular-weight 
complexes (LMW, MMW, and HMW, respectively) 
that may vary in efficacy regarding their effects on 
target tissues. Studies suggested that the HMW isoform 
is the most biologically active isoform of systemic 
adiponectin in regulating insulin resistance (8). IL-10 is 
a major regulatory cytokine of inflammatory responses 
secreted mainly by numerous cell types such as 
activated monocytes, macrophages, lymphocytes, 
keratinocytes, and mature adipocyte fraction of human 
white adipose tissue. Increasing evidence has 
demonstrated that IL-10 acts as a general inhibitor of 
proliferative and cytokine responses of both Th 1 and 
Th2 cells in vitro and in vivo (9; 10). It attenuates 
inflammatory and immune responses through various 
mechanisms as suppression of proinflammatory 
cytokines and chemokines (e.g. IL-1, IL-6, IL-8, TNF-
α, RANTES) production, while promoting IL-1Ra 
release (11), but the biological activity of this cytokine 
seems to be more complex and there is evidence of a 
pro-inflammatory effect (12).  
 
Aim:  

In this cross section study, we tested and 
compared circulating serum concentrations of pro-
inflammatory cytokines IFN-γ, and anti-inflammatory 
cytokines adiponectin and IL-10 in male patients with 
uncomplicated type 2 diabetes and healthy participants 
and analyzed their associations with age, body mass 
index (BMI) and glycemic control. 
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2. Patients and Methods: 
Subjects 

Fifty adult male Saudi patients with type 2 
diabetes mellitus were recruited in this cross sectional 
study from diabetes outpatient clinic at King Abdelaziz 
University Hospital, Jeddah, Saudi Arabia; between 
January 2011 and January 2012. The diagnosis of 
T2DM was made according to the new criteria of the 
American Diabetes Association based on fasting 
plasma glucose ≥126 mg/dL or glycozylated 
hemoglobin (HA1c) ≥ 6.5% (13). T2DM patients were 
treated with oral hypoglycemic drugs including 
metformin and sulfonylureas, lipid lowering drugs, 
aspirin. Seventy male age-matched healthy Saudi 
volunteers were recruited as control subjects from 
hospital stuff and patients relatives. Excluded from the 
study were patients with: 1) type I diabetes mellitus, 2) 
patients with complicated T2DM, 3) clinical or 
laboratory evidence of other hormonal abnormalities or 
serious systemic diseases such as acute/chronic 
inflammations or malignancies, 4) history of 
hospitalization or ketoacidosis in the preceding 6 
months; 5) insulin - treated patients because exogenous 
insulin might lead to a falsely high plasma insulin 
concentration that was used in the calculation of the 
insulin resistance index; 6) patients who were taking 
medication that is supposed to influence carbohydrate 
or lipid metabolisms or oxidative stress or related 
endocrine functions (e.g., β-blocker, steroids, diuretics, 
vitamins, antioxidants); 7) patients with connective 
tissue disease such as rheumatoid arthritis. Control 
subjects had no family history of diabetes mellitus. 
Before enrolment in the study, all subjects signed an 
informed consent after explanation of the nature and 
aim of the study. The study protocol was reviewed and 
approved by the hospital Human Ethics Review 
Committee and complied with the Declaration of 
Helsinki. 

Demographic and clinical data of all 
participants were reported as follow: age, height and 
weight, duration of illness and associated comorbidity. 
Body mass index was calculated as weight (kg) divided 
by height squared (m2). Weight was measured to the 
nearest 0.10 kg on a calibrated balance beam scale. 
Height was measured to the nearest 0.50 cm by a tape 
measure.  

 
Biochemical measurements 

Subjects were asked to overnight fast for 12 
hours prior to blood draws (5 ml) which were 
performed the following morning between 8 and 10 
a.m. into plain tubes via venipuncture. Whole blood 

were used to measured fly plated hemoglobin HbA1c 
and it is measured by using Roch copus integra 400 
plus. Hemoglobin was measured with automated cell 
counts on the Beckman coulter LH 750 machine within 
6 hours of phlebotomy. Fasting serum glucose was 
measured by the glucose oxidase method. Blood 
samples were centrifuged at 1500 X g for 10 min and 
serum was obtained and stored in 300 ml aliquots at -
70°C until analysis. The enzyme-linked 
immunosorbent assay (ELISA) kits were used for 
determination of serum adiponectin (catalog# EA2500-
1; Assaypro LLC, MO, USA) with sensitivity 0.5 
ng/ml and coefficient of variations (CVs) of inter-assay 
and intra-assay 4.2% and 7.3%, respectively; interferon 
gamma (catalog# EI1023-1; Assaypro LLC, MO, 
USA) with sensitivity 16 pg/ml and CVs of inter-assay 
and intra-assay 4.4% and 7.3%, respectively and 
interleukin-10 (catalog# EI3010-1; Assaypro LLC, 
MO, USA) with sensitivity < 100 pg/ml and coefficient 
of variations (CVs) of inter-assay and intra-assay 4.8% 
and 7.2%, respectively. 

 
Statistical analysis 

 Statistical Package for the Social Science 
(SPSS, Chicago, IL, USA) version 16 was used for 
data analysis. Data are expressed as means +/- standard 
deviation (SD) and minimum -maximum. Quantitative 
data that normally distributed were analyzed using one-
way analysis of variance [ANOVA] (post-hoc test) for 
parameteric variables. Correlations between variables 
were tested with the Person test for parametric 
variables. For all tests, values of P <0.05 (two-tailed) 
were considered statistically significant. 

 
3. Results: 

Table (1) showed that BMI, fasting blood 
glucose and glycozylated hemoglobin were significant 
increased while, hemoglobin was significantly 
decreased in T2DM than healthy controls (P <0.0001 
for all). 

Interferon-γ was significantly increased while 
adiponectin and IL-10 were significantly decreased in 
T2DM than healthy controls (P <0.0001 for all) 
(Table2). 

In T2DM patients, negative correlations were 
found between fasting blood glucose was with 
adiponectin (r= -0.293, P <0.039) and interferon 
gamma with IL-10 (r= -0.320, P <0.023). BMI was 
positively correlated with IFN-γ (r= 0.723, P <0.0001) 
and glycozylated hemoglobin (r=0.399, P <0.016) 
(Table 3). 
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Table (1): Clinical characteristics of participants with type 2 diabetes and control 

Variables Control Type 2 diabetes mellitus Significance 

age (years)    

Mean+/- SD 
minimum- maximum 

50.43±4.81 49.88-52.44 0.400 

40.00-59.00 43.00--59.00  

Body mass index (kg/m2)    

 22.76±1.63 28.91±3.08 0.0001 

 16.98-26.99 20.45-36.58  

Duration (years) - 5.96±4.30  

  1.00-17.00  

Fasting glucose (mg/dl) 85.70±8.67 153.60±34.05 0.0001 

 69.00-102.00 106.00-250.00  

Glycozylate hemoglobin (%)    

4.78±0.43 8.81±1.96 0.0001 

4.00-5.50 7.00-15.80  

Hemoglobin (gram/dl)    

14.28±0.89 12.27-12.89 0.0001 

13.00-16.40 9.00-14.00  

 
Table (2): Serum levels of pro and anti-inflammatory cytokines in participants with type 2 diabetes and control 
individuals 

Variables Control Type 2 diabetes mellitus Significance 

Interferon- γ (pg/ml)    

Mean+/- SD 6.21±5.25 18.72±12.65 0.0001 

minimum- maximum 0.00-24.00 1.00-45.00  

Adiponectin (ug/ml)    

 16.19±3.03 5.33±2.58 0.0001 

 12.00-22.00 0.00-9.20  

Interleukin-10 (pg/ml)    

 6.38±4.82 0.93±0.73 0.0001 

 0.00-16.00 0.00-3.50  

  
Table (3): Correlation between circulating cytokine concentrations and metabolic variables for type 2 diabetic   
patients. 

Variables 
Duration  

Fasting blood 
glucose 

Glycozylate 
hemoglobin 

Interferon 
gamma  Adiponectin  

Fasting blood glucose  -0.119     

0.411     

Glycozylate 
hemoglobin 

-0.015 0.148    

0.920 0.305    

Interferon gamma  -0.082 0.205 -0.105   

0.570 0.152 0.467   

Adiponectin  -0.037 -0.293 -0.077 -0.143  

0.796 0.039 0.595 0.323  
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4. Discussion: 

Diabetes mellitus remains a chronic metabolic 
disorder that is often associated with an unacceptably 
high disease burden especially in developing countries 
(14). Inflammation, deranged glucose and lipid 
metabolism, and over activated adipocytes have been 
implicated in the pathogenesis of T2DM. 
Hypercytokinaemia and activated innate immunity may 
be the common antecedent of T2DM (15). 
Hyperglycemia and insulinopenic state are considered 
to have negative influence on immune-competent cells, 
a hypothesis supported by the evidence of 
improvement in the immune-cellular response of 
diabetic patients after metabolic control (16).  

In this cross section study, we demonstrated 
activated Th1 cytokine (IFN-γ) was significantly 
increased in T2DM patients than healthy controls. 
Previously, it was observed that newly diagnosed or 
established T2DM patients had significantly higher 
values of acute phase proteins and proinflammatory 
cytokines compared with non-diabetic controls (17, 15, 
18). In one of these studies, elevated levels of IL-6, 
which is known to be a main stimulator of the 
production of most acute-phase proteins, were shown 
to increase the risk of diabetes (19). However, in 
addition to IL-6, other cytokines, such as IL-1β or 
TNF-α, are central mediators of inflammatory 
reactions. It is well known that cytokines operate as a 
network in stimulating the production of acute-phase 
proteins. For example, the effects of IL-6 on CRP 
synthesis largely depend on an interaction with IL-1β 
(19). The acute-phase response in various artificial 
inflammatory models requires both IL-6 and IL-1β, as 
demonstrated in respective knockout mouse models 
(20; 21). These data strongly suggest that inflammatory 
reactions do not depend on single mediators, but rather 
that the pattern of various cytokines is crucially 
important for the perpetuation of an acute-phase 
response. In this study, BMI was positively correlated 
with IFN-γ and HBA1c. Similarly, Pham et al. study, 
all individuals with higher BMI simultaneously had 
higher circulating pro- as well as anti-inflammatory 
cytokine concentrations. These data point to a positive 
influence of obesity on the secretion of systemic 
cytokines and it is an additional risk factor for 
impairment of disease progression in T2DM. 

Chronic hyperglycemia, more specifically due 
to the increase of glycated proteins, seems to activate 
the immune and macrophage-monocyte systems and to 
stimulate the production of cytokines and acute phase 
proteins (IL-6 is the main stimulus to CRP production 

in the liver) (23). In addition, hyperglycemia induces 
oxidative stress that is responsible for nuclear factor-
kB activation that increases serum circulating 
proinflammatory cytokines levels (24). Longer disease 
duration results in increased advanced glycosylation 
end products (AGE) and AGE-modified proteins, 
which could bind to macrophages stimulating synthesis 
and release of proinflammatory cytokines in T2DM 
(25). 

In this cross section study, we demonstrated 
significantly decreased in serum levels of anti-
inflammatory cytokines adeponectin and IL-10 in 
T2DM patients than healthy controls. In T2DM, we 
reported a significant negative correlation between 
adiponectin and fasting blood glucose level and 
between IL-10 and IFN-γ. In this respect, several 
studies (26, 27) reported decreased in adiponectin 
levels in T2DM patients. Also, it was observed that 
adiponectin levels were significantly lower in diabetics 
and negatively correlated with BMI adjusting for age, 
diabetic status, and gender (28). However, they did not 
report any significant correlation between adiponectin 
and inflammatory markers. It was reported that 
adiponectin correlates negatively with fasting serum 
triglycerides and plasma glucose concentrations (29) 
and there was an inverse correlation between 
adiponectin with fasting plasma glucose levels (30). 
Adiponectin—displays anti-inflammatory activity by 
inhibiting the production of TNF-α and IL-6 by 
macrophages, and by binding lipopolysaccharide (31). 
Adiponectin also decreases hepatic gluconeogenesis 
and increases lipid oxidation in skeletal muscle (32). 
Adiponectin modulates glucose metabolism and insulin 
resistance by 5’-adenosine monophosphate-activated 
kinase signaling pathway, and decreases also free fatty 
acid concentrations by stimulating fatty acid oxidation 
in muscle (33). Furthermore, others (34; 35) reported 
that adiponectin concentrations correlate negatively 
with CRP, IL-6 and TNF-α. Adiponectin may be 
largely independent of systemic levels of many 
cytokines and chemokines (36) but has been shown to 
have strong anti-inflammatory effects on the molecular 
and cellular level (37; 34) so that it may also be 
considered as immune marker. (38) discovered that low 
IL-10 production capacity is associated with metabolic 
syndrome and T2DM. In addition, they found that 
serum concentrations of total cholesterol, low-density 
lipoprotein cholesterol, triglycerides, glucose, and 
HbA1c gradually decreased as IL-10 production 
capacity increased, whereas high-density lipoprotein 
cholesterol concentration gradually increased. This 

Interleukin-10  0.163 0.077 0.215 -0.320* -0.215 

0.258 0.595 0.133 0.023 0.133 

Body mass index 0.253 0.021 0.339 0.723 -0.085 

 0.076 0.885 0.016 0.0001 0.556 
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observation implies that low IL-10 production capacity 
may be involved in metabolism and may be associated 
with T2DM. IL-10 is considered to be a pleiotropic 
Th2 cytokine, playing an important role in down 
regulating the secretion of pro-inflammatory cytokines, 
such as IL-1, TNF-α, IL-6, and IL-12 from activated 
monocytes/macrophages, and in inhibiting T-cell 
activation by decreasing major histocompatibility 
complex class II and B7 expression on antigen 
presenting cells. In addition, IL-10 stimulates antibody 
production by B lymphocytes and promotes their 
proliferation and differentiation (39), properties that 
are contributing to the development of autoimmune 
phenomena (40). 

Epidemiological, clinical and experimental 
data suggest that T2DM has inflammatory basis. Thus, 
decrease of activity of inflammation should result in 
lower incidence of T2DM and its complications. When 
we look at the results of intervention studies we find 
that several of them confirm the role of inflammation 
in T2DM. It has been shown that Mediterranean-style 
diet (41), increase of physical activity (42), loss of 
weight (43), treatment with statins (44), high dose of 
aspirin (45), thiazolidinedione (46) and converting 
enzyme inhibitors as well as angiotensin-receptor 
blockers (47, 48) reduce incidence of diabetes and 
improve metabolic control of diabetes partially via 
anti-inflammatory mechanism. The hypothesis that 
T2DM is inflammatory disease opens new clinical 
perspectives for diagnosis and treatment but still 
requires further investigation. 
 
Limitation: 

The study design was cross-sectional. A 
longitudinal follow-up study would be more 
appropriate and enable the investigation of different 
stages in progression from healthy control to 
prediabetic states and overt diabetes. Finally, possible 
associations between glucose and lipid toxicity, beta 
cell function and circulating cytokine concentrations in 
different diabetes groups could not be investigated 
because suitable data were not collected. 
 
Corresponding author 
Laila Damanhouri, Department of Medical 
Laboratory Technology, Faculty of Applied Medical 
Sciences, King Abdulaziz University, Jeddah, Saudi 
Arabia . P.O. Box: 10415, Jeddah 21433. Saudi Arabia 
lailahhd71@hotmail.com  
 
References: 
1. Zozulinska D, Wierusz-Wysocka B. , 2006. Type 

2 diabetes mellitus as inflammatory disease. 
Diabetes Research and Clinical Practice; 74S:S12–
S16. 

2. Garcia C, Feve B, Ferre´ P, Halimi S, Baizri H, 
Bordier L, Guiu G, Dupuy O, Bauduceau B, 

Mayaudon H. ., 2010. Diabetes and inflammation: 
fundamental aspects and clinical implications. 
Diabetes Metab.; 36:327–338 

3. Madonna R, Pandolfi A, Massaro M, Consoli A, 
De Caterina R. ,2004. Insulin enhances vascular 
cell adhesion molecule-1 expression in human 
cultured endothelial cells through a pro-
atherogenic pathway mediated by p38 mitogen-
activated protein-kinase. Diabetologia; 47:532–
536. 

4. Calderon B, Suri A, Pan XO, Mills JC, Unanue 
ER., 2008. IFN gamma- dependent regulatory 
circuits in immune inflammation highlighted in 
diabetes. J Immunol; 181:6964–6974 

5.  Ajuwon KM, Spurlock ME. , 2005. Adiponectin 
inhibits LPS-induced NF-kappaB activation and 
IL-6 production and increases PPARgamma2 
expression in adipocytes, Am. J. Physiol. Regul. 
Integr. Comp. Physiol.; 288(5): R1220-R1225. 

6. Wulster-Radcliffe MC, Ajuwon KM, Wang J, 
Christian JA, Spurlock ME., 2004. Adiponectin 
differentially regulates cytokines in porcine 
macrophages. Biochem Biophys Res Commun; 
316:924–929. 

7. Ehling A, Schäffler A, Herfarth H, Tarner IH, 
Anders S, Distler O, Paul G, Distler J, Gay S, 
Schölmerich J, Neumann E, Müller-Ladner U., 
2006. The potential of adiponectin in driving 
arthritis, J. Immunol.; 176(7):4468-4478. 

8. Hara K, Horikoshi M, Yamauchi T, Yago H, 
Miyazaki O, Ebinuma H, Imai Y, Nagai R, 
Kadowaki T., 2006. Measurement of the high-
molecular weight form of adiponectin in plasma is 
useful for the prediction of insulin resistance and 
metabolic syndrome, Diabetes Care; 29(6):1357-
1362. 

9. de Waal Malefyt R, Abrams J, Bennett B, Figdor 
CG, De Vries JE. ,1991. Interleukin 10 (IL-10) 
inhibits cytokine synthesis by human monocytes: 
an autoregulatory role of IL-10 produced by 
monocytes. J Exp Med; 174:1209-1220. 

10. Del Prete G, DeCarli M, Almerigogna F, Giudizi 
MG, Biagiotti R, Romagnani S. ,1993. Human IL-
10 is produced by both type 1 helper (Th1) and 
type 2 helper (Th2) T cell clones and inhibits their 
antigen-specific proliferation and cytokine 
production. J Immunol.; 150(2):353-60. 

11. de Waal Malefyt R., 2001. IL-10. In: Oppenheim 
JJ, Feldmann M, editors. Cytokine reference. San 
Diego: Academic Press;. p. 165-185. 

12. Tiittanen M, Huupponen JT, Knip M, Vaarala O., 
2006. Insulin treatment in patients with type 1 
diabetes induces upregulation of regulatory Tcell 
markers in peripheral blood mononuclear cells 
stimulated with insulin in vitro. Diabetes; 55:3446-
3454. 



Journal of American Science 2012;8(10)                                                     http://www.jofamericanscience.org 

http://www.jofamericanscience.org                                                                 editor@americanscience.org 471

13. Diagnosis and classification of diabetes mellitus. 
Diabetes Care 2010; 33:S62-69 

14. Ogbera AO. Burden of diabetes mellitus in 
Nigeria. Trop Doct 2007; 37: 153-154. 

15. Pickup JC., 2004. Inflammation and activated 
innate immunity in the pathogenesis of Type 2 
diabetes. Diabetes Care; 27: 813–823. 

16. Geerlings SE, Hoepelman AI., 1999. Immune 
dysfunction in patients with diabetes mellitus 
(DM). FEMS Immunol Med Microbiol; 26:259-
265. 

17. Esposito K, Pontillo A, Di Palo C, Giugliano G, 
Masella M, Marfella R, Giugliano D. 2003. Effect 
of weight loss and lifestyle changes on vascular 
inflammatory markers in obese women: a 
randomised trial, JAMA; 289(14):1799–1804. 

18. Thomsen SB, Rathcke CN, Zerahn B, Vestergaard 
H., 2010. Increased levels of the calcification 
marker matrix Gla protein and the inflammatory 
markers YKL-40 and CRP in patients with type 2 
diabetes and ischemic heart disease. Cardiovasc 
Diab; 9:86. 

19. Gabay C, Kushner I., 1999. Acute-phase proteins 
and other systemic responses to inflammation. N 
Engl J Med; 340:448–454. 

20. Fattori E, Cappelletti M, Costa P, Sellitto C, 
Cantoni L, Carelli M, Faggioni R, Fantuzzi G, 
Ghezzi P, Poli V. ,1994. Defective inflammatory 
response in interleukin 6-deficient mice. J Exp 
Med; 180:1243–1250. 

21. Zheng H, Fletcher D, Kozak W, Jiang M, 
Hofmann KJ, Conn CA, Soszynsk D, Grabiec C, 
Trumbauer ME, Shaw A, et al. ,1995. Resistance 
to fever induction and impaired acute-phase 
response in interleukin-1 beta-deficient mice. 
Immunity; 3:9–19. 

22. Pham MN, Hawa MI, Pfleger C, Roden M, 
Schernthaner G, Pozzilli P, Buzzetti R, Scherbaum 
WA, Seissler J, Kolb H, Hunter S, Leslie RD, 
Schloot NC., 2011. Action LADA Study Group. 
Pro- and anti-inflammatory cytokines in latent 
autoimmune diabetes in adults, type 1 and type 2 
diabetes patients: Action LADA 4. Diabetologia.; 
54(7):1630-8. 

23. Sallam N, Khazaei M, Laher I., 2010. Effect of 
moderate-intensity exercise on plasma C-reactive 
protein and aortic endothelial function in type 2 
diabetic mice. Mediators Inflamm:149678. 

24. Kajitani N, Shikata K, Nakamura A, Nakatou T, 
Hiramatsu M, Makino H. ,2010. 
Microinflammation is a common risk factor for 
progression of nephropathy and atherosclerosis in 
Japanese type 2 diabetes mellitus. Diab Res Clin 
Pract; 88:171–176 

25. Goh SY, Cooper ME., 2008. Clinical review: the 
role of advanced glycation end products in 

progression and complications of diabetes. J Clin 
Endocrinol Metab; 93:1143–1152. 

26. Weyer C, Funahashi T, Tanaka S, Hotta K, 
Matsuzawa Y, Pratley RE, Tataranni PA. 2001. 
Hypoadiponectinemia in obesity and type 2 
diabetes: close association with insulin resistance 
and hyperinsulinemia. J Clin Endocrinol Metab; 
86(5):1930–1935. 

27. Pellmé F, Smith U, Funahashi T, Matsuzawa Y, 
Brekke H, Wiklund O, Taskinen MR, Jansson PA. 
,2003. Circulating adiponectin levels are reduced 
in nonobese but insulin-resistant first-degree 
relatives of type 2 diabetic patients. Diabetes; 
52:1182-1186. 

28. Nayak S, Soon SQ, Kunjal R, Ramadoo R, 
Baptiste O, Persad J, Temull V, Diptee L, 
Balgobin S., 2009. Relationship between 
adiponectin, inflammatory markers and obesity in 
type 2 diabetic and non-diabetic Trinidadians. 
Arch Physiol Biochem; 115:28–33 

29. Yamamoto Y, Hirose H, Saito I, Tomita M, 
Taniyama M, Matsubara K, Okazaki Y, Ishii T, 
Nishikai K, Saruta T., 2002. Correlation of the 
adipocyte derived protein adiponectin with insulin 
resistance index and serum high-density 
lipoprotein-cholesterol, independent of body mass 
index, in the Japanese population. Clin Sci (Lond); 
103:137–42. 

30. Oberbach A, Tonjes A, Kloting N, Fasshauer M, 
Kratzsch J, Busse MW, Paschke R, Stomwoll M, 
Bluher M., 2006. Effect of a 4 week physical 
training program on plasma concentrations of 
inflammatory markers in patients with abnormal 
glucose tolerance. Eur J Endocrinol; 154:577–585. 

31. Heilbronn LK, Campbell LB., 2008. Adipose 
tissue macrophages, low grade inflammation and 
insulin resistance in human obesity. Curr Pharm 
Des; 14:1225–1230. 

32. 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., 2002. Adiponectin stimulates 
glucose utilization and fatty-acid oxidation by 
activating AMP-activated protein kinase. Nat 
Med; 8:1288–95. 

33. Matthews DR, Hosker JP, Rudenski AS, Naylor 
BA, Treacher DF, Turner RC. ,1985. Homeostasis 
model assessment: insulin resistance and beta-cell 
function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia; 28:412-419. 

34. Ouchi N, Kihara S, Funahashi T, Nakamura T, 
Nishida M, Kumada M, Okamoto Y, Ohashi K, 
Nagaretani H, Kishida K, Nishizawa H, Maeda N, 
Kobayashi H, Hiraoka H, Matsuzawa Y., 2003. 
Reciprocal association of C-reactive protein with 



Journal of American Science 2012;8(10)                                                     http://www.jofamericanscience.org 

http://www.jofamericanscience.org                                                                 editor@americanscience.org 472

adiponectin in blood stream and adipose tissue. 
Circulation; 107: 671-674. 

35. Matsushita K, Yatsuya H, Tamakoshi K, Wada K, 
Otsuka R, Takefuji S, Sugiura K, Kondo T, 
Murohara T, Toyoshima H.,2006. Comparison of 
circulating adiponectin and proinflammatory 
markers regarding their association with metabolic 
syndrome in Japanese men. Arterioscler Thromb 
Vasc Biol; 26: 871-876. 

36. Herder C, Hauner H, Haastert B, Rohrig K, 
Koenig W, Kolb H, Muller- Scholze S, Thorand B, 
Holle R, RathmannW. ,2006. 
Hypoadiponectinemia and proinflammatory state: 
two sides of the same coin? Results from the 
Cooperative Health Research in the Region of 
Augsburg Survey 4 (KORA S4). Diabetes Care; 
29:1626–1631. 

37. Chandran M, Phillips SA, Ciaraldi T, Henry RR. 
,2003. Adiponectin: more than just another fat cell 
hormone? Diabetes Care; 26:2442–245. 

38. van Exel E, Gussekloo J, de Craen AJM, Frölich 
M, Bootsma-van der Wiel A, Westendorp RGJ. 
,2002. Low production capacity of interleukin-10 
associates with the metabolic syndrome and type 2 
diabetes: the Leiden 85-Plus Study. Diabetes; 
51:1088-1092. 

39. Mosman TR., 1994. Properties and functions of 
interleukin-10. Adv Immunol; 56:1–10. 

40. Lalani I, Bhol K, Ahmed AR., 1997. Interleukin-
10: Biology, role in inflammation and 
autoimmunity. Ann Allergy Asthma Immunol; 
79:469– 480. 

41. Giannopolou I, Fernhall B, Carhart R, Weinstock 
RS, Baynard T, Figueroa A, Kanaley JA., 2005. 

Effects of diet and/or exercise on the 
adipocytokines and inflammatory cytokine levels 
of postmenopausal women with type 2 diabetes, 
Metabolism; 54(7):866–875. 

42. Kasapis C, Thompson PD., 2005. The effects of 
physical activity on serum C-reactive protein and 
inflammatory markers, J Am Coll Cardiol; 
45:1563–1569. 

43. Esposito K, Pontillo A, Giugliano F, Giugliano G, 
Marfella R, Nicoletti G, Giugliano D. ,2003. 
Association of low interleukin-10 levels with the 
metabolic syndrome in obese women. J Clin 
Endocrinol Metab; 88(3):1055-1058. 

44. Rosenson RS, Tangney CC, Casey LC., 1999. 
Inhibition of proinflammatory cytokine production 
by provastatin, Lancet; 353: 983–984. 

45. Hundal RS, Petersen KF, Mayerson AB, 
Randhawa PS, Inzucchi S, Shoelson SE, Shulman 
GI., 2002. Mechanism by which high-dose aspirin 
improves glucose metabolism in type 2 diabetes, J 
Clin Invest; 109(10):1321–1326. 

46. Nesto R, 2004. C-reactive proteins, its role in 
inflammation, type 2 diabetes and cardiovascular 
disease, and the effects of insulin sensitizing 
treatment with thiazolidinediones, Diab Med;  21: 
810–817. 

47. HOPE/HOPE-TOO ,2005. Study Investigators, 
Long-term effects of ramipril on cardiovascular 
events and on diabetes, Circulation; 112:1339–
1346. 

48. Sierra C, A. de-la Sierra, 2005. Atihypertensive, 
cardiovascular, and pleiotropic effects of 
angiotensin-receptor blockers, Curr Opin Nephrol 
Hypertens; 14:435–441. 

 
 
8/2/2012 


