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ABSTRACT 
 

Recently, vaspin and chemerin have been identified as interesting novel adipokines having insulin-
sensitizing effects. However, the relationship between them has not been elucidated; and their circulating levels 
in type 2 diabetes mellitus (T2DM) have not been adequately studied. Therefore, this study was designed to 
investigate whether their levels are altered in Libyan T2DM patients and to study the correlation of these novel 
adipokines with each other and with insulin resistance, body mass index (BMI) and lipid profile. After an 
overnight fasting, a single blood sample was obtained. The levels of vaspin, chemerin, and insulin were 
measured in non obese and obese T2DM patients together with matched healthy non diabetic control subjects by 
enzyme-linked immunosorbent assay (ELISA), whereas glucose and lipid profile were measured using 
colorimetric enzymatic methods. Obesity was assessed using BMI and insulin  resistance was measured using 
Homeostasis Model Assessment-Insulin Resistance (HOMA-IR).Vaspin and chemerin levels were found to be 
significantly elevated in non obese (1.0± 0.50 and 116.5 ± 5.6 ng/ml, respectively) and obese T2DM patients 
(2.70 ± 0.50 and 174.11 ± 8.60 ng/ml, respectively) compared with control subjects (0.3 ± 0.1 and 78.2 ± 9.4 
ng/ml, respectively) at P < 0.01. In addition, vaspin and chemerin levels were found to be significantly 
correlated with each other and with BMI, insulin resistance, and lipid profile. In conclusion, both vaspin and 
chemerin might play an important role in the pathogenesis of T2DM. In addition, those adipokines (vaspin and 
chemerin) are significantly interrelated with each other.    
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Introduction 

 
Recently, there has been a worldwide increase in the incidence of obesity associated with a metabolic 

syndrome known as type 2 diabetes (Butler, 2004 ); and predicted estimates suggest that the population with this 
syndrome may double to ≈300 million by the year 2025 (Zimmet, 2003). One of the critical determinants for the 
development of this obesity may be an increase in the regional distribution of body fat, i.e., abdominal obesity. 
The latter often shows clustering of atherogenic risk factors i.e., hypertension, dyslipidemia, alterations in 
coagulation and inflammatory cytokine profiles, and hyperinsulinemia and insulin resistance (Seida et al., 
2003).      

When weight is gained, hyperplasia and hypertrophy of adipocytes within adipose tissue are found. In recent 
years it could be demonstrated convincingly that fat cells differentially secrete various proteins, so-called 
adipokines, which link obesity with components of the metabolic syndrome (Trujillo and Scherer, 2006).    

Hida et al. (2005) characterized vaspin as an interesting novel adipokine with insulin-sensitizing effects. 
Vaspin belongs to the serine protease inhibitor (serpine) superfamily and is produced in the visceral adipose 
tissue depot of Otsuka Long-Evans Tokushima Fatty (OLETF) rats, an animal model of obesity with T2DM. 

Kloting et al. (2006) postulated that induction of vaspin mRNA expression in human adipose tissue could 
represent a compensatory mechanism associated with obesity, severe insulin resistance, and type 2 diabetes. 
Thus, the adipokine vaspin is a novel candidate to link human obesity to its related metabolic alterations. 

Chemerin was recently found to be an adipokine, and its expression was increased in states of obesity 
(Bozaoglu et al., 2007).       

Chemerin mRNA expression was increased in adipose tissue of obese and type 2 diabetic animals, it was 
predominantly expressed by adipocytes in adipose tissue, and was significantly induced upon differentiation of 
3T3-L1 cells into mature adipocytes (Takahashi et al., 2008).   

A growing body of human experimental data indicates that serum chemerin levels are elevated in patients 
with obesity and that they exhibit a positive correlation with various aspects of the metabolic syndrome. Thus, 
the role of chemerin in metabolism might provide a link between obesity and obesity related disorders such as 
type 2 diabetes (Ernst and Sinal, 2010).   
 
Aim of the study: 
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The present study aimed to investigate the role of both vaspin and chemerin in the pathogenesis of type 2 
diabetes mellitus and the relationship between the two adipokines. Also, the relation of both adipokines with 
insulin resistance, BMI and lipid profile in the studied groups.       

 
Subjects And Methods 

 
 The current study was conducted on 60 type 2 diabetic patients. They were subdivided according to BMI 

into 30 obese (BMI > 25 kg/m2) patients (22 females and 8 males) and 30 non obese (BMI < 25 kg/m2) patients 
(19 females and 11 males) with mean of age 58.0 and 57.3 years respectively.  

 The patients were chosen randomly from those attending the outpatient Clinic of Tripoli university 
hospital.  

 Complete clinical examination was done for all patients to exclude any diabetic complication such as 
neurologic, cardiac, kidney, and eye complications.     

 Twenty healthy subjects matching the average age and socioeconomic status were selected randomly as a 
control group.  They were subdivided to ten obese (BMI > 25 kg/m2) subjects (7 females and 3 males) and ten 
non obese (BMI < 25 kg/m2) subjects (6 females and 4 males).  

 The healthy subjects were chosen randomly from those working at Tripoli university hospital.  
 Complete clinical examination was also done for all healthy subjects to exclude any health problem that 

may they suffer from.   
 Weight and height were measured for each subject then the body mass index was calculated as following: 

BMI = Body weight in Kg / (height in m2) = Kg/m2 (Bray, 1987).  
 
Samples and laboratory analysis:  

 
A sample of 10 ml venous blood was collected from each subject after an overnight fasting. The venous 

blood sample was divided into three test tubes. 1 ml was added to a mixture of potassium oxalate and sodium 
fluoride (for plasma glucose estimation by oxidase/peroxidase kit) (Caraway and Watts, 1987), 2 ml was added 
to EDTA powder (whole blood to estimate HbA1c by a direct enzymatic method) (Goldstein et al., 2004), and 
the remaining 7 ml were allowed to clot at room temperature then centrifuged at 1000 rpm for 15 minutes. 
Serum was separated and divided into aliquots then frozen at -20 0C till the time of assay.   

The serum samples were used to estimate the following parameters:         
1- Insulin: by a solid phase enzyme linked immunosorbent assay (ELISA) Kit (Andersen et al., 1993).  
2- Triglycerides: by enzymatic colorimetric kit (Fossati and Principe, 1982). 
3- Total cholesterol: by enzymatic colorimetric kit (Allain et al., 1974).   
4- HDL-cholesterol: by phosphotungstate precipitation kit (Lopes-Virella et al., 1977).    
5- Vaspin and Chemerin:  by a solid phase enzyme linked immunosorbent assay (ELISA) Kit (Porstmann 

and Kiessig, 1992).   
 LDL-cholesterol was estimated by the equation of Friedewald et al. (1972) LDL-Cholesterol=Total 

cholesterol - (triglyceride/5 + HDL-Cholesterol).   
 Insulin resistance was estimated by Homeostasis Model Assessment (Matthews et al., 1985 and Levy et 

al., 1988).  
 HOMA-R =       [fasting insulin (μIU/ml) X fasting glucose (mmol/L)] 
                                     22.5 

Statistical Methods: 
 
Statistical Package of social science (SPSS) version 9.0 was used for analysis of data.  Data was 

summarized as mean ± SD. T test was used for analysis of data.   
 

Results: 
 
In the diabetic group there was a highly significant increase in FBG, HbA1c, T-cholesterol, TG, HDL-c, 

LDL-c, vaspin, chemerin, insulin, and HOMA compared to the control group whereas the BMI was not 
significantly increased compared to the control group (Table 1).  

 
Table 1: Comparison between the mean of different parameters in type 2 diabetic patients and controls 

Variables
Type 2 diabetic patients Control

P-value
Mean ± SD  Mean ± SD

Age (years) 57.7 ± 3.5 58.0 ± 3.3 0.8
FBG (mg/dl) 110.4 ± 13.4 84. 9 ± 8.4 0.0001*
BMI(kg/m2) 33.6 ± 10.3 33.0 ± 10.5 0.8
HbA1c (%) 8.3 ± 0.8 5.5 ± 0.6 0.0001*



3 
2, 2015-1): 1(2urr. Sci. Int. C 

 

T-Cholesterol (mg/dl) 223.5 ± 27.2 178.7 ± 6.8 0.0001*
TG (mg/dl) 162.2 ± 30.3 88.7 ± 8.0 0.0001*
HDL-c (mg/ dl) 41.9 ± 7.1 48.3 ± 6.0 0.0001*
LDL-c (mg/dl) 149.3 ± 26.9 112.4 ± 8.7 0.0001*
Vaspin (ng/ml) 1.8 ± 0.5 0.3 ±0.08 0.0001*
Chemerin (ng/ml) 145.3 ± 29.9 78.2 ± 9.4 0.0001*
Insulin (µU/ml) 48.8 ± 27.8 6.4 ± 1.0 0.0001*
HOMA 14.0 ± 9.0 1.4 ± 0.3 0.0001*
 P value < 0.05 is considered to be significant.  

 
In obese type 2 diabetic group, there was a significant increase in FBG and HbA1c compared to obese 

control group. T-cholesterol, TG, HDL-c, LDL-c, vaspin, chemerin, insulin, and HOMA were highly 
significantly increased compared to obese control group whereas BMI was not significantly increased compared 
to obese control group (Table 2).  

 
Table 2: Comparison between the mean of different parameters in obese type 2 diabetic patients and obese controls 

Variables
Obese type 2 diabetic patients Obese control

P-value
Mean ± SD Mean ± SD

Age (years) 58.0 ± 3.5 58.5 ± 4.0 0.7
FBG (mg/dl) 120.7 ± 8.4 83.3 ± 8.6 0.001*
BMI(kg/m2) 43.0 ± 5.6 43.0 ± 2.6 0.9
HbA1c (%) 8.7 ± 0.8 5.6 ± 0.5 0.001*

T-Cholesterol(mg/dl)247.6 ± 14.8 178.4 ± 7.1 0.0001*
TG (mg/dl) 187.6 ± 15.2 87.7 ± 8.3 0.0001*
HDL-c (mg/ dl) 37.0 ± 2.9 52.0 ± 4.5 0.0001*
LDL-c (mg/dl) 173.4 ± 12.7 108.9 ± 7.1 0.0001*
Vaspin (ng/ml) 2.7 ± 0 .5 0.3 ± 0.08 0.0001*
Chemerin  (ng/ml) 174.1 ± 8.6 86.2 ± 4.3 0.0001*
Insulin (µU/ml) 75.7 ± 8.9 6.5 ± 1.1 0.0001*
HOMA 22.6 ± 3.5 1.4 ± 0.4 0.0001*
 P value < 0.05 is considered to be significant.   

 
In non-obese type 2 diabetic group, there was a highly significant increase in FBG, HbA1c, T-cholesterol, 

TG, LDL-c, vaspin, chemerin, insulin, and HOMA compared to non-obese control group whereas BMI and 
HDL-c were not significantly increased compared to non-obese control group (Table 3).  

 
Table 3: Comparison between the mean of different parameters in non-obese type 2 diabetic patients and non-obese controls  

Variables
Non Obese type 2 diabetic patients Non obese control

P-value
Mean ± SD Mean ± SD

Age (years) 57.3 ± 3.4 57.4 ± 2.6 0.9
FBG (mg/dl) 100.1 ± 8.7 86.4 ± 8.3 0.0001*
BMI(kg/m2) 24.2 ± 1.6 23.0 ± 0.9 0.02*
HbA1c (%) 8.0 ± 0.6 5.3 ± 0.6 0.0001*

T-Cholesterol(mg/dl)199.4 ± 9.3 179.1 ± 6.8 0.0001*
TG (mg/dl) 136.7 ± 17.3 89.7 ± 7.5 0.0001*
HDL-c (mg/ dl) 46.9 ± 6.5 44.6 ± 4.9 0.3
LDL-c (mg/dl) 125.3 ± 10.5 115.9 ± 9.0 0.01*
Vaspin (ng/ml) 1.0 ±  0.3 0.213 ± 0.07 0.0001*
Chemerin  (ng/ml) 116.5 ± 5.6 70.2 ± 5.0 0.0001*
Insulin (µU/ml) 21.9 ± 2.2 6.4 ± 0.9 0.0001*
HOMA 5.4 ± 0.8 1.4 ± 0.3 0.0001*
 P value < 0.05 is considered to be significant.   

 
In obese type 2 diabetic group, there was a highly significant increase in FBG, BMI, HbA1c, T-cholesterol, 

TG, HDL-c, LDL-c, vaspin, chemerin, insulin, and HOMA compared to non-obese type 2 diabetic group (Table 
4).   

 
Table 4: Comparison between the mean of different parameters in obese and non-obese type 2 diabetic patients 

Variables
Obese type 2 diabetic patients Non obese type 2 diabetic patients

P-value
Mean ± SD Mean ± SD

Age (years) 58.0 ± 3.5 57.3 ± 3.4 0.4
FBG (mg/dl) 120.7 ± 8.4 100.1 ± 8.7 0.0001*
BMI(kg/m2) 43.0 ± 5.6 24.2 ± 1.6 0.0001*
HbA1c (%) 8.7 ± 0.8 8.0 ± 0.6 0.0001*
T-cholesterol(mg/dl) 247.6 ± 14.8 199.4 ± 9.3 0.0001*
TG (mg/dl) 187.6 ± 15.2 136.7 ± 17.3 0.0001*
HDL-c (mg/ dl) 37.0 ± 2.9 46.9 ± 6.5 0.0001*
LDL-c (mg/dl) 173.4 ± 12.7 125.3 ± 10.5 0.0001*
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Vaspin (ng/ml) 2.7 ± 0.5 1.0 ± 0.3 0.0001*
Chemerin (ng/ml) 174.1 ±  8.6 116.5 ± 5.6 0.0001*
Insulin (µU/ml) 75.7 ± 8.9 21.9 ± 2.2 0.0001*
HOMA 22.6 ± 3.5 5.4 ± 0.8 0.0001*
 P value < 0.05 is considered to be significant.   

 
There was a significant positive correlation between vaspin, chemerin, insulin, and HOMA with each other 

and with the other studied parameters except with HDL-c, the correlation was significantly negative in type 2 
diabetic group (Table 5).  
 
Table 5: Correlation between vaspin, chemerin, insulin and HOMA in type 2 diabetic patients and other studied parameters 

Variables  VASPIN CHEMERIN INSULIN HOMA 
Vaspin (ng/ml) r  0.9 0.8 0.8 

P-value  .0001* .0001* .0001* 
Chemerin(ng/ml) r 0.9  0.9 0.9 

P-value .0001*  .0001* .0001* 
Insulin (µU/ml) r 0.8 0.9  1.0 

P-value .0001* .0001*  .0001* 
HOMA r 0.8 0.9 1.0  

P-value .0001* .0001* .0001*  
FBG (mg/dl) r 0.7 0.8 0.8 0.9 

P-value .0001* .0001* .0001* .0001* 
BMI (kg/m2) r 0.9 1.0 0.9 0.9 

P-value .0001* .0001* .0001* .0001* 
HbA1c (%) r 0.5 0.5 0.4 0.4 

P-value .0001* .0001* .0001* .0001* 
T-cholesterol (mg/dl) r 0.8 0.9 0.9 0.8 

P-value .0001* .0001* .0001* .0001* 
TG (mg/dl) r 0.8 0.8 0.8 0.8 

P-value .0001* .0001* .0001* .0001* 
HDL-c (mg/dl) r - 0.7 - 0.7 - 0.7 - 0.7 

P-value .0001* .0001* .0001* .0001* 
LDL-c (mg/dl) r 0.8 0.9 0.9 0.9 

P-value .0001* .0001* .0001* .0001* 
 P value < 0.05 is considered to be significant. 
 
Discussion: 

 
Diabetes is an important health problem since the incidence of diabetes is continuously increasing. Early 

diagnosis is important as type 2 diabetes begins long before we diagnose it, leading to a complicated course of 
the disease. In order to prevent delay in the diagnosis of type 2 diabetes, novel predictors and pathways for type 
2 diabetes are mounting. Adipocytokines may play important roles in the pathogenesis of diabetes mellitus and 
insulin resistance (Gulcelik et al., 2009).   

The present study aimed to investigate the role of both adipokines; vaspin and chemerin in the pathogenesis 
of type 2 diabetes accompanied with obesity and the relationship between the two adipokines in the studied 
groups.  

The current study showed that the mean serum level of vaspin in type 2 diabetic patients was significantly 
higher than that of the control group. Also, vaspin was significantly higher in obese type 2 diabetic patients than 
that of non obese type 2 diabetic patients.  

These results came in agreement with a study done by El-Mesallamy et al. (2011)  that revealed 
significantly elevated levels of vaspin in non obese and obese type 2 diabetic patients compared with control 
subjects.  

In accordance to these results Youn et al. (2008) concluded that elevated vaspin serum concentrations are 
associated with obesity and impaired insulin sensitivity. Whereas type 2 diabetes seems to abrogate the 
correlation between increased circulating vaspin, higher body weight, and decreased insulin sensitivity.  

Since vaspin is recognized as an insulin sensitizing adipokine, theoretically, we would expect a positive 
association between serum vaspin levels and HOMA. In our study, in type 2 diabetic patients,  vaspin was 
significantly positively correlated with BMI, HOMA, TG, T- cholesterol, LDL-cholesterol and negatively 
correlated with HDL-cholesterol .   

The administration of recombinant vaspin improved insulin sensitivity and glucose tolerance and reversed 
the expression of genes that may promote insulin resistance in diet-induced obese mice (Hida et al., 2005). 

Therefore, reasonable speculation suggests that the production of vaspin may antagonize the action of unknown 
proteases that impair the action of insulin (Li et al., 2008).   
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 The present study showed that the mean serum level of chemerin in type 2 diabetic patients was 
significantly higher than that of the control group. Also, it was significantly higher in obese type 2 diabetic 
patients than that of non obese type 2 diabetic patients. In addition, chemerin, was significantly positively 
correlated with BMI, HOMA, TG, T- cholesterol, LDL-cholesterol and negatively correlated with HDL-
cholesterol.  

In accordance to these results Wang et al. (2009) concluded that serum chemerin levels were much higher 
in obese type 2 diabetic subjects than type 2 diabetic subjects with normal weight. Also, revealed that serum 
chemerin was correlated with insulin level, body fat disposition and lipid metabolism which suggesting that it 
may play a role in the pathophysiology of obesity and metabolic syndrome.  

Additionally, Weiqert et al. (2010) revealed that circulating chemerin was similar in type 2 diabetes and 
obese individuals but was significantly elevated in both cohorts compared to normal weight individuals.   

In contrast to our study Bozaoglu et al. (2007) concluded that plasma chemerin levels were not significantly 
different between subjects with type 2 diabetes and normal controls. However, in normal glucose tolerant 
subjects, plasma chemerin levels were significantly associated with body mass index and circulating 
triglycerides.    

Although vaspin and chemerin levels seem to be associated with insulin resistance and glycemic status in 
our study, their validity as markers is questionable at present. Further investigations are needed to understand the 
regulation of vaspin and chemerin also, their role in the development of diabetes.   

In conclusion, serum vaspin and chemerin levels are associated with insulin resistance in type 2 diabetic 
patients and positively correlated with HbA1c. Serum vaspin and chemerin levels are elevated in obese and non 
obese type 2 diabetic patients compared with controls.   
 
References 

 
Allain, C.A., L.S. Poon, C.S. Chan, W. Richmond and P.C. Fu, 1974. Enzymatic determination of total serum 

cholesterol. Clin. Chem., 20(4): 470-475. 
Andersen, L., B. Dinesen, P.N. Jorgensen, F. Poulsen and M.F. Roder, 1993. Enzyme immunoassay for intact 

human insulin in serum or plasma. Clin. Chem., 38: 578-582. 
Bozaoglu, K., K. Bolton, J. McMillan, P. Zimmet, J. Jowett, G. Collier, K. Walder and D. Segal, 2007. 

Chemerin is a novel adipokine associated with obesity and metabolic syndrome. Endocrinology, 148: 4687- 
4694. 

Bray, G.A., 1987. Overweight is risking factor: definition, classification, prevalence, and risk. Ann. N. Y. Acad. 
Sci., 499: 14-28.  

Butler, D., 2004. Health experts find obesity measures too lightweight. Nature, 18: 428(6980): P244.  
Caraway, W.T. and N.B. Watts, 1987. Carbohydrates In: Tietz, N.W., ed. Fundamentals of Clinical Chemistry. 

3rd. ed. Philadelphia, W.B. saunders: 422-447.   
El-Mesallamy, H.O., D.H. Kassem, E. El-Demerdash and A.L. Amin, 2011. Vaspin and visfatin/Nampt are 

interesting interrelated adipokines playing a role in the pathogenesis of type 2 diabetes mellitus. 
Metabolism, 60(1): 63-70.  

Ernst, M.C. and C.J. Sinal, 2010. Chemerin: at the crossroads of inflammation and obesity. Trends Endocrinol. 
Metab., 21(11): 660-667. 

Fossati, P. and L. Principe, 1982. Serum triglycerides determined colorimetrically with an enzyme that produces 
hydrogen peroxides. Clinical. Chem., 28: 2077-2080.  

Friedewald, W.T., R.T. Levy and D.S. Fredrickson, 1972. Estimation of the concentration of low density 
lipoprotein cholesterol in plasma without use of the preparative ultracentrifuge. Clin. Chem., 18: 499-502. 

Goldstein, D.E., R.R. Little, R.A. Lorenz, J.I. Malone, D. Nathan, C.M. Petreson and D.B. Sacks, 2004. Tests of 
glycemia in diabetes. Diabetes care, 27(7): 1761-1773.  

Gulcelik, N.E., A. Usman and A. Gurlek, 2009. Role of adipocytokines in predicting the development of 
diabetes and its late complications. Endocrine., 36(3): 397-403.  

Hida, K., J. Wada, J. Eguchi, H. Zhang, M. Baba, A. Seida, I. Hashimoto, T. Okada, A. Yasuhara, A. 
Nakatsuka, K. Shikata, S. Hourai, J. Futami, E. Watanabe, Y. Matsuki, R. Hiramatsu, S. Akagi, H. Makino, 
and Y.S. Kanwar, 2005. Visceral adipose tissue-derived serine protease inhibitor: A unique insulin-
sensitizing adipocytokine in obesity. PNAS, 102(30): 10610-10615. 

Klöting, N., J. Berndt, S. Kralisch, P. Kovacs, M. Fasshauer, M.R. Schon, M. Stumvoll and M. Blüher, 2006. 
Vaspin gene expression in human adipose tissue: association with obesity and type 2 diabetes. Biochem. 
Biophys. Res. Commun., 339: 430-436.  

Levy, J.C., D.R. Matthews and M.P. Hermans, 1988. Model assessment evaluation uses the computer program. 
Diabetes Care, 21: 2191-2192.  



6 
2, 2015-1): 1(2urr. Sci. Int. C 

 

Li, Q., R. Chen, J. Moriya, J. Yamakawa, H. Sumino, T. Kanda and T. Takahashi, 2008. A novel adipocytokine, 
visceral adipose tissue-derived serine protease inhibitor (vaspin) and obesity. Journal of International 
Medical Research, 36: 625-629. 

Lopes-Virella, M.F., P. Stone, S. Ellis and J.A. Colwell, 1977. Cholesterol determination in high density 
lipoproteins separated by three different methods. Clin. Chem., 23: 882.   

Matthews, D.R., J.P. Hosker and A.S. Rudenski, 1985. Homeostasis model assessment: insulin resistance and β-
cell function from fasting plasma glucose and insulin concentration in man. Diabetologia, 28: 412-419.   

Porstmann, T. and S.T. Kiessig, 1992. Enzyme Immunoassay Techniques, Journal of Immunological Methods, 
150: 5-21. 

Seida, A., J. Wada, M. Kunitomi, Y. Tsuchiyama, N. Miyatake, M. Fujii, S. Kira, K. Takahashi, K. Shikata and 
H. Makino, 2003. Serum bFGF levels are reduced in Japanese overweight men and restored by a 6-month 
exercise education. Int. J. Obes. Relat. Metab. Disorders, 27(11): 1325-1331.  

Takahashi, M., Y. Takahashi, K. Takahashi, F.N. Zolotaryov, K.S. Hong, R. Kitazawa, K. Iida, Y. Okimura, H. 
Kaji, S. Kitazawa, M. Kasuga and K. Chihara, 2008. Chemerin enhances insulin signaling and potentiates 
insulin-stimulated glucose uptake in 3T3–L1 adipocytes. FEBS Lett., 582: 573-578. 

Trujillo, M.E. and P.E. Scherer, 2006. Adipose tissue-derived factors: impact on health and disease. Endocr. 
Rev., 27: 762-778. 

Wang, L.Y., L. Wei, H.Y. Yu, Y. Zhang and W.P. Jia, 2009. Relationship of serum Chemerin to obesity and 
type 2 diabetes mellitus. Zhonghua Yi Xue Za Zha. 3; 89(4):235-238. 

Weiqert, J., M. Neumeier, J. Wanninger, M. Filarsky, S. Bauer, R. Wiest, S. Farkas, M.N. Scherer, A. Schaffler, 
C. Aslanidis, J. Scholmerich and C. Bueechler, 2010. Systemic chemerin is related to inflammation rather 
than obesity in type 2 diabetes. Clin. Endocrinol., 72(3): 342-348. 

Youn, B.S., N. Klöting, J. Kratzsch, N. Lee, J.W. Park, E.S. Song, K. Ruschke, A. Oberbach, M. Fasshauer, M. 
Stumvoll and M. Blüher, 2008. Serum vaspin concentrations in human obesity and type 2 diabetes. 
Diabetes, 57: 372-377. 

Zimmet, P., 2003. The burden of type 2 diabetes: are we doing enough?  Diabetes Metab., 29: S9-S18. 


