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The Relationship Visfatin to IR in CHC

Introduction

Insulin resistance (IR) is a state in which a given concentration 
of insulin produces a less-than-expected biological effect. It is 
closely related to glucose metabolism, lipid metabolism, hyper-
tension, and obesity. The liver plays a key role in nutrient and 
hormone metabolism,1,2 and hepatogenous diabetes is used to de-
scribe the state of hyperglycemia in advanced cirrhosis. Some re-
ports con rm a close relation between chronic hepatitis C (CHC) 
and IR. 3,4 IR not only accelerates the development of liver brosis 
and liver cancer but also interferes with anti-viral treatment. IR 
signi cantly improves following antiviral therapy in CHC pa-
tients, indicating that early diagnosis and treatment of IR not only 
reduces viral replication, but also prevents disease progression.5–8 
Hepatitis C virus (HCV) may lead to IR either directly via its core 
protein, or indirectly via the induction of cytokines,9 while the 
mechanism is complicated and not clear.9–11

Visfatin is a fat factor that plays an insulin-like role; it decreases 
blood glucose by binding the insulin receptor, promoting the dif-
ferentiation and synthesis of adipose tissue. Many studies have 
found a close relation between visfatin expression and the occur-
rence of IR.12–16 Therefore, we speculate that visfatin may play a 
role in IR in CHC. Tumor necrosis factor (TNF)-  and interleukin 
(IL)-6 play an important role in IR development17,18 and are sig-
ni cantly higher in CHC.19,20

Approximately 40 million people in China are infected with 

hepatitis C, according to a report at the 62nd Annual Meeting of the 
American Society of Study of Liver Diseases (AASLD). Huang et 
al.21 have reported a relationship between serum visfatin, disease 
severity and metabolic syndrome in Chinese CHC patients. The 
precise role of visfatin in the regulation of IR in CHC is not de -
nite. To address this question, we have attempted to detect serum 
visfatin and visfatin mRNA in peripheral blood mononuclear cells 
and investigate the role of visfatin in the occurrence of IR in CHC. 

Materials and Methods

Patient selection 
This study was approved by the Institutional Review Board of 

the First Af liated Hospital of Wenzhou Medical College and all 
patients provided written informed consent to participate.

CHC group (group 1)
The study was performed on 315 patients with CHC (120 fe-

males/195 males) that were infected with chronic hepatitis C 
(HCV). Patients had persistently elevated alanine aminotransfer-
ase (ALT) levels for at least six months. Participants were between 
the ages of  23 and 81 years (average: 40.9 ± 13.9) and inpatients at 
the First Af liated Hospital of Wenzhou Medical College during 
June 2009 to December 2011. Diagnosis of CHC was con rmed 
by the presence of serum HCV-RNA and viral load assayed by 
real-time uorescent quantitative RT-PCR (ABI7000 Automated 
Fluorescence Quantitative PCR Analyzer, USA). Exclusion crite-
ria included: drug or alcohol abuse; autoimmune, neoplastic, thy-
roid and psychiatric diseases; other hepatitis or HIV co-infections; 
diabetes mellitus; hyperlipidemia; high blood pressure; and renal 
or heart failure. There was no signi cant difference between men 
and women with regards to age (t = 0.261, P > 0.05). According to 
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“the knowledge of maintaining a healthy weight” announced by 
the Chinese Ministry of Health in 2009 and the normal BMI range 
is 18.5 to 24 kg/m2 In China. Therefore we subdivided the CHC 
group into normal BMI (< 24 kg/m2, n = 200) and elevated BMI 
(  24 kg/m2, n = 115) sub-groups.

Control group (group 2)
The group encompassed 100 healthy volunteers (50 females/50 

males) who lacked serum HCV-RNA and anti-HCV antibodies 
and were HIV and HBsAg negative. Controls had alcohol con-
sumption of less than 20 g/day and normal ALT levels. They 
ranged in age from 24–80 years (average: 38.3 ± 10.3) and had 
a body mass index (BMI) of 21.7 ± 1.9 kg/m2 (range: 18.5–24 
kg/m2). The control group had normal fasting glucose levels, oral 
glucose tolerance test results and lipid pro les. Exclusion cri-
teria included heart, lung, liver, kidney and endocrine diseases. 
Healthy volunteers were chosen from a large number of people 
who underwent physical examinations. 

Serological assays 
Blood from groups 1 and 2 were collected after more than 12 

hr fasting. All samples were centrifuged and serum was frozen at 
-70ºC for further processing. The levels of fasting blood glucose 
(FBG), ALT, aspartate aminotransferase (AST), albumin (Alb), 
total protein (TP), and the lipid pro le were detected by a Hitachi 
7600 Automatic Biochemical Analyzer (Hitachi Corporation, Ja-
pan). Fasting insulin (FINS) and fasting C peptide were assayed 
by a Roche E170 analyzer (Roche Corporation, Germany); C-re-
active protein (CRP) was measured in a Beckman IMMAGE8000 
Analyzer (Beckman Coulter Corporation, USA). Visfatin serum 
concentrations were assessed by a commercially available EILSA 
Assay Kit (BioVision Corporation, USA). IL-6 and TNF-  were 
detected by the radioimmunoassay method (Beijing Puerweiye 
Biotechnology Co., Ltd., China) and HCV-RNA was detected by 
quantitative RT-PCR (ABI7000 Automated Fluorescence Quan-
titative PCR Analyzer, USA). Insulin parameters were calculated 
as follows: Homeostasis Model of Assessment-Insulin Resistance 
(HOMA-IR) = FINS × FBG/22.5; Homa  cell function index 
(HBCI) = 20 × FINS/(FBG-3.5); fasting -cell function index 
(FBCI) = FINS/FBG; and insulin sensitivity index (IAI) = 1/
(FBG × FINS). The parameters that re ected changes in liver tis-
sue specimens were the AST/ALT ratio (AAR) = AST/ALT and 
AST to platelet ratio index (APRI) = [(AST/ULN)/platelet count 
(109)] × 100. 

SYBR green real-time PCR
RNA was extracted from peripheral blood mononuclear cells 

of both groups by Trizol reagent (Invitrogen, USA). A total 
of 1 g RNA was reverse transcribed to rst-strand DNA with 
the SuperScript® II system (Invitrogen, USA). The primers for 
visfatin were designed with Primer Premier 5.0 as follows: for-
ward 5’-ATGTTCTCTTCACGGTCGAAAAC-3’ and reverse 
5’-GGCCACTTTGATTGGATACCA-3’. We performed real-
time PCR with the SYBR Green PCR Master Mix (Perkin-Elmer 
Applied Biosystems, Warrington, United Kingdom) and ampli-

ed cDNA with an ABI7000 Automated Fluorescence Quanti-
tative PCR Analyzer (Perkin-Elmer Applied Biosystems) under 
universal thermal cycling conditions. Experimental results were 
normalized to the threshold cycle (CT) of ß-actin, according to 
the appropriate standard curves. The CT values were converted to 

relative transcript copy numbers. 

Statistical analysis
All values are expressed as mean ± SD. The Shapiro-Wilk test 

was used to evaluate the distribution. Differences in studied vari-
ables between groups were tested using the t-test for independent 
groups. Correlations were analyzed with the Spearman rank cor-
relation coef cient. We considered P < 0.05 to be statistically sig-
ni cant. The statistical analysis was performed with SPSS 13.0 
(Statistical Package for the Social Sciences Corporation, USA). 

Results

Comparison of parameters between groups 1 and 2 
The levels of ALT, AST, apoptosis-related protein 1 (APRI), 

AAR, gamma-glutamyl transpeptidase (GGTP), IL-6, TNF- , 
visfatin, visfatin mRNA, FINS, fasting C peptide, and HOMA-IR 
were signi cantly higher in group 1 compared with group 2 (Ta-
ble 1). High-density lipoprotein cholesterol (HDL-C) and FBG 
concentrations were signi cantly lower (P = 0.013). No signi -
cant difference was observed in HBCI, FBCI, and IAI levels (P > 
0.05; Table 1).

Comparison of parameters in subgroups with different body mass 
indices (BMIs) from group 1

In CHC patients, the levels of visfatin, visfatin mRNA, and 
FINS, and the values of HOMA-IR, HBCI, and FBCI were sig-
ni cantly higher in the sub-group with increased BMI compared 
to those with normal BMI (Table 2). All other parameters showed 
no statistical differences. The visfatin level of the normal BMI 
sub-group of CHC patients was higher than the control group (P 
= 0.027; Table 2).

Correlations of visfatin in CHC to other parameters
Pearson correlation analysis revealed a positive correlation be-

tween visfatin and visfatin mRNA levels to BMI, HOMA-IR, IL-
6, and TNF- . Other parameters showed no statistically signi -
cant correlations (Table 3).

Discussion

In recent years, based on epidemiological and clinical data, nu-
merous researchers have shown that the incidence of diabetes in 
HCV patients is signi cantly higher than in those with chronic 
hepatitis B. CHC patients with diabetes and impaired glucose tol-
erance (IGT) have been shown to have higher HOMA-IR results 
than those with normal glucose tolerance (NGT), which suggested 
the possibility of IR in CHC patients who were glucose intolerant. 
Serum insulin, C peptide, and HOMA-IR values of CHC patients 
with stage 0 or stage 1 brosis and no diabetes were higher than 
those of healthy controls. 22–27 In the current study, serum insu-
lin, C peptide, and HOMA-IR values were higher in CHC pa-
tients compared to the control group, which supported previous 
reports. The results also showed signi cantly higher visfatin and 
visfatin mRNA levels compared to the control group, which posi-
tively correlated with HOMA-IR. CHC patients had higher BMI, 
plasma visfatin, and visfatin mRNA values, which suggested that 
the protein and mRNA of visfatin increased in CHC, thus these 
patients were more susceptible to IR. Our data found that visfatin 
had an important relationship with glucose metabolism disorders 
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Parameter CHC group
(n = 315)

Control group
(n = 100) P-value*

Age (years) 40.9 ± 13.9 38.3± 10.3 0.562

Weight (kg) 61.1 ± 10.9 65.1 ± 12.6 0.714

Height (m) 1.65 ± 0.04 1.67 ± 0.08 0.631

BMI (kg/m2) 22.4 ± 3.8 23.9 ± 3.3 0.723

ALT (IU/L) 85.6 ± 14.4 18.6 ± 4.1 0.002

AST (IU/L) 68.3 ± 26.2 21.3 ± 5.3 0.011

APRI 0.64 ± 0.08 0.11 ± 0.04 0.014

AAR 1.37 ± 0.71 0.87 ± 0.45 0.036

GGTP (IU/L) 60.6 ± 68.7 27.0 ± 5.3 0.002

Viral load (copies/mL) 16137741.0 ± 15684382.0 — —

PLT (109/L) 176.5 ± 79.3 201.9 ± 52.0 0.334

Alb (g/L) 42.7 ± 6.5 45.2 ± 3.4 0.235

TP (g/L) 74.6 ± 7.5 77.5 ± 4.0 0.239

TG (mmol/L) 4.09 ± 0.98 4.24 ± 0.54 0.561

HDL-C (mmol/L) 1.10 ± 0.34 1.41 ± 0.32 0.013

LDL-C (mmol/L) 2.24 ± 0.87 2.39 ± 0.37 0.609

TG(mmol/L) 1.31 ± 0.85 0.96 ± 0.41 0.229

FBG (mmol/L) 5.56 ± 1.77 5.28 ± 0.45 0.619

FINS (mmol/L) 83.92 ± 17.11 52.29 ± 8.01 0.031

Fasting C peptide (mmol/L) 866.92 ± 64.11 523.37 ± 30.80 0.027

HOMA-IR 2.34 ± 0.21 1.12 ± 0.59 0.017

HBCI 776.25 ± 83.41 592.93 ± 78.39 0.922

FBCI 11.55 ± 0.71 9.81 ± 0.98 0.618

IAI 0.0061 ± 0.0072 0.0046 ± 0.0022 0.510

CRP (mmol/L) 8.31 ± 2.86 2.71 ± 0.81 0.468

IL-6 (pg/mL) 50.72 ± 18.76 15.38 ± 8.08 0.003

TNF-  (pg/mL) 1.84 ± 0.30 1.071 ± 0.16 0.003

Visfatin (pg/mL) 7553.62 ± 165.25 2268.48 ± 133.46 0.011

Visfatin mRNA 188.4 ± 15.8 23.6 ± 2.8 0.001

CHC = Chronic hepatitis C; TG = Triglycerides; TCH = Total cholesterol; FBG = Fasting blood glucose; ALT = Alanine aminotransferase; AST = Aspartate 
aminotransferase; Alb = Albumin; TP = Total protein; FINS = Fasting insulin; HBCI = Homa  cell function index; FBCI = Fasting -cell function index; IAI 
= Insulin sensitivity index; CRP = C-reactive protein; AAR = AST/ALT ratio; APRI = AST to platelet ratio index; BMI = body mass index; HOMA-IR = 
Homeostasis Model of Assessment - Insulin Resistance.*Values of P < 0.05 are considered statistically signi cant.

Table 1. Patient information and research data for both study groups.

Parameters Normal BMI group Elevated BMI group P-value*

Visfatin (pg/mL) 5551.05 ± 118.99 8254.62 ± 190.42 0.018

FINS (mmol/L) 74.80 ± 10.97 102.15 ± 21.5 0.014

HOMA-IR 1.16 ± 0.78 3.41 ± 1.79 0.018

HBCI 694.62 ± 273.79 2581.64 ± 770.39 0.002

FBCI 10.12 ± 5.64 31.50 ± 25.61 0.012

Visfatin mRNA 90.8 ± 10.7 214.5 ± 42.5 0.002

*Values of P < 0.05 are considered statistically signi cant.

Table 2.  Results of parameters in different body mass index (BMI) sub-groups of chronic hepatitis C (CHC) patients.

BMI HOMA-IR IL-6 TNF-
Visfatin (pg/mL) Pearson 0.170 0.427 0.514 0.354

P-value 0.035 0.002 0.001 0.027
Visfatin mRNA Pearson 0.223 0.512 0.702 0.431

P-value 0.015 0.000 0.000 0.003

Table 3. Correlations of visfatin in chronic hepatitis C (CHC) to other parameters.
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and obesity. Additionally, in the current study CHC patients had 
lower levels of HDL-C. The visfatin level in CHC patients with 
normal BMI was higher than the control group, which revealed 
that BMI did not affect the level of visfatin. 

Levels of cytokines, such as TNF- , and IL-6, CRP, and inhibi-
tors of cytokine signaling closely correlated with IR. The levels 
of TNF-  and IL-6 signi cantly increased in HBV and HCV in-
fections.28,29 Moschen30 reported that visfatin increased the levels 
of IL-6 and TNF- . Our study showed higher TNF-  and IL-6 
levels in CHC patients compared to the control group. There was 
a signi cant association between visfatin and the levels of IL-6 
and TNF- . Visfatin might contribute increased expressions of 
IL-6 and TNF-  in vivo, thereby cause an increased occurrence of 
IR in CHC patients. We concluded that visfatin might induce the 
synthesis of IL-6 and TNF- , which would result in adverse ef-
fects on insulin sensitivity. However the exact mechanism needed 
additional study. 

Conclusion

In the presence of CHC with IR and dyslipidemia in vivo, visfatin 
levels may be closely associated with IR. The synthesis of IL-6 
and TNF-  would be induced, which adversely impacts insulin 
sensitivity. While visfatin appears to exert a variety of biologi-
cal effects, its exact role and mechanism remain unclear and need 
further study. Overall, the discovery of visfatin has added new 
dimensions to the study of IR pathogenesis in CHC and may pro-
vide a new target in the treatment of hepatic diabetes.

References 

1. Herzig S. Liver: a target of late diabetic complications. Exp Clin En-
docrinol Diabetes. 2012; 120: 202 – 204.

2. Farrell FJ, Keeffe EB. Diabetes and the hepatobiliary system. Clin 
Liver Dis. 1998; 2: 119 – 131.

3. Zein CO, Levy C, Basu A, Zein NN. Chronic hepatitis C and type II 
diabetes mellitus: a prospective cross-sectional study. Am J Gastroen-
terol. 2005; 100: 48 – 55.

4. Arao M, Murase K, Kusakabe A, Yoshioka K, Fukuzawa Y, Ishikawa 
T, et al. Prevalence of diabetes mellitus in Japanese patients infected 
chronically with hepatitis C virus. J Gastroenterol. 2003; 38: 355 – 
360.

5. Jian Wu Y, Shu Chen L, Gui Qiang W. Effects of fatty liver and related 
factors on the ef cacy of combination antiviral therapy in patients 
with chronic hepatitis C. Liver Int. 2006; 26: 166 – 172

6. Romero-Gomez M, Del Mar Viloria M, Andrade RJ, Salmerón J, Dia-
go M, Fernández-Rodríguez CM, et al. Insulin resistance impairs sus-
tained response rate to peginterferon plus ribavHOMA-IRn in chronic 
hepatitis C patients. Gastroenterology. 2005; 128: 636 – 641.

7. Bin Z, Ping Z, Xin Hong W, Li Hua S, Yun J. Serum leptin levels, in-
sulin resistance and chronic hepatitis C antiviral response correlation. 
Zhonghua Gan Bing Za Zhi. 2006; 12: 887 – 889.

8. Lo Iacono O, Venezia G, Petta S, Mineo C, De Lisi S, Di Marco V, et 
al. The impact of insulin resistance, serum adipocytokines and visceral 
obesity on steatosis and brosis in patients with chronic hepatitis C. 
Aliment Pharmacol Ther. 2006; 25: 1181 – 1191.

9. Bernsmeier C, Heim MH. Insulin resistance in chronic hepatitis C: 
mechanisms and clinical relevance. Swiss Med Wkly. 2009; 139: 678 
– 684.

10. Brensmeier C, Duong FH, Christen V, Pugnale P, Negro F, Terrac-
ciano L, et al. Virus-induced over-expression of protein phosphatase 
2A inhibits insulin signalling in chronic hepatitis C. J Hepatol. 2008; 
49: 429 – 440.

11. Aytug S, Aytug S, Reich D, Sapiro LE, Bernstein D, Begum N. Im-
paired IRS-1/ PI3-kinase signaling in patients with HCV: a mecha-
nism for increased prevalence of type 2 diabetes. Hepatology. 2003; 
38: 1384 – 1392.

12. Fukuhara A, Matsuda M, Nishizawa M, Segawa K, Tanaka M, Kishi-
moto K, Matsuki Y, et al. Visfatin: a protein secreted by visceral fat 
that mimics the effects of insulin. Science. 2005; 307: 426 – 430.

13. Dogru T, Sonmez A, Tasci I, Yilmaz MI, Genc H, Erdem G, et al. 
Plasma visfatin levels in patients with newly diagnosed and untreated 
type 2 diabetes mellitus and impaired glucose tolerance. Diabetes Res 
Clin Pract. 2007; 76: 24 – 29.

14. Haider DG, Schaller G, Kap iotis S, Maier C, Luger A, Wolzt M. The 
release of the adipocytokine visfatin is regulated by glucose and insu-
lin. Diabetologia. 2006; 49: 1909 – 1914.

15. Rong L, Jian Z, Qian W. Different glucose tolerance and diabetes pa-
tients with blood glucose and visfatin Relationship of islet function. 
Zhonghua Nei Ke Za Zhi. 2007; 27: 1278 – 1281.

16. Lopez Bermejo A, Chico Julia B, Fernandez Balsells M, Recasens M, 
Esteve E, Casamitjana R, et al. Serum visfatin increases with progres-
sive beta-cell deterioration. Diabetes. 2006; 55: 2871 – 2875.

17. Hotamisligil GS, Peraldi P, Budavari A, Ellis R, White MF, Spiegel-
man BM. IRS-1-mediated inhibition of insulin receptor tyrosine ki-
nase activity in TNF-alpha- and obesity-induced insulin resistance. 
Science. 1996; 271: 665 – 668.

18. Senn JJ, Klover PJ, Nowak IA, Mooney RA. Interleukin-6 induces 
cellular insulin resistance in hepatocytes. Diabetes. 2002; 51: 3391 
– 3399.

19. Kukla M, Warakomska I, Gabriel A. wirska-Korczala1 K, Rybus-
Kalinowska1 B, Berdowska A, et al. Serum levels of sICAM-1, 
TNF , sTNF-R1, and sTNF-R2 in patients with chronic hepatitis C 
treated with pegylated interferon  and ribavirin. Exp Clin Hep. 2008; 
4: 12 – 20.

20. Jonsson JR, Barrie HD, Rourke PO. Obesity and steatosis in uence 
serum and hepatic in ammatory markers in chronic hepatitis C. Hepa-
tology. 2008; 48: 80 – 87. 

21. Huang JF, Huang CF, Yu ML, Dai CY, Huang CI, Yeh ML, et al. 
Serum visfatin is correlated with disease severity and metabolic syn-
drome in chronic hepatitis C infection. J Gastroenterol Hepatol. 2011; 
26: 530 – 535.

22. Mehta SH, Brancati FE, Strathdee SA, Pankow JS, Netski D, Coresh 
J, et al. Hepatitis C virus infection and incident type diabetes. Hepato-
lagy. 2003; 38: 50 – 56.

23. Knobler H, Schihmanter R, Zifmni A, Fenakel G, Schattner A. In-
creased risk of type 2 diabetes in noncirrhatic patients with chronic 
hepatitis C virus infection. Mayo Clin Proc. 2000; 75: 355 – 359.

24. Mehta SH, Brancati FL, Sulkowski MS. Prevalence of type 2 diabetes 
mellilus among persons with hepatitis C virus infection in the United 
States. Ann Intern Med. 2000; 133: 592 – 599.

25. Lecube A, Hemandez C, Genesca J, Esteban JI, Jardí R, Simó R. High 
prevalence of use abnormalities in patients with hepatitis C virus in-
fection: a multivariate analysis considering the liver. Niury Diabetes 
Care. 2004; 27: l171 – l175.

26. Kawaguchi T, Yoshida T, Narada M, Hisamoto T, Nagao Y, Ide T, et 
al. Hepatitis C rims down regulates insulin receptor substrates l and 
2 through up-regulation of suppressor of cytokine signaling. Am J 
Pathol. 2004; 165: 1499 – 1508.

27. Hicklna TJ, Powel EE, Prim JB, Hisamoto T, Nagao Y, Ide T, et al. 
In overweight patients with chronic hepatitis C.circulating insulin is 
associated with hepatic brosis: implications for therapy. J Hepato1. 
2003; 39: 1042 – 1048.

28. Tuan L, Shi He Z, Huan Yong C, Chi L. Hepatitis B serum tumor ne-
crosis factor- ,  interferon and interleukin-12 test results. Zhonghua 
Gan Bing Za Zhi. 2004; 12: 312.

29. Tsutsumi T, Suzuki T, Moriya K, Yotsuyanagi H, Shintani Y, Fujie H, 
et al. Alteration of intrahepatic cytokine expression and AP-1 activa-
tion in transgenic miceexpressing hepatitis C virus core protein. Virol-
ogy. 2006; 304: 415 – 424.

30. Moschen AR, Koser A, Enrich B, Mosheimer B, Theurl M, Niedereg-
ger H, Tilg H. Visfatin, an adipocytokine with proin ammatory and 
immunomodulating p roperties. J Immunol. 2007; 178: 1748 – 1758. 


