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Abstract
AIM: To elucidate the role of insulin resistance (IR) 
and serum adiponectin level in hepatocellular carci-
noma (HCC) associated with chronic hepatitis C. 

METHODS: Clinical and biochemical characteristics 
were collected from 165 consecutive patients with 
newly diagnosed HCC. Homeostasis model assessment 
of IR (HOMA-IR) and serum adiponectin level were 
investigated in 188 patients with different stages of 
hepatitis C virus (HCV) infection. 

RESULTS: Among HCC patients, type 2 diabetics (DM) 
was more prevalent in HCV subjects (35.6%, n  = 59) 
compared to hepatitis B virus (HBV; 12.7%, n  = 63) or 

non-HBV, non-HCV cases (7.1%, n  = 28). In patients 
with chronic hepatitis C, HCC subjects had higher blood 
sugar (P  < 0.001), insulin level (P  = 0.003) and HOMA-
IR (P  = 0.018) than those with chronic hepatitis and 
advanced fibrosis. Age, male sex and body mass index 
were significantly associated with serum adiponectin 
level, whereas HOMA-IR was not. Based on stepwise 
logistic regression analysis, age (OR: 1.124, P  < 0.001), 
serum insulin level (OR: 1.585, P  < 0.001), HOMA-IR 
(OR: 0.495, P  = 0.001), DM (OR: 11.601, P  = 0.002) 
and male sex (OR: 3.877, P  = 0.016) were indepen-
dently associated with HCC. This result was similar even 
if the diabetic subjects were excluded for analysis. 

CONCLUSION: Insulin resistance measured by HOMA-
IR, regardless of the presence of diabetes, is signifi-
cantly associated with HCC development in patients 
with chronic HCV infection. 

© 2010 Baishideng. All rights reserved.

Key words: Hepatitis C virus; Hepatocellular carcinoma; 
Insulin resistance; Diabetes; Adiponectin

Peer reviewer: Giovanni Tarantino, MD, Professor, Depart-
ment of Clinical and Experimental Medicine, Federico II Uni-
versity Medical School, VIA S. PANSINI, 5, Naples 80131, 
Italy

Hung CH, Wang JH, Hu TH, Chen CH, Chang KC, Yen YH, 
Kuo YH, Tsai MC, Lu SN, Lee CM. Insulin resistance is 
associated with hepatocellular carcinoma in chronic hepatitis 
C infection. World J Gastroenterol 2010; 16(18): 2265-2271  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v16/i18/2265.htm  DOI: http://dx.doi.org/10.3748/wjg.v16.i18.
2265

INTRODUCTION
Hepatitis C virus (HCV) infects hundreds of  millions of  
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people persistently, and induces a spectrum of  chronic 
liver disease worldwide[1]. Chronic HCV infection causes 
progressive hepatic fibrosis and cirrhosis in up to 20% 
of  patients, and approximately 10%-20% of  cirrhotic pa-
tients may develop hepatocellular carcinoma (HCC) within  
5 years[2-4]. Recent cohort studies have indicated that HCC 
is the most frequent cause of  death in patients infected 
with HCV, and epidemiological trends suggest that the 
mortality rate is rising[5]. Thus, understanding the risk fac-
tors for HCC development in patients infected with HCV 
is of  great importance. 

HCV may contribute to carcinogenesis by causing 
advanced fibrosis or cirrhosis, which represents a pre-
cancerous state accompanied by increased DNA synthe-
sis[6,7]. Nevertheless, several factors associated with HCC 
development in chronic hepatitis C have been reported, 
such as male sex, older age at infection, excessive alcohol 
consumption, coinfection with hepatitis B virus (HBV) 
and some viral variability in HCV itself[8-11]. Recently, 
epidemiological studies have demonstrated that diabetes 
mellitus (DM) is associated with a 2-4-fold increase in 
the risk of  HCC, regardless of  the presence of  other 
major HCC risk factors (HBV, HCV, and alcoholic liver 
disease)[12-15]. In particular, two large cohort studies have 
shown that DM is associated with a higher risk of  HCC 
development in patients with chronic hepatitis C com-
pared to HBV-infected subjects or those without HBV 
and HCV infections[12,13].

The mechanisms that may link DM with carcinogen-
esis in chronic HCV infection remain unclear. Insulin 
resistance (IR), which correlates inversely with circulating 
adiponectin concentration, is a consistent finding in pa-
tients with type 2 DM[16,17]. Previous studies have shown 
that patients infected with HCV have significantly higher 
IR than healthy controls matched for age, sex and body 
mass index (BMI)[18,19]. Recent studies have suggested that 
IR plays a crucial role in fibrosis progression, and has 
been demonstrated to have a negative impact on treat-
ment responses to antiviral therapy in patients with chron-
ic hepatitis C[18,20,21]. IR has emerged as a risk factor for a 
wide variety of  cancers, including endometrial and breast 
(especially after menopause), colon and rectal, esophageal, 
kidney, pancreatic, biliary, ovarian and cervical cancer[22-24]. 
To the best of  our knowledge, the role of  IR and serum 
adiponectin level in the development of  HCC associated 
with chronic HCV infection has not been established. In 
this present study, we prospectively investigated the IR as-
sessed by the homeostasis model (HOMA-IR) and serum 
adiponectin level in patents with HCC and those with 
other clinical stages of  chronic HCV infection.

MATERIALS AND METHODS
Patients
From January 2007 to August 2008, a total of  165 newly 
diagnosed patients with HCC (122 men and 43 women; 
median age: 60.1 ± 12.4 years) who fulfilled all criteria 
outlined below were consecutively collected in a single 

center. The diagnosis of  HCC was based on either the 
histopathological findings in tumor tissue, one typical 
HCC feature on a dynamic image or alpha-fetoprotein 
(AFP) > 200 ng/mL if  the nodule was > 2 cm in cir-
rhotic liver, or two typical HCC features of  dynamic im-
ages if  the nodule was between 1 and 2 cm in a cirrhotic 
liver[25]. Patients with concurrent human immunodefi-
ciency virus infection, significant change of  body weight 
(≥ 3 kg within 3 mo), previous history of  interferon-
based antiviral therapy, and current treatment with any 
dosage of  insulin therapy were excluded.

Of  these patients, 63 were positive for hepatitis B 
surface antigen (HBsAg) (Abbott Laboratories, North 
Chicago, IL, USA), 59 were positive for anti-HCV anti-
body (third-generation ELISA; AxSYM HCV 3.0; Ab-
bott Laboratories), 15 were positive for both HBsAg and 
anti-HCV, and 28 were negative for HBsAg and anti-
HCV, in whom alcoholic liver disease (n = 11, 39%) was 
the major cause of  HCC.

During the same period, 129 consecutive patients (61 
men and 68 women, 23-77 years old; median age: 53.0 ± 
11.5 years) with chronic HCV infection who consulted 
our clinics were studied, including 86 with chronic hepa-
titis (F0-2) and 43 with advanced fibrosis (F3-4). All 
patients had positive anti-HCV antibody and detectable 
HCV RNA (Amplicor™; Roche Diagnostics, Branch-
burg, NJ, USA). Pathological diagnosis of  chronic hepa-
titis or advanced fibrosis was made by percutaneous liver 
biopsies according to the modified Knodell histological 
activity index[26], which were analyzed by pathologists 
who were blind to the patients’ characteristics. The Hu-
man Research and Ethics Committee (Institutional Re-
view Board) approved the study, and informed consent 
was obtained from each patient involved in the study.

Clinical and laboratory assessments
Patients with a BMI of  18.5-24.9 kg/m2 were classified as 
normal, 25-29.9 as overweight, and ≥ 30 as obese. The 
diagnosis of  type 2 DM was based on the American Dia-
betes Association revised criteria, using a value of  fasting 
blood glucose of  ≥ 126 mg/dL on at least two occa-
sions[27], or ongoing treatment with hypoglycemic agents. 

Blood glucose, serum insulin level and stored serum 
samples for adiponectin were collected after 12 h of  
overnight fasting from each individual. For HCC patients, 
serum samples were collected before any treatment for 
tumor. Serum insulin was measured by radioimmunoassay 
(Coat-A-Count insulin kit; Diagnostic Products Corp., Los 
Angeles, CA, USA). IR was calculated by the HOMA-IR 
using the following formula: HOMA-IR = fasting insulin 
(µU/mL) × plasma glucose (mmol/L)/22.5. Circulat-
ing level of  adiponectin was measured in duplicate by 
sandwich ELISA using commercial kits according to the 
manufacturer’s instructions (Quantikine ELISA kits; R&D 
Systems, Inc., Minneapolis, MN, USA). The differences 
between duplicate wells were consistently less than 10% 
of  the mean values. The mean values of  duplicate mea-
surements were used in the analyses.
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Statistical analysis
Continuous data are expressed as the median (interquartile 
range), and the categorical data are expressed as a number 
(percentage). Comparisons of  differences in the categori-
cal date between groups were performed using the χ2 test. 
Distributions of  continuous variables were analyzed by 
the Mann-Whitney U test or one-way ANOVA test with 
least significant difference (LSD) post-hoc correction be-
tween groups where appropriate. Spearman’s correlation 
coefficient analysis was used to evaluate the factors associ-
ated with HOMA-IR and adiponectin level. Multiple lin-
ear regression analysis with stepwise variable selection was 
performed to assess the independent factors. Stepwise 
logistic regression analysis was performed to assess the 
influence of  each factor on the risk of  developing HCC. 
All analyses were carried out using SPSS software version 
15.0 (SPSS Inc., Chicago, IL, USA). All tests were two-
tailed, and P < 0.05 was considered statistically significant.

RESULTS
Comparison of baseline features among HBV, HCV, dual 
HBV/HCV, and non-HBV, non-HCV-related HCC
Table 1 shows the comparison of  baseline features among 
the 165 patients with HCC related to different etiology. 
The median age of  HCV-related HCC patients (66 years) 
was significantly higher than that in HCC patients infected 
with HBV (55 years) or dual HBV/HCV (60 years) (P < 
0.001). There was a male predominance among all four 
groups. The prevalence of  DM was higher (35.6%) in 
patients with HCV-related HCC compared to those in-
fected with HBV (12.7%) (P < 0.005) or non-HBV, non-
HCV subjects (7.1%) (P < 0.005). HOMA-IR was higher 
in HCC patients with HCV (median 4.4) than in those 
with HBV (median 3.5) (P < 0.05). However, there was 

no significant difference in BMI and prevalence of  over-
weight and obesity among the four groups. Patients with 
HCV-related HCC had significantly higher aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT) 
levels and lower platelet counts than those infected with 
HBV or non-HBV, non-HCV subjects. In addition, pa-
tients with HCV-related HCC had smaller tumors and ear-
lier Barcelona clinic liver cancer stage (BCLC) than HBV 
or non-HBV, non-HCV subjects.

Comparison of baseline features, serum insulin, HOMA-
IR and adiponectin level among chronic hepatitis, 
advanced fibrosis and HCC patients
The comparison of  baseline features, serum insulin, 
HOMA-IR and adiponectin level in different clinical 
stages of  chronic HCV infection is shown in Table 2. 
The median age for HCC patients (66 years) was signifi-
cantly higher than those with advanced fibrosis (56 years) 
and chronic hepatitis (53 years) (P < 0.001). Patients with 
HCC had a higher male-to-female ratio and higher preva-
lence of  DM than those with advanced fibrosis or chron-
ic hepatitis. There was no significant difference in BMI 
among these three groups. The HCC subjects had lower 
AST and ALT levels compared to those with advanced 
fibrosis; however, the platelet count was comparable be-
tween these two groups. Patients with HCC had higher 
blood sugar (P < 0.001), insulin level (P = 0.003) and 
HOMA-IR (P = 0.018) than those with chronic hepatitis 
and advanced fibrosis. As shown in Figure 1, patients 
with HCC had a higher ratio of  HOMA-IR > 4 (61.8%, 
95% CI: 48.6%-75.1%) than those with chronic hepatitis 
(39.5%, 95% CI: 29.0%-50.1%) and advanced fibrosis 
(48.8%, 95% CI: 33.3%-64.4%) (P = 0.036). There was 
no significant difference in serum adiponectin among the 
three groups. 
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Table 1  Comparison of baseline features among HBV, HCV, dual HBV and HCV, and non-HBV, non-HCV related hepatocellular 
carcinoma patients

HBV 
n  = 63

HCV 
n  = 59

HBV + HCV 
n  = 15

Non-HBV, non-HCV 
n  = 28

P value

Age (yr)1     55 (46-66)a,c    66 (57-75)a,d    60 (50-68)d    61 (55-67)c        < 0.001
Sex (M/F) 45/18    41/18    10/5    26/2 0.093
DM (%)      8 (12.7)a    21 (35.6)a,e       4 (26.7)      2 (7.1)e 0.003
BMI (kg/m2)1 24.3 (22.2-26.8) 23.8 (21.8-26.6) 23.6 (20.9-25.5) 24.5 (23.3-26.7) 0.439
Overweight (%)    24 (38)    22 (37)       4 (27)    10 (36) 0.797
Obesity (%)      4 (6)      5 (8)      1 (7)      2 (7) 0.965
AST (U/L)1    48 (38-71)a    72 (39-123)a,e    72 (47-111)    38 (29-52)e 0.002
ALT (U/L)1     45 (34-63)a    63 (29-100)a,e    82 (54-117)    27 (21-39)e 0.011
Child–Pugh class (A/B, C) 47/16    46/13    11/4    23/5 0.857
Platelet (104/μL)1 16.5 (12.0-25.0)a 13.2 (8.7-17.1)a,e 12.7 (7.6-18.1)f 21.1 (15.3-24.1)e,f 0.001
AFP (ng/mL)1    15 (6-525)    28 (7-256)    38 (11-4388)    15 (6-8027) 0.468
Tumor size (≤ 3 cm) (%)    14 (22.2)a    29 (49.2)a,e      7 (46.7)      5 (17.9)e        < 0.001
BCLC (≤ early stage) (%)    20 (31.7)a,b    31 (52.5)a,e,f      9 (60.0)b      4 (14.3)e,f 0.001
HOMA-IR    3.5 (2.0-8.6)a   4.4 (2.9-6.6)a   3.2 (1.7-10.7)   3.4 (2.0-4.6) 0.108
Insulin (μU/mL)1 12.8 (8.4-25.0) 14.8 (9.9-21.30) 11.9 (8.1-23.5)   9.7 (7.6-14.8) 0.256
Adiponectin (μg/mL)     4.7 (2.9-8.1)a,c     7.9 (5.2-11.0)a,e     8.0 (3.8-10.9)f     3.7 (2.0-6.0)c,e,f 0.002

1Median (interquartile range); P value by one-way ANOVA test or χ2 test; aP < 0.05 between HBV and HCV; bP < 0.05 between HBV and HBV + HCV; cP < 
0.05 between HBV and non-HBV, non-HCV; dP < 0.05 between HCV and HBV + HCV; eP < 0.05 between HCV and non-HBV, non-HCV; fP < 0.05 between 
HBV + HCV and non-HBV, non-HCV HCC with LSD post-hoc correction. HBV: Hepatitis B virus; HCV: Hepatitis C virus; DM: Diabetes mellitus; BMI: 
Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; BCLC: Barcelona clinic liver cancer; HOMA-
IR: Homeostasis model assessment of insulin resistance.

Hung CH et al . Insulin resistance and HCV/HCC



Factors associated with serum adiponectin level in 
patients with chronic hepatitis C 
Table 3 shows the factors associated with serum adipo-
nectin level in 188 patients with chronic HCV infection. 
By univariate analysis, age (r = 0.388, P < 0.001), male sex 
(P < 0.001), BMI (r = -0.281, P < 0.001), AST level (r = 
0.159, P = 0.030), platelet count (r = -0.198, P = 0.009), 
insulin level (r = -0.179, P = 0.014) and HOMA-IR (r = 
-0.290, P < 0.001) were significant factors associated with 
serum adiponectin level. Multiple linear regression analysis 
showed that age (regression coefficient = 0.140, P < 0.001), 
male sex (regression coefficient = -2.925, P < 0.001) and 
BMI (regression coefficient = -0.495, P < 0.001) were in-
dependent variables.

Stepwise logistic regression analysis for factors 
associated with development of HCC
Based on stepwise logistic regression analysis, significant 
factors associated with development of  HCC in patients 
with chronic HCV infection were age (OR: 1.124, 95% 
CI: 1.067-1.183, P < 0.001), serum insulin level (OR: 1.585, 

95% CI: 1.269-1.980, P < 0.001), HOMA-IR (OR: 0.495, 
95% CI: 0.330-0.743, P = 0.001), DM (OR: 11.601, 95% 
CI: 2.50-53.8, P = 0.002) and male sex (OR: 3.877, 95% 
CI: 1.282-11.729, P = 0.016) (Table 4). 

When excluding DM cases, factors independently as-
sociated with HCC development in 142 non-DM patients 
were age (OR: 1.170, 95% CI: 1.075-1.272, P < 0.001), 
serum insulin level (OR: 2.434, 95% CI: 1.555-3.811, P < 
0.001), HOMA-IR (OR: 0.158, 95% CI: 0.055-0.452, P = 
0.001) and male sex (OR: 6.111, 95% CI: 1.310-28.49, P = 
0.021).

DISCUSSION
There is increasing evidence linking chronic HCV infec-
tion and type 2 DM. Large community-based studies 
have shown that the prevalence of  DM in HCV-infected 
patients is much higher than that observed in the gen-
eral population, and in patients with other chronic liver 
diseases such as HBV and alcoholic liver disease[28,29]. 
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Table 2  Comparison of baseline features, HOMA-IR and adiponectin level among chronic hepatitis, advanced fibrosis and HCC 
patients with chronic HCV infection

Chronic hepatitis (F0-2)  
n  = 86

Advanced fibrosis (F3-4)  
n  = 43

Hepatocellular carcinoma  
n  = 59

P value2

Age (yr)1    53 (45-58)a,b    56 (49-63)a,c    66 (57-75)b,c < 0.001
Male sex (%)    44 (51)b    17 (40)c    41 (69)b,c 0.008
DM (%)    13 (15)b    12 (28)    21 (36)b 0.016
BMI (kg/m2)1 24.3 (21.8-26.3) 25.0 (22.0-29.4) 23.8 (21.8-26.6) 0.227
AST (U/L)1    90 (64-122)  114 (87-178)c    72 (39-123)c 0.085
ALT (U/L)1  127 (92-187)b  140 (102-199)c    63 (29-100)b,c 0.001
Platelet (104/μL)1 20.2 (15.8-22.4)a,b 13.7 (10.6-17.9)a 13.2 (8.7-17.1)b < 0.001
Sugar (mg/dL)1    91 (87-101)b    98 (88-122)c  114 (94-172)b,c < 0.001
Insulin (μU/mL)1 10.3 (7.7-14.4)b 11.7 (6.9-15.9)c 14.8 (9.9-21.3)b,c 0.003
HOMA-IR1   3.5 (2.6-4.7)b   4.1 (2.6-5.9)c   4.4 (2.9-6.6)b,c 0.018
Adiponectin (μg/mL)1   5.0 (3.4-8.4)   5.8 (4.1-9.7)   7.9 (5.2-11.0) 0.222

1Median (interquartile range); 2P value by one-way ANOVA test or χ2 test; aP < 0.05 between chronic hepatitis and advanced fibrosis; bP < 0.05 between 
chronic hepatitis and hepatocellular carcinoma; cP < 0.05 between advanced fibrosis and hepatocellular carcinoma with LSD post-hoc correction. 

Table 3  Univariate and multivariate analysis of factors 
associated serum adiponectin level in 188 patients with 
chronic HCV infection

Univariate Multivariate

Coefficient P  value1 Regression 
coefficient

SE P  value3

Age 0.388 < 0.001  0.140 0.028 < 0.001
Male sex2 NA < 0.001 -2.925 0.744 < 0.001
BMI -0.281 < 0.001 -0.495 0.101 < 0.001
HCC2 NA 0.136 - - -
DM2 NA 0.629 - - -
Child-Pugh 
classification

0.107 0.145 - - -

AST (U/L) 0.159 0.030 - - -
ALT (U/L) -0.096 0.195 - - -
Platelet (104/μL) -0.198 0.009 - - -
Insulin (μU/mL) -0.179 0.014 - - -
HOMA-IR -0.290 < 0.001 - - -

1P value by Spearman’s test or 2P value by Mann-Whitney U test; 3P value 
by stepwise linear regression analysis. NA: Not applicable.
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Figure 1  Comparison of high homeostasis model assessment of insulin 
resistance (HOMA-IR) (> 4) among different stages of chronic hepatitis C 
virus (HCV) infection (P = 0.036). 
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In this study, we found that among HCC patients, type 
2 DM was more prevalent in those infected with HCV 
compared to those with HBV or non-HBV, non-HCV 
infection. This observation in accordance with previous 
studies suggests a strong synergistic effect of  metabolic 
factors and viral hepatitis in HCC development among 
HCV-infected patients[12,13]. Although there was no sig-
nificant difference in BMI among HCC patients with 
different etiology, this could be explained by the low 
prevalence of  obesity in our study population. 

Chronic HCV infection is associated with the devel-
opment of  hepatic steatosis and unique, virus-specific 
alterations in host metabolism leading to the develop-
ment of  IR[19,30,31]. In this present study, we provide the 
first evidence that IR could potentially increase the risk 
of  developing HCC in patients with chronic HCV in-
fection. In a cross-sectional, hospital-based setting, we 
prospectively assessed the HOMA-IR value in differ-
ent clinical stages of  chronic HCV infection. Our data 
showed that patients with HCC had a higher ratio of  
HOMA-IR > 4 than those with chronic hepatitis and 
advanced fibrosis. Furthermore, after adjusting for age 
and sex, HOMA-IR was an independent factor associ-
ated with the development of  HCC. A novel finding of  
our work, not specifically evaluated in other studies, was 
the association of  IR, regardless of  diabetes, with the 
development of  HCC. An alternative explanation for 
the observed association between HOMA-IR and HCC 
is that advanced hepatic fibrosis and disease severity 
results in IR and impairs insulin clearance. This possibil-
ity could be excluded by the similar prevalence of  DM 
and platelet count that has been considered as a fibrosis 
marker in chronic HCV infection between patients with 
HCC and those with advanced fibrosis. Also, HOMA-IR 
did not correlate with Child-Pugh classification, which 
suggests that disease severity was not associated with IR 
in patients with HCC or advanced fibrosis. 

Although our work was not designed to clarify the 
pathogenic interaction between IR and the development 
of  HCC, a few hypotheses can be put forward. IR is de-
fined as an increased requirement for insulin to maintain 
normal metabolic function, which results in the com-
pensatory development of  hyperinsulinemia[32]. Recent 
evidence has suggested that hyperinsulinemia can pro-

mote the synthesis and biological activity of  insulin-like 
growth factor 1 (IGF-1), which is a peptide hormone 
that regulates energy-dependent growth processes[33]. 
IGF-I stimulates cell proliferation and inhibits apoptosis 
and has been shown to have strong mitogenic effects 
on a wide variety of  cancer cell lines. Changes in the ex-
pression pattern of  IGF-system components have been 
observed in patients with HCC, in human HCC cell lines 
and in their conditioned culture medium, as well as in 
rodent models of  hepatocarcinogenesis[34].

To study the role of  adiponectin in HCC may be 
more complex because of  its underlying chronic hepatitis 
infection[19,35,36]. Previous studies have demonstrated that 
circulating adiponectin levels are inversely associated with 
the risk of  malignancies associated with IR, including en-
dometrial, breast, colon and gastric cancer[37-40]. Moreover, 
serum adiponectin level has been reported to be signifi-
cantly elevated in chronic liver disease, and correlated with 
stage of  liver cirrhosis, liver cell injury, e.g. aminotransfer-
ase activity, and inflammatory markers[35,36]. Thus, serum 
adiponectin level is modified according to the two op-
posing factors, IR and underlying liver condition. In this 
study, we found no difference in serum adiponectin level 
among different clinical stages of  chronic HCV infection. 
Although HOMA-IR score was inversely associated with 
serum adiponectin level by univariate analysis, multiple 
linear regression analysis did not support this correlation. 

There are some limitations to our study. First, the 
analysis was carried out in a cross-sectional setting with a 
relatively small number of  HCC patients, and it would be 
interesting to determine whether this association holds 
true in longitudinal follow-up studies of  larger groups 
of  patients. Second, the cohort of  patients, at low preva-
lence of  obesity, was enrolled in a tertiary referral center 
for liver disease, which limits the broader application 
of  the results. A further methodological issue resides in 
the inability to dissect the temporal relation between IR 
and HCC. Another limitation lies in the fact that there is 
some concern on the use of  HOMA-IR in the presence 
of  long-standing DM. However, a diagnosis of  DM is 
per se expression of  IR, and HOMA-IR is a less invasive, 
inexpensive, and less labor-intensive method to measure 
IR as compared with the glucose clamp test.

In conclusion, we demonstrated the independent as-
sociation between IR and HCC development in chronic 
HCV infection. These findings may have important prog-
nostic and therapeutic implications in the management of  
chronic HCV-infected patients. Since IR is a potentially 
modifiable factor, therapeutic intervention aimed at de-
creasing IR may be warranted in these patients. 

COMMENTS
Background
Recent studies have demonstrated that diabetes mellitus (DM) is associated 
with high risk of hepatocellular carcinoma (HCC) in patients with chronic 
hepatitis C. Insulin resistance (IR), which correlates inversely with circulating 
adiponectin concentration, is a consistent finding in patients with type 2 DM. 
Chronic hepatitis C virus (HCV) infection has been reported to be associated 
with increased IR. Recent studies have suggested that IR plays a crucial role in 
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Table 4  Stepwise logistic regression analysis of factors 
associated with HCC

Comparison OR 95% CI P  value

All patients
   Age Per 1 year increase 1.124 1.067-1.183 < 0.001
   Insulin Per 1 μU/mL increase 1.585 1.269-1.980 < 0.001
   HOMA-IR Per 1 increase 0.495 0.330-0.743 0.001
   DM Yes vs no 11.601 2.500-53.800 0.002
   Sex Male vs female 3.877 1.282-11.729 0.016
Non-DM patients
   Age Per 1 year increase 1.170 1.075-1.272 < 0.001
   Insulin Per 1 μU/mL increase 2.434 1.555-3.811 < 0.001
   HOMA-IR Per 1 increase 0.158 0.055-0.452 0.001
   Sex Male vs female 6.111 1.310-28.499 0.021
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fibrosis progression, and has been demonstrated to have a negative impact on 
treatment responses to antiviral therapy in patients with chronic hepatitis C. 
Research frontiers
IR has emerged as a risk factor for a wide variety of cancers. In a cross-
sectional, hospital-based setting, the authors assessed the role of IR assessed 
by the homeostasis model (HOMA-IR) and serum adiponectin level in the 
development of HCC associated with chronic HCV infection.
Innovations and breakthroughs
The authors have provided the first evidence that IR can potentially increase the 
risk of developing HCC in patients with chronic HCV infection. A novel finding, 
not specifically evaluated in other studies, is the association of IR, regardless of 
diabetes, with the development of HCC. 
Applications 
These findings may have important prognostic and therapeutic implications 
in the management of chronic HCV-infected patients. Since IR is a potentially 
modifiable factor, therapeutic intervention aimed at decreasing IR may be 
warranted in these patients.
Peer review
The authors present a clinical investigation of the correlation between IR and 
HCC. The title accurately reflects the major contents of the article, and the 
abstract delineates briefly and concisely the research background, objectives, 
materials and methods, results and conclusions.
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