
to quantify DNA damage in isolated cells of peripheral 
blood or in small fragments of tissue, making this method 
attractive for quantifying the level of oxidative damage 
in samples with a variety of diseases [9]. An association 
between DNA damage in lymphocytes determined by the 
alkaline comet assay was observed in advanced clinical 
forms of HCV and HBV infection and was mainly related 
to chronic hepatitis C and cirrhosis due to hepatitis B 
virus (HBV) [10]. Signifi cantly higher values were 
detected in patients compared to those detected in healthy 
subjects, which may refl ect direct genotoxic eff ects of 
viruses and alcohol on the liver that contribute to disease 
progression [11]. 

 There are no reports in the literature analyzing the 
impact of IR on DNA damage as evaluated by the comet 
assay in these patients. In this study, we evaluated the 
presence of DNA damage using the comet assay in the 
peripheral blood of non-diabetic patients with chronic 
hepatitis C and its correlation with demographic, anthro-
pometric, laboratorial, and histopathological parameters.   

 Patients and methods 

 The sample consisted of 100 subjects of both genders: 60 
treatment-na ï ve patients with positive serology for HCV, 
without prior treatment and with viral genotype 1, who 
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  Abstract 
  Background . In chronic liver diseases of diff erent etiologies, including viral hepatitis, genotoxic eff ects of oxidative stress have been shown, 
both in clinical and in experimental conditions, suggesting that this mechanism may contribute to the evolution of the disease.  Aim . To 
evaluate DNA damage in the peripheral blood of untreated non-diabetic patients with chronic hepatitis C and control subjects, and its corre-
lation with demographic, anthropometric, biochemical, and histological parameters in the patient sample.  Patients and methods.  This study 
comprised 100 subjects of both genders, 60 of whom were treatment-na ï ve patients with positive serology for genotype 1 hepatitis C. The 
remaining 40 were blood donors with negative serology for hepatitis who were used as control subjects, and matched by gender, age, weight, 
and BMI. DNA damage was determined using the comet assay in the total peripheral blood.  Results.  The DNA damage evaluated by the 
comet assay revealed higher values in the group of patients with hepatitis compared with that in the control group. The relationships of the 
comet assay with the studied variables were assessed using multivariate analysis; signifi cant correlations were only identifi ed with insulin 
( r     �    0.343,  p     �    0.008) and Homeostasis Model Assessment Insulin Resistance (HOMA-IR) ( r     �    0.331,  p     �    0.011).  Conclusion.  Patients 
with genotype 1 chronic hepatitis C have higher rates of DNA damage, as determined by comet assay and this alteration is correlated with 
the HOMA index of insulin resistance.  

  Keywords:    Chronic hepatitis C  ,   genotype 1  ,   comet assay  ,   Insulin resistance  ,   DNA damage   

  Introduction 

 Chronic liver infl ammation by HCV may induce oxidative 
stress and impair the repair of DNA damage, making the 
cells susceptible to mutagenic changes and leading to liver 
cirrhosis and the development of hepatocellular carcinoma 
(HCH) [1 – 3]. Many evidences indicate that oxidative 
stress is signifi cantly increased in patients with chronic 
hepatitis C and one of the main oncogenic mechanisms of 
HCV involves host DNA damage. 

 Diabetes mellitus has been recognized as a major risk 
factor for the development of HCH in patients infected 
with HCV [4,5]. Insulin resistance (IR) in hepatitis C is 
associated with increased prevalence of Type 2 diabetes 
mellitus, development of hepatic steatosis and oxidative 
stress, which can lead to a rapid progression of liver 
disease and reduction in the rate of sustained virologic 
response to treatment with pegylated interferon and 
ribavirin [6]. In patients with chronic hepatitis C, DNA 
damage has been observed and is associated with disease 
evolution and the development of HCH and non-
Hodgkin ’ s B cell lymphoma [7]. 

 One method to evaluate DNA damage is the alkaline 
comet assay, which is a useful tool for detecting DNA 
breakage in organs with pathological conditions, such as 
cancer, parasitic infections or exposure to environmental 
xenobiotic agents [8]. Using this technique, it is possible 
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were selected from the Liver Diseases Ambulatory of the 
 Universidade Federal de S ã o Paulo — Escola Paulista de 
Medicina , S ã o Paulo, Brazil, and as controls, 40 healthy 
volunteers recruited from blood donors. The controls 
were matched with the patients by gender, age, weight, 
and BMI. The patients ’  liver biopsies were performed as 
part of routine diagnosis, and no biopsy was performed 
exclusively for this study. The study protocol was approved 
by the Ethics in Research Committee of the  Universidade 
Federal de S ã o Paulo  (CEP 0261/10). Informed consent 
was obtained from all subjects prior to their inclusion in 
the study. The following criteria were considered for 
inclusion of patients with HCV: age, between 18 and 70 
years; diagnosis of HCV infection (detection of HCV-
RNA in the serum); genotype 1; and a liver biopsy per-
formed in the last 6 months. The exclusion criteria were 
as follows: decompensated liver cirrhosis with ascites, 
jaundice or encephalopathy, alcohol consumption exceed-
ing 40 g/day for men and 20 g/day for women in the last 
24 weeks; a positive serological test for HBV or HIV; any 
other concomitant liver diseases; a previous or current 
diagnosis of diabetes mellitus according to the ADA; 
renal or cardiac failure; or systemic infection. Inclusion 
criteria for the control group included the following: age 
between 18 and 70 years; negative serological test for 
HBsAg; and negative serological test for HCV, HBV, and 
HIV antibodies. All control subjects recruited among 
blood bank donors underwent a routine medical examina-
tion, and they were submitted to laboratory analysis to 
exclude infectious diseases, and ALT levels were within 
normal range and there were no clinically detectable signs 
of any chronic disease.  

 Blood sampling and laboratory evaluation 

 HCV-RNA was assessed using the polymerase chain reac-
tion technique (Amplicor, Roche Diagnostics, Switzer-
land), and HCV genotyping was performed by sequencing 
of the 5 ′  non-coding segment. After fasting for 12 h, 
patients ’  blood samples were collected in tubes containing 
ethylene-diamine-tetraacetic acid as an anticoagulant and 
antioxidant for the determination of total cholesterol (TC) 
and fractions, triglycerides (TG), glucose, insulin, uric 
acid, iron, ferritin, bilirubin, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), and gamma-
glutamyltransferase (GGT) levels using the enzymatic 
colorimetric method. Serum insulin was determined using 
immunofl uorescence. The HOMA-IR was determined 
using the following formula: fasting insulin ( μ U/mL)  �  
fasting glucose (nmol/L)/22.5 [12]. Values of HOMA-IR 
   �    2.5 were considered to indicate the presence of insulin 
resistance (IR) [13,14]. A whole blood sample was col-
lected from all subjects, and each sample was frozen in 
liquid nitrogen immediately after collection and kept at 
 �    80 ° C until use in the comet assay. A percutaneous 
biopsy of the liver was performed in all patients. The 
specimens were analyzed and classifi ed according to the 
stage of fi brosis based on the METAVIR scoring 
system [15] and the grade of activity (Brazilian Society of 

Pathology/Brazilian Society of Hepatology) [16]. Steatosis 
was assessed according to Brunt [17].   

 Single cell gel (comet) assay 

 Peripheral blood samples of patients and controls were 
collected in EDTA tubes. An aliquot of 1 ml of whole 
blood was separated immediately into cryovials and stored 
at  �    80 ° C to determine the DNA damage using the comet 
assay, as described by Tice et   al. [18]. Briefl y, 10  μ L of 
peripheral blood was added to a low melting-point agarose 
at 37 ° C, layered onto a pre-coated slide with 1.5% agarose 
and covered with a coverslip (in triplicate). After agarose 
solidifi cation in a refrigerator, the coverslip was removed, 
and the slides were immersed in lysis solution. The slides 
were washed with PBS, stored in an alkaline buff er solu-
tion, and then electrophoresed for 20 min, at 300 mA and 
0.86 V/cm. Subsequently, the slides were neutralized and 
then stained with SYBR  ®   Green. The slides were analyzed 
in a fl uorescence microscope at 400 �  magnifi cation and 
evaluated using image analyzer software (Comet Assay II, 
Perceptive Instruments, UK). The computerized image 
analysis system acquires images and calculates the inten-
sity and integrity of each cell. The system then evaluates 
the parameters for genotoxicity. We used the parameter 
 “ tail moment ” ; this parameter is a virtual unit that takes 
into account the length of DNA migration and the inten-
sity of the comet ’ s tail [8].   

 Statistical analysis 

 The variables were expressed as the mean  �  standard 
deviation. The data were tested for normal distributions 
with the Kolmogorov – Smirnov test. For those data that 
did not show a normal distribution, the logarithmic trans-
formation was used for statistical analysis by parametric 
tests. The comparison between the two groups of vari-
ables was performed using Student ’ s  t -test for numeric 
variables and the chi-square ( χ  2 ) test for categorical 
variables. Comparisons among multiple groups were per-
formed by one-way analysis of variance (ANOVA) 
followed by Tukey ’ s test if diff erences were found. A 
receiver operating characteristic (ROC) curve was used 
to determine the sensitivity and specifi city point of refer-
ence for the comet assay. Correlations between numeric 
variables were analyzed by Pearson ’ s correlation coeffi  -
cient, and histopathological variables were analyzed by 
Spearman ’ s test. Bivariate analysis was performed 
between the variables of the comet assay with all param-
eters evaluated. We considered  p  values  �    0.05 as statis-
tically signifi cant, and the analyses were performed using 
the software SPSS v.17.0 (SPSS inc., IL, USA).    

 Results 

 Of all the 100 subjects, 60 were patients with chronic 
hepatitis C and 40 were control subjects. The groups were 
matched with regard to age, gender, weight, and BMI, as 
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shown in Table I. The laboratory parameters determined 
in the patient group are shown in Table II. 

 DNA damage measured using comet assay in the 
peripheral blood showed higher values of the tail moment 
in patients with chronic hepatitis C (2.52    �    1.27) than 
those in the control group (1.47    �    0.61) (Figure 1A). No 
diff erences were observed regarding the histopathological 
fi brosis (Figure 1B) and activity grade (Figure 1C), when 
the patients were distributed in two groups: absent or mild/
moderate (0-1-2) and advanced (3 – 4). The group of 
patients categorized as advanced showed low levels of TC, 
LDL-C, and HDL-C, and high levels of TG, glucose, 
HOMA-IR, uric acid, iron, ferritin, BD, AST, ALT, and 
GGT (Table III). 

 A signifi cant correlation was observed between DNA 
damage expressed in terms of tail moment and insulin 
concentration ( r     �    0.343,  p     �    0.008) and HOMA-IR index 
( r     �    0.331,  p     �    0.011; Figure 2, Table IV). A signifi cant 
correlation was also observed when patients were catego-
rized using the HOMA-IR value of 2.5 as a cutoff  value 
for the diagnosis of insulin resistance ( r     �    0.334 and 
 p     �    0.010). 

 The ROC curve (Figure 3) was used to establish the 
cutoff  point with the highest sensitivity (74.5%) and spec-
ifi city (70%) of the comet assay to distinguish patients 
from controls, with positive predictive value of 78.5 
(Table V) When the cutoff  value of 1.65 (value of the 
tail moment) was chosen, 75% of the patients exhibited 
values above this level compared with only 30% of the 
control group (Table VI). No diff erences in terms of gen-
der, age, BMI, and smoking could be detected among the 

patients. Likewise, we found no signifi cant diff erences 
with regard to histopathological parameters (fi brosis, 
activity, and steatosis). Among laboratory parameters, 
only HOMA-IR and plasmatic insulin levels were 
signifi cantly increased in patients with higher values of 
the tail moment (Table VII).   

 Discussion 

 We observed signifi cant diff erences between the control 
group and the patients with chronic hepatitis C, but no 
correlation could be found between the DNA damage 
determined using the comet assay in the peripheral blood 
and the degree of fi brosis or infl ammation in the liver 
biopsy specimens. 

 In our study, the group of patients classifi ed as having 
advanced fi brosis (F3,F4) presented with higher levels of 
triglycerides, cholesterol, glucose, HOMA-IR, uric acid, 
iron, and ferritin than the group of patients classifi ed 

  Table I. Characteristics of patient and control groups according to 
gender, age, weight, and BMI.  

 HCV 
   ( N     �    60) 

 Controls 
   ( N     �    40)  P 

Gender (F/M) 29/31 21/19 0.6831
Age (years) 50    �    12 48    �    9 0.3108

Weight (Kg) 72    �    12 76    �    15 0.1562

BMI (Kg/m ² ) 27    �    4 27    �    4 0.8126

    HCV, hepatitis C virus; N, number; F, female; M, male; BMI, body mass 
index.   
 The values were expressed as the mean  �  SD.   
 Chi-square test for gender and Student ’ s  t- test for numerical parameters. 
No diff erences were observed between the groups.   

  Table II. Laboratory characteristics of patients group with chronic 
hepatitis C.  

TC (mg/dL) 175.7    �    35.1
HDL-c (mg/dL) 48.5    �    14.2
LDL-c (mg/dL) 102.5    �    32.2
Triglycerides (mg/dL) 120.9    �    78.4
Glucose (mg/dL) 97.7    �    23.4

Insulin ( μ U/L) 11.5    �    8.4
HOMA-IR 2.7    �    2.0
Uric acid (mg/dL) 5.3    �    1.4
Iron (mcg/dL) 129.2    �    52.8
Ferritin (ng/mL) 258.1    �    247.2
DB (mg/dL) 0.3    �    0.2
IB (mg/dL) 0.6    �    0.4
TB (mg/dL) 0.8    �    0.5

AST ( �  ref. value) 2.0    �    1.6

ALT ( �  ref. value) 2.1    �    1.5

GGT ( �  ref. value) 2.5    �    2.6
Viral load 4497169    �    7132987

    TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, 
low-density lipoprotein cholesterol; HOMA-IR, homeostasis model 
assessment insulin resistance; DB, direct bilirubin; IB, indirect bilirubin; 
TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; GGT, gamma glutamyltransferase.  
  The values were expressed as the mean  �  SD.   
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  Figure 1.     DNA damage expressed in terms of the tail moment of the comet assay in the peripheral blood of the patient and control groups 
(1A), and in the patients classifi ed according to the histopathological characteristics of fi brosis (1B) and activity (1C). HCV, hepatitis C 
virus; F, fi brosis; A, periportal activity;  * p    	    0.05 ANOVA test complemented by Tukey ’ s test; controls  	  HCV.  
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with lesser degrees of fi brosis. This result demonstrates 
the relationship between metabolic factors and the course 
of chronic hepatitis C, corroborating the data described 
in the literature [19]. Patients with genotype 1 hepatitis 
C have severe fi brosis associated with high necroinfl am-
matory activity, low platelets count, low cholesterol lev-
els, increased ferritin, and high prevalence of IR. 
Additionally, diabetic patients have fi brosis that was 
twice as advanced as those with IR without diabetes, 
suggesting that in subjects with genotype 1 HCV, IR and 
diabetes are important predictors of advanced fi brosis 
[20]. Additionally, liver enzymes (AST, ALT, and GGT) 
activity and bilirubin levels were signifi cantly higher in 
patients with advanced fi brosis, as described by Ijaz 
et   al. [21]. 

 In the literature, there are controversial results regard-
ing the correlation between DNA damage in the peripheral 
blood and the degree of fi brosis in HCV patients. Some 
authors observed a positive correlation between DNA 
damage in leukocytes and the severity of liver staging 
related to HCV infection [11,22,23] and also with the 
degree of infl ammation and fi brosis [10]. In contrast, 
Reshetnyak et   al. [24] found no such correlation. Addi-
tionally, in patients with HBV infection, the DNA damage 
could not be associated with liver disease progression. 
This observation suggests that DNA damage is not simply 

  Table III. Laboratory characteristics of patients with chronic 
hepatitis C divided according to the degree of fi brosis observed in 
liver biopsy (F0-F2  �  F3-F4).  

 Parameters 
 F0-F1-F2 
   (N    �    35) 

 F3-F4 
   (N    �    25)  p 

 TC (mg/dL)  183    �    33 164    �    35  0.0397 *  
 HDL-c (mg/dL)  52    �    15 44    �    12  0.0458 *  
 LDL-c (mg/dL)  110    �    33 92    �    29  0.0301 *  
 Triglycerides (mg/dL) 107    �    75  141    �    80  0.0115 *  
 Glucose (mg/dL) 90    �    9  108    �    32  0.0019 *  
Insulin (mg/dL) 10    �    6 14    �    11 0.0904

 HOMA-IR 2.2    �    1.3  3.4    �    2.6  0.0251 *  
 Uric acid (mg/dL) 4.9    �    1.3  5.7    �    1.3  0.0455 *  
 Iron (mcg/dL) 111    �    41  157    �    57  0.0013 *  
 Ferritin (ng/mL) 177    �    150  383    �    312  0.0016 *  
 DB (mg/dL) 0.21    �    0.1  0.3    �    0.2  0.0032 *  
IB (mg/dL) 0.5    �    0.3 0.6    �    0.5 0.4113

TB (mg/dL) 0.7    �    0.3 0.9    �    0.5 0.0697

 AST ( �  ref. value) 1.5    �    0.8  2.8    �    2.0  0.0013 *  
 ALT ( �  ref. value) 1.8    �    1.3  2.5    �    1.5  0.0414 *  
 GGT ( �  ref. value) 1.3    �    1.3  4.1    �    2.8   	    0.0001 *  

    F, fi brosis; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; 
LDL-c, low-density lipoprotein cholesterol; HOMA-IR, homeostasis model 
assessment insulin resistance; DB, direct bilirubin; IB, indirect bilirubin; 
TB, total bilirubin; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; GGT, gamma glutamyltransferase.  
  The values were expressed as the mean  �  SD.  
   p  value calculated by Student ’ s  t-  test.  
   * statistically signifi cant  p  value. The bold numbers represent the values of 
parameters with statistically signifi cant diff erences.   

  Table IV. Correlation between DNA damage, evaluated by 
comet assay expressed in terms of the tail moment, and 
histopathological and laboratory parameters in patients with 
chronic hepatitis C.  

 Parameters  r  p 

BMI (kg/m ² )  �    0.056 0.074

TC 0.112 0.409
HDL-c  �    0.033 0.809

LDL-c 0.063 0.642
Triglycerides  �    0.019 0.890

Glucose  �    0.061 0.641

 Insulin  0.343  0.008 *  
 HOMA-IR  0.331  0.011 *  
Uric acid 0.052 0.721
Iron 0.041 0.770
Ferritin 0.127 0.351
DB  �    0.043 0.753

IB  �    0.105 0.442

TB  �    0.112 0.410

AST 0.038 0.777
ALT 0.018 0.893
GGT  �    0.083 0.531

Viral load 0.030 0.821
Fibrosis  �    0.193 0.155

APP  �    0.120 0.398

Steatosis 0.049 0.731

    BMI, body mass index; TC, total cholesterol; HDL-c, high-density 
lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; HOMA-
IR, homeostasis model assessment insulin resistance; DB, direct bilirubin; 
IB, indirect bilirubin; TB, total bilirubin; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; GGT, gamma glutamyltransferase; APP, 
periportal activity.  
  Pearson Correlation Test (r).  
   * statistically signifi cant  p  value. The bold numbers represent the values of 
parameters with statistically signifi cant diff erences.   
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  Figure 2.     Correlation between the values obtained by the comet assay (tail moment) and the HOMA-IR index (A) and insulin values (B).  

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Q

ue
en

's
 U

ni
ve

rs
ity

 o
n 

08
/2

8/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



754 P. N. Sakae et al.   

determined by infl ammation and fi brosis of the liver, but 
that other factors can be associated with the DNA damage 
[10]. In an experimental study with cirrhotic rats subjected 
to bile duct ligation, no statistically signifi cant diff erences 
were found with regard to DNA damage determined by 
the comet assay in peripheral blood cells of cirrhotic rats 
when compared with a control group. However, DNA 
damage was observed in the liver of the animals with 
experimental cirrhosis, demonstrating that cirrhosis was 
able to induce genotoxicity eff ects in liver cells, but was 
unable to induce genetic damage in blood cells [8]. These 
observations corroborate our data, suggesting that the 
DNA damage observed in the peripheral blood cells of the 
patients with hepatitis C is independent of the fi brosis 
grade; however, a correlation may have been observed if 
the evaluation had been performed in the liver tissue. 

 We included in this study only patients with viral gen-
otype 1, because oxidative stress has been demonstrated 
in these types of patients [13,25] and also because, although 
insulin resistance has been found to be associated with 
CHC regardless of the viral genotype, its pathogenic con-
sequences can be diff erent based on the HCV genotype. 
While steatosis in genotype 1 is associated with IR, in 
genotype 3, it is mainly attributable to viral cytotoxicity, 
and as steatosis has been found to be associated with oxi-
dative stress [26], we decided to include only patients with 
genotype 1 in this study. However, we could not fi nd any 
association between the presence of steatosis in the liver 
biopsy and DNA damage. 

 In this study, a signifi cant correlation was also observed 
between DNA damage and HOMA-IR, which suggests 
the presence of oxidative DNA damage in the patients 
with insulin resistance. This study has shown that the 
HOMA-IR was associated with the DNA damage 
evaluated by the comet assay in peripheral blood cells 
of non-diabetic patients with genotype 1 chronic hepatitis 
C. These fi ndings are supported by the study of hyperg-
lycemic and pre-diabetic patients who were not infected 
with HCV; these patients were found to have higher  levels 
of DNA damage, as assessed by the comet assay, than 
normoglycemic individuals [25]. According to Song et   al. 
[25], oxidative DNA damage in CHC may play a role in 
the development of pancreatic  β -cell dysfunction and IR. 
Additionally, this damage may lead to liver disease pro-
gression associated with HCV, because insulin resistance 
is related to the increased prevalence of Type 2 diabetes 
mellitus, hepatic steatosis, rapid progression of the dis-
ease, and reduced virological response rate to sustained 
treatment with pegylated interferon and ribavirin [6,25]. 

 In an experimental study using the comet assay to mea-
sure the levels of DNA damage in lymphocytes of non-
diabetic and diabetic rabbits, the tail length was larger in 
the group of diabetic rabbits than in the group of non-di-
abetic rabbits [27]. Several studies have demonstrated 
increased oxidative stress in patients with pre-diabetes, 
newly diagnosed Type 2 diabetes mellitus [28] and insulin 
resistance [29,30], suggesting that oxidative stress may be 
related to hyperinsulinemia, hyperglycemia, hypertriglyc-
eridemia, and inadequate antioxidant defenses [31,32]. 
Thus, the change in insulin sensitivity may lead to a high 
rate of glucose oxidation and increased production of free 
radicals [33]. It has also been suggested that oxidative 
stress may play an important role in the induction of IR 
[34]. Mitsuyoshi et   al. observed a signifi cant correlation 
between the HOMA-IR index and serum levels of thiore-
doxin, a marker of oxidative stress in patients with chronic 
hepatitis C infected with genotype 1 or 2 [35]. 

 Oliveira et   al. evaluated serum markers of oxidative 
stress in patients with non-genotype 3 HCV and observed 
that RI, but not steatosis, was associated with elevated 
levels of thiobarbituric acid-reactive species (TBARS), 
glutathione peroxidase activity, and plasma levels 
of glutathione levels; this study concluded that IR is 
related to changes in the serum parameters of oxidative 
stress [13]. 

 Some studies have suggested that diabetes mellitus 
increases the risk of developing hepatocellular  carcinoma 
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  Figure 3.     ROC curve of the comet assay used to determine the cutoff  
point of sensitivity and specifi city.  

  Table V. Comet assay parameters to determine the ROC curve.  

 95% confi dence 
interval 

 AUC  SE  Signifi cance  Lower  Upper  Sensitivity  Specifi city 

0.785 0.046  	    0.001 0.695 0.875 75% 70%

    AUC, area under curve; SE, standard error.   

  Table VI. Number of patients and controls distributed according to 
the cutoff  point (1.65) determined by the ROC curve.  

 HCV 
   N (%) 

 Controls 
   N (%)  Total  p 

 Tail moment    �    1.65 45 (75%) 12 (30%) 57   p     	    0.0001 *  
 Tail moment  	      1.65 15 (25%) 28 (70%) 43  χ  2     �    19.28

    Chi-square test, controls  	  HCV; HCV, hepatitis C virus; N, number.  
   * statistically signifi cant  p  value. The bold numbers represent the values of 
parameters with statistically signifi cant diff erences.   
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[4,36]. Veldt et   al. observed that during the 4-year 
 follow-up of patients with chronic hepatitis C and 
advanced fi brosis, diabetes mellitus was an independent 
predictor of the development of hepatocellular carcinoma 
[5]. Similarly, other studies in a population in the USA 
have suggested that diabetes was associated with an 
increased risk of hepatocellular carcinoma development 
[37]. Since oxidative stress has also been related to hepa-
tocarcinogenesis induced by HCV [38], it is conceivable 
that the increased oxidative stress in patients with insulin 
resistance could initiate DNA damage that will predis-
pose these patients to the development of hepatocellular 
carcinoma. This hypothesis has to be evaluated in a 
future study testing these markers of oxidative stress and 
DNA damage in the liver tissue of patients with HCV 
chronic infection. 

 The observed correlation between DNA damage and 
the HOMA-IR index in our study suggests that insulin 
resistance may be an aggravating factor for genotoxicity 
in patients with chronic hepatitis C.   

 Conclusions 

 In conclusion, this study showed that DNA damage mea-
sured by the comet assay in peripheral blood was higher 

in patients with genotype 1 chronic hepatitis C than in 
control subjects, and was signifi cantly correlated with 
insulin levels and the HOMA-IR index in patients with 
chronic hepatitis C. The assessment of DNA damage in 
the liver tissues of these patients could provide more infor-
mation about the correlation between insulin resistance 
and genotoxicity.   
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