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ABSTRACT 
 
 Background and aim of the work: The association between Insulin resistance (IR) and hepatitis C virus 
(HCV) has been established. We explored the role of HCV associating factors in developing IR as well as the 
correlation between IR and the degree of liver injury. Patients and methods: 70 consecutive non diabetic chronic 
HCV patients, 41males and 29 females of mean age 42.2 years (±10.3)  having Metavir  fibrosis stages (F0-F3)  
referring to  Kafr El Sheikh health insurance hospital and Prof Yassin A Ghaffar center for liver diseases 
throughout the period from January 2012 till July  2012 were enrolled  and investigated for IR using the 
Homeostasis Model for Assessment of Insulin Resistance  (HOMA-IR). Results: Significantly higher mean  
HOMA-IR levels were found in males p=0.003 , in  HCV-RNA viral load > 800,000 iu/ml patients  versus 
HCV-RNA viral load < 800,000 iu/ml patients (p=0.001) , in patients having a  BMI≥30 Kg/m2 versus those 
with a BMI <30 Kg/m2  (P=0.006), in Metavir  F3 stage patients versus  F2 stage  (p<0.001) and in Metavir A3 
grade patients  versus A0-1and A2 grades (p=0.03 and 0.02 respectively) . A significantly  positive correlation 
though weak  was found between HOMA-IR level and age r=0.27 p=0.02, BMI r= 0.35 p=0.012 and HCV-RNA 
viral load  r=0.3 p=0.012.On multivariate analysis none of the factors associating  IR proved independence as a 
risk factor. Conclusion: Compilation of factors; age, male gender, high BMI and viral load, act synergistically in 
developing IR in HCV patients  and IR correlates positively with the degree of liver injury. 
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Introduction  
 
 Several studies pointed to the role of hepatic steatosis in the development of fibrogenesis in   chronic 
hepatitis C patients (Hourigan et al, 1999, Castera et al, 2003 and Rubbia-Brandt et al, 2000), although some 
uncertainty exists as to whether this effect is significant in  all or only some subgroups of patients (Westin et al, 
2002, Rubbia-Brandt et al, 2004 and Patton et al, 2004).  In many patients with genotype 3,  HCV  seems to 
play a direct role in the pathogenesis of steatosis (Poynard et al, 2004) whereas patients infected with other 
genotypes seem to suffer mostly from a metabolic steatosis (Adinolfi et al, 2001). Both types of steatosis are 
likely to be associated with other factors, such as necro-inflammation, to induce fibrogenesis, but it is not clear 
whether fatty liver activates  the fibrogenic process per se, or associates an  unknown fibrogenetic factor, acting 
independently of the presence of steatosis (Muzzi et al, 2005). In this context, the association between HCV 
infection and insulin resistance (IR) has been confirmed in several studies (Huim et al, 2003, Moucari et al, 
2008, Yoneda et al, 2007 and  Hsu et al, 2008). More importantly, is the confirmation of  the link  of  IR and not 
steatosis to fibrosis (Hickman et al, 2003 and Ratziu et al, 2003) which is supported by experimental studies 
showing  that the expression of the HCV core protein (type 1) in the transgenic mouse is directly responsible of  
IR in this model, and that this event precedes the appearance of steatosis in the liver (Shintani et al, 2004). 
Nevertheless , other studies could not prove HCV infection as an independent predictor for IR (Tanaka et al, 
2008 and Imazeki et al, 2008). It is not clear whether insulin resistance  may provide a pathogenetic link 
between steatosis and fibrosis in all chronic hepatitis C patients or only a subgroup of them and whether this 
high IR in HCV-infected patients is  irrespective of degree of liver injury (Harrison, et al., 2006). Thus, our 
study aims at  testing the different  factors associating HCV infection for the development of  IR, together with 
exploring the correlation between IR and the degree of liver injury reflected by the stage of fibrosis and grade of 
necroinflammation, in relatively early to moderate  stages of disease progression through confining our study to 
fibrosis stages F0 through F3 and excluding F4 patients.  
 
Patients and methods: 
 
 This is a prospective cross sectional study carried in accordance with the good clinical practice (GCP) 
guidelines .The study was approved by the independent ethical committee (IEC)of the  National Research 
Center , all the patients signed an informed consent. 
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Statistical analysis: 
 
 Univariate analysis was made by chi-square test for frequencies and by Mann–Whitney rank-sum test for 
means The collected data were statistically analyzed using SPSS program (Statistical Package for Social 
Sciences) software version 16.0. Descriptive statistics were done for numerical parametric data as mean±SD 
(standard deviation) and minimum& maximum of the range and for, while they were done for categorical data 
as number and percentage. Inferential analyses were done for quantitative variables using independent t-test in 
cases of two independent groups with parametric data .Inferential analyses were done for qualitative data using 
Chi square test for independent variables. The level of significance was taken at P value < 0.05 is significant, 
otherwise is non significant. The p-value is a statistical measure for the probability observed in a study could 
have occurred by chance. We used Pearson correlation as a measure of the strength  of a relationship between 
two variables, the strength of the relationship is indicated by the correlation coefficient r and the significance is 
expressed in probability levels p. 
  
Results: 
 
 As shown in table 1 ,70 patients 41 males and 29 females of mean age of 42 (±10.3) years were studied, 
25.7% of the patients  did not exhibit  IR as expressed by a HOMA-IR score < 2, while 74.3% showed  a state of 
IR as expressed by either a HOMA-IR of 2-4 (15.7%) denoting a pathological result  or of >4 (58.6%) denoting 
a prediabetic state. As regards fibrosis stages, we excluded all patients showing an F4 fibrosis stage,  so we had 
19 (27.1%)  patients showing  F0-F1 stages, and 27 (38.6%) patients showing an F2 stage, and 24(34.3%) 
patients showing an F3 stage. As for the hepatic activity score 12 (15.7%) patients were  A0-A1, 37 (54.2%) 
patients A2 and 21 (30%) patients A3. We categorized patients according to HCV-RNA load into > 800,000 
iu/ml that comprised 33 (47.1%) patients and <800,000 iu/ml that comprised 37(52.8%) patients. 17 
patients(24.3%)  had a BMI < 25kg/m2 , 26 patients (38.6%) were overweight as determined by a  BMI 25 -<30 
Kg/m2 and 27(37.1%) patients were obese BMI ≥30 Kg/m2. Comparing different subgroups as regards mean 
HOMA-IR level is shown in  table(2), where male patients showed a significantly higher mean HOMA-IR level 
than females p=0.003 and patients having an HCV-RNA viral load > 800,000 iu/ml showed a significantly 
higher mean HOMA-IR level compared to those with an HCV-RNA viral load < 800,000 iu/ml (p=0.001). 
Patients with high BMI showed a significantly higher mean HOMA-IR level than those with a lower BMI 
(P=0.006), where post hoc analysis revealed  a significantly higher HOMA-IR level within patients with 
BMI≥30Kg/m2 as compared to those with BMI <25 Kg/m2 and those with a BMI 25-<30 Kg/m2 (p= 0.007 and 
0.001 respectively). Highest fibrosis score F3 was significantly associated with higher mean  HOMA-IR  level 
than lower scores(p=0.001), where post hoc analysis revealed a significantly higher HOMA-IR level among 
patients showing F3 score as compared to those having F2 score (p<0.001) where no significant difference was 
shown between mean HOMA-IR levels in F1 and F2 patients and F3and F1 patients (p=0.5 and 0.1 
respectively). The highest hepatology activity index A3 was significantly associated with higher mean HOMA-
IR level (p=0.004) and post hoc analysis showed higher HOMA level within A3 patients as compared to those 
with A0-1and those with A2 (p=0.03 and 0.02 respectively) ,but no statistically significant difference was found 
between A1and A2 patients (p=0.7), while HOMA-IR showed a positive linear  correlation with  BMI(r=0.035, 
p= 0.002) and HCV-RNA viral load (r=0.3,p= 0.012) as shown in figures fig (1) and (2) respectively. Upon 
categorizing patients according to their HOMA-IR levels, we had 18 (25.7%) patients showing no IR (HOMA-
IR <2), 11(15.7%) patients considered as having IR (HOMA-IR 2-4) and 41(58.5%) patients considered to be 
prediabetic (HOMA-IR>4) which is represented in table 3, that compares the 3 categories as regards the 
prevalence of the different associated factors using chi square test. There was a significant tendency for IR 
within higher age groups as shown by the significantly higher percentage of age group > 40 than that <40 within 
the HOMA-IR categories 2-4 and >4 p= 0.001. This was represented graphically in fig. 1 that revealed  a 
positive linear relationship between HOMA-IR and age where r=0.27 and p=0.02. A significant tendency for 
obesity was observed in the IR and the prediabetic groups (p=0.002), where this was represented graphically in 
fig 2 that showed a positive correlation with BMI  where r= 0.35 and  p=0.002. Also, a significant tendency for 
a high HCV-RNA viral load> 800,000 iu/ml  was seen within the prediabetic and the IR groups. This was 
represented graphically in fig 3 that showed a positive correlation between HCV-RNA viral load  and IR  r=0.3 
and p=0.012. A significant tendency for the presence of high fibrosis scores and hepatic activity index grades in 
the prediabetic and IR categories was demonstrated. On multivariate analysis ,entering HOMA-IR as the 
independent factor as presence or absence of IR (≥ 2vs < 2 respectively ) and BMI, fibrosis stage, activity grade, 
age, and HCV-RNA quantification as the independent factors, no single factor proved significance as an 
independent risk factor. 
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Table 1: General characteristics of the studied population. 
 Number = 70 

Age (mean±SD) (years) 42.2(±10.3) 
Gender n( %) 

Male 41(58.5%) 
Female 29(41.4%) 

Fibrosis n(%) 
F0-F1 19(27.1%) 

F2 27(38.6%) 
F3 24(34.3%) 

Activity n(%) 
A0-A1 12(15.7%) 

A2 37(54.2%) 
A3 21(30%) 

HOMA-IR(%) 
HOMA-IR<2 18(25.7%) 

HOMA-IR 2 -4 11(15.7%) 
HOMA-IR>4 41(58.6%) 

Viral load n(%) iu/ml 
HCV-RNA>800,000 33(47.1%) 
HCV-RNA<800,000 37(52.8%) 

Transaminases (mean±SD) iu/l 
ALT 47.3(±34.1) 
AST 37.6(±27.3) 

BMI  n(%) Kg/m2

BMI<25 17(24.3%) 
BMI 25-<30 26(37.1%) 

BMI≥ 30 27(38.6%) 
Bilirubin (mean± SD) mg/dl 0.8(±0.3) 

HOMA-IR: Homeostasis model for assessment of Insulin resistance  
ALT: ALanine aminotransferase , AST:Aspartate aminotransferase  
BMI: Body mass index . 
 
Table 2: Comparing different patients’ subgroups as regards HOMA levels. 

Total(n)=70 HOMA-IR(mean ±SD) P-value 
Age 

Age <40 years 3.2±2.3 0.8 
Age > 40 years 3.9±2.5 

Gender 
Male 3.8±2.6 0.003 

Female 2.5±1.7 
BMI  Kg/m2 

1.BMI < 25 4.1±2.7 0.006 
1#2 = 0.19 

1 # 3= 0.007 
2  #3 =0.001 

2.BMI 25-<30 3.1±2.3 
3.BMI ≥30 6.4±2.3 

Viral load iu/ml 
HCV-RNA <800,000 3.6±2.7 0.001 
HCV-RNA >800,000 5.2±1.7 

Fibrosis 
1.F0-1 4.1±2.7 0.001 

2 #3 =0.00 
1 #3 =0.1 
1# 2 =0.5 

 

2.F2 3±2.3 
3.F3 5.8±2.6 

Activity 
1.A0-1 3.5±2.2  

0.04 
1 #2 =0.7 
1 #3 =0.03 
2 #3 0.02 

2.A2 3.7±2.4 
3.A3 5.3±2.4 

HOMA-IR: Homeostasis model for assessment of Insulin resistance  
ALT: ALanine aminotransferase , AST:Aspartate aminotransferase  
BMI: Body mass index. 
 
Table 3: Comparing different HOMA categories as regards prevalence of associated factors. 

 HOMA-IR<2(%) 
18(25.7%) 

HOMA-IR 2-4 (%) 
11(15.7%) 

HOMA-IR >4 (%) 
41(58.5%) 

P-value 

Gender 
Male 15/18(83.3%) 2/11(18.2%) 24/41(58.5%) 0.003 

Female 3/18( 26.7%) 9/11 (81.8%) 17/41 (41.5%) 
Age 
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Age <40 14/18 (77.8%) 4/11 (36.4%) 11/41 (26.8%) 0.001 
Age >40 4/18 (22.2%) 7/11 (63.6%) 30/41 (73.2%) 

BMI Kg/m2

BMI<25 7/18 (38.9%) 3/11 (27.3%) 7/41 (17.1%) 0.002 
BMI 25-<30 11/18 (61.1%) 4/11 (36.4%) 11/41 (26.8%) 

BMI≥30 0(0%) 4/11 (36.4%) 23/41 (56.1%) 
Viral load iu/ml 

HCV-RNA <800,000 15/18 (83.3%) 5/11 (45.5%) 17/41 (41.5%) 0.011 
HCV-RNA >800,000 3/18 (16.7%) 6/11 (54.5%) 24/41 (58.5%) 

Fibrosis 
F0-1 6/18 (33.3%) 6/11 (54.5%) 7/41 (17.1%) 0.04 
F2 6/18 (33.3%) 5(45.5%) 16/41 (39%) 
F3 6/18 (33.3%) 0/11 (0%) 18/41 (43.9%) 

Activity 
A0-1 3/18 (16.7%) 5/11 (45.5%) 4/41 (9.8%) 0.019 
A2 12/18 (66.7%) 3/11 (27.3%) 22/41 (53.7%) 
A3 3/18 (16.7%) 3/11 (27.3%) 15/41 (36.6%) 

ALT (mean ±SD ) iu/l 26.4(± 18.1) 38.5(±15.4) 58.9(±38.1) 0.001 
HOMA-IR: Homeostasis model for assessment of Insulin resistance  
ALT: ALanine aminotransferase , AST:Aspartate aminotransferase  
BMI: Body mass index. 

 

 
 
Fig. 1: Scattered plot representation of the correlation of Insulin resistance to Body mass index. 
 

 
 
Fig. 2: Scattered plot representation of the correlation of Insulin resistance to Hepatitis C viral load. 
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Fig. 3: Scattered plot representation of the correlation between Insulin resistance and age. 
 
Discussion:  
 
 In this study we investigated the existence of  factors associating IR in chronic HCV patients, as there has 
been always a posed question  ,whether HCV per se  represents a risk factor for the development of IR , or are 
there associating factors orchestrating with HCV in creating a state of IR? Also, we were much concerned about 
the IR-grade of liver injury correlation. The study comprised 70 chronic non diabetic  HCV patients showing 
compensated liver disease biochemically and radiologically and most importantly non advanced  
histopathological liver disease  by excluding any cases beyond F3 fibrosis. Our rationale in this selection  was to 
avoid any possible confounding effect of end-stage liver disease on the interpretation of the insulin and insulin 
resistance data,as insulin degradation takes place in the liver which creates a state of hyperinsulinemia in case of 
cirrhosis, in order to have a better envisage of the events at a non late disease stage. Almost 75% of our studied 
population showed a state of IR as expressed by a HOMA-IR level ≥2, where it was 48% in another study 
(Naota Taura, et al, 2006) and 51% in a third study (Zareen Kiran, et al, 2013). In the current study we 
considered HOMA-IR ≥2 as a state of IR, where the above mentioned studies used a higher cut-off value of >2.5 
for marking IR. The main deleterious effect of insulin resistance in chronic hepatitis C is the ability to promote 
fibrosis progression  as  several investigators have demonstrated that the severity of liver fibrosis in chronic 
hepatitis C was related to insulin resistance, (Fartoux, et al, 2005; Ziada, et al, 2012) insulin resistance 
contributes to the progression of liver fibrosis, as hyperinsulinemia has been shown to directly stimulate hepatic 
stellate cell proliferation and  to increase expression of connective tissue growth factor, a key factor in the 
progression of fibrosis (Paradis, et al, 1999; Paradis, et al, 2001). Fartoux et al in 2005 demonstrated that mean 
HOMA-IR index increases with the stage of fibrosis and could help to differentiate stages of fibrosis  which 
matched with (D'Souza et al, 2005) findings that  IR as measured using the HOMA-IR model correlated 
positively with the stage of fibrosis, with higher degrees of insulin resistance in those with greater degrees of 
fibrosis. The current study demonstrated clearly a significant association between IR and the stage of fibrosis, 
that showed in the significantly higher mean HOMA-IR in F3 stage than F2, together with a significantly 
highest trend of F3 prevalence among highest HOMA-IR scores as compared to F0-F1 and F2 fibrotic stages. 
(Taura et al, 2006) found severe fibrosis to be the only independent factor associated with IR, together with  
significant differences in both HOMA-IR and whole body insulin sensitivity  index (WBISI) between patients 
with mild fibrosis and those with severe fibrosis. Yet, Δ-insulin/Δ-glucose 30 showed no significant difference 
in stage of liver fibrosis, which let them suggest an uncertain association between liver fibrosis and β-cell 
function. It is to be noted that in the study of (Fartoux et al, 2005) and that of (D’suza et al, 2005), as well as the 
current study, insulin sensitivity  was estimated depending on  HOMA-IR, while in that of (Taura et al, 2006) 4 
different methods were used for the same purpose; (HOMA-IR, homeostasis model assessment of β-cell 
function [HOMA-β], after an oral load of 75 g glucose WBISI and Δ-insulin/Δ- glucose. In the current study, 
presence of F4 fibrosis stage was an exclusion criterion, and F2 constituted a separate group not conjoined to F1 
as the study of (Taura et al, 2006). This may explain the lack of significant difference between mean HOMA-IR 
levels of F1 and F2 or F1 and F3 in our study. It has been shown that steatosis, but not insulin, was 
independently associated with fibrosis, suggesting an indirect effect of the circulating insulin level on fibrosis 
stage through a steatosis related pathway. Other studies found the levels of insulin resistance  not correlated with 
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the presence of steatosis which led them suggest that, the factor involved in the induction of insulin resistance 
does not seem to be steatosis and that steatosis and insulin resistance may be fibrogenic independently of each 
other  where the possibility that factors  influencing  both IR and fibrosis are involved in their association has 
been raised. The current study investigated several factors for the possibility of their HCV IR interplay.  Despite 
the fact that we did not find  a special age group to be associated with a significantly higher  mean HOMA-IR 
level, yet, we found a significantly higher  prevalence of the  age group > 40 years in the higher HOMA-IR 
scores. In their study, (Fartoux et al, 2006) found IR to be dependent  mainly on age  Our study revealed that 
HCV load is significantly associated with IR, either in terms of having a significantly higher mean HOMA-IR 
score in the group of patients having an HCV viral load >800,000 iu/ml or as an direct  proportion between the 
prevalence of HCV-RNA >800,000iu/ml patients and high HOMA-IR scores which  supports the speculation 
that a  factor other than overweight/obesity ,possibly HCV itself may be involved in the IR  state (Mehta, et al, 
2000; Shintani, et al, 2004). The current  study demonstrated  as well a  significant association between the 
degree of necroinflammation and the ALT level  and that of IR, which needs further investigations to clarify 
whether IR adds to the necroinflammatory process in the same fashion as its established role in the process of 
fibrosis or reversely the necroinflammatory process contributes to the state of IR . The current study showed no 
single independent risk factor for IR which contradicts with an earlier study revealing  fibrosis as an 
independent risk factor for IR. We could refer this to the fact that we confined our study to fibrosis stages (F0-
F3) and excluded F4. On lights of our results we concluded that a compilation of factors synergize with HCV 
infection in the development of IR, as high BMI, viral load and older age, and that IR is significantly correlated  
with high liver fibrosis stage.  
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