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Abstract

Background: Diagnosis of fibrosis on chronic hepatitis C still needs invasive method such as 
liver biopsy. Aspartate Transaminase to Platelet Ratio Index (APRI) is a cheap and widely used 
assessment to indicate the presence of fibrosis in the liver. Insulin resistance as one an extra com-
plication of chronic hepatitis C. We determined the correlation between degree of chronic hepatitis 
C severity based on APRI and the incidence of insulin resistance in chronic Hepatitis C patients.

Methods: Degree of chronic hepatitis C severity was determined based on APRI and insulin 
resistance were determined using HOMA-IR. Correlation were analyzed using Chi-square and phi 
coefficient test, respectively.

Results: Thirty chronic hepatitis C patients in this study consisted of in men was 16 male (53.3%) 
and 14 female (46.7%) patients with an average age of 51.63 ± 12.29. Frequency distributions of 
severity based on dominant APRI showed fibrosis in 18 patients (60%) and no fibrosis in 12 pa-
tients (40%). Insulin resistance distribution based on HOMA-IR showed no insulin resistance in 16 
patients (53.3%) and insulin resistance in 14 patients (46.7%). There was a correlation between 
degree of chronic hepatitis C severity based on APRI and insulin resistance based on HOMA-IR  
with p = 0.006 and r = 0.491, respectively. 

Conclusion: There was a correlation between chronic hepatitis C severity based on APRI and 
insulin resistance based on HOMA-IR
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atic improvement with proton pump inhibitor and 
quality of life. Significant symptomatic improve-
ment was seen in the total score of 12 questions 
(26.7 ± 8.8 → 17.5 ± 5.9, p<0.0001.Based on the 
previous study, chronic hepatitis C patients will 
have two to three times of chance to experience 
insulin resistance and diabetes. This relates to the 
degree of hepatitis C severity that determined by 
the presence of liver fibrosis (2)Nigeria. METH-
ODS Cross-sectional survey of 101 (out of 120. 
Insulin resistance (RI) often occurs in patients with 
chronic hepatitis C, and this condition is correlated 
with advanced liver fibrosis by Vancouver Coastal 
Health (HCV) (3) infection and associated with fi-
brosis degree in chronic hepatitis C (4). Aspartate 
Transaminase-to-Platelet Ratio Index (APRI) is 
one of several noninvasive markers that have been 
introduced to measure cheap and widely available 
liver fibrosis (5)but excluded the substantial group 

Introduction

Hepatitis C virus infection (HCV) is one of the 
leading causes of acute and chronic liver disease. 
Acute hepatitis C infection that becomes persistent 
were about 85% of all cases (1)score related to re-
flux symptoms, and score related to dyspeptic 
symptoms and the evaluation of the quality of life 
was use the 8-item Short Form Health Survey in 2 
categories, the physical component summary score 
and mental component summary score. All patients 
administered rabeprazole 10 mg/day for 8 weeks. 
We investigated the correlation between symptom-
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of gastro-oesophageal reflux disease (GERD. 
However, until now, there has been no data linking 
the severity of chronic hepatitis C based on APRI 
with insulin resistance.

Based on epidemiological studies, chronic hep-
atitis C triggers about 25% of insulin resistance 
that will accelerate the progression of liver fibro-
sis, resistance to antiviral treatment and the devel-
opment of hepatocellular carcinoma (6-9). Insulin 
resistance in chronic hepatitis C is reported to 
cause fatty accumulation in the liver, which acti-
vated virus replication that could ultimately exac-
erbate the response to anti-viral treatment, not only 
on hepatitis C genotype 1, also in genotypes 2 and 
3 (10-12). Insulin resistance as one an extra com-
plication of chronic hepatitis C (13) becomes a se-
rious problem that needs to be known early on.

The mechanism of hepatitis C severity that 
causes insulin resistance is complex and not fully 
understood that depends on the HCV genotype. 
HCV genotype 1 could directly induce insulin re-
sistance by interfering intracellular signaling in 
hepatocyte cells (14). Core proteins such asNS-3 
and NS-5 are the major HCV protein components 
that are involved in the incidence of insulin resis-
tance. During the occurrence of insulin resistance 
some pro-inflammatory cytokines and fat metabo-
lism such as free fatty acid interfere with intracel-
lular insulin signaling and trigger the occurrence 
of diabetes mellitus and steatosis (15). Hepatitis C 
treatment will improve the condition of insulin re-
sistance (2). Various studies linking chronic hepa-
titis C infection to insulin resistance still use inva-
sive methods of liver biopsy to assess fibrosis 
presence (8, 16-19). It is necessary to consider an-
other method of assessing the severity of chronic 
hepatitis C-related insulin resistance.

The degree of severity of chronic hepatitis C is 
determined based on fibrosis manifestations in the 
liver. Assessment of the severity of hepatitis C could 
apply both invasive and non-invasive methods. 
Liver biopsy is a non-invasive method of percutane-
ous as a gold standard for assessing the degree of 
necro-inflammation (grading) and fibrosis (stag-
ing). Liver biopsy has several limitations and side 
effects such as pain and bleeding. In addition to the 
use of a small needle in the biopsy procedure re-
sulted in very few tissues of representative liver 
samples. The variability between observers often 

results in 10 to 20% error in classification, depend-
ing on the scoring system used (20). At present, sev-
eral noninvasive methods have been developed to 
determine the degree of liver fibrosis, including in-
transient elastography (FibroTest), APRI (aspartate 
aminotransferase (AST) to platelet ratio index) and 
FIB-4 (Fibrosis) (5, 21, 22). APRI is non-invasive, 
cheap and could be performed in almost all second-
ary and tertiary hospitals. APRI assessment results 
indicate the presence and absence of fibrosis in the 
liver. Based on this, the authors are interested in ex-
amining the correlation of chronic hepatitis C sever-
ity based on APRI and insulin resistance.

Methods

Subject: Thirty chronic Hepatitis C patients with 
Anti HCV (+) were enrolled in the sample at the out-
patient unit of Gastro-Hepatology Dr.Soetomo Gen-
eral HospitalSurabaya. the data were collected from 
September 2015 to January 2016. The inclusion crite-
ria were as follows; men and women, aged 18-65 , 
hepatitis C outpatients with a positive anti-HCV ex-
amination that lasted for 6 months by consent, no 
signs of acute hepatitis and no history of transfusion, 
no history of tattoos and syringes within 6 months, 
willing to participate this research by signing in-
formed consent. The insulin fasting meter of the sub-
jects was measure by using Immulite Series H.2711 
(Immulite, Los Angeles, USA).

This was an observational analytic with cross-
sectional approach. This research has obtained the 
approval of ethical clearance from the ethics commit-
tee of Dr. Soetomo Teaching Hospital, Surabaya In-
donesia. Characteristics of patients and HOMA-IR 
(Homeostatic Model Assessment for Insulin Resis-
tance) values for each degree of severity were pre-
sented in tables, graphs, and diagrams. Statistical 
analysis was significant if p <0.05. For analysis was 
using Statistical Package for the Social Sciences 
(SPSS) software 20. (SPSS, Inc., Chicago, IL)

Results

The result of the 30 patients with chronic hepa-
titis C by sex was male by 16 (53.3%) patients and 
female by 14 (46.7%) patients. Based on the age, it 
was known that the mean age of the patients in the 
study sample was 51.63 years with a standard de-
viation of 12.29 years, it means that most patients 
were aged between 39 and 64 years. (Table 1). 
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From the laboratory ex-
amination, mean of hemoglo-
bin of 12.93 g% with stan-
dard deviation 1.95 was ob-
tained. The average leukocyte 
obtained was 6.94 /uL with a 
standard deviation of 2.97. 
While the number of platelets 
obtained was normally dis-
tributed with a median value 
of 98.50 x 103 / uL with the 
lowest value range 0.75 x 103 
/ uL, and the highest was 331 
x 103 / uL. From the serum 
transaminase examination, it 
was obtained that the distri-
bution of very high values 
with abnormal distribution. 
The median value was SGOT 
41.5 U/L with the lowest 
value range 15 U/L, and high-
est 308 U/L. The median 
value of SGPT was 60.5 U/L 
with the lowest value was 25 
U/L and the highest was 342 
U/L. From the examination of 
direct bilirubin, median value by 0.18 mg/dL with 
the lowest value 0,09 mg/dL and highest 5,87 mg/
dL were obtained. While median bilirubin total 
was 0.66 mg/dL with the lowest value 0.14 mg/dL 
and highest 7.70 mg/dL. Blood albumin levels 
were still within normal limits with a mean of 3.79 
± 0.45 g/L (Table 1). 

From the examination of Body Mass Index 
(BMI) was average value by 24.00 Kg/m2 with 
standard deviation 3.99 were obtained. Based on 
BMI calculation, 21 patients were classified as 
normal and 9 patients were classified as obese. The 
mean fasting patient’s blood sugar level was 95.3 ± 
15.54 g/dL. The measurement of GDP by mg/dL 
were converted to mmol/L in HOMA-IR calcula-
tions. The patient’s fasting insulin level was mea-
sured after the patient performed a 12-hour fasting 
period of 10.06 ± 4.94 mU/L. From the assessment 
of blood cholesterol level mean 171.7 ± 39.81 mg/
dL was obtained. 

Degree of chronic hepatitis C severity based 
on Aspartate Transaminase-to-Platelet Ratio 
Index (APRI)

Table 1. 
Characteristics of study subjects and Metabolic characteristics of study 

subjects 
Variable Frequency Mean SD Median

Abs %
Sex

Male
Female

16
14

53.3% 
46.7%

-
-

Age (y/o) 51.63 12.29

Hemoglobin (g%) 12.93 1.95

Leukocytes (U/uL) 6.94 2,97

Platelets (x 103/uL) 0.75 – 331 98.5

SGOT (U/L) 15 – 308 41.5
SGPT (U/L) 25 – 342 60.5
Direct Bilirubin (mg/dL) 25 – 342 0.18
Total Bilirubin (mg/dL) 0.14 – 7.70 0.66
Albumin (g/L) 3.79 0.45
BMI (Kg/m2) 

Mean ± SD
Normal
Obesity

21
9
-

70%
30%

-

24
21,92
28,84

3.99
1.71
3.54

GDP (mg/dL) 95.3 15.54

Fasting Insulin (mU/L) 10.06 4.94
Cholesterol (mg/dL) 171.7 39.81

Tabel 2. 
Chronic hepatitis C severity based on APRI end 

Insulin resistance based on HOMA-IR 

Variable
Frequency 

Patients Mean SD
abs %

APRI
Fibrosis 18 60 2.50 1.38

non-fibrosis 12 40 1.02 0.37

HOMA- IR

Insulin 
Resistance 14 46.7 3.45 0.71

No insulin 
resistance 16 53.3 1.45 0.61

APRI values were obtained based on a formula 
calculation by using serum transaminase compo-
nent and count of platelet from the subjects. Fur-
ther assessment of the severity of chronic hepatitis 
C based on APRI with the following results. (Tabel 2) 
APRI value measurements from 30 subjects based 
on cut off 1.5 were 18 (60%) patients who had fi-
brosis with an average APRI value of 2.50 stan-
dard deviation by 1.39. However, patients without 
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fibrosis were 12 (40%) with an average value of 
APRI 1.02 and standard deviation 0.37 (Figure 1). 

The incidence of insulin resistance based on 
Homeostasis Model Assessment of Insulin Resis-
tance (HOMA-IR) in chronic hepatitis C patients

Chronic hepatitis C patients examined by 
HOMA-IR has obtained the following results 
(Tabel 3). The results showed 14 (46.7%) patients 
have had experienced insulin resistance. The mean 
value of HOMA-IR patients with insulin resistance 
was 3.45 with a standard deviation of 0.71, while 
the patients without insulin resistance were 16 
(53.3%) patients. The mean value of HOMA-IR 
patients without insulin resistance was 1.45 with a 
standard deviation of 0.61. (Figure 2)

Furthermore, the researchers wanted to know 
the correlation of obesity with insulin resistance 
in this study, that not obese patients obtained an 
average value of HOMA-IR 2.37 with a standard 
deviation of 1.30. While obese patients obtained 
an average value of HOMA-IR 2.41 with a stan-
dard deviation of 1.01. In the statistical analysis 
using chi-square comparison between obese and 
nonobese group did not get a significant correla-
tion (p = 0.404). (Figure 3).

The correlation of chronic hepatitis C sever-
ity was based on APRI with insulin resistance 
based on HOMA-IR 

The correlation examination between chronic 
hepatitis C severity based on APRI value and insu-
lin resistance based on HOMA-IR was performed 
by relationship analysis. Where the researcher 
wanted to know the correlation of chronic hepatitis 
C severity that divided into; APRI values were cat-
egorized into fibrosis and without fibrosis based 
on the cut-off value of APRI and insulin resistance 
based on HOMA-IR in the subjects. (Figure 4)
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Figure 1. Distribution of Aspartate Transaminase-to-
Platelet Ratio Index (APRI) Value

Figure 2. Insulin Distribution based on  Homeostasis 
Model Assessment of Insulin Resistance (HOMA-IR) Value

Figure 3. Tilapia Distribution of  Homeostasis Model As-
sessment of Insulin Resistance (HOMA-IR) against Obesity

Figure 4. Graph distribution and mean of Homeostasis 
Model Assessment of Insulin Resistance (HOMA-IR) on 
chronic hepatitis C severity based on APRI

Severity of Hepatitis C

Hepatitis C Severity based on APRI Value

Tabel 3. 
Cross tabulation for APRI variables 

and Insulin Resistance

Variable

Insulin Resistance
None Exist Total

HOMA IR
< 2.5 ≥ 2.5

APRI
Fibrosis 6 12 18
Non- fibrosis 10 2 12
Total 16 14 30
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The test performed by Chi-Square (X2) hy-
pothesis test because the data of chronic hepati-
tis C severity based on APRI and incidence of 
insulin resistance in chronic Hepatitis C patient 
were both nominal data types. Previously, cross-
sectional data was presented to determine the 
number of each group. (Tabel 3) It was obtained 
from cross-tabulation between APRI variables 
and insulin resistance in patients with character-
istic without fibrosis was more likely not to ex-
perience insulin resistance by 10 patients. While 
patients with the characteristics of fibrosis tend 
to experience insulin resistance by 12 patients. 
These results indicate an indication of the cor-
relation between the degree of Hepatitis C se-
verity based on APRI with insulin resistance 
based on HOMA-IR. Analysis of strong correla-
tion was using phi coefficient test. Previously, 
the Chi-Square test requirement for the 2x2 table 
was no value e <5 (Yates Correction). In the 
table, it is known that no expectation value (e) 
was less than 5, therefore that chi-square test 
could be performed. 

Discussion

The hepatitis C patients consisted of 16 
(53.3%) men and 14 (46.7%) women. Chronic 
hepatitis C patients in male were higher than 
women. This due to several risk factors that in 
male patients was who has a tattoos and transfu-
sion history. The incidence of hepatitis C in some 
Asian countries obtained a comparison of male 
hepatitis C: female 141: 122. The incidence of 
chronic hepatitis C patients was higher in male 
(2.1%) compared to female patients (1.1%) [23-
25] Most of the studies and results reported the 
higher incidence of hepatitis C in men than in 
women, due to hepatitis C risk factors, such as 
higher injection drug use in men, and the risk of 
blood transfusion recipients (26-28).

Based on age characteristics, the mean age of 
patients was 51.63 ± 12.29 years. The results of 
this study are similar from some studies that re-
ported the mean age of chronic hepatitis C patients 
was 41 ± 9 years, age group 20-29 years (30.94%), 
and 57.1 with age range 19-69 years (26,28,29). 
The youngest was 18-year-old that was found has a 
risk factor for tattooing. Risk factors for most of 
the study subjects received blood transfusions be-

fore 1992, the rest related to the use of injecting 
drug use and tattooing.

Calculation result based on Body Mass Index 
(BMI) was obtained 24.00 ± 3.99 Kg/m2 and 9 
(30%) patients with obesity (BMI ≥ 25 Kg/m2). 
The researcher considerate of using 9 patient as re-
search sample because of the difficulty in fulfilling 
the minimum amount of sample, it was supported 
by some previous studies that still involve obesity 
in the sample of their research, also (3, 11). The 
pathogenesis of obesity in chronic hepatitis C was 
correlated with inflammation, insulin resistance, 
steatosis, and the progression of fibrosis itself.

The subjects of this study were dominant with 
fibrosis by 18 (60%) patients and without fibrosis 
by 12 (40%) patients, also, the means value of 
APRI was 1.88 ± 1.34. It indicates that the major-
ity of research subjects have already experienced 
fibrosis. This result differs from several other re-
search that using the APRI method in assessing the 
severity of hepatitis C obtained the mean APRI0.71 
± 0.08 in 120 subjects of chronic hepatitis C geno-
type 1 and 2 (13).

The median value of APRI was 0.49 with a 
quartile root range of 0.43 in 108 chronic hepatitis 
C patients in Turkey (30). The difference in the re-
sults of this study with some other studies was due 
to differences in the number of samples and differ-
ences in hepatitis C virus genotypes affecting in 
fibrosis progression. This study did not examine 
the hepatitis C virus genotype.

It was reported insulin resistance was 14 
(46.7%) patients and without insulin resistance 
was 16 (53.3%) patients. The mean value of 
HOMA-IR patients with insulin resistance was 
3.45 ± 0.71, while value range of HOMA-IR pa-
tients with lowest insulin resistance was 2.65 to 
4.71. This result was different from some other 
studies that reported the average HOMA-IR was 
4.9 ± 1.69 out of the 50 chronic hepatitis C patients 
(18). The incidence of insulin resistance in hepati-
tis C genotype 1 was 15 (65%) and genotype 3 was 
12 (57%) (31). The incidence of insulin resistance 
100 (38%) patients out of 263 chronic hepatitis C 
patients from the Asia was using the insulin resis-
tance of HOMA IR> 2 (24). Hepatitis C was cor-
related with the incidence of insulin resistance 
compared to the control group (p = 0.02) (29).
Thus, serial HOMA-IR testing of chronic hepatitis 
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p-value of 0.007 (Chi-square) less than 0.05 (α = 
5%). Based on these results, the hypothesis of the 
study can be accepted, and it is concluded that 
there is a correlation between the degree of sever-
ity of hepatitis C based on APRI with insulin resis-
tance based on HOMA- IR in chronic hepatitis C 
patients as the subject of this study.

In this study obesity as a confounding factor 
was included with the aim of closer to the actual 
reality conditions in the population and meet the 
minimum sample size of the study. Furthermore, in 
the analysis of obesity with insulin resistance in 
chronic hepatitis C population was has no a sig-
nificant correlation (p = 0.404). Therefore, obesity 
as a confounding factor was not very influential in 
causing insulin resistance in this study.

Hepatitis C virus has a direct effect on insulin 
signaling through the formation of hepatic ste-
atosis at the beginning of insulin resistance. This 
condition was co-incidence in hepatitis C pa-
tients with risk factors for obesity and hyperlip-
idemia regardless of viral genotype. Hepatic ste-
atosis might happen due to direct hepatopathy 
effects of HCV infection, especially genotype 3 
(34). Hepatitis C genotype 3 patients have a 
wider steatosis but lower incidence of insulin re-
sistance (14, 29, 36). Hepatitis C genotype 3a 
virus interferes with insulin signaling through 
the PPAR downregulation mechanism. In hepati-
tis C genotype 1b infection, insulin resistance 
occurs through the substitution mechanism of 
the amino acids 70 and/or 91 of the hepatitis C 
virus core protein genotype 1b (37). In this study 
genotype, hepatitis C virus was not performed to 
see the existence of genotype mechanism.

This study supports the hypothesis of a correla-
tion hepatitis C severity based on APRI and insulin 
resistance based on HOMA-IR. We examine the 
degree of severity of hepatitis C based on APRI 
was based on easiness, inexpensiveness and practi-
cal that considered by clinicians in the field as an 
indicator of the onset of insulin resistance.

Conclusion 

There was a correlation between chronic hepa-
titis C severity based on APRI and insulin resis-
tance based on HOMA-IR Chronic hepatitis C pa-
tients with fibrosis will tend to experience insulin 
resistance, so evaluation of chronic hepatitis C se-
verity based on APRI is important and considered 
for earlier intervention.

C patients was one of the important biochemical 
indicators in the development of liver fibrosis. In-
sulin resistance was correlated with hepatitis C in-
fection, especially genotypes 1 and 4 through the 
release mechanism of proinflammatory TNF-α in-
flammatory cytokines, in which TNF-α could in-
terfere with signaling insulin by inhibiting phos-
phorylation in the IRS-1 and decreasing the release 
of GLUT-4 in muscle and fat tissue (32). 

In this study, the value of HOMA-IR for sever-
ity with APRI ≥ 1.5 (fibrosis) has greater value 
than APRI value <1.5 (without fibrosis). Where 
the mean value of HOMA-IR  in patients with fi-
brosis was 2.89, and without fibrosis was 1.63. 
The average value of APRI was 0.71 ± 0.08. There 
was no significant difference in APRI values be-
tween chronic hepatitis C patients with insulin re-
sistance and no insulin resistance (p = 0.839). This 
difference was due to the APRI value being the 
ratio scale that correlated with insulin resistance 
based on HOMA-IR (13).

Insulin resistance in chronic hepatitis C could 
possibility cause; hepatic steatosis, resistance to 
anti-viral treatment, liver fibrosis and oesophageal 
varicose, hepatocarcinogenesis and proliferation 
of hepatocarcinoma (33). Insulin resistance con-
tributes to the progression of fibrosis in chronic 
hepatitis C (29). Insulin resistance triggers the pro-
gression of liver fibrosis in chronic hepatitis C pa-
tients with hepatic steatosis, hyperleptinemia, in-
creased TNF production and reduced PPARl-ᵞ re-
lease (23). The study did not investigate steatosis 
that was correlated with insulin resistance and fi-
brosis. Hepatitis C virus triggers insulin resistance 
through complex mechanisms. Decreased insulin 
signaling was preceded by an inflammatory re-
sponse to hepatitis C virus, this process occurs in 
the phosphorylation of IRS insulin signaling tyro-
sine and the activation of phosphoinositide 3-ki-
nase. Protein HCV enhances the release of TNF-α 
resulting from the proteasomal acceleration of 
IRS1 and IRS2 resulting in decreased insulin func-
tion resulting in the presence of insulin (34, 35). 
Interpretation of the correlation between the sever-
ity of chronic hepatitis C based on APRI with the 
incidence of insulin resistance in chronic Hepatitis 
C patients based on the p-value and strength of the 
relationship. In this study, the correlation between 
the severity of hepatitis C based on APRI with in-
sulin resistance based on IR HOMA resulted in the 



33

The New Armenian Medical Journal, Vol. 13 (2019), No 1, p. Ibrahim A.R.K. et al.27-34

REFERENCE         S

1. Micallef JM, Kaldor JM, Dore GJ. Spontaneous 
viral clearance following acute hepatitis C infec-
tion: a systematic review of longitudinal studies. 
Journal of viral hepatitis. 2006;13(1):34-41.

2. Brandman D, Bacchetti P, Ayala CE, Maher JJ, 
Khalili M. Impact of insulin resistance on HCV 
treatment response and impact of HCV treat-
ment on insulin sensitivity using direct mea-
surements of insulin action. Diabetes Care. 
2012;35(5):1090-4.

3. Souza AFM, Pace FH, Chebli JMF, Ferreira 
LEV. Insulin resistance in nondiabetic patients 
with chronic hepatitis C : what does it mean. 
Arquivos Brasileiros de Endocrinologia & Me-
tabologia. 2011:55-6.

4. Alizadeh A, Ranjbar M, Kashani KM, Taheri 
MM, Bodaghi M. Albendazole versus metroni-
dazole in the treatment of patients with giardia-
sis in the Islamic Republic of Iran. Eastern 
Mediterranean health journal = La revue de 
sante de la Mediterranee orientale = al-Majal-
lah al-sihhiyah li-sharq al-mutawassit. 
2006;12(5):548-54.

5. Liu Y, Sun L, Huan Y, Zhao H, Deng J. Effects of 
basic fibroblast growth factor microspheres on 
angiogenesis in ischemic myocardium and car-
diac function: analysis with dobutamine cardio-
vascular magnetic resonance tagging. European 
journal of cardio-thoracic surgery : official 
journal of the European Association for Cardio-
thoracic Surgery. 2006;30(1):103-7.

6. Mohamed AA, Loutfy SA, Craik JD, Hashem 
AG, Siam I. Chronic hepatitis c genotype-4 in-
fection: role of insulin resistance in hepatocel-
lular carcinoma. Virology journal. 2011;8:496.

7. Bernsmeiera C, Heim MH. Insulin resistance in 
chronic hepatitis C: mechanisms and clinical 
relevance. Swiss Medical Weekly. 2009;139(47–
48):678–84.

8. Mohamed HR, Abdel-Azziz MY, Zalata KR, Ab-
del-Razik AM. Relation of insulin resistance and 
liver fibrosis progression in patients with chronic 
hepatitis C virus infection. International journal 
of health sciences. 2009;3(2):177-86.

9. Bugianesi E, Gastaldelli A, Vanni E, Gambino 
R, Cassader M, Baldi S, et al. Insulin resistance 
in non-diabetic patients with non-alcoholic 

fatty liver disease: sites and mechanisms. Dia-
betologia. 2005;48(4):634-42.

10. Negro F. Insulin resistance and HCV: will new 
knowledge modify clinical management? Jour-
nal of hepatology. 2006;45(4):514-9.

11. Poustchi H, Negro F, Hui J, Cua IH, Brandt 
LR, Kench JG, et al. Insulin resistance and re-
sponse to therapy in patients infected with 
chronic hepatitis C virus genotypes 2 and 3. 
Journal of hepatology. 2008;48(1):28-34.

12. Miyanari Y, Atsuzawa K, Usuda N, Watashi K, 
Hishiki T, Zayas M, et al. The lipid droplet is an 
important organelle for hepatitis C virus produc-
tion. Nature Cell Biology. 2007;9(9):1089-97.

13. Huang HC, Chuang CS, Hsieh YY, Chang TS, 
Wei KL, Shen CH, et al. Serum HCV RNA level 
is not associated with insulin resistance and 
metabolic syndrome in chronic hepatitis C pa-
tients with genotype 1 or 2 infection. Chang 
Gung medical journal. 2011;34(5):487-95.

14. Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, 
Tsukamoto K, Kimura S, et al. Hepatitis C virus 
infection and diabetes: direct involvement of 
the virus in the development of insulin resis-
tance. Gastroenterology. 2004;126(3):840-8.

15. Parvaiz F, Manzoor S, Tariq H, Javed F, Fatima 
K, Qadri I. Hepatitis C virus infection: molecu-
lar pathways to insulin resistance. Virology 
journal. 2011;8:474.

16. Costa RR, Villela NR, Souza M, Boa BC, Cyrino 
FZ, Silva SV, et al. High fat diet induces central 
obesity, insulin resistance and microvascular 
dysfunction in hamsters. Microvascular re-
search. 2011;82(3):416-22.

17. Garcia-Monzon C, Lo Iacono O, Mayoral R, 
Gonzalez-Rodriguez A, Miquilena-Colina ME, 
Lozano-Rodriguez T, et al. Hepatic insulin re-
sistance is associated with increased apoptosis 
and fibrogenesis in nonalcoholic steatohepatitis 
and chronic hepatitis C. Journal of hepatology. 
2011;54(1):142-52.

18. El-Satar HA, Mahfouz M, Rashed L, Ahmed D. 
Insulin Resistance in Patients with Chronic 



34

The New Armenian Medical Journal, Vol.13 (2019), No 1, p.Ibrahim A.R.K. et al. 27-34

Hepatitis C Infection. Australian Journal of 
Basic & Applied Sciences. 2010;4(10):4554-8.

19. Alizadeh M, Ota F, Hosoi K, Kato M, Sakai T, 
Satter MA. Altered allergic cytokine and anti-
body response in mice treated with Bisphenol 
A. The journal of medical investigation : JMI. 
2006;53(1-2):70-80.

20. Loaeza-del-Castillo A, Paz-Pineda F, Oviedo-
Cardenas E, Sanchez-Avila F, Vargas-Vo-
rackova F. AST to platelet ratio index (APRI) 
for the noninvasive evaluation of liver fibrosis. 
Annals of hepatology. 2008;7(4):350-7.

21. Kelleher TB, Afdhal N. Noninvasive assess-
ment of liver fibrosis. Clinics in liver disease. 
2005;9(4):667-83, vii.

22. Collier JD, Woodall T, Wight DG, Shore S, 
Gimson AE, Alexander GJ. Predicting progres-
sive hepatic fibrosis stage on subsequent liver 
biopsy in chronic hepatitis C virus infection. 
Journal of viral hepatitis. 2005;12(1):74-80.

23. Hsu CS, Liu CH, Liu CJ, Hsu SJ, Chen CL, 
Hwang JJ, et al. Association of metabolicpro-
files with hepatic fibrosis in chronic hepatitis C 
patientswith genotype 1 or 2 infection. J Gas-
troenterol Hepatol. 2010;25:970–7.

24. Patel K, Thompson AJ, Chuang WL, Lee CM, 
Peng CY, Shanmuganathan G, et al. Insulin re-
sistance isindependently associated with sig-
nificant hepatic fibrosis inAsian chronic hepati-
tis C genotype 2 or 3 patients. Journal of Gas-
troenterology and Hepatology. 2011;26:1182–8.

25. Wedemeyer H. Sleisenger and Fordtran’s gas-
trointestinal and liver disease: pathophysiol-
ogy/diagnosis/management.2016.

26. Mihardja L, Dewi M, Lestari CSW, Handayani 
S, Rofiq A, Setiawati V. Laporan Riskesdas 
Tahun 2007 Bidang Biomedis. Kementerian 
Kesehatan RI, 2012.

27. Nugraha F. Prevalensi Hepatitis C Pada Pasien 
Pecandu Napza Di RSKO Jakarta Tahun 2011-
2012. Jakarta: Universitas Islam Negeri Syarif 
Hidayatullah; 2013.

28. Diyatri I, Handajani R, Soetjipto SH. Analisis 
Kadar Alanin Amino Transferase dan Subtipe 

Virus Hepatitis C pada Penderita Hepatitis Kro-
nis di Surabaya Indonesia. . Majalah Kedok-
teran Tropis Indonesia. 2008.

29. Hui JM, Sud A, Farrel GC, Bandara P, Byth K, 
Kench G, et al. Insulin resistance is associated 
with chronic hepatitis C virus infection and fi-
brosis progression. Gastroenterology. 
2003;125:1695-704.

30. Yilmaz Y, Yonal O, Kurt R, Bayrak M, Aktas B, 
Ozdogan O. Noninvasive assessment of liver fi-
brosis with the aspartate transaminase to platelet 
ratio index (APRI): Usefulness in patients with 
chronic liver disease: APRI in chronic liver dis-
ease. Hepatitis monthly. 2011;11(2):103-6.

31. Peres DP, Cheinquer H, Wolf FH, Cheinquer N, 
Falavigna M, Peres LD. Prevalence of insulin re-
sistance in chronic hepatitis C genotype 1 and 3 
patients. Annals of hepatology. 2013;12(6):871-5.

32. Peltier HJ, Latham GJ. Normalization of mi-
croRNA expression levels in quantitative RT-
PCR assays: identification of suitable reference 
RNA targets in normal and cancerous human 
solid tissues. Rna. 2008;14(5):844-52.

33. Kawaguchi T, Sata M. Importance of hepatitis C 
virus-associated insulin resistance: therapeutic 
strategies for insulin sensitization. World journal 
of gastroenterology. 2010;16(16):1943-52.

34. El-Zayadi AR, Anis M. Hepatitis C virus in-
duced insulin resistance impairs response to 
anti viral therapy. World journal of gastroenter-
ology. 2012;18(3):212-24.

35. Sheikh MY, Choi J, Qadri I, Friedman JE, San-
yal AJ. Hepatitis C virusinfection: molecular 
pathways to metabolic syndrome. Hepatology. 
2008;47(6):2127-33.

36. Fartoux L, Poujol RA, Guechot J, Wendum D, 
Poupon R, Serfaty L. Insulin resistance is a 
cause of steatosis and fibrosis progression in 
chronic hepatitis C. Gut. 2005;54:1000-8.

37. De Gottardi A, Pazienza V, Pugnale P, Bruttin F, 
Rubbia-Brandt L, Juge-Aubry CE, et al. Peroxisome 
proliferator-activated receptor-alpha and -gamma 
mRNA levels are reduced in chronic hepatitis C with 
steatosis and genotype 3 infection. Alimentary phar-
macology & therapeutics. 2006;23(1):107-14.


