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Abstract

The aim of this study was to determine the role of the most informative indicators of adipocytokine status and ghrelin in
insulin resistance (IR) formation in chronic hepatitis C (CHC) patients at different stages of liver fibrosis.

Materials and Methods: This study included 205 CHC patients with HCV genotypes 1 and 3. A comparative analysis of
the laboratory parameters was carried out in a group of patients with IR (n=110) and without IR (n=95) and in patients depending
on the stage of liver fibrosis. The serum /levels of adipocytokines and ghrelin were determined using Bachem Group (USA) and
Immundiagnostik AG (Germany) test systems with microplate reader EIx800 (FinBio, Finland). Diagnosis and assessment of the
degree of fibrosis was performed by liver biopsy, liver elastometry and calculation test FibroTest.

Results: Obtained data allow us to regard the decreased secretion of ghrelin, and increased production of leptin, resistin and
TNF-a as a component involved in the formation of IR in CHC patients. (Int J Biomed. 2016;6(1):27-32.).
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Introduction

Hepeatitis C virus (HCV) infection affects hundreds of
millions of people worldwide. Globally, the prevalence and
number of people with anti-HCV has increased from 2.3% to
2.8% and from >122 million to >185 million between 1990
and 2005 [1].

Most acutely infected patients develop chronic hepatitis
and become a potential source of virus transmission, and as
many as 1 in 5 will develop cirrhosis and its complications
[2]. HCV is also an increasingly recognized important cause
of extrahepatic manifestations, including insulin resistance
(IR) [3]. IR is of global importance since it is closely linked
to the epidemic condition of obesity, precedes and predicts
the development of type 2 diabetes mellitus (T2DM), and
increases the risk of life-threatening complications such as
cardiovascular diseases, renal failure, and infections [4].
However, these complications are not major causes of death
in cirrhotic patients with IR. In contrast, the development
of intrahepatic complications, including hepatocellular

*Corresponding author: Larisa Tkachenko, PhD. The
Stavropol State Medical University,. Stavropol, Russia. E-mail:
larisa308@mail.ru

carcinoma (HCC), is known to be associated with IR [5]. IR
is extremely common in patients with chronic HCV infection
and has been associated with increased disease severity,
extrahepatic manifestations and decreased response to
antiviral therapy [6, 7]. Whereas the overall prevalence of IR
is 10%-25% of the population [8], the prevalence IR in HCV
infection reaches figures ranging from 30% to 70% [9,10].
Moreover, IR with HCV infection is increased at early stages
of liver disease without liver fibrosis (LF), and is on average
significantly higher than that found in patients with chronic
hepatitis B, matched for age and body mass index (BMI) [11].
Understanding the basis of such associations is of paramount
importance to inform treatment strategies for patients with
HCV.

The main acquired factors of IR include abdominal
obesity, aging, hyperglycemia, medications, and, recently,
HCV infection. Obesity is associated with IR, hepatic
steatosis and over-expression of TNF-a. All of these factors
increase the risk of fibrosis and decreased antiviral efficacy.
With obesity, the increased adipocytes produce both free fatty
acids (FFAs), and adipocytokines. Adipocytokines, including
leptin, resistin, TNF-a, and IL-6 cause liver injury associated
with fat infiltration, causing steatosis, inflammation and
LF. All these substances affect tissue sensitivity to insulin:
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activation of TNF-a causes IR, the elevated level of leptin,
which is also able to reduce the action of insulin in the liver,
which was detected with obesity. Both TNF-a, and leptin have
autocrine antilipolytic effect and inhibit the action of insulin
in adipocytes themselves [12]. There are data that attest to the
role of ghrelin, a peptide hormone produced by ghrelinergic
cells, in the formation of IR. More than 80% of circulating
ghrelin is synthesized and secreted into the blood by endocrine
cells of the gastrointestinal tract [13]. It was found that ghrelin
decreases the utilization of fat, promotes obesity (stimulates
lipogenesis and inhibits lipolysis), and activates the synthesis
of lipids by the liver. Ghrelin hypersecretion causes obesity.
However, with the development of obesity, the ghrelin level
in the blood decreases and persistent hypoghrelinemia occurs
[14]. We have determined an inverse relationship between
ghrelinemia and IR in adults and children: the lower the
level, the more pronounced the IR [15]. In HCV infection,
adipocytokines and ghrelin may be a link between viral
infection, steatosis and metabolic disorders [16].

The aim of this study was to determine the role of
the most informative indicators of adipocytokine status and
ghrelin in IR formation in chronic hepatitis C (CHC) patients
at different stages of LF.

Materials and Methods

We examined 205 CHC patients (mean age 44.2+10.3)
with HCV genotypes 1 and 3. Males (128/62.4%) and the
patients with HCV genotype 1 (123/60.0%) dominated. A
comparative analysis of the laboratory parameters was carried
out in a group of patients with IR (n=110) and without IR
(n=95) and in patients depending on the stage of LF.

The study was conducted in accordance with ethical
principles of the Declaration of Helsinki and approved by
the Stavropol State Medical University Ethics Committee.
Written informed consent was obtained from all participants.

The observation was conducted during 2011-2014 in
the outpatient departments of Stavropol Regional Clinical
Consultative and Diagnostic Center.

The examination was conducted in accordance with
EASL Clinical Practice Guidelines [17]. HCV infection was
defined by the presence in serum of anti-HCV antibodies using
the third generation ELISA. HCVs infection was confirmed
by performing the COBAS TagMan HCV-test. The RNA titter
was expressed in international units (IU/mL). The detection
limit is <40 IU/mL with a positive rate of 95%.

The serum concentrations of total cholesterol (TC),
triglycerides (TG), low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein (VLDL-C), and high-
density lipoprotein cholesterol (HDL-C) were evaluated
using test systems of the company Thermo Fisher Sientific
(Finland) with the automatic biochemical analyzer Konelab
30i (Finland).

The serum concentration of insulin (ulU/ml) was
determined using the Human Insulin ELISA kit from DRG
Diagnostics (Germany). For ELISA assays, a microplate
reader EIx800 (FinBio, Finland) was used. IR status was
calculated by using the homeostatic model assessment-insulin

resistance (HOMA-IR); it was determined by the equation:
HOMA-IR=(fasting insulin [uIU/mL]xfasting glucose
[mM/L])/22.5. IR was considered as HOMA-IR >2.77.

The serum levels of adipocytokines and ghrelin were
determined using Bachem Group (USA) and Immundiagnostik
AG (Germany) test systems with microplate reader EIx800
(FinBio, Finland).

Diagnosis and assessment of the degree of fibrosis was
performed by liver biopsy, liver elastometry and calculation
test FibroTest (BioPredictive, France). Knodell Histology
Activity Index (HAI) was used to grade necro-inflammatory
activity (Knodell et al., 1981). METAVIR group scoring
system (FO-F4) was used for detecting the stage of fibrosis
(French METAVIR, 1994). Hepatic steatosis was determined
by ultrasound examination.

Metabolic syndrome (MetS) was defined according to
IDF (2005) criteria [18]. Central (abdominal) obesity was
determined as waist circumference (WC) > 94 cm for men and
> 80 cm for women.

Exclusion criteria were antiviral therapy before liver
biopsy, regular consumption of alcohol (>30g/day ethanol for
men and >20g/day ethanol for women), and co-infection with
other viruses (HBV, HAV, HDV, HIV), drug-induced and
autoimmune hepatitis.

Thirty-five healthy volunteers, matched for sex, age and
BMI, served as a control group.

The statistical analysis was performed using the statistical
software «Primer of Biostat 4.0» and «STATISTICA 7». The
mean (M) and standard deviation (SD) were calculated. For
data with normal distribution, inter-group comparisons were
performed using Student’s t-test. Differences of continuous
variables departing from the normal distribution were tested
by the Mann-Whitney U-test. Comparisons between three
groups were performed with the one-way ANOVA with
Tukey’s post-hoc test. Spearman’s rank correlation coefficient
was calculated. Group comparisons with respect to categorical
variables are performed using chi-square tests with Yates
correction or, alternatively, 2-Tail Fisher’s exact test when
expected cell counts were less than 5.

Sensitivity, specificity, positive predictive value, and
negative predictive value for each variable were calculated,
including 95% confidence intervals (Cls) and relative
risk (RR). A probability value of P<0.05 was considered
statistically significant.

Results

HOMA-IR >2.77 was detected in 110/53.7% patients,
hepatic steatosis in 61/29.8% patients, T2DM in 40/19.5%
patients, and severe LF (METAVIR stage, F3 or F4) in
87/42.4% patients, including liver cirrhosis in 54/62.1%
patients.

It was found that CHC patients with IR were older, they
had a longer duration of disease, higher BMI and symptoms
of abdominal obesity, compared to the patients with HOMA -
IR<2.77 (Table 1). Moreover, in the IR group, there were more
patients who were overweight and obese compared to CHC
patients without IR, 89.0% and 40% (P<0.001), respectively.
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In the HOMA-IR>2.77 group, cholestatic syndrome was
formed, evidenced by the significantly higher rate of total and
conjugated bilirubin and alkaline phosphatase. This group of
patients was characterized by a higher HAI and METAVIR F
stage, with no difference in viral load.

TNF-a, leptin) and of anti-inflammatory hormone adiponectin
was revealed on the background of ghrelin decrease.

With the progression of fibrosis, the number of patients
with IR has increased. IR was detected in 23.5% of patients
with METAVIR FO-1 stage, in 56.7% of patients with
METAVIR F2 stage, in 68.7% of patients with METAVIR

Table 1. F3 stage, and in 68.5% of patients with METAVIR F4 stage
Baseline characteristics for studied patients (P<0.001).
CHC patients with early signs of fibrosis (FO-
Variable HO R O R vuel | METAVIR) and IR+ compared to IR- (Table 3) was
n=110 n=95 characterized by metabolic changes and increased TNF-a
HCV Genotype 1, n/% 75/68.2 48/50.5 | 0.01 blood level. Ghrelin level, in contrast, was lower on the
Steatosis, n/% 51/46.4 10/10.5 | 0.000 background of IR. In the group of patients with IR, we found
Age, yrs 46.0+8.5 40.8+11.1 | 0.000 a high negative correlation of ghrelin with resistin (rs=-0.77),
Duration of the disease, yrs | 13.3 7.8 10.2+6.6 | 0.003 leptin (rs=-0.87), BMI (rs=-0.9), WC (1s=-0.77), waist-hip
Body mass index, kg/m? 28.8+5.2 25.6+4.6 | 0.000 ratio (WHR) (rs=-0.67), and HOMA-IR (r=-0.79) (P<0.001
Waist, cm 94.1+18.5 82.0£14.3 | 0.000 for each value). In patients with METAVIR FO-1 stage, IR was
WHR 0.92+0.14 0801 | 0.000 associated with a decrease in ghrelin level (Table 4).
Total bilirubin, pmol/l 229+164 | 164+82 | 0.001 Tuble 3.
Conjugated bilirubin, pmol/l 7.7%5.5 4.942.6 | 0.000 Laboratory data of studied patients with METAVIR F0-1 in relation
ALT/N 3.1£2.6 2.542.0 | 0.069 to IR
AST/N 2.4+1.9 1.6£1.2 0.000 ' IR(H) IR() MW U-test
y-glutamyl transferase/N 1.9+1.6 1.9+2.1 | 1.000 Variable =12 =139 Povalue
Alkaline phosphatase/N 1.3£0.9 1.0+0.7 0.009 BMI, kg/m? 26.7+3.6 24.8+3.0 >0.05
Fasting glucose, mmol/l 6.0+1.3 49+1.4 | 0.000 Waist, cm 8954122 | 79.5+12.3 0.007
Fasting insulin, pIU/ml 19.2+9.7 6.8£3.4 | 0.000 WHR 0.8840.1 | 0.79+0.1 0.01
HOMA-IR 5.1£2.7 1.5£0.7 | 0.000 Total bilirubin, pmol/l 219469 | 162465 | 0.006
Knodell HAI 11.2£2.6 8.9+3.0 | 0.000 Conjugated bilirubin, pmol/l | 4.4+1.4 | 5.0+1.7 | >0.05
METAVIR F0-F4 2.8£1.0 1.9£1.2 | 0.000 Triglycerides, mmol/l 12404 | 0.9+0.4 0.01
Viral load, log 10 TU/ml 5.2+1.3 5.2+1.4 1.000 HDL-C, mmol/l 1.120.1 1.240.2 0.05
LDL-C, mmol/l 2.8+1.1 3.2+0.7 >0.05
TC level was higher in both groups compared with the VLDL-C, mmol/l 0.6£0.2 | 0.4+0.2 0.01
control, but within the reference values (5.2 mmol/l). The Fasting glucose, mmol/l 5.9%¢13 | 5.2423 >0.05
decrease of HDL-D accompanied by increased VLDL-C in Fasting insulin, pIU/ml 15.442.8 | 74433 0.001
patients with IR contributed to the formation of secondary Viral load, log , 1U/ml 54409 | 5.5+14 >0.05
dyslipidemia of IV type by D. Fredrickson,1970 (Table 2). Resistin, ng/ml 14.4+8.3 | 12.3+5.1 >0.05
Leptin, ng/ml 20.9+15.8 | 13.3+12.3 >0.05
Table 2. Adiponectin, pg/ml 22.4+14.0 |27.9+15,.0 >(.05
Laboratory data of studied groups in relation to IR Ghrelin, ng/ml 0.3+0.3 0.6+0.3 0.001
TNF-a, pg/ml 24405 | 1.8+0,8 0.004
Variable Control [HOMA-IR HOMA-IR (\jf:y
group 2277 | P, | <277 ANOVA
n=35 [n=110 (a) n=95 (b) | 5\ Table 4.
TC, mmol/l 414206 4.9+1.5* [0.509] 47412 | 0.011 Laboratory data in an association with IR in CHC patients with
TG, mmol/l 1.36+0.34| 1.4+0.6 [0.000| 1.1+£0.5*% | 0.000 METAVIR F0-1
HDL-C, mmol/l | 1.3£0.32| 0.9+0.3* (0.000] 1.2+0.4 | 0.000 Variable FO-1 (n=51) |yates’y2 P
LDL-C, mmol/l | 1.7£0.66 | 3.3+1.3* [0.383] 3.140.9% | 0.000 IR+(n=12)[IR-(n=39)
VLDL-C, mmol/l {0.49+0.14| 0.6+0.3 [0.011| 0.5+0.2 | 0.006 TC > 5.2 mmol/l 5/41.7 11/28.2 | 0.274 | 0.6007
Resistin, ng/ml 8.2+1.4 [ 15.749.1* |0.000] 10.4+£5.9*% | 0.000 TG >1.7 mmol/l 3/25 3/7.7 FET [0.13377
Leptin,ng/ml 5.8+1.1 (23.0+£16.2%*|0.000(13.6+14.0% 0.000 HDL-C <1 mmol/l 1/8.3 5/12.8 FET | 71.0000
Adiponectin,pug/ml| 11.5+1.3 |20.9+18.5*(0.760|22.4+13.5% 0.001 Fasting glucose > 6 mmol/l| 4/33.3 3/7.7 FET | 0.0445
Ghrelin, ng/ml 0.4+0.1 | 0.3£0.2 [0.000| 0.8+£0.5*% | 0.000 Ghrelin <0.4 ng/ml 8/66.6 10/25.6 | 5.086 | 0.0241
TNF-a, pg/ml 0.6+0.2 | 4.3+4.8* [0.001| 2.4+2.6* | 0.000 Resistin >8.2 ng/ml 8/66.6 | 22/56.4 | 0.088 | 0.7667
Leptin >5.8 ng/ml 10/83.3 | 27/69.2 | 0.345 | 0.5569
*- P <0.05 in comparison with control group Adiponectin<11.5 pg/ml | 3/25 | 7/17.9 | FET |0.6822

In the HOMA-IR>2.77 group, a significant increase in
indices both of pro-inflammatory adipocytokines (resistin,

Results are expressed as absolute numbers and percentages (n/%),
FET - Fisher's Exact Test
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The most significant marker of IR was a reduction
in secretion of ghrelin lower than the norm. The test had a
high degree of accuracy, specificity, positive and negative
predictive value (Table 5). The high negative predictive
value and accuracy of the tests showed an increased level
of triglycerides > 1.7mmol/l, a decreased level of HDL-C <
Immol/L, and elevated glucose > 6.1mmol/L.

Table 5.

Diagnostic Significance of IR markers in CHC patients (n=51) with
METAVIR FO0-1

Variable PPV%|NPV%|Ac%| RR [95% CI|Se% Sp%
TC > 5.2 mmol/l 41.7 | 71.8 |64.7]1.6 | 1.1-2.4{60.0(57.4
TG >1.7 mmol/l 25.0 | 92.3 |76.5|3.1|1.5-6.6/75.8|55.1

Glucose > 6.1 mmol/l| 33.3 | 92.3 |78.4|4.1|2.0-8.5/80.5|57.9
Ghrelin<0.4 ng/ml 66.6 | 74.4 |72.5(2.6|1.8-3.7/72.0(69.2
Resistin >8.2ng/ml | 66.6 | 43.6 |49.0| 1.2/|1.0-1.5/54.5|57.1
Leptin>5.8 ng/ml 83.3 | 30.8 |43.1|1.2]1.0-1.4/54.6(64.6

Se — sensitive , Sp — specificity, Ac- accuracy, PPV — positive
predictive value, NPV — negative predictive value; RR- relative risk

With an increase in the fibrosis stage on the background
of IR, relative risk of disorders in lipid and carbohydrate
metabolism increased, as well as the development of adipokine
imbalance. Thus, in patients with METAVIR FO-1 stage on the
background of IR, RR of hypertriglyceridemia increased by
3 times, hyperglycemia by 4 times, and hypoghrelinemia by
2.6 times. The most significant impairments were observed at
METAVIR F3 and F4 stages (Table 6).

Table 6.

The risk of metabolic abnormalities and imbalance adipokines in
CHC patients with IR according to METAVIR stage

METAVIR F0-F4

. FO-1 F2 F3 F4
Variable 95% 95% 95% 95%
0 () 0 ()

RR| “ap | RRATap [RRYZA IRRY Za

TC>5.2mmol/l |1.6]1.1-2.4 1.0 |0.1-0.8| 0.9 0.7-1.3]1.6%1.0-2.4

TG>1.7mmol/l |3.1%1.5-6.6/ 1.4 | 1.0-2.1|1.1|0.8-1.5(3.7*|1.6-8.7

HDL<Immol/l |0.6]0.3-1.4|2.1*|1.4-3.3 |2.6*|1.7-3.9[2.0*|1.5-2.7

FG>6.1mmol/l |4.1%2.0-8.5{10.7%*(3.4-33.7|5.2*2.8-9.6[2.5*1.4-4.6

Ghr<0.4ng/ml [2.6*/1.8-3.7| 1.0 | 0.8-1.2 |4.2*2.8-3.24.2%2.7-6.4

Res>8.2ng/ml | 1.2|1.0-1.5 0.9 | 0.8-1.1 |2.3*|1.8-2.93.3%2.6-4.7

Leptin>5.8ng/ml|1.2%| 1.0-1.4{ 0.8* | 0.6-0.9 |2.2*(1.7-2.7|1.7%|1.4-2.0|

AP<11.5pug/ml |1.4)0.8-2.4/1.7*%|1.0-2.5 |1.7*]1.2-2.5/ 1.3 ]0.8-1.9

*P < 0.05 in comparison with IR- patients, AP -adiponectin
FG -fasting glucose, Res- resistin, Ghr- ghrelin

In multivariate regression analysis, the most significant
influence on the IR formation in HCV patients with FO-1
fibrosis was glucose, WHR, ghrelin, and cholesterol (Table 7).
In the METAVIR F2 stage, IR significantly depended only on
the basic parameters of glucose and insulin In the METAVIR
F3 stage, in addition to BMI and WHR, IR significantly
depended also on the duration of disease, serum levels of leptin
and resistin. In patients with liver cirrhosis, the independent
predictors of IR were BMI, triglycerides, C-reactive protein,
leptin, and resistin.

Table 7.

Multiple linear regression analysis for factors associated with
HOMA-IR in CHC patients with different METAVIR stages

Variable Regression| SE of 95% CI P-value
coefficient| regression
coefficient
METAVIR F0-1
Ghrelin -1.183 0.259 |-1.753t0-0.613| <0.001
WC -0.087 0.024 |-0.140 to -0.034 | 0.004
WHR 6.417 2.766 |0.330 to 12.504 | 0.04
Fasting glucose 0.585 0.112 0.337 t0 0.832 | <0.001
TC -2.020 0.426 |-2.957 to -1.083|<0.001
LDL-C 1.815 0.410 0.912t0 2.718 | <0.001

METAVIR F2
Fasting glucose 0.566 0.047
Fasting insulin 0.257 0.005

0.473 t0 0.659 |<0.001
0.247 t0 0.266 | <0.001

METAVIR F3
BMI 0.842 0.146 | 0.523 t0 1.160 |<0.001
Duration of Dis. -0.231 0.039 |-0.317 to -0,146 | <0.001
Leptin -0.297 0.045 |-0.396 to -0.198| 0.04
Resistin 0.106 0.05 -0.01t00.22 | 0.04
WHR 9.3 4.6 -0.737t0 19.34 | 0.045

METAVIR F4
BMI 0.250 0.099 0.05 to 0.45 0.01
Triglycerides -2.611 0.569 -1.47 t0 3.753 | <0.001
Leptin -0.051 0.02 -0.102 t0 0.001 | 0.045
Resistin 0.067 0.029 0.01t0 0.125 | 0.02
CRP 0.449 0.109 | 0.229 t0 0.670 | 0.0001
Discussion

The causal relationship between HCV infection and
IR development has been demonstrated by the increased
prevalence of IR in chronic HCV infection even at early
stages of liver disease without LF. Patients with IR were
characterized by a higher histological activity and hepatic
fibrosis index, which coincides with the data of JM Hui et al.
and CO Zein et al. [19,20].

HCV-induced IR may be due to the HCV core protein
inducing proteasomal degradation of IRSs 1 and 2 blocking
intracellular insulin signaling. The latter is mediated by
increased levels of both TNF-a and 3 SOC-3 [4]. A model of
mice transgenic for the HCV core protein demonstrated insulin
resistance, glucose intolerance, and elevated intrahepatic
TNF-0 mRNA; all of which were ameliorated by anti-TNF-a
antibodies [21]. Currently, TNF-a is identified as a mediator of
insulin resistance, which is induced by HCV [21,22]. TNF-a
have deleterious effects on both glucose homeostasis and beta-
cell function, and can disrupt insulin signalling pathways in
both pancreatic beta cells and liver and adipose tissue [23].
Overflow of FFAs from adipose tissue to systemic circulation
impairs insulin-mediated glucose uptake by the muscles
resulting in hyperglycemia and peripheral IR. In contrast to
the data of A.J. Sanyal [24] and S.A Harrison [10], we did not
find an association between IR and viral load level.

IR, through different mechanisms, plays a role in the
development of steatosis and its progression to steatohepatitis,
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cirrhosis and even HCC [4,25-27]. The overall prevalence
of steatosis in patients with HCV infection is approximately
55% ranging from 35% to 81% in various studies, which
is approximately 2 to 3 fold higher than the prevalence of
steatosis in other liver disease [28]. The current evidence
suggests that HCV-associated hepatic steatosis is mainly
virus-induced in genotype-3a infected patients [25], which
seems to be mediated by an impaired VLDL-C secretion,
most likely via an impaired activity of the liver microsomal
triglyceride transfer protein (MTP) [29]. On the contrary, the
host-factors (mainly IR) play a major role in steatosis in non-3
genotypes [25].

Peripheral IR increases adipose tissue lipolysis, leading
to increased plasma and hepatic uptake of FFAs. Increased
hepatic uptake of FFAs impairs -oxidation in mitochondria,
together with decreased excretion of VLDL, resulting in TG
retention with subsequent development of hepatic steatosis
[30].

The adipokine system was activated in our patients with
CHC, which is reflected in higher levels of leptin, resistin
and TNF-a, and more pronounced changes have taken place
on the background of IR. A higher value of leptin according
to E Tsochatzis can enhance IR, increase the cellular pool
of fatty acids, and lead to the formation of liver steatosis
[31]. B.Mattioli demonstrated that leptin may enhance the
production of proinflammatory cytokines, including TNF-a
[32]. In CHC patients with IR, resistin was higher than in
the control group and in the group of patients without IR.
According to M.Hayt [16], this hormone may be involved
in the formation of obesity and IR. The adiponectin level did
not depend on the presence of IR, but was higher than in the
control group. Our study is consonant with data of V.D. Dixit
on the inverse relationship of ghrelinemia and IR: the lower
the level of ghrelin, the more pronounced is IR [33].

Thus, our data, as well as results of many authors
[11,34,35], suggest that HCV is capable of producing an
increase in IR, even before a minimal degree of hepatic
fibrosis is present. Alternatively, several studies have reported
that IR can adversely affect the course of chronic hepatitis C
leading to enhanced steatosis and liver fibrosis [5,11,36-38]
and even increase the risk of hepatocellular carcinoma [5,39].
At the same time, the presence of advanced liver disease is an
even stronger diabetogenic factor than HCV infection itself.
In other words, diabetes associated with HCV infection is less
of a determinate than the effect of hepatic cirrhosis on glucose
metabolism [40].

In conclusion, several mechanisms could explain the
role of IR in the development of LF. Hyperinsulinemia per
se stimulates the proliferation of stellate cells, thus enhancing
the secretion of extracelular matrix. Moreover, both insulin
and hyperglucemia are able to stimulate the expression of the
connective tissue growth factor, a cytokine involved in the
progression of fibrosis in the liver and other tissues [40,41].
Visceral adipose tissue is a causative risk factor for fatty
liver and nonalcoholic steatohepatitis. [42,43] Visceral fat
accumulation impairs adipocyte function and adipocytokine
secretion. Our data demonstrates the potential role of
adipocytokines in the development of IR, fatty liver and LF.

The most informative indicator in predicting of IR was the
reduced ghrelin secretion. Revealed correlations with BMI,
WHR, steatosis, insulin and HOMA-IR allow us to regard
the decreased secretion of ghrelin, and increased production
of leptin, resistin and TNF-a as a component involved in the
formation of IR and MetS in CHC patients.
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