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Abstract
Hepatitis C virus (HCV) infection is an important risk 
factor for insulin resistance (IR). The latter is the patho-
genic foundation underlying metabolic syndrome, ste-
atosis and cirrhosis, and possibly hepatocellular carcino-
ma (HCC). The interplay between genetic and environ-
mental risk factors ultimately leads to the development 
of IR. Obesity is considered a major risk factor, with 
dysregulation of levels of secreted adipokines from dis-
tended adipose tissue playing a major role in IR. HCV-
induced IR may be due to the HCV core protein inducing 
proteasomal degradation of insulin receptor substrates 1 
and 2, blocking intracellular insulin signaling. The latter 
is mediated by increased levels of both tumour necrosis 
factor-α (TNF-α) and suppressor of cytokine signaling 3 
(SOC-3). IR, through different mechanisms, plays a role 
in the development of steatosis and its progression to 
steatohepatitis, cirrhosis and even HCC. In addition, IR 
has a role in impairing TNF signaling cascade, which in 
turn blocks STAT-1 translocation and interferon stimu-
lated genes production avoiding the antiviral effect of 
interferon.
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INTRODUCTION
Infection with hepatitis C virus (HCV) is a common prob-
lem worldwide, affecting millions of  people across all 
populations. 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[1]. Besides, HCV is an increasingly 
recognized important cause of  extrahepatic manifesta-
tions, including insulin resistance (IR)[2].

IR is a complex pathophysiological condition where 
higher-than-normal concentrations of  insulin are needed 
to maintain a normal glycemia and adequate glucose 
utilization in insulin target tissues[3]. IR is of  global im-
portance since is closely linked to the epidemic condition 
of  obesity and it 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. However, these 
complications are not major causes of  death in cirrhotic 
patients with IR[4]. In contrast, the development of  in-
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trahepatic complications, including 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 se-
verity, extrahepatic manifestations and decreased response 
to antiviral therapy[6]. Understanding the basis of  such as-
sociations is of  paramount importance to inform treatment 
strategies for patients with HCV. This review summarizes 
recent information on the different issues of  HCV infec-
tion and IR.

CAUSES OF INSULIN RESISTANCE
It represents interplay between genetics (inherited) and 
environmental (acquired) factors. Genetic factor include 
abnormal insulin, abnormal insulin receptor and abnor-
mal signaling proteins. The main acquired factors of  IR 
include: abdominal obesity, aging, hyperglycemia, medica-
tions and recently HCV infection.

Abdominal obesity
Obesity is associated with IR, hepatic steatosis and over 
expression of  tumor necrosis factor-α (TNF-α). All of  
these factors increase the risk of  fibrosis and decreased 
antiviral efficacy. Also, obesity decreases interferon bio-
availability and impairs immune stimulating properties of  
interferon. Hepatic steatosis, nonalcoholic steatohepatitis 
and fibrosis are associated with release of  reactive oxygen 
species (ROS), which contribute to decreased HCV re-
sponse to interferon (IFN)[7,8].

Moreover, obesity is associated with decreased num-
ber and downregulation of  insulin receptors and impair-
ment of  postreceptor signaling. Overflow of  free fatty 
acids (FFAs) from adipose tissue interferes with intrahe-
patic insulin signaling pathway via increased levels of  pro-
inflammatory cytokines such as TNF-α[9,10], and protea-
somal degradation of  the insulin receptor substrates (IRS) 
1 and 2 ( Figure 1)[11].

Aging
Aging is associated with increased levels of  FFAs and tri-
glycerides, in addition to glucose transporter-4 (GLUT4) 
decrease and mutation.

Hyperglycemia
Overflow of  FFAs from adipose tissue to systemic cir-
culation impairs insulin-mediated glucose uptake by the 
muscles resulting in hyperglycemia and peripheral IR.

Medications
Some medications can induce IR as glucocorticoids, cy-
closporine, growth hormones, thyroid hormones, sex 
hormones, analogues, thiazides, β-blockers, protease in-
hibitors for HCV and nucleoside analogues for hepatitis 
B virus.

Hepatitis C virus infection
Recently has evolved as a significant risk factor for the 
development of  IR.

ROLE OF ADIPOKINES IN INSULIN RESIS-
TANCE
Adipokines
Adipokines are polypeptides secreted in the adipose tis-
sue in a regulated manner and they include adiponectin, 
leptin, resistin, retinol-binding protein 4, visfatin, omen-
tin, vaspin, chemerin, apelin, TNF-α, interleukin 6 (IL-6), 
and monocyte chemoattractant protein-1[12].Chronic HCV 
infection is associated with changes in the serum level of  
some adipokines[13].

Adiponectin
Decreased serum levels of  adiponectin have been report-
ed in chronic hepatitis C (CHC), especially in patients 
with steatosis. Deficiency of  adiponectin is associated 
with obesity, IR, glucose intolerance, triglyceride (TG) ac-
cumulation and steatosis, and metabolic syndrome[13].

Leptin
Leptin insufficiency is associated with increased body weight, 
increased FA synthesis, decreased FA oxidation, decreased 
TG excretion, increased steatosis, and impaired insulin 
sensitivity and secretion[13]. In a recent controlled study of  
HCV-infected nondiabetic males compared to matched 
uninfected controls, circulating levels of  the adipokines 
leptin and adiponectin were independently associated with 
IR, but not with the presence of  HCV, and it was con-
cluded that HCV-associated IR does not seem to be medi-
ated by adipokines or proinflammatory cytokines[14].

Tumor necrosis factor-α
TNF-α is also considered one of  the adipokines secreted 
in adipose tissue. HCV may also induce IR by triggering 
the production of  proinflammatory cytokines, because 
in hepatitis C, circulating TNF-α levels are increased[15,16]. 
TNF-α can induce IR by several mechanisms, both direct 
and indirect. TNF-α interferes with the insulin signaling 
pathway, via induction of  the suppressor of  cytokines 3 
(SOCS-3) that inactivates phosphatidylinositol-3-kinase 
(PI3K). The latter inhibits GLUT-4 translocation to cell 
membrane and intracellular glucose entry[13]. Increased 

Figure 1  Obesity is associated with insulin resistance and decreased 
antiviral efficacy. 1Indicates potential for coexistent viral potentiation. HCV: 
Hepatitis C virus.
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TNF-α-mediated expression of  SOCS-3 has been iden-
tified in obese, genotype 1 patients with chronic HCV 
infection[17].

In addition, TNF-α triggers lipolysis of  FFAs from 
adipose tissue, leading to increased serum levels of  free 
fatty acids and it has also a direct inhibitory effect on in-
sulin action in the liver. These effects lead to reduced glu-
cose uptake in muscle, and to increased hepatic glucose 
production[18,19]. TNF-α is also suggested to regulate ex-
pression of  several adipocyte genes known to modulate 
insulin sensitivity/resistance[20], therefore, it is suggested 
that TNF-α acts as a possible link between HCV and dia-
betes[21].

Apeline
Apeline, an adipocytokine derived from adipose tissue, 
has been recently suggested to be associated with fibrosis 
progression and development of  cirrhosis in HCV infec-
tion. In addition, apeline levels are more elevated in IR 
subjects than in non-IR. Both TNF-α and apeline may 
rather express complementary effect in fibrosis progres-
sion as well as impaired response to IFN therapy.

HEPATITIS C VIRUS AND INSULIN RESIS-
TANCE
Hepatitis C virus induces insulin resistance
The causal relationship of  HCV infection and IR devel-
opment has been demonstrated by the increased preva-
lence of  IR in chronic HCV infection. Whereas the over-
all prevalence of  IR is 10%-25% of  the population[22], the 
prevalence IR in HCV infection reaches figures ranging 
between 30% to 70%[23,24]. Moreover, IR with HCV infec-
tion is increased at early stages of  liver disease without 

liver fibrosis, and is on average significantly higher than 
that found in patients with chronic hepatitis B, matched 
for age and body mass index[25].

The causal relationship of  HCV infection and IR de-
velopment has also been demonstrated by improvement 
of  IR after successful therapy in CHC patients, whereas 
no improvement is observed in nonresponders[26-28].

Mechanism
HCV virus, through both direct and indirect pathways, 
affects the insulin signaling pathways, promoting IR at a 
cellular level. Insulin effects are elicited after binding of  
insulin to its receptor that is linked to a complex signaling 
pathway that involves sequential activation of  IRS, PI3K, 
Akt, a protein kinase which is a downstream of  PI3K 
activation, and protein kinase C. This cascade of  events 
eventually results in stimulation of  glucose uptake after 
translocation of  the GLUT4 to the plasma membrane. IR 
results from defects at any level of  the insulin receptor-
related signaling pathway[29] (Figure 2).

Following inflammatory response in the liver to HCV 
infection, a profound impairment of  insulin signaling 
occurs at the level of  IRS tyrosine phosphorylation and 
PI3K activation[30]. HCV core protein induces expression 
of  TNF-α, which activates SOCS-3, leading to subsequent 
proteasomal degradation of  IRS1 and IRS2, resulting in 
the development of  IR. Meanwhile, SOCS-3 inactivates 
PI3K, which in turn inhibits translocation of  GLUT-4 
to cell membrane, thus blocking intracellular glucose up-
take[10,11,31] (Figure 3). 

It has been also suggested that increased levels of  pro-
inflammatory cytokines such as interleukin 1, TNF-α, IL-6 
and leptin, and reduced levels of  adiponectin may directly 
contribute to the occurrence of  HCV-related IR[23].

Figure 2  Interaction between hepatitis C virus core, insulin- and interferon-α signaling pathways continuous lines represent activation. Dotted lines repre-
sent inhibition. Hepatitis C virus core protein induces expression of tumour necrosis α (TNF-α), which in turn activates suppressor of cytokines-3 (SOCS-3). Activa-
tion of SOCs-3 leads to proteasomal degradation of insulin receptor substrate and inactivates phosphatidyl-inositol-3-kinase (PI3K), leading to inhibition of transloca-
tion of glucose transferase (GLUT-4) to cell membrane, blocking intracellular glucose entry, with subsequent hyperglycemia, hyperinsulinemia  and peripheral insulin 
resistance. Activation of SOCS-3 also leads leading to inhibition of Tyr-phosphorylation of signal transducers and activators of transcription 1 leading to impaired 
TNF-α signaling. HCV: Hepatitis C virus; IFNAR2c: Interferon receptor chain 2; IRS2: Insulin receptor substrate 2; JAK: Janus kinase; TYK2: Tyrosine kinase 2; STAT: 
Signal transducer and activator of transcription.
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Viral load and insulin resistance
The relationship between the severity of  IR and HCV 
replicative levels has been very difficult to prove. How-
ever, recent work seems to suggest so[32]. In addition, it 
has been shown that IR is modified by treatment and that 
the incidence of  T2DM in patients achieving sustained 
virological response (SVR), defined as undetectable HCV 
RNA 24 wk after completing treatment, is significantly 
lower than that seen in nonresponders[26-28]. However, it is 
still not clear whether HCV replication directly increases 
IR, or whether hyperinsulinemia stimulates viral replica-
tion, as suggested by in vitro data[33]. It is to be noted that 
the global level of  IR is likely to depend on the contribu-
tion from the adipose tissue and the muscle, two extrahe-
patic compartments that are not infected by HCV.

Viral genotype and insulin resistance
Although the interference with the insulin effects shows 
some HCV genotype-specificity, IR has been reported to 
occur in all HCV genotypes, but to a different extent[34]. 
HCV genotype 3a, in addition, may alter the intrahepatic 
insulin signaling through a downregulation of  peroxisome 
proliferator-activated receptor[35]. In HCV genotype 1b 
infections, substitutions of  amino acids 70 and/or 91 in 
HCV-1b core were found to be significant determinants 
of  severe IR, in patients without cirrhosis and diabetes 
mellitus, which suggests a real connection between HCV-
1b infection and IR at early stages of  liver disease[36].

Hepatitis C virus, iron overload, oxidative stress and 
insulin resistance
Hepatic iron overload has been repeatedly reported in 
patients with chronic HCV infection[37-39]. Although the 
mechanisms of  hepatic iron overload remains unclear, 
recent studies showed a decreased hepatic expression of  
hepcidin, a negative regulator of  duodenal iron absorp-
tion, in patients with HCV infection[40-42], in addition to 
increased hepatic expression of  transferring receptor 2, 
a mediator of  iron uptake, which is responsible for the 
hepatic iron overload[43].

The mechanisms through which iron causes IR are 
not clear. Hepatic iron overload produces oxidative stress 
and is a factor responsible for the development of  HCV-
associated IR[44-47]. Oxidative stress, itself, is an indepen-
dent factor in the development of  IR in patients with 
signaling[47], and has been associated with altered IFN-α 
signaling via decreased phosphorylation of  the Janus 
kinase-signal transducer and activator of  transcription 
(JAK-STAT) pathway[48]. In addition, a cross-talk between 
iron metabolism and insulin-glucose metabolism has 
recently been documented[49]. Iron has been found to re-
duce hepatic extraction/metabolism of  insulin and to in-
terfere with insulin action on the liver, leading to periph-
eral hyperinsulinemia[50,51]. In contrast, hyperinsulinemia 
may cause rapid stimulation of  iron uptake into the liver, 
because insulin is known to redistribute transferrin recep-
tors from an intracellular membrane compartment to the 
cell surface[52].

EFFECTS OF HEPATITIS C VIRUS-IN-
DUCED INSULIN RESISTANCE
Increased incidence of type 2 diabetes mellitus
An important clinical implication of  IR in chronic HCV 
infection is the strong relationship of  IR and T2DM de-
velopment[53]. One recent meta-analysis has confirmed 
that chronic HCV is associated with an increased risk 
of  developing T2DM compared with both non-infected 
controls and patients with chronic HBV infection, which 
is independent of  the presence of  cirrhosis[54]. Nearly 
30%-70% of  patients with CHC display some form of  
IR[23]. accordingly worldwide, 47 million patients may 
have HCV-associated DM[21].

On the other hand, IFN therapy is often implicated in 
the literature as having a role in the development of  dia-
betes in HCV patients. However, this association is rare, 
and the few cases of  DM developing during IFN therapy 
had T1DM, in line with other autoimmune manifestations 
induced by IFN[55,56].

Insulin resistance-induced hepatic steatosis, fibrosis 
and hepatocellular carcinoma
HCV, IR and steatosis: The overall prevalence of  ste-
atosis in patients with HCV infection is approximately 
55% ranging from 35% to 81% in various studies, which 
is approximately 2-3 folds higher than the prevalence of  
steatosis in other liver disease[57]. One-to two-thirds of  
liver biopsies from CHC patients have histological evi-
dence of  steatosis, which has been associated with being 
overweight, hepatic fibrosis and increased TG levels[58,59]. 

The relationship between IR and HCV infection is 
complex and bidirectional; HCV induces steatosis[57], and 
the latter could also cause IR[60]. In addition to inflam-
mation, HCV proteins also play a role in the develop-
ment of  IR and oxidative stress, the two key pathways 
in the pathogenesis of  non alcoholic fatty liver disease 
(NAFLD)[61]. On the other hand, insulin is an anabolic 

Figure 3  Proposed dual role of the upregulation of members of the sup-
pressor of cytokines family by hepatitis C virus: simultaneous impairment 
of the insulin and IFN-a signaling systems. HCV: Hepatitis C virus; SOC: 
Suppressor of cytokines; IRS-1: Insulin receptor substrate 1; STAT1: Signal 
transducers and activators of transcription1; IFN-α: Interferon-α.
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hormone and promotes hepatic lipogenesis[62], and inhib-
its lipolysis[63]. Therefore, the initial step in HCV-related 
metabolic disorders remains unclear.

The current evidence suggests that HCV-associated 
hepatic steatosis is mainly virus-induced in genotype-
3a infected patients[64]. which seem to be mediated by an 
impaired very low-density lipoprotein (VLDL) secretion, 
most likely via an impaired activity of  the liver microsom-
al triglyceride transfer protein (MTP)[65]. On the contrary, 
the host-factors (mainly IR) play a major role in steatosis 
in non-3 genotypes[64]. In addition to inflammation, HCV 
proteins also play a role in the development of  IR and 
oxidative stress, the two key pathways in the pathogenesis 
of  NAFLD[65]. It is well known that IR causes impaired 
metabolic clearance of  glucose and hyperglycemia. In ad-
dition, peripheral IR also increases adipose tissue lipolysis, 
leading to increased plasma and hepatic uptake of  FFAs. 
Increased hepatic uptake of  FFAs impairs β-oxidation 
in mitochondria, together with decreased excretion of  
VLDL, resulting in TG retention with subsequent devel-
opment of  hepatic steatosis[66,67].

A direct relationship between HCV replication and 
steatosis has been extensively documented by both clini-
cal and experimental data[68,69]. HCV core protein also 
regulates secretion of  VLDL, TG, and apoliprotein B 
through regulation of  MTP peroxisome proliferator-
activated receptor γ (PPAR-γ), and sterol regulatory ele-
ment binding protein-1c (SREBP-1c)[70-72]. The latter is a 
protein central to insulin signaling, also involved in up-
regulation of  de novo lipogenesis and inhibition of  fatty 
acid β-oxidation; two events that can favour intracellular 
accumulation of  triglycerides.

Recently, there has been considerable interest in the 
role of  micro-RNAs (miRNA) in the genesis of  both 
fatty liver and HCV replication, in particular, mir122, the 
most abundant liver miRNA, has been shown to affect 
the development of  steatosis by increasing lipogenesis 
and by enhancing HCV virus replication[73].

HCV, IR and fibrosis: Both IR and hepatic steatosis 
have been closely associated with progression of  hepatic 
fibrosis in patients with HCV infection[57]. A recent meta-
analysis using 3068 patients recruited at 10 centers in 5 
countries suggests that steatosis and diabetes are both in-
dependent factors of  fibrogenesis in patients with geno-
type 1 infection[74]. Significant fibrosis has also been asso-
ciated with IR independent of  steatosis in CHC genotype 
1 and 4 infections. 

Recently, several reports have suggested that IR may 
contribute to the progression of  fibrosis[75-77]. IR may di-
rectly stimulate the proliferation of  hepatic stellate cells 
(HSCs) promoting collagen I synthesis[78] or IR-induced 
hepatic lipid accumulation and generation of  ROS can 
activate HSCs, initiating progression of  fibrosis to cirrho-
sis[79].

HCV, IR and HCC: Subjects with HCV and diabetes 
have a higher risk of  developing HCC[80]. In a very large, 

general population-based, cohort study comprising a to-
tal of  23 820 residents in Taiwan and followed up for 
14 years[81], diabetes was associated with HCC especially 
among individuals with HCV infection, with lower risk 
values among carriers of  the hepatitis B virus or unin-
fected individuals. Recent evidence strongly suggests that 
steatosis and diabetes may also significantly enhance the 
risk of  HCC[82,83].

HCV core protein was reported to induce HCC in 
transgenic mice, providing a direct experimental evidence 
for the contribution of  HCV core protein in the develop-
ment of  HCC in human HCV infection[84]. More recent 
reports support the oncogenic potential of  HCV and 
linked clinically the substitutions of  amino acid 70 and/or 
91 in HCV-1b core region to HCC[85,86]. This may suggest 
the presence of  IR-dependent pathway as a mechanism 
of  HCV-1b core region-associated hepatocarcinogenesis, 
and the importance of  eradicating such mutant HCV in 
reducing the development of  HCC[36].

IR is recognized as an independent risk factor for the 
development of  HCC worldwide[87-89], and the develop-
ment of  diabetes-related HCC suggests that IR has direct 
effects on hepatocarcinogenesis, although precise mecha-
nisms for this effect remain unclear. IR causes lipid ac-
cumulation, which results in changes in serum adipocyto-
kine levels, including reduction of  adiponectin, which has 
suppressive effects for hepatocarcinogenesis[90] Hepatic 
lipid accumulation also increases oxidative stress, which 
may be responsible for the development of  HCC[88,89]. 
Hyperinsulinaemia and increased levels of  insulin growth 
factors have been shown to promote cell proliferation[90,91], 
and IL-6. Another possibility is that insulin has a mito-
genic effect, through activation of  a mitogen-activated 
protein kinase pathway, suggesting that insulin may be 
directly linked to hepatocarcinogenesis[92]. However, the 
specific cytokines and mechanisms that promote neopla-
sia during IR have not yet been fully defined.

Insulin resistance-induced interferon resistance
IR is associated with a poor response to anti-viral treat-
ment in patients with HCV infections, both for initial 
virological response[93,94] and SVR[76,95]. This negative as-
sociation has been reported to occur both in patients 
infected with the genotype 1[76,96] and in those with geno-
types 2 and 3[97].

Although the reason for such association is largely 
unknown, several possibilities have been suggested. In 
one study, obese HCV patients have approximately an 
80% lower chance of  achieving SVR compared with non-
obese patients[98]. Obese HCV patients with steatosis are 
thought to have increased lipid droplets in hepatocytes, 
which can act as a functional barrier for the interaction 
between antiviral drugs and hepatocytes[8,99]. Alternatively, 
lipids are important for HCV replication[100],and accu-
mulation of  hepatic lipid droplets may increase HCV 
replication and results in poor responses to anti-viral 
treatment[100]. Obese people are known to have a poor 
lymphatic circulation[101], this could result in suboptimal 
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serum levels of  pegylated interferons (PEG-IFNs) and 
a reduced response to antivirals, as certain PEG-IFNs 
may be preferentially absorbed through blood capillaries 
or the lymphatic circulation. Obesity may also affect the 
antiviral response by modulating the IFN signaling path-
way, as a recent study showed that obese HCV genotype 
1 patients had increased mRNA expression of  SOCS-3 
compared with normal controls[102] (Figure 2).

However, in a recent large-scale study, IR but not ste-
atosis or fibrosis was the most important predictor for re-
sponse to PEG-IFN and ribavirin therapy[103]. Moreover, 
the molecular link between insulin signaling and reduced 
response to IFN-α has been demonstrated in several 
studies[104-106]. HCV core protein stimulates the SOCS-3, 
which is a negative regulator of  IFN-α signaling. SOCS-3 
upregulation inhibits expression of  interferon stimulated 
genes as 2’,5’-oligoadenylate synthetase and protein ki-
nase receptor (PKR), through inactivation of  the JAK-
STAT pathway[105].

Downregulation of  PPAR-γ and an upregulation of  
SOCS-7 were also observed upon expression of  the HCV 
genotype 3 core protein[107], and it was suggested that the 
activation of  SOCS family members may be a mechanism 
common to all major HCV genotypes[108]. However, acti-
vation of  SOCS family members is not the only mecha-
nism suggested to account for HCV-induced IR, as it has 
been shown that HCV core protein also suppresses insulin 
signaling through a proteasomal activator 28 γ-dependent 
pathway[109]. This is worthy of  note, because this activa-
tor plays a role also in the development of  steatosis and 
HCC[110].

Insulin resistance-associated extrahepatic manifestations
In patients with extrahepatic manifestations of  HCV, 
fasting insulin levels and homeostasis model assessment 
(HOMA) for IR are significantly higher than for patients 
without extrahepatic manifestations[111]. Among various 
extrahepatic manifestations, IR is associated with oral li-
chen planus[112], oral squamous cell carcinoma and multiple 

primary cancers including gastric cancer[113]. Although rea-
sons for this association remain unclear, a high prevalence 
of  precancerous lesions and cancers are seen in patients 
with T2 DM[114,115], suggesting that IR or hyperinsulinemia 
may enhance carcinogenic activities.

THERAPEUTIC IMPLICATIONS
The clinical implications of  the presence of  IR in pa-
tients with CHC have become evident in many studies 
that consistently showed that these cofactors are related 
to both disease progression and a poorer response to an-
tiviral therapy.

Effect of insulin resistance on sustained virologicresponse
The negative impact of  IR on response to antiviral thera-
py has been demonstrated in several studies[93-97]. Rome-
ro-Gómez et al[76], showed marked differences in the rates 
of  SVR in HCV infected patients with and without IR, 
assessed by HOMA-IR. In this study, 23 of  70 (32.8%) 
patients with genotype 1 CHC and IR (HOMA-IR > 2) 
achieved a SVR vs 26 of  43 (60.5%) genotype 1 CHC 
patients without IR. These findings were independently 
confirmed[65], and extended to genotypes 2 and 3[103].

In a recent large-scale study in CHC patients, pre-
treatment HOMA-IR was associated with SVR to com-
bination therapy with (PEG-IFN)/ribavirin, in particular 
among ‘‘difficult-to-treat” patients (genotype 1b and high 
baseline viral loads). These findings suggest that pretreat-
ment measurement of  HOMA-IR, in combination with 
tests of  HCV genotypes and viral load, may be used as 
the determinants for selecting regimens in CHC patients 
(Figure 4)[103].

Effect of improving insulin resistance on sustained viro-
logicresponse
Since IR is considered a factor that can be modified and 
improved by various interventions, it would be valuable 
to evaluate by prospective studies whether the improve-
ment of  IR before initiation of  the combination therapy 
for CHC can significantly increase the SVR rate. It has 
been shown that weight reduction may have an impact 
on both liver histology and biochemistry in patients with 
CHC[116,117]. Moreover, a strict low calorie diet for three 
months, aiming to achieve a 10% reduction in body mass 
index before starting treatment has determined higher 
rates of  response to Peg-IFN plus ribavirin therapy[118].

Amelioration of  IR may improve the response to anti-
viral treatment. However, the impact of  insulin-sensitizing 
agents, biguanides and thiazolidinediones, on SVR rates 
has not yet been established.

Recently, metformin, a biguanide agent that decreases 
the production of  glucose in hepatocytes and increases 
the utilization of  glucose within skeletal muscle, has been 
reported to ameliorate HCV-associated IR, and increase 
the SVR rate in HCV genotype 1- infected patients with 
normalization of  HOMA-IR at week 24 of  therapy[119].

Thiazolidinediones improve insulin sensitivity through 
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activation of  the peroxisome proliferator-activated rece-
ptor-γ (PPAR-γ) in adipocytes and skeletal muscle[120]. 
Pioglitazone, a thiazolidinedione agent, has been found to 
decrease SOCS-3 expression in diabetic patients[121], and 
has been also reported to ameliorate IR and increase SVR 
rates in Egyptian patients with HCV genotype 4 infec-
tions[122]. In a recent randomized, double-blind, placebo-
controlled study, adding pioglitazone 30 mg once daily si-
multaneously to the standard of  care clearly increased the 
on-treatment virological response, but failed to increase 
the sustained virological response after the end of  treat-
ment[123]. A recent prospective, multicenter study aimed 
to investigate the efficacy and safety of  pioglitazone, 15 
mg once daily, added to the Peg-IFN-α2a, 180 μg once 
weekly/ribavirin and 1200 mg once daily combination 
therapy in chronic hepatitis C patients who were previ-
ously nonresponders to a Peg-IFN-α/ribavirin combi-
nation without the insulin sensitizer. All patients had a 
baseline HOMA > 2 as additional inclusion criterion and 
diabetic patients were however excluded. Unfortunately, 
none of  the first five patients enrolled into the trial had 
a satisfactory virological response after 12 wk of  retreat-
ment, despite the fact that in at least three of  them the 
IR score improved, and thus the study was prematurely 
terminated[124].

Because both metformin and thiazolidinedione agents 
have severe adverse effects, neither is recommended for 
patients with liver cirrhosis. Biguanides predispose cir-
rhotic patients to lactic acidosis[125], while thiazolidinedio-
nes may cause significant hepatotoxicity[126]. Therefore 
further validation for safety is required. 

It is still unclear whether one should start the anti-
viral retreatment together with the insulin sensitizer or 
only once the HOMA-IR score has decreased to a level 
predicting a sufficient SVR rate[76]. Also, insulin sensitiz-
ing therapy might need to be tailored according to HCV 
genotype, and PPARs agonists should probably be con-
sidered only in insulin-resistant patients with HCV geno-
type 3a[127]. This approach, however, should also take into 
consideration the known effects of  PPAR agonists on 
serum lipid profile and their potential consequences on 
the HCV life cycle. HCV circulates bound to lipoproteins 
in complexes known as lipoviroparticles[128]. As a result, 
HCV entry into hepatocytes appears to be mediated and 
facilitated, among others, by the low density lipoprotein 
(LDL) receptor[129]. In keeping with this, at least two re-
cent studies have suggested that baseline LDL-associated 
cholesterol levels may affect response to antiviral thera-
py[130,131]. In fact, higher levels of  cholesterol-and ApoB-
rich lipoproteins could facilitate viral clearance by imped-
ing HCV interaction with cell surface receptors. Thus, 
drugs like thiazolidinediones that modify the circulating 
lipoprotein profile may have unexpected and potentially 
unwanted effects on the HCV life cycle. Although highly 
speculative, these hypotheses deserve being appropriately 
evaluated in clinical trials.

Finally, dipeptidyl peptidase (DPPIV) inhibitor is a 
new therapeutic agent[132] that has shown its clinical effi-

cacy in T2 DM[133]. It may be suited for ameliorating HCV-
associated IR, as activation of  DPPIV was considered a 
factor responsible for HCV-associated IR[134].

Effect of sustained virologicresponse on insulin resistance
Evidence that effective antiviral treatment will result in 
improved glucose homeostasis in patients with T2DM is 
at best preliminary. It has been shown that IR is modified 
by treatment and that the incidence of  T2DM in patients 
achieving SVR is significantly lower than that seen in 
non-responders[25,26]. Kawaguchi et al[28], reported a sig-
nificant decrease in HOMA-IR values in patients who 
attained a SVR, while no changes occurred in HOMA-IR 
non-responders and relapsers.

Effect of sustained virologicresponse on steatosis
In HCV genotype 3 infections, the severity of  steatosis is 
directly related to the HCV RNA viral load, and steato-
sis often resolves with the loss of  viremia after antiviral 
treatment[8,135,136], and reappears after the end of  therapy 
in relapsers[7].

On the contrary, in genotype 1 infection, the sever-
ity of  steatosis is independent of  the HCV viral load 
and antiviral therapy alone does not improve steatosis in 
these patients[7,137]. Similar data have been obtained for 
genotype 4 infections, while little data are available for 
genotype 2[138].

Therapeutic effects of phlebotomy 
In order to reduce hepatic iron deposition, both dietary 
iron restriction and phlebotomy are effective. It has been 
shown that dietary iron restriction (less than 7 mg/d) de-
creases serum alanine aminotransferase levels in patients 
with HCV infection[138], and phlebotomy reduces oxidative 
stress as well as IR in patients with HCV infection[47,138-140].

A number of  studies have shown that phlebotomy to 
induce iron depletion may lead to regression of  fibrosis. 
In the three trials in which paired liver biopsies before 
and after treatment with IFN or phlebotomy plus IFN 
were evaluated, all reported histological improvements 
in the phlebotomy group[141-144]. Di Bisceglie et al[145] com-
pared treatment with phlebotomy alone to phlebotomy 
plus IFN, and found that, after 1 year, the phlebotomy-
only group demonstrated mild histological improvement 
that did not reach statistical significance.A recent meta-
analysis of  six prospective randomized controlled trials 
found that phlebotomy also improves therapeutic re-
sponse to interferon in patients with CHC[146].

Additionally, it has been reported that hepatic iron 
concentration is correlated with the risk of  developing 
HCC[147]. Moreover, a long-term combination treatment 
with phlebotomy and dietary iron restriction has been 
found to reduce the risk of  development of  HCC in pa-
tients with HCV infection[143]. If  these observations are 
correct, it is possible that therapeutic phlebotomy in pa-
tients with CHC may provide a benefit to patients even in 
the absence of  an SVR to current therapy[147].
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Effect of anti-diabetic agents
Anti-diabetic agents such as exogenous insulin and sul-
fonylurea agents, are effective for decreasing plasma glu-
cose leading to prevention of  diabetes mellitus-associated 
complications including cardiovascular diseases[148-150]. 
However, the use of  exogenous insulin or sulfonylurea 
agents may worsen hyperinsulinemia. Recently, an as-
sociation has been reported between exogenous sulpho-
nylurea or insulin treatment and the development of  
HCC in patients with HCV infection[151,152]. The use of  
exogenous insulin has also been reported to be associated 
with the development of  colon cancer[153], and other ma-
lignancies[154,155]. Although a causal relationship between 
exogenous insulin and the development of  HCC remains 
controversial[122], the reduction of  serum insulin levels is a 
first line therapeutic strategy for IR[156].

CONCLUSION
IR is one of  the pathological features in patients with 
HCV infection. IR plays a crucial role in the develop-
ment of  various complications and events associated with 
HCV infection. Mounting evidence indicates that HCV-
associated IR may cause hepatic steatosis, hepatic fibrosis, 
resistance to anti-viral treatment, hepatocarcinogenesis 
and proliferation of  hepatocellular carcinoma; and extra-
hepatic manifestations.

Thus, HCV-associated IR is a therapeutic target at any 
stage of  HCV infection. However, therapeutic guidelines 
for preventing the distinctive complications of  HCV-
associated insulin resistance have not yet been established. 
Insulin-sensitizing agents are reported to improve sus-
tained virologic response rates, but further validation for 
safety is required. Little is known regarding the effect of  
anti-diabetic agents on HCV infection, and a possible 
association between use of  exogenous insulin or a sulfo-
nylurea agent and the development of  HCC has recently 
been reported.
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