
Hepatitis C virus infection and insulin resistance

Sandip K Bose, Ranjit Ray

Sandip K Bose, Ranjit Ray, Department of Molecular Micro-
biology and Immunology, Saint Louis University, St. Louis, MO 
63104, United States
Ranjit Ray, Division of Infectious Diseases, Allergy and Immu-
nology, Edward A Doisy Research Center, St. Louis, MO 63104, 
United States
Ranjit Ray, Department of Internal Medicine, Saint Louis Uni-
versity, St. Louis, MO 63104, United States
Author contributions: Bose SK performed literature search and 
wrote the initial draft of the paper; Ray R edited the paper and 
made additional changes as needed.
Supported by The National Institutes of Health, NO. DK080812
Correspondence to: Ranjit Ray, PhD, Division of Infectious 
Diseases, Allergy and Immunology, Edward A Doisy Research 
Center, 1100 S. Grand Blvd., 8th Floor, St. Louis, MO 63104, 
United States. rayr@slu.edu
Telephone: +1-314- 9779034  Fax: +1-314-7713816
Received: November 9, 2013   Revised: December 20, 2013
Accepted: January 13, 2014
Published online: February 15, 2014

Abstract
Approximately 170 million people worldwide are chroni-
cally infected with hepatitis C virus (HCV). Chronic HCV 
infection is the leading cause for the development of 
liver fibrosis, cirrhosis, hepatocellular carcinoma (HCC) 
and is the primary cause for liver transplantation in the 
western world. Insulin resistance is one of the patho-
logical features in patients with HCV infection and of-
ten leads to development of type Ⅱ diabetes. Insulin 
resistance plays an important role in the development 
of various complications associated with HCV infection. 
Recent evidence indicates that HCV associated insulin 
resistance may result in hepatic fibrosis, steatosis, HCC 
and resistance to anti-viral treatment. Thus, HCV as-
sociated insulin resistance is a therapeutic target at any 
stage of HCV infection. HCV modulates normal cellular 
gene expression and interferes with the insulin signal-
ing pathway. Various mechanisms have been proposed 
in regard to HCV mediated insulin resistance, involving 
up regulation of inflammatory cytokines, like tumor 
necrosis factor-α, phosphorylation of insulin-receptor 
substrate-1, Akt, up-regulation of gluconeogenic genes 

like glucose 6 phosphatase, phosphoenolpyruvate car-
boxykinase 2, and accumulation of lipid droplets. In this 
review, we summarize the available information on how 
HCV infection interferes with insulin signaling pathways 
resulting in insulin resistance.
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Core tip: Insulin resistance is one of the pathological 
features in patients with hepatitis C virus (HCV) infec-
tion and often leads to development of type Ⅱ diabe-
tes. Recent evidence indicates that HCV associated in-
sulin resistance may result in hepatic fibrosis, steatosis, 
hepatocellular carcinoma and resistance to anti-viral 
treatment. In this review, we summarize the available 
information on how HCV infection interferes with insulin 
signaling pathways.
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INTRODUCTION
Hepatitis C virus (HCV) contains a positive sense single 
stranded RNA genome and belongs to the family Flavi-
viridae and genus Hepacivirus[1]. HCV genome, 9.6 kb in 
length, is composed of  a 5’ non-translated region (NTR), 
a long open reading frame (ORF) encoding a polyprotein 
and a 3’ NTR. The ORF encodes a polyprotein of  about 
3000 amino acids that is translated via an internal ribo-
some entry site at the 5’ NTR. The polyprotein is then 
cleaved by both cellular and viral proteases into at least 
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10 different proteins[1]. These include three structural 
proteins namely, core and two envelope glycoproteins (E1 
and E2). In addition, a protein called F or ARFP can be 
produced from a frame-shift of  the core protein[2]. An 
ion channel protein p7 is formed by cleavage of  E2[3]. 
Non structural proteins of  HCV include NS2, NS3, 
NS4A, NS4B, NS5A, and NS5B.

The primary host cell for HCV is hepatocytes but 
replication may also occur in other cell types, such as pe-
ripheral blood mononuclear cells, as well as in B and T 
cell lines[4,5]. HCV is a major cause of  acute and chronic 
liver disease worldwide. More than 170 million people are 
currently infected with HCV[6]. Currently HCV vaccine 
is not available. Acute infection is usually asymptomatic, 
making early diagnosis difficult. Approximately 70% of  
acutely infected individuals fail to clear the virus and be-
come chronically infected[7]. Chronic HCV infection is the 
leading cause for the development of  liver fibrosis, cirrho-
sis, hepatocellular carcinoma (HCC), and is the primary 
cause for liver transplantation in the western world. The 
sustained antiviral response rate in treatment of  chronic 
HCV infection with interferon (IFN)-α with ribavirin is 
limited (about 30%-40%)[8,9]. Boceprevir and telaprevir 
protease inhibitors, have been shown to exhibit signifi-
cantly higher rates of  sustained virologic response (SVR) 
against HCV genotype 1 (about 65%-75%) as compared 
with peginterferon-ribavirin alone[10,11]. However, use of  
these antiviral agents display higher incidence of  adverse 
events, such as rash, gastrointestinal disorders, and ane-
mia.

Insulin resistance plays an important role in the devel-
opment of  various complications associated with HCV 
infection. Recent evidence indicates that HCV associated 
insulin resistance may result in hepatic fibrosis, steatosis, 
HCC and resistance to anti-viral treatment[12]. Thus, HCV 
associated insulin resistance is a therapeutic target at any 
stage of  HCV infection. HCV modulates normal cellular 
gene expression and interferes with the insulin signaling 
pathway. The aim of  this review is to summarize the cur-
rently available information on how chronic HCV infec-
tion interferes with insulin signaling pathways resulting in 
insulin resistance.

GLUCOSE UPTAKE AND INSULIN 
RESISTANCE
Glucose is a key metabolite essential for the production 
of  energy (mostly ATP) which is required by cells. There 
are several mechanisms underlying increased glucose 
production. These include production of  free glucose by 
increased glycogenolysis in the liver, increased gluconeo-
genesis, activation of  forkhead box transcription factor 
(FoxO1) and improper insulin-glucagon hormonal bal-
ance, which stimulates increased glucose production[13]. 
Several factors contribute to elevated gluconeogenesis 
in diabetes, namely (1) increased supply of  glucogenic 
precursors to the liver (glycerol, amino acids, free fatty 
acids), (2) increased lipid content, (3) increased cytokines 

and adipokines, and (4) decreased insulin receptor (IR) 
signaling in hepatocytes[13]. Glucose uptake into cells is 
regulated by the action of  specific hormones, namely in-
sulin and glucagon. Insulin is a peptide hormone secreted 
by the β-cells of  the pancreatic islets of  langerhans and 
maintains normal blood glucose levels by facilitating cel-
lular glucose uptake, regulating carbohydrate, lipid and 
protein metabolism and promoting cell division and 
growth through its mitogenic effects[14]. The ability of  in-
sulin to stimulate glucose uptake into tissues is central to 
the maintenance of  whole-body glucose homeostasis[15]. 
Type Ⅱ diabetes mellitus (T2DM), occurs when the pro-
duction of  insulin is not sufficient to overcome a difficul-
ty the body has in properly using insulin. This difficulty is 
called insulin resistance, resulting in increased glucose lev-
els. Both forms of  diabetes can pose an increased risk of  
major lifelong complications. In the case of  insulin resis-
tance, this includes a fivefold increased risk of  coronary 
vascular disease, diabetic retinopathy and neuropathy[16-19]. 
Fatty liver is relatively common in overweight and obese 
persons with T2DM and is an aspect of  body composi-
tion related to severity of  insulin resistance, dyslipidemia, 
and inflammatory markers[20].

Glucose transporter-4 (GLUT-4) was shown to be 
the major isoform responsible for enhanced glucose up-
take into muscle and adipose tissues following the secre-
tion of  insulin into the bloodstream[21,22]. The process of  
glucose uptake by cells requires a series of  events to take 
place in a timely manner. It involves the binding of  in-
sulin to the IR resulting in subsequent phosphorylation 
and activation of  IR substrate 1 and 2 (IRS-1/IRS-2), 
central molecules of  the insulin signaling cascade[23,24]. 
This in turn activates protein kinase B (AKT) by phos-
phorylation of  Ser473 and Thr308 residues. Activated AKT 
causes the translocation of  GLUT-4 from intracellular 
compartments to the cell surface where it is required for 
glucose uptake[25]. Any change in the signaling is likely 
to induce insulin resistance which is associated with a 
number of  pathophysiological changes including glu-
cose intolerance, obesity, dyslipidemia and hypertension. 
Insulin resistance is a physiological condition in which 
cells fail to respond to the normal actions of  the hor-
mone insulin. The body produces insulin, but the cells 
in the body become resistant to insulin and are unable 
to use it as effectively, resulting in an attenuated biologi-
cal response, leading to hyperglycemia[26]. Accumulation 
of  ectopic lipid metabolites, activation of  the unfolded 
protein response pathway, and innate immune pathways 
have all been implicated in the pathogenesis of  insulin 
resistance[27]. During the course of  insulin resistance sev-
eral inflammatory cytokines and lipid metabolites, like 
free fatty acids, interrupt with the normal insulin signal-
ing and promote T2DM.

CHRONIC HCV INFECTION AND INSULIN 
RESISTANCE
Epidemiological studies suggest that patients with chron-
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ic HCV infection have a significantly increased preva-
lence of  T2DM as compared to hepatitis B virus infected 
patients[28-30]. Both insulin resistance and diabetes can 
adversely affect the course of  chronic hepatitis C (CHC), 
leading to enhanced steatohepatitis and liver fibrosis[30-32]. 
Insulin resistance, associated with type 2 diabetes, can 
promote fatty liver, and excessive hepatic accumulation 
of  fat may promote insulin resistance and therefore con-
tribute to the pathogenesis of  the metabolic syndrome[33]. 
Insulin resistance is a critical component of  type 2 diabe-
tes mellitus pathogenesis. Several mechanisms are likely 
to be involved in the pathogenesis of  HCV-related insu-
lin resistance[34]. Several cellular lesions have been associ-
ated with insulin resistance, but the precise mechanism 
by which HCV induces insulin resistance remains elusive 
with numerous viewpoints and opinions[30].

Impairment of  IRS-1 and IRS-2 expression has been 
observed in the liver of  patients with chronic HCV infec-
tion, as well as in HCV core transgenic mice, and from 
in vitro cell culture system[35-38]. HCV mediates dysfunc-
tion of  the insulin signaling pathways via several distinct 
mechanisms, such as upregulating the expression of  
suppressors of  cytokine signaling 3 expression[35], down 
regulation of  peroxisome proliferator-activated receptors 
gamma (PPARγ)[36], activation of  mammalian target of  
rapamycin (mTOR)/S6K1 pathway[38], and increased tu-
mor necrosis factor-α (TNF-α) secretion[39].

MODULATION OF IR SUBSTRATE BY 
HCV
HCV modulates insulin signaling and IRS-1 via multiple 
mechanisms which have been presented in Figure 1. 
Ser/Thr phosphorylation of  IRS-1 inhibits its association 

with the IR, which in turn inhibits tyrosine phosphoryla-
tion of  IRS-1, required for its activation, and promotes 
degradation. Upregulation of  serine phosphorylation of  
IRS-1 is a key negative feedback mechanism under physi-
ological conditions to prevent the action of  insulin. In 
an insulin-resistant state, an imbalance occurs between 
positive IRS-1 Tyr-phosphorylation and negative Ser-
phosphorylation of  IRS-1[40]. HCV core protein expres-
sion in hepatocytes upregulates Ser312 phosphorylation 
status of  IRS-1 and modulates downstream Akt activity 
by inhibiting Thr308 phosphorylation[37]. Ser312 and Ser1101 
phosphorylation of  IRS-1 inhibits its association with the 
IR and stimulates degradation. HCV core protein induces 
insulin resistance by increasing Ser312 and Ser 1101 phos-
phorylation, marking its for degradation via the activated 
mTOR/S6K1 pathway[38], and subsequently blocking Tyr- 
phosphorylation of  IRS-1 and Thr308 phosphorylation of  
Akt for the inhibition of  glucose uptake. Activation of  
mTOR signaling also plays a key role in modulating IRS-1 
activity. HCV genotype 2a infection significantly down-
regulates the expression of  TSC1/TSC2, which in turn 
results in activation of  downstream mTOR and S6K1[38]. 
Phosphorylation of  IRS-1 at Ser1101 via the mTOR-S6K1 
pathway may release IRS-1 from intracellular complexes, 
thereby enabling its degradation[41]. HCV significantly 
increases Ser1101

 phosphorylation of  IRS-1, which enables 
its degradation[38].

A decrease in expression of  IRS-1 and IRS-2, in 
patients with HCV infection has also been reported[35]. 
Down-regulation of  IRS-1 and IRS-2 was also seen in 
HCV core-transgenic mice livers and HCV core-trans-
fected human hepatoma cells[35]. HCV core up-regulated 
suppressor of  cytokine signaling 3 (SOCS3) and caused 
ubiquitination of  IRS-1 and IRS-2. HCV core-induced 
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Figure 1  Schematic showing the interference of Hepatitis C 
virus in the insulin signaling pathway. Hepatitis C virus (HCV) 
core protein is known to up regulate Ser312 phosphorylation of 
insulin receptor substrate (IRS)-1 leading to degradation of IRS-1, 
the key molecule involved in propagation of insulin signal down-
stream from the insulin receptor (IR). HCV infection is also known 
to down regulate TSC1/TSC2 complex, resulting in subsequent 
upregulation of mTOR/S6K1 which leads to Ser1101 phosphorylation 
of IRS-1 and its subsequent degradation. A role of HCV mediated 
upregulation of SOCS3 and tumor necrosis factor-α (TNF-α) has 
also been proposed which leads to degradation and blocking of 
IRS-1 function. HCV also upregulates glucose 6 phosphatase 
(G6P), phosphoenolpyruvate carboxykinase 2 (PCK2) leading to 
increased glucose production, and down regulates glucose trans-
porter (GLUT)-4, GLUT-2, leading to decreased glucose uptake by 
hepatocytes. Overall, these alterations lead to insulin resistance. 
mTOR: Mammalian target of rapamycin.
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that includes insulin resistance, obesity, hypertension, 
and hyperlipidemia[47]. Increasingly, components of  the 
metabolic syndrome are being linked to various forms 
of  cancer, including the risk of  developing HCC. IR is 
induced by HCV-4 irrespective of  severity of  liver dis-
ease. IR starts early in infection and facilitates progres-
sion of  hepatic fibrosis and HCC development[47]. HCC 
patients showed higher IR frequency, and moderate to 
high viral load associated with high HOMA-IR in CHC 
and HCC[47]. Insulin resistance associates with a higher 
risk of  HCC in cirrhotic HIV/HCV-co-infected patients 
also[48]. There are many causes of  HCC, and nonalcoholic 
fatty liver disease (NASH) is emerging as a leading risk 
factor owing to the epidemic of  obesity and T2DM. The 
mechanisms leading to HCC in obesity and T2DM likely 
involve interactions between several signaling pathways, 
many of  which are modulated by HCV infection, and 
also include oxidative stress, inflammation, oncogenes, 
adiponectins, and insulin resistance associated with vis-
ceral adiposity and diabetes[49].

Insulin resistance and subsequent hyperinsulinemia 
are highly associated with fatty liver disease and is an 
important risk factor for the progression of  fibrosis in 
CHC[50,51]. From metabolic aspect, HCV infection resem-
bles NASH in numerous features, such as the presence 
of  steatosis, serum dyslipidemia, and oxidative stress in 
the liver[52]. On the other hand, there are noticeable dif-
ferences between hepatitis C and NASH, in the fact that 
HCV modulates cellular gene expression and intracellular 
signal transduction pathways, while such details have not 
been noted for NASH. HCV core protein expression 
leads to the development of  progressive hepatic steatosis 
and HCC in transgenic mice[53]. Hepatic steatosis is known 
to occur at a high rate (40%-86%) in chronic HCV pa-
tients, and a close relationship between steatosis and intra-
hepatic core protein expression has been noted[54]. Insulin 
resistance is a prominent mechanism linking steatosis and 
fibrogenesis although this link is complex and not prop-
erly understood.

CLINICAL IMPLICATIONS OF 
HCV-MEDIATED INSULIN RESISTANCE
Several epidemiological, clinical and experimental data 
show that HCV plays a direct role in perturbing glucose 
metabolism, leading to both insulin resistance and dia-
betes[28-30]. Curing HCV results in the amelioration of  
insulin resistance and decreased incidence of  diabetes af-
ter the end of  therapy[55,56]. In the only trial that used the 
antidiabetic metformin[57], only a marginal, nonsignificant 
increase of  the SVR rate was observed, despite an in-
creased virological response after 4 wk of  triple therapy. 
The data reported in a study using different schedules 
containing the antiglycaemic PPAR-γ agonist piogli-
tazone[58] are discouraging. Overall, the administration 
of  insulin sensitizers together with the standard of  care 
has not only failed to improve the virological response to 
therapy, but has also fallen short of  providing much use-

down-regulation of  IRS-1 and IRS-2 was not seen in 
SOCS3(-/-) mouse embryonic fibroblast cells, indicating 
the important role played by SOCS3 in mediating down 
regulation of  IRS-1[35]. There have been reports that 
HCV genotypes might play an important role in deciding 
the pathway by which it impairs insulin signaling. It has 
been shown that the core protein of  HCV genotype 3a 
promoted IRS-1 degradation through the downregulation 
of  PPARγ and by upregulating the SOCS7, the core pro-
tein of  genotype 1b activated the mTOR[36].

TNF-α, released in an excess may promote phos-
phorylation of  serine residues of  IRS-1 eventually leading 
to the downregulation of  downstream insulin signaling 
molecule Akt. HCV core protein increases the expression 
level of  TNF-α and promotes insulin resistance[42].

IMPAIRED LIPID AND GLUCOSE 
METABOLISM BY HCV
Insulin resistance is strongly influenced by abnormalities 
in lipid metabolism. Any dysfunction of  the lipid me-
tabolism triggers lipotoxicity through the production of  
free fatty acids thereby promoting insulin resistance[43]. 
HCV core protein down-regulates microsomal triglycer-
ide transfer protein, an enzyme that mediates lipid trans-
location to the endoplasmic reticulum membrane and de-
creases the assembly of  very low density lipoproteins[44]. 
It has been observed that HCV promotes fatty acid 
synthesis by the upregulation of  lipogenic gene sterol 
regulatory element binding protein 1c which promotes 
the transcriptional activation of  other lipogenic genes like 
acetyl CoA carboxylase, ATP citrate lyase, hydroxymeth-
ylglutaryl CoA reductase[45].

HCV infection promotes the expression of  gluco-
neogenic genes namely, glucose 6 phosphatase (G6P) and 
phosphoenolpyruvate carboxykinase 2 (PCK2) resulting 
in increased glucose production and enhanced insulin re-
sistance[46,38]. HCV also down regulates the expression of  
GLUT4, which is necessary for uptake of  glucose. This 
results in a decreased glucose uptake and increased plasma 
glucose, leading to development of  insulin resistance[38].

A schematic showing how HCV interferes with in-
sulin signaling pathway, leading to insulin resistance is 
presented in (Figure 1). HCV modulates functioning of  
IRS-1 via multiple mechanisms, including up regulation 
of  Ser312 or Ser1101 phosphorylation which leads to degra-
dation of  IRS-1. HCV also upregulates SOCS3 and down 
regulates TSC1/TSC2 leading to blocking of  insulin 
signaling. HCV infection leads to increased gluconeogen-
esis via up regulation of  G6P and PCK2. GLUT-4, and 
GLUT-2 expression is also down regulated by HCV lead-
ing to decreased glucose uptake. Overall, all these altera-
tions by HCV leads to development of  insulin resistance.

INSULIN RESISTANCE AND LIVER 
DISEASE PROGRESSION
The metabolic syndrome is a constellation of  problems 
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ful insight into the mechanisms linking reduced response 
to insulin resistance[59]. Early sulfonylureas although use-
ful in lowering blood glucose level, were associated with 
significant off-target effects, and the biguanide phenfor-
min was discontinued due to adverse events[60]. Although 
metformin is in the same drug class, it has a better safety 
profile and is now recommended as first-line treatment 
of  diabetes during HCV infection.

THERAPEUTIC APPROACHES AND 
FUTURE GOALS
Treatment for HCV induced insulin resistance is highly 
linked with anti-viral treatment. Treatment of  chronic 
HCV infection has 2 goals. The first is to achieve SVR (i.e., 
sustained eradication of  HCV, which is defined as the 
persistent absence of  HCV RNA in serum 6 mo or more 
after completing antiviral treatment). The second goal is 
to prevent progression to cirrhosis, HCC, and decom-
pensated liver disease requiring liver transplantation. The 
treatment of  HCV has evolved over the years. Current 
treatment options include combination therapy consisting 
of  ribavirin and pegylated IFN. Protease inhibitors are 
emerging as a third feature of  combination therapy. The 
sustained antiviral response rate in treatment of  chronic 
HCV infection with IFN-α and ribavirin is limited (about 
30%-40%)[8,9]. Boceprevir and telaprevir protease inhibi-
tors have been shown to exhibit significantly higher rates 
of  SVR against HCV genotype 1 (65%-75%) as com-
pared with peginterferon-ribavirin alone[10,11]. More re-
cently, sofosbuvir has also been used for treatment along 
with ribavirin, with significant increased SVR[61]. How-
ever, use of  these antiviral agents display higher incidence 
of  adverse events, such as rash, gastrointestinal disorders, 
and anemia. Thus, development of  therapies with less 
side effects is desirable.

The prevalence of  HCV antibodies in the type 2 
diabetic population ranges between 1.78% and 12.1%[62]. 
Several cross-sectional studies have found a higher preva-
lence of  HCV antibodies in type 2 diabetic patients than 
expected in the general population[62,63]. Early phase and 
total insulin secretion are determined using oral glucose 
tolerance testing (OGTT), Insulin sensitivity was mea-
sured directly by steady-state plasma glucose concentra-
tion during insulin suppression test. Fasting plasma glu-
cose ≥ 126 mg/dL or 2-h plasma glucose > 200 mg/dL 
during OGTT are generally used as criteria for diagnosis 
of  diabetes[64]. Well controlled DM was defined when the 
HbA1c level was < 7%. Agents used in diabetic therapy 
include the following: sulfonylureas, biguanides, alpha-
glucosidase inhibitors, thiazolidinediones, Meglitinide 
derivatives etc[60]. Although effective in reducing blood 
glucose levels, early sulfonylureas were associated with 
significant off-target effects, and the biguanide phenfor-
min was discontinued due to adverse events[60]. Although 
metformin is in the same drug class, it has a better safety 
profile and is now recommended as first-line treatment. 
However, many patients require additional glucose con-
trol treatment with an agent that has a complementary 

mechanism of  action like metformin. Some common 
drugs used for treatment of  T2DM available in the mar-
ket include metformin oral, actos oral, Byetta subQ, Janu-
via oral, etc.

Another possible way of  reversing insulin resistance 
would be via targeting the signaling components in the in-
sulin signaling pathway modulated by HCV. For instance, 
we have shown that HCV up regulates phospho-S6K1, 
which stimulates degradation of  IRS-1[38]. Thus, targeting 
phospho-S6K1 would be a target against HCV induced 
insulin resistance. These studies have not been done yet, 
so at this time it will be difficult to comment on the pre-
dictive outcome on reversal of  insulin resistance. Use of  
specific inhibitors of  SOCS-3, which may become useful 
to correct resistance to both insulin and IFN-α, are not 
available for clinical use. Alternatively, one may envision 
inhibiting TNF-α by administering infliximab or similar 
agents. IR also results from uncontrolled diet and life 
style. Regulation of  weight, diet, and life style manage-
ment will also be key in managing IR.
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