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Abstract

This review focuses on the relationship between
hepatitis C virus (HCV) infection and glucose
metabolism derangements. Cross-sectional and
longitudinal studies have shown that the chronic
HCV infection is associated with an increased risk of
developing insulin resistance (IR) and type 2 diabetes
(T2D). The direct effect of HCV on the insulin signaling
has been analyzed in experimental models. Although
currently available data should be considered as
preliminary, HCV seems to affect glucose metabolism
via mechanisms that involve cellular pathways that have
been implicated in the host innate immune response. IR
and T2D not only accelerate the histological and clinical
progression of chronic hepatitis C, but also reduce the
early and sustained virological response to interferon-
alpha-based therapy. Thus, a detailed knowledge of the
mechanisms underlying the HCV-associated glucose
metabolism derangements is warranted, in order to
improve the clinical management of chronic hepatitis C
patients.
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INTRODUCTION

Hepatitis C virus (HCV) infection is a frequent cause of
acute and chronic hepatitis, and leads to the development
of cirrhosis and hepatocellular carcinoma. It is estimated
that about 150 to 200 million people have been in
contact with HCV worldwide, and approximately 85%
are chronically infected. The spectrum of severity of
liver disease associated with HCV varies widely, as does
the rate of progression towards the cirrhotic stage. The
latter seems to depend on several, mostly host-related
cofactors, such as age, sex, level of alcohol consumption,
overweight, immune status and co-infections'?. One
of these cofactors is type 2 diabetes (T2D), which has
been recognized to modify the course of hepatitis C
even at the stage of insulin resistance (IR), a condition
that precedes the development of T2DP, Although
individuals may develop IR independently of HCV,
a considerable amount of clinical and experimental
data suggest that HCV contributes to its pathogenesis.
This aspect is important, because IR seems not only to
accelerate the course of chronic hepatitis C, but also
to influence the response to antiviral therapym. The
scope of this review is to discuss the current level of
evidence in favor of a causal association between HCV
and T2D/1R, its clinical impact, and some directions for
management.

ASSOCIATION BETWEEN HCV AND T2D

T2D is a common complication of all liver diseases,
independently of the etiology, especially at the
advanced stage. However, clinical and experimental
data suggest a direct role of HCV in the perturbation
of glucose metabolism. The first observation that
cirrhotic patients infected with HCV may present with
T2D more often than patients with cirrhosis of other
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etiology was reported in 1994 by Allison ez al®'. Most
studies using a cross-sectional design and comparing
the prevalence of T2D in a population of chronic
hepatitis C patients with that of a comparator group
have confirmed these preliminary observations'! with
rare exceptions!”. Comparator groups have included
patients with chronic liver disease' M or
human immunodeficiency virus (HIV) mono-infected
patients' . Tt can be argued that, in these studies, the
two populations of patients-i.e. HCV-infected and
uninfected-may have differed by relevant risk factors
for T2D, notably age, gender distribution and stage
of liver disease. It is noteworthy that, in the HIV-co-
infected cohorts studied by Visnegarwala ez al'] the
association between HCV and T2D was significant, as
assessed by multivariate analysis, only among subjects
< 50 years old. Similatly, in the study by Lecube ez al™,
glucose abnormalities, including impaired fasting glucose
(IFG), were significantly more prevalent (i.e. about
three-fold) among HCV-positive patients attending
a liver unit, compared to HCV-negative patients,
only when they were at a pre-cirrhotic stage. These
observations suggest that HCV interferes with glucose
metabolism independently of age and stage of liver
disease. At a later, cirrhotic stage, however, multiple
factors contributing to IR may prevail and partially
or completely mask the HCV-related effect. Further
evidence has come viz case-control studies in which all
cases were represented by HCV-infected individuals"**¥,
although in most cases, the prevalence of T2D among
HCV-infected individuals compared to matched controls
was, in general, lower than that seen in previous studies.

7-9,12-14
I, drug users

Several investigators have approached this issue
from a different point of view, i.e. measuring the
prevalence of HCV markers among populations of
diabetic patients[8’15’25’33j. Most controlled studies have
suggested a significant association, the proportion of
HCV-positive persons among diabetics being two- to
seven-fold compared to controls™***, The prevalence
of HCV markers among patients with T2D reported
by uncontrolled studies was also claimed to be higher
than that observed in the general population taken as
a reference™™, However, the study by Sotiropoulos
et al”® reported a rather low HCV prevalence (1.65%),
especially if one considers that a field survey in the
Greek general population gave a HCV seroprevalence
of 1.25%"Y. Other controlled studies from Italymj,
Nigerial31J and Turkey™ have failed to find an excess
prevalence of HCV infection among patients with T2D.
The data have therefore proven inconclusive. It has been
suggested that patients with T2D are at risk of blood-
borne infections »ia repeated use of finger stick devices.
However, a single study from France, evaluating the
prevalence of HCV antibodies in 259 patients with T2D
seen during 1998 at a diabetic unit, has failed to confirm
this hy*pothesis[35]. One cannot exclude that iatrogenic
transmission of HCV among diabetic patients may
however have been significant in previous decades.

The potential ascertainment bias that may occur in

clinic-based studies that target a specific disease group
has been overcome in a vast (and hitherto unsurpassed)
study conducted in the general population, the Third
National Health and Nutrition Examination Survey
(NANHES-IIT)", This study, which included 9841
subjects aged = 20 years, showed that persons who were
anti-HCV-positive and aged = 40 years had an odds
ratio of 3.77 (95% CI: 1.80-7.87), after adjusting for sex,
body mass index (BMI) and ethnicity, of having T2D
compared to anti-HCV-negative individuals.

Thus, clinic-based studies and the general population-
based NANHES-III study came to similar conclusions,
which reinforce the hypothesis of a causal association
between HCV infection and T2D. As a result of the
cross-sectional nature of all these surveys, however, as
hinted before, a temporal relationship between HCV
infection and T2D cannot be established. This issue,
i.e. did the HCV infection come before the occurrence
of T2D or vice versa, has been addressed by longitudinal
studies. A prospective, case-cohort study, performed
in the United States, analyzed whether persons who
developed T2D were more likely to have had precedent
HCYV infection when enrolled in a community-
based cohort of 1084 persons aged 44-65 years (the
Atherosclerosis Risk in Communities Study)””. The
prevalence of HCV in this population was 0.8%. A total
of 548 subjects developed de novo T2D over 9 years of
follow-up. Prior to entry, subjects had been categorized
as low-risk or high-risk for T2D based on age and BMIL.
Among those at high risk for T2D, persons with HCV
infection were more than 11 times as likely as those
without HCV infection to develop T2D (relative hazard,
11.58; 95% CI: 1.39-96.6). Among those at low risk,
the incidence of T2D was not increased among HCV-
infected subjects. The conclusion of this important
survey was that pre-existing HCV infection may increase
the incidence of T2D in persons with known risk
factors. The second study™, a community-based cohort
survey performed in southern Taiwan, enrolled 4958
persons aged = 40 years, without T2D at entry. This
study included 3486 seronegative persons, 812 anti-HCV-
positive patients, 544 individuals with the hepatitis B
surface antigen (HBsAg) and 116 with hepatitis B virus
(HBV)/HCV co-infection. Over a follow-up of 7 years,
474 cases of incident T2D were recorded: overall, 14.3%
of anti-HCV-positive, 7.5% of HBsAg-positive, and
8.6% of seronegative individuals developed T2D during
the study. Compared to anti-HCV-negative individuals,
anti-HCV-positive persons had a higher cumulative
incidence of T2D (P < 0.0001). By multivariate analysis,
the fact of being anti-HCV-positive, co-infection with
HBV and HCV, overweight, obesity, and increasing age
were all significantly associated with T2D, while sex and
alcohol consumption, among other factors, were not.
Interestingly, when patients were stratified by age and
BMI, the risk of developing T2D among anti-HCV-
positive individuals increased when age decreased and
BMI levels increased. This study concluded that HCV
infection is an independent predictor of T2D. The risk
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was higher in patients with elevated BMI, but, at variance
with the previous study, seemed to decrease with age.

Thus, cross-sectional and longitudinal studies both
seem to converge towards the same conclusion, i.e.
there exists an excess T2D risk in HCV-infected persons
compared to controls infected with HBV,which suggests
a direct role of HCV in inducing derangement of
glucose metabolism. A recent, large meta-analysis, the
first of this kind, has reached the same conclusion™.

An additional, strong case in favor of an association
between HCV and T2D comes from longitudinal
studies performed in patients having received a liver or
kidney transplant. T2D is a common complication of
liver transplantation (LT). Apart from isolated negative
reports™, there is accumulating evidence that HCV is a
strong predictor of new-onset T2D after LT A first
study from Toronto, Canada™, analyzed the prevalence
of T2D among 278 LT recipients, whose indication for
transplantation was liver failure caused by HCV (110
patients), HBV (53 patients) or cholestatic liver disease (115
patients). Multivariate analysis revealed that HCV-related
cirrhosis (P = 0.002), pre-LT T2D (P < 0.0001) and male
gender (P = 0.019) were independent predictors of the
presence of T2D 1 year after L'T. The high prevalence
of T2D persisted among HCV-positive persons, with
41% being diabetic at 5 years. This observation was
subsequently confirmed by other studies. In a seties from
Harvard"™, which compared 47 HCV-positive to 111
HCV-negative cases, HCV infection was an independent
risk factor for the development of T2D after LT
(hazard ratio 2.5, P = 0.001). These data were repeatedly
confirmed by later studies™ ", with one exception from
the [University of California, Los Angeles (UCLA)]
series, in which the lack of association may have been
a consequence of the excess representation of HCV-
positive patients[SO]. Several predisposing factors were
identified across the studies: impaired fasting glucose
and a maximum lifetime BMI over 25 kg/ m™™ age and
male genderm], serum HCV RNA level after LT and
use of tacrolimus™ or steroid boluses'™. On the other
hand, use of cyclosporinewJ and rapid discontinuation
of steroids® seem to reduce the incidence of T2D
among HCV-positive persons.

A similarly increased risk of T2D has been reported
after kidney transplantation (KT). After two early
reports, underlining a rather strong association between
ongoing HCV infection and post-KT T2DP 2 major
retrospective analysis on 427 kidney recipients without
T2D before KT showed that, by multivariate logistic
regression, HCV (adjusted OR 5.58; 95% CI: 2.63-11.83;
P =0.0001), weight at transplantation (adjusted OR
1.028; 95% CI: 1.00-1.05; P = 0.001), and tacrolimus
(adjusted OR 2.85; 95% CI: 1.01-5.28; P = 0.047) were
associated with newly onset T2D after KT. In this
study, a significant interaction (P = 0.0001) was found
between presence of HCV and use of tacrolimus, since
in the HCV-positive group, T2D occurred more often in
tacrolimus-treated than cyclosporine A-treated patients
(57.8% v5 7.7%; P < 0.0001)™. Most subsequent studies

56-63] .
B with some

confirmed this robust association
exceptions[21’64’66]. Thus, in a recent meta-analysis of
10 studies, the pooled relative risk for post-KT T2D
was 2.73 (95% CI: 1.94-3.83)"). When only two large
studies were considered, the pooled relative risk was
still 1.36 (95% CI: 1.21-1.54). The existing publication
bias did not change the results in a meaningful way,
after a sensitivity analysis was performedm. In addition
to ongoing HCV infection, risk factors for developing
T2D after KT are family history of T2D">*",

P70 yse of tacrolimus!? 0 smoking[m],
overweight/ obesity™* African-American ethnicity'™
and pre-transplantation impaired fasting glucose[“].
Thus, there exists a significant increase of the risk of
post-KT T2D in HCV-positive recipients, especially in
the first 2 mo after transplantation[sﬂ. Since T2D and
its complications are a leading cause of mortality after
KT, it is easy to understand that every effort should be
made to clear HCV with antiviral therapy in the pre-KT
period, whenever this is feasible.

Thus, HCV and T2D are associated more than
just by chance, suggesting that HCV may alter glucose
homeostasis by its direct action, or via indirect
mechanisms such as through cytokine stimulation (see
below). The association between HCV infection and
glucose abnormalities holds true if, instead of looking
at the occurrence of overt T2D, one considers pre-
diabetes conditions, such as impaired glucose tolerance
(IGT) or IR. The latter is defined as a condition in which
higher than normal insulin concentration are needed
to achieve normal metabolic responses or, alternatively,
normal insulin concentration are unable to achieve
normal metabolic responses[ﬁs]. It has to be stated cleatly,
however, that it is not clear whether IR associated with
HCV infection invariably evolves towards T2D in all
infected persons, especially those without other risk
factors of T2D. There is a clear need of longitudinal
studies that may clarify this issue.

In a classical paper, Hui and collaborators
compared fasting levels of serum insulin, C-peptide
and IR [measured as homeostasis assessment (HOMA)
score| in 121 HCV patients with stage 0 or 1 liver
fibrosis and 137 healthy volunteers matched by sex,
BMI, and waist-to-hip ratio. Results showed that such
HCV-infected persons, not withstanding their early stage
of liver disease, had higher levels of insulin, C peptide,
and HOMA scores compared with controls. Besides, this
study was the first to suggest that genotype 3 may have
significantly lower HOMA scores than other genotypes
(which were comparable when adjusted for the remaining
independent predictors of IR). Thus, this work showed
how HCV may induce IR irrespective of the stage of
advancement of the underlying liver disease, an effect
that seemed to be genotype specific. In a similar, more
recent paper, Moucari e/ al™ analyzed 600 consecutive
patients (500 with chronic hepatitis C and 100 controls
with chronic hepatitis B). IR was less frequent in chronic
hepatitis B than in matched chronic hepatitis C cases
(5% vs 35%, respectively, P < 0.001), again irrespective
of the stage of liver disease (patients were divided

[4]
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according to the presence or absence of liver cirrhosis).
Furthermore, IR was associated with genotypes 1 and 4
and high serum HCV RNA levels, even suggesting a
trend, among patients without features of the metabolic
syndrome, between HCV replication level and HOMA
score. These data further corroborated the hypothesis
that HCV may have a direct involvement in glucose
metabolism derangement. A correlation between HCV
RNA levels and HOMA score has been reported also
by other studies™™, especially in genotype 1™ or after
adjustment for age, gender and visceral adipose tissue
area”?. These results are not, however, confirmed by all
investigators. In a recent paper, Anty ez al” reported that
lean patients with non-3 genotypes had higher glycemia
and lower adiponectin levels than controls, at closer look
it was evident that, considering only the 52 patients with
F0/F1, then the HOMA scores wete compatable to those
of 22 controls (1.7 £ 1.6 »s 1.4 £ 1.5, P = NS). Negative
results have also been reported from Japan, where two
studies failed to identify HCV infection as independent
predictor of TR"™™. Thus, further work is warranted in
this field, and, more importantly, a thorough analysis,
at the population level, of HCV sequences that may
be directly involved in stimulating IR. Furthermore, it
1s impossible to determine whether HCV replication is
responsible for increased IR or whether HCV replication
is favored by hyperinsulinemia, as suggested by some
in vitro datam, and/or by the increased serum levels of
free fatty acids"™ typically observed in IR and T2D""”,
Finally, the poor correlation between HCV RNA levels
and HOMA score may also be caused by the fact that
the overall level of IR also depends on the contribution
from the adipose tissue and muscle, two extrahepatic
compartments not infected by HCV.

Finally, if HCV is increasing the level of IR or
predisposes to the development of glucose metabolism
disturbances, including T2D, in high-risk individuals,
then curing HCV should result in amelioration of the
HOMA score and in a decreased incidence of T2D after
the end of therapy. Kawaguchi ez al™ in their study on
89 patients, showed that eradication of HCV improved
the HOMA score and the intrahepatic expression of
the insulin receptor substrate (IRS) 1 and 2, two cellular
transducers of the insulin signal (see below). Similar
results have been reported in a cohort of 181 genotype
4 patients from Egyptm]. Regarding the incidence
of glucose metabolism derangements after sustained
virological response (SVR), Romero-Gémez e al™
assessed the effect of SVR and other host and viral
factors on the incidence of impaired fasting glucose and
T2D in 1059 patients with chronic hepatitis C treated
with pegylated interferon (IFN)-oi2a and ribavirin. Their
data show that SVR reduces by half the incidence of
T2D and/or IFG during a post-therapy follow-up of
27 £ 17 mo (range, 9.3-67 mo). Similar data have been
reported in 234 patients followed in Barcelona for at
least 3 years after the end of therapy™. However, in a
cohort of 202 patients with a significantly longer follow-

up (8.0 years, range 5-16)"™ the benefit of SVR (if any)
was not observed, even after adjustment for several
baseline risk factors of T2D.

In conclusion, HCV seems to increase the risk of
incident T2D in predisposed individuals. As a result,
the association between HCV and T2D is more evident
among patients who are older and have higher BMI.
When measuring IR before T2D has occurred, some
HCV-infected patients are clearly less insulin sensitive
than controls, matched for risk factors of T2D and stage
of liver disease. This effect is probably associated with
specific HCV sequences and/ot subtypes, and shows
some dose-dependence, i.e. may be correlated with HCV
replication level. Curing HCV seems to have beneficial
effects on the level of insulin sensitivity, although this
may not be the rule. In the next chapter we will analyze
the potential mechanisms of interference with the

insulin signaling brought about by HCV.

MECHANISMS OF HCV INTERFERENCE
WITH INSULIN SIGNALING

Experimental data are compatible with direct interference
of HCV with the insulin signaling cascade. This was
first suggested by a study in which liver specimens
obtained from 42 non-obese, non-diabetic, HCV-
infected individuals and 10 non-HCV-infected subjects
matched for age and BMI were exposed ex »ivo to insulin,
and examined for the contents and phosphorylation/
activation status of some insulin signaling molecules™.
Insulin-stimulated IRS-1 tyrosine phosphorylation
was decreased by two-fold in HCV-infected patients
compared to non-HCV-infected ones, and this was
patalleled by significant reductions in IRS-1/p85
phosphatidylinositol 3 (P13)-kinase association, IRS-
1-associated PI3-kinase enzymatic activity and insulin-
stimulated Akt phosphorylation™. Tt was concluded that,
in patients with chronic hepatitis C, direct interactions
between HCV and insulin signaling components occur
that may result in IR, which in turn, may progress to
T2D in at-risk individuals. In the transgenic mouse
model™ the core-encoding region of HCV is sufficient
to induce IR. This effect was reversed by treatment with
anti-tumor necrosis factor (TNF)-antibodies, which
suggested an increased level of serine phosphorylation
of IRS-1 as induced by TNF-a. Thus, the core protein
may induce IR indirectly »iz stimulation of the secretion
of TNF-q. However, in vitro models suggest otherwise,
hinting at a direct interaction of the core protein with
the insulin signaling pathway. An increased proteasomal
degradation of the IRS-1 and -2 zia the activation of
the suppressor of cytokine signaling (SOCS)-3 has been
reported after transient expression of the core proteiniss]
Direct but genotype-specific mechanisms have been
advocated in another study[w, in which down-regulation
of peroxisome proliferator-activated receptor-y
(PPAR-y) and up-regulation of SOCS-7 was observed
in cells transfected with the cote protein of genotype 3,
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whereas the core protein of genotype 1b activated the
mammalian target of rapamycin, findings that were
confirmed by using agonists for PPAR-y (rosiglitazone)
or short interfering RNAs for SOCS-7"", Among
the indirect mechanisms, an increased endoplasmic
reticulum stress has also been described that may lead to
IR™. More recently, the role of c-Jun N-terminal kinase
(JNK) has been emphasized™. The HCV core protein-
mediated Ser (312) phosphorylation of IRS-1 was
inhibited by a JNK inhibitor in an 7 vitro infection assay
using cell-culture-grown HCV™,

Studies on chronically infected patients have
suggested that increased oxidative stress and intrahepatic
inflammation may also play a role. Mitsuyoshi ez al®
evaluated 203 chronic hepatitis C patients with HCV
genotypes 1 or 2 infection. HOMA and serum levels
of thioredoxin, a marker of oxidative stress, were
significantly correlated with each other, even after
adjustment for BMI. Howevet, in the human model, the
indirect role of inflammatory mediators, such as TNF-q,
seems more likely, in keeping with the transgenic mouse
model. In fact, in chronic hepatitis C patients, an
increased intrahepatic TNF-a response, which results
in IR and a higher risk of developing T2D, has been
described™”". Further work is necessary in this field, and
the availability of genotype-specific replicon assays may
pave the way to more in-depth mechanistic analyses.

CLINICAL CONSEQUENCES OF IR/T2D IN
CHRONIC HEPATITIS C

The clinical consequences of IR and T2D on chronic
hepatitis C are dual: accelerated fibrogenesis and reduced
response to IFN-based therapy. Since one of the most
frequent consequences of IR/T2D on the liver is
steatosis, many data can be inferred indirectly looking
at past studies in which the impact of non-virus- and
non-alcohol-induced fatty liver on fibrosis progression
was evaluated”. In fact, in these cases, the most
likely cause of fatty liver was IR, and this, rather than
steatosis, seems to predict the stage of fibrosis and its
progression over time". More generally, accelerated liver
fibrogenesis should be considered in the complex of the
consequences of the metabolic syndrome on the liver.
This view allows one to consider several pathogenetic
mechanisms other than IR, such as oxidative stress,
increased secretion of pro-inflammatory adipokines and
cytokines, and the peculiar susceptibility to apoptosis
that has been associated with steatosis. High serum
glucosem], hyperinsulinerniam] and TR are all
associated with increased fibrosis in chronic hepatitis C,
and more rapid progression of hepatitis C in diabetics
has been reported also after LT and KT". However,
claiming that the sole pathogenetic mechanism that
underlies accelerated fibrogenesis in patients with
chronic hepatitis C and IR is the hyperglycemic/
hyperinsulinemic state is an oversimplification. First,
it is not unknown whether patients with virus-induced

IR alone, i.e. without the other components of the
metabolic syndrome (especially in the absence of the
visceral obesity and the inflammatory state associated
with it), share the same risk of increased liver disease
progression compared to patients with overt metabolic
syndrome. Second, patients with central obesity have
not only increased IR but also altered levels of a whole
array of pro-inflammatory cytokines and adipokines,
which may exert their unwanted effects on the liver and
other extra-adipose tissues independently of the action
of insulin. The relative contribution of these cytokines
to liver fibrosis in chronic hepatitis C is starting to be
unraveled, but it is far from being fully understood.

In non-alcoholic steatohepatitis, hyperglycemia/
hyperinsulinemia may be directly stimulating hepatic
stellate cells to produce connective tissue growth
factor (CTGF), which leads to increased collagen
fiber depositionmm. Increased intrahepatic levels of
CTGF have been reported to occur in chronic hepatitis
C"". The reduction of IR consequent to body weight
reduction and increased physical activity may lead to
reduced fibrosis score over time and a diminished
number of activate hepatic stellate cells"*,

Several pro-inflammatory cytokines and adipokines
may be involved in the pathogenesis of liver injury in
chronic hepatitis C. However, their relative contribution
is under debate. A large, cateful study has evaluated the
role of TNF-q, interleukin 6, leptin and adiponectin
in the pathogenesis of HCV-associated liver injury“wj.
Only TNF-levels seemed to correlate with severity
of portal and periportal inflammation, but none of
the cytokines considered in this study were correlated
with liver fibrosis. Several other studies have failed to
pinpoint a clear correlation between the severity of
fibrosis and serum levels of leptinl%’m“’mq, with only
one positive report“m. The role of adiponectin is quite
controversial'"”. In addition, recent data have suggested
a potential involvement of resistin in the pathogenesis
of liver fibrosis!"™. However, these latter data await
independent confirmation. Finally, increased liver cell
apoptosis has been reported to be correlated with

1o, Hepatocyte apoptosis can be measured by
[110

steatosis
caspase activity in serum . In the presence of steatosis,
apoptosis is correlated with activation of stellate cells
and increased stage of fibrosis, in keeping with the
hypothesis that a steatotic liver is more vulnerable to
liver injury, and suggesting another mechanism of liver
disease progression in patients with fatty liver and the
metabolic syndrome'"”.

Increasing levels of IR are associated with reduced
rates of initial virological response!""" as well as
SVR in chronic hepatitis C patients treated with a
combination of pegylated IFN-a and ribavirin"*"",
This negative association has been reported not only in
patients infected with the HCV genotype AR TS
also in those with the so-called “easy-to-treat” genotypes
2 and 3", Furthermore, the negative impact of IR

on the early response to anti-HCV therapy has been
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recently confirmed among HIV-infected patientsmo]. The
molecular link between IR and lack of responsiveness
to IFN-q seems to lie in the increased levels of SOCS-3
in the liver™*", Interestingly, SOCS-3, as stated above,
is not only promoting the proteasomal degradation of
IRS-1, which leads to impaired insulin signaling and
IR™, but, together with other members of the SOCS
family, is also a negative regulator in the transduction
of the IFN-q signalingmz]. Thus, it is not too unlikely
that HCV may have developed, from the evolutionary
standpoint, the ability to activate SOCS-3 or other
members® of the SOCS family as a mechanism to
inhibit the IFN-q signaling, one of the main arms of the
host innate immune response, simultaneously impairing
the insulin signaling. This view seems to be supported
by the recent finding that HCV may also activate the
protein phosphatase 2A, again with the dual effect of
interfering with the insulin®” and IFN-g/"*’ signaling
pathways. Whether these mechanisms may be exploited
pharmacologically, i.e. with drugs aimed at reducing IR
while improving the responsiveness to IFN-q, remains
to be fully explored (see below).

PERSPECTIVES FOR CLINICAL

MANAGEMENT

The treatment of IR and T2D in chronic hepatitis C
patients has two goals, as far as the underlying liver
disease is concerned: to reduce fibrogenesis (hence
liver disease progression) and to increase the response
to IFN-based therapy. As pointed out above, it is not
known whether IR invariably increases liver fibrosis, i.e.
in the context of the metabolic syndrome or in cases
of purely virus-induced IR, without the remaining
constellation of cytokine changes that accompany the
metabolic syndrome. This distinction is important also
when antiviral therapy has to be undertaken, because
here therapy should be aimed at correcting IR based
on the underlying molecular mechanisms, which may
differ according to the viral genotype and the presence
or absence of metabolic syndrome. At present, however,
the approach that is being followed is rather empirical.

A single study“(JZJ has analyzed the biochemical and
histological consequences of a 3-mo program that
comprises body weight reduction and increased physical
activity. In 19 subjects with steatosis and chronic
hepatitis C, the weight loss was paralleled by progressive
reduction of serum alanine aminotransferase levels and
of mean fasting insulin. In patients with paired liver
biopsies, steatosis decreased, together with the fibrosis
score and the number of activated stellate cells, despite
the persistence of HCV. The authors concluded that
weight reduction may provide an important adjunct
management strategy for patients with chronic hepatitis
C"™. Lifestyle changes are the single most important
measure to reduce the incidence of T2D in those at
risk!™ and of the metabolic syndrome in patients with
IGT"!. Moteover, the metabolic syndrome may even

12 mote often than

regress following such intervention
among patients treated with metformin. Therefore,
lifestyle changes (weight reduction and increased physical
activity) should constitute the mainstay of the clinical
management of patients with chronic hepatitis C and
initial glucose metabolism derangements (IR and IGT),
with the aim of reducing their progression to overt T2D
and possibly, their impact on liver fibrogenesis.
Alternatively, insulin sensitizing agents have been
tested with the specific aim of improving the rate of
response to IFN-q-based therapy. As said above, IR
reduces the rate of response to antivirals in chronic
hepatitis C. Thus, it was suggested that IR should
be corrected in patients with chronic hepatitis C not
responding to IFN-o-based treatment, in order to
improve response upon re-treatment. The modalities of
this intervention, however, have not been established.
In addition, the optimal HOMA score to be reached
has not been identified. The preliminary data from four
independent studies"*"*
first prospective, multicenter study aimed at investigating
the efficacy and safety of the insulin sensitizer pioglitazone,
15 mg gd, added to pegylated IFN-2a, 180 g gw/ribavirin,
1000-1200 mg gd combination therapy in chronic
hepatitis C patients who were previously non-responders
to a pegylated IFN-q/ribavirin combination'*". All
patients had a baseline HOMA > 2, because this was
the threshold that discriminated responders from non-
responders in previous studies!™*""®. None of the first
five patients enrolled into the trial had a sufficient
virological response after 12 wk to warrant continuation
of the trial, which was therefore prematurely terminated.
Data from three additional trials have been presented
at the 2008 meeting of the American Association for
the Study of Liver Diseases. In an interim analysis of
one of them, 30 mg ¢d pioglitazone was given for 4 wk
as monotherapy, and then added for the first 4 wk of
standard therapy of treatment-naive, non-diabetic,
chronic hepatitis C patients. The authors showed that
the triple regimen that contained pioglitazone increased
significantly the rate of virological response after 4 wk
therapy, compared to pegylated IFN-q /ribavirin
combination alone"””. However, long-term data are

! have not been encouraging. A

awaited before any conclusion can be drawn, and some
caution is required. In fact, in another randomized,
double-blind, placebo-controlled study, adding
pioglitazone 30 mg g4 simultaneously to standard care
increased the early and end-of-treatment virological
response, but failed to increase the SVR™. Further data
are needed before insulin sensitizers can be added to the
panoply of drugs to treat hepatitis C.

Furthermore, the effects of PPAR agonists on serum
lipids and their potential consequences on the HCV life
cycle should be investigated in more detail. It is also
unclear whether the treatment with the insulin sensitizer
should be started at the same time as the antiviral
retreatment or precede it, in order to start the pegylated
IFN-o./tibavirin combination only when the HOMA

www.wjgnet.com



Negro F et a/. Hepatitis C and diabetes

1543

score has decreased to a level predictive of an increased
SVR"*"™ Tt is not clear whether the best approach is
to use a PPAR agonist (and at what dose) or a biguanide
such as metformin, whose mechanism of action is
specifically directed against the hepatic AMP-activated
protein kinase!. The final results of the TRIC-1
studylmJ show that adding metformin to pegylated
IFN-q./tibavirin combination afforded a marginal, non-
significant gain as to the SVR rate, despite an increased
rapid virological response after 4 wk of triple therapy.
Thus, further clinical trials aimed at reducing the IR
in chronic hepatitis C pia different pharmacological
interventions are warranted.

CONCLUSION

HCV and IR/T2D are associated to an extent that
cannot be merely explained by chance, which suggests
that HCV interferes directly (through one or more
of its proteins) and/or indirectly (by modulating the
production of specific cytokines, like TNF-q) with
glucose metabolism. Independently of the mechanism,
IR and T2D have important effects on the hepatitis C
progression and response to antivirals, which warrants
specific and effective measures to correct such metabolic
anomalies. Although lifestyle interventions are cettainly
indicated in patients with chronic hepatitis C and the
metabolic syndrome, in order to reduce the cardiovascular
morbidity and mortality, it remains to be fully explored
whether these measures will also have an impact on the
underlying liver disease. Insulin sensitizers are currently
being evaluated in clinical trials, but available data do
not warrant their use in all chronic hepatitis C patients
with IR, with the specific aim of increasing response to
antivirals, at least outside of clinical trials.
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