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Original abstract

Background & aims. Chronic hepatitis C is as-
sociated with an increased prevalence of insulin re-
sistance, which might result from liver disease,
metabolic factors, or the hepatitis C virus (HCV)
itself. The effect of antiviral treatment on insulin
sensitivity is not well known. We evaluated chan-
ges in insulin resistance and weight in patients
with hepatitis C during and after peginterferon and
ribavirin therapy. Methods. Virahep-C was a pros-
pective, multi-center study of a 48-week course of
combination antiviral therapy in patients infected
with HCV genotype 1. Insulin resistance was esti-
mated by the homeostasis model assessment index
(HOMA2-IR) based on fasting glucose and insulin
levels. Results. Among 341 patients, 40% had in-
sulin resistance (HOMA2-IR > 2.0). The presence
of insulin resistance was associated with increa-
sing age, body mass index, (BMI) and fibrosis sta-
ge. Among patients with insulin resistance at the
start of the trial, median decreases in HOMA2-IR
values during treatment were 0.74 at 24 weeks and
0.89 at 48 weeks, whereas BMI decreased by 1.2
and 2.2 kg/m2 at the same timepoints (P < 0.001

for all). At follow-up, HOMA2-IR and BMI levels
returned toward baseline values in patients that
did not respond or relapsed, but HOMA2IR values
remained significantly lower in patients with sus-
tained virological response (SVR) (P < 0.001), des-
pite increases in BMI. Conclusions. In patients
with HCV genotype 1 infections, therapy with peg-
interferon and ribavirin is associated with decrea-
ses in body weight and insulin resistance. Among
patients with insulin resistance before treatment,
resolution of HCV infection results in sustained im-
provements in the homeostasis model assessment
index, so HCV could have a direct role in the patho-
genesis of insulin resistance.
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Abstract published under permission of Elsevier,
2011.

Comment:

There is a complex and bidirectional interaction
between hepatitis C virus infection and insulin sensi-
tivity.1 Hepatitis C core protein promotes degrada-
tion of insulin receptor substrate-1 and induces
insulin resistance. Increased insulin resistance index
was associated with reduced rapid virological respon-
se2,3 and sustained virological response rates in pa-
tients treated with pegylated interferon and
ribavirin.3-5 Moreover, hepatitis C clearance was re-
lated to improved insulin sensitivity, decreased diabe-
tes mellitus and glucose abnormalities development
during follow-up and improved insulin receptor subs-
trate-1 and 2 expression in hepatocytes, providing
strong evidence for a causal relationship between he-
patitis C and glucose abnormalities.4,6-8 This associa-
tion is also potentially imperative as it may influence
decision-making about which hepatitis C patients
have to be treated based on considerations other than
the severity of liver disease alone. Indeed, accumula-
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ting evidences are warning from the hepatic expres-
sion of the metabolic syndrome and insulin resistan-
ce, recently called “diabetic hepatopathy”.9

The study by Conjeevaram, et al.,10 addressed the
effect of hepatitis C virus eradication on insulin re-
sistance index. In a large cohort of 341 patients in-
fected with genotype 1, peginterferon plus ribavirin
therapy was associated with falling body weight and
HOMA-IR, and these changes were more evident in
patients with pre-existing insulin resistance before
treatment. Resolution of hepatitis C infection resul-
ted in sustained improvement in the HOMA-IR. Our
group,4 in a cohort of 50 patients with chronic hepa-
titis C treated with pegylated interferon/ribavirin
combination, HOMA1-IR was measured at the start,
at 24 weeks of therapy and at 24 week follow-up af-
ter stopping therapy. We showed no improvement
in HOMA values among non-responders and al-
though HOMA index decreased in the responder
group at 24 weeks, at 24 week follow-up the values
returned to baseline among the relapser group, whe-
reas in patients who achieved SVR, mean HOMA va-
lue was significantly lower compared to baseline. In
89 Japanese patients eradication of hepatitis C led
to improvement of HOMA scores and intrahepatic
expression of IRS-1 and IRS-2.6 Similar results in
HOMA score changes were reported in a separate
cohort including 181 genotype 4 patients.7 Thus,
this study including the largest cohort confirmed
previous results. Moreover, the study confirmed
that baseline insulin resistance was associated with
body mass index, triglycerides, fibrosis and steatosis
and the sole factor associated with HOMA decline
during and after therapy was baseline HOMA index
demonstrating the higher HOMA the better decline,
supporting the idea that the impact of HOMA on he-
patitis C clearance was more evident in difficult to
treat cohorts.11 Interestingly, 55% of patients re-
ached normal insulin sensitivity between sustained
responders at the end-of-follow-up, quite similar to
the percentage of patients receiving peginterferon
plus ribavirin and metformin12 at week 24 of therapy
suggesting that in more than a half of patients insu-
lin resistance was strongly related to hepatitis C.

A interesting point was the author’s choice to use
HOMA2-IR model for assessment of IR, instead of
the widely used model HOMA1-IR. In the light
of these complex interplay relationship between in-
sulin resistance and hepatitis C, the methods of
measurement of insulin sensitivity gained more fo-
cus. Insulin resistance can be evaluated either by di-
rect measurement of insulin-mediated glucose
uptake (IMGU) or, alternatively, by surrogate esti-

mation of IR. In the view of that, direct method is te-
chnically challenging.13 Focus has been directed on
the simple and accessible measurement method for
the evaluation of insulin sensitivity. To date,
HOMA-IR has been the widely used model. HOMA is
one of a family of “paradigm models”. This model is
a structural computer model of the glucose insulin
feedback system in the homeostatic state. The model
consists of a number of nonlinear empirical equatio-
ns describing the functions of organs and tissues
involved in glucose regulation. HOMA1-IR was the
first developed in 1985 by Matthews, et al.,14

HOMA1-IR = (glucose x insulin)/22.5. While;
HOMA2IR is the correctly solved computer model,15

has a nonlinear solution. This updated version of
the HOMA model accounts for variations in hepatic
and peripheral glucose resistance, the insulin secre-
tion curve has been modified to allow for an increa-
se in insulin secretion in response to a plasma
glucose concentration of > 10 mmol/l (180 mg/dL).16

This version incorporates an estimate of proinsulin
secretion into the model and thus allows the use of
either total (radioimmunoassay [RIA]) or specific
insulin assays. Renal glucose losses have also been
included in the model, thus allowing its use in hyper-
glycemic subjects.18 However, HOMA2IR still has the
inconvenience that only a specific range of values are
acceptable for calculation. In clinical practice, this li-
mitation makes difficult the management of insulin re-
sults outside the limits and the need for a computer to
run the program.17 HOMA2-IR was calculated using
the computer-based solution of the model provided by
the Diabetes Trials Unit, Oxford Center for Diabetes,
Endocrinology and Metabolism found at the website:
(http://www.dtu.ox.ac.uk/index.php?maindoc=/homa/
history.php). Up to date, there are no current clinical
guidelines can answer many of the important concer-
ns: the accurate method for assessment of insulin re-
sistance, the optimal cut-off and the method of
interpretation of HOMA, in the view of its complex in-
terplay with many factors. Although theoretically the
performance of HOMA2-IR seems to be better than
the original one HOMA1-IR, the available data from the
clinical studies failed to find that. In a Brazilian stu-
dy, the HOMA1-IR showed an area under the recei-
ver operating curve (AUC) higher than the area
verified for the HOMA2-IR computer model, as dis-
criminators of metabolic syndrome, but this differen-
ce did yielded statistical significance.18 In another
study, HOMA1 and HOMA-2 measures identified si-
milar patterns of increasing IR in the both older and
younger people.19 Two recent studies confir-
med HOMA1 and HOMA-2 were significantly asso-
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ciated with metabolic syndrome (odds ratio 5.7 and
4.2, respectively),20 and ROC curve for diagnosis of
the metabolic syndrome showed that AUC for the
HOMA1 and 2 methods were 0.741 and 0.680, res-
pectively.21 Lastly, Conjeevaram et al used a cutoff
value (> 2) for identifying insulin resistance, which
is the same cutoff value used with HOMA1-IR. Al-
though, there are no established reference values for
assessing IR, using HOMA2-IR, the limited available
data in the literature referee to that the cut-off value
to detect impaired insulin sensitivity using HOMA2-
IR is lower than that of HOMA1-IR and cutoff value
has ranged from 1.4 to 1.8.20-22

This study opens future challenges. It is still unk-
nown whether insulin resistance in hepatitis C set-
ting invariably induces its deleterious effect
metabolic syndrome-mediated only or it may be indu-
ced due to purely virus-induced insulin resistance,
without the remaining constellation of cytokine
changes that accompany the metabolic syndrome.
This distinction may be especially crucial when anti-
viral therapy has to be undertaken; because here
therapy should be aimed at correcting insulin resis-
tance may need to be tolerated according to the un-
derlying molecular mechanisms, which may differ
according to the viral genotype and the presence or
absence of metabolic syndrome.

In summary, this study adds evidence to the role
of hepatitis C on insulin resistance and how curing
hepatitis C insulin sensitivity improves. This bidi-
rectional correlation between hepatitis C and insu-
lin resistance, metabolic syndrome and type 2
diabetes remain a major concern and attract our at-
tention to this evolving challenge.22
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