
ABSTRACT

Insulin resistance is more often seen in hepatitis C than in oth-
er liver diseases, including non-alcoholic steatohepatitis. The
Homeostasis Model for Assessment [HOMA= fasting insulin
(mUI/ml) * fasting glucose (mmol/L) / 22.5] has proved useful in
the measurement of insulin sensitivity in euglycemic patients.
Cross-sectional and case-cohort studies support a role for hepati-
tis C as a factor implied in the development of type-2 diabetes in
high-risk patients (male patients, older than 40 years, and over-
weight). In transgenic mice models the HCV core protein has
been found to induce insulin resistance via TNF production. In-
sulin resistance has been associated with steatosis development
and fibrosis progression in a genotype-dependent manner. In
genotype-1 patients, the mechanisms by which insulin resistance
promotes fibrosis progression include: a) steatosis; b) hyper-
leptinemia; c) increased TNF production; and d) impaired expres-
sion of PPARγ receptors. Indeed, insulin resistance has been
found as a common denominator to the majority of features asso-
ciated with difficult-to-treat patients. Patients with cirrhosis, obesi-
ty, coinfected with HIV, and Afro-American, all of them showed
insulin resistance. Insulin resistance strongly influences sustained
response rates, at least in genotype-1 patients. Insulin resistance
decreases during and after treatment in patients that achieved
virus C clearance. Moreover, the incidence of type-2 diabetes
seems to be lower in responders than in non-responders. In sum-
mary, hepatitis C promotes insulin resistance and insulin resis-
tance induces steatosis, fibrosis, and interferon resistance. The
treatment of insulin resistance by decreasing hyperinsulinemia
could improve sustained response rates in patients with chronic
hepatitis C treated with peginterferon plus ribavirin.
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INTRODUCTION

Insulin resistance is a major feature of the metabolic
syndrome. Resistance emerges as a consequence of the
inability of insulin to induce its effect on glucose metabo-
lism. Thus, an abnormally large amount of insulin is re-
quired to achieve a biological response. The hyperinsu-
linemic state induces several abnormalities in the liver,
endothelium, and kidneys, and is the main feature in the
metabolic syndrome. Currently, some evidence supports
a relationship between insulin resistance and hepatitis C.
Indeed, insulin resistance is more often seen in patients
with chronic hepatitis C than in weight-matched healthy
controls, and correlates with fibrosis progression. Be-
sides, virus C infection may induce insulin resistance by
blocking intracellular signaling, and lastly, insulin resis-
tance has been associated with a decreased rate of sus-
tained response to peginterferon alpha plus ribavirin in
patients with chronic hepatitis C. 

INSULIN SENSITIVITY 

Insulin, after binding its receptor, induces the phos-
phorylation of receptor substrates in the liver and mus-
cles, and induces several steps toward the transactivation
of GLUT-4, which increases glucose uptake by cells and
its storage as glycogen, and inhibits the net production of
glucose by the liver, thus blocking glycogenolysis and
neoglycogenesis. Moreover, insulin promotes lipid stor-
age by inhibiting lipolysis. When insulin is unable to in-
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duce glucose uptake, pancreatic beta-cells increase in-
sulin production and the hyperinsulinemic state prevents
hyperglycemia. Thus, insulin resistance depends on in-
sulin secretion and insulin sensitivity. The relationship
between both events is not linear but hyperbolic. Insulin
secretion increases when insulin sensitivity decreases. At
a certain level, increasing insulin secretion does no
longer improve insulin sensitivity. Thus, insulin concen-
trations are usually high early in type-2 diabetes, but have
also been seen in many subjects who are not obese or dia-
betic, but who have other metabolic syndrome compo-
nents such as hypertriglyceridemia or arterial hyperten-
sion (1). 

METHODS FOR THE MEASUREMENT OF
INSULIN RESISTANCE

The best method to measure insulin sensitivity is the
hyperinsulinemic euglycemic clamp. This method mea-
sures the quantity of glucose required to maintain normo-
glycemic levels during insulin infusion. Briefly, a perfu-
sion of 60 mU/kg/min of insulin is started, and glucose
levels are measured every 5 minutes. To avoid hypo-
glycemia, glucose (20%) was infused to maintain levels
between 90 and 100 mg/dl. Whole-body glucose uptake
(M value) depends on the glucose infused during the last
30 minutes of the test. Lower M values (lower glucose re-
quirements) are associated with insulin resistance. How-
ever, the clamp method is expensive, labor-intensive, and
uncomfortable for practical use in clinical medicine.

A simple mathematical model named Homeostasis
Model for Assessment (HOMA = fasting insulin
(mUI/ml) * fasting glucose (mmol/L)/22.5) has proved
useful in the measurement of insulin sensitivity in eug-
lycemic patients. However, this measurement is not use-
ful once blood glucose levels begin to increase, as it lacks
accuracy. Normal plasma insulin concentrations are not
standardized in healthy controls. Thus, HOMA has not
been standardized, and normality ranges in healthy peo-
ple remain unexplored. In previous reports a HOMA < 2
has been considered “completely” normal, and higher
than 4 as a pre-diabetic state. However these thresholds
are arbitrary and require further consensus. 

MECHANISMS OF INSULIN RESISTANCE IN
HEPATITIS C

Several factors have been involved in the development
of the insulin resistance syndrome. Hepatic and muscle
insulin resistance have been described. Fat storage in the
muscles may induce insulin resistance, as free fatty acids
have been found to promote the serine-residue phospho-
rylation of insulin substrate receptor-1 in myocytes, thus
inhibiting phosphatidyl inositol-3 kinase (PI3K), and to
block the translocation of GLUT-4, thus preventing glu-

cose uptake by these cells. In the liver, the serine phos-
phorylation of insulin receptor substrate-2 inhibits Akt
phosphorylation and the activity of glycogen synthase ki-
nase-3, thus preventing glycogen synthesis and promot-
ing glucose release. 

Islet adaptation by pancreatic beta cells is a compen-
sating mechanism to maintaining glucose levels, and is
responsible for hyperinsulinemia. Several factors have
been proposed as mediators in islet adaptation: glucose,
free fatty acids, autonomic nervous system, or glucagon-
like peptide 1. Although hyperglycemia may rise insulin
secretion, in patients with insulin resistance hyperinsu-
linemia persists in spite of normal blood glucose levels.
Lastly, when pancreatic islet beta cells cannot secrete in-
sulin enough to maintain glucose homeostasis, type-2 di-
abetes mellitus develops. 

The mechanisms by which hepatitis C induces an in-
creased risk for the development of diabetes are not fully
understood. Liver fibrosis has been long considered re-
sponsible for the development of insulin resistance and
type-2 diabetes in patients with chronic liver disease. Hy-
perinsulinemia in liver cirrhosis has been reported to be
due to a diminished liver insulin extraction as a result of
liver dysfunction and not pancreatic hypersecretion. C-
peptide and insulin are secreted in equimolar quantities.
More than 50% of insulin is degraded in the liver at first
pass, whereas C-peptide is degraded in the kidneys (2).
Simultaneous measurements of C-peptide and insulin re-
vealed that both insulin resistance and insulin secretion
contribute to glucose intolerance in patients with chronic
hepatitis C (3). Although insulin resistance correlated
with liver fibrosis, insulin resistance was found to be
higher in patients with chronic hepatitis C and mild fibro-
sis (F0-F1) than in healthy controls matched for age, sex,
visceral obesity, and body mass index (4). Besides, these
differences have been found using simple methods to
measure insulin resistance, such as HOMA, or more so-
phisticated methods like the euglycemic-hyperinsuline-
mic clamp (5). Moreover, insulin resistance has been
found to be higher in patients with chronic hepatitis C
than in patients with non-alcoholic steatohepatitis (6). In-
sulin resistance is considered a key factor in the patho-
physiology of NASH. Thus, hepatitis C virus induces in-
sulin resistance. In a transgenic animal model using mice
expressing the core HCV protein, insulin resistance de-
veloped, whereas it did not appear in non-transgenic
mice. Also, a fat-rich diet induces type-2 diabetes in
transgenic but not wild animals. Hepatitis C virus may in-
duce an overproduction of TNF, responsible for the phos-
phorylation of serine residues at insulin-receptor sub-
strates 1 and 2, and an enhanced production of the
suppressor of cytokines (SOC3). SOC inhibits the phos-
phorylation of Akt and phosphatidyl inositol-3 kinase
(PI3K). All these impairments in the intracellular signal-
ing of insulin may block the transactivation of GLUT-4,
preventing the uptake of glucose by cells. The role of
HCV core protein, TNF, and SOC production in the de-
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velopment of insulin resistance has been demonstrated in
animal transgenic models. In fact, in transgenic mice ex-
pressing the HCV core protein, insulin resistance appears
to result from an overproduction of TNF. However, in
transgenic animal models unable to express SOC-3, in
spite of core HCV protein expression, insulin resistance
does not develop. Indeed, in transgenic mice, TNF corre-
lates with hyperinsulinemic states, and the blockade of
TNF production by anti-TNF drugs such as infliximab
also prevents insulin resistance. Therefore, the mecha-
nism inducing insulin resistance by hepatitis C virus in-
cludes: TNF production, serine phosphorylation of IRS,
and overexpression of SOCs. Furthermore, an overpro-
duction of TNF in patients with chronic hepatitis C has
usually been found (15), and correlated with higher fibro-
sis progression and impaired antiviral response to inter-
feron alpha. TNF is a proinflammatory and profibrogenic
cytokine, and the risk for the development of insulin re-
sistance and then of DMT2 is greater in patients with
higher TNF production. Indeed, TNF levels correlated
with fasting insulin levels and insulin resistance indexes
such as HOMA, independently of liver fibrosis stage (7). 

TYPE 2 DIABETES MELLITUS AND
HEPATITIS C

The development of type-2 diabetes mellitus depends
on environmental, genetic and diet-related factors. Type-
2 diabetes mellitus is more often seen in patients with
chronic liver diseases than in the general population (8).
Data supporting an association between diabetes mellitus
and hepatitis C include: a) cross-sectional studies that
found an increased prevalence of diabetes mellitus in pa-
tients with chronic hepatitis C, or a higher prevalence of
hepatitis C in patients with diabetes mellitus; and b) case-
cohort studies to analyze the development of diabetes
mellitus during follow-up in patients with hepatitis C
against non-infected patients, including follow-up after
orthotopic liver transplantation. In a cross-sectional sur-
vey including 9,841 persons, Mehta et al. found that
HCV-positive persons who were older than 40 years had
an increased risk for type-2 diabetes mellitus, more than
3-fold when compared to persons without HCV infection.
However, no difference was seen between HBV infected
subjects and the general population (9). Diabetes mellitus
has been more often seen in cirrhotic patients (10). How-
ever, in a cohort of 45 non-cirrhotic patients with chronic
hepatitis C the prevalence of type 2 diabetes mellitus was
33%, higher than in the matched control group and in a
group of patients with chronic hepatitis B (11). Besides,
in a large retrospective study diabetes mellitus was pre-
sent in 23.6% of patients with hepatitis C, and in 9.4% of
those with hepatitis B (12). On the other hand, anti-HCV
antibodies have more often been detected in patients with
diabetes mellitus than in the general population, although
the prevalence of antibodies varies from 3 to 6-9% (13).

However, some confounding factors, including economic
status, race, and body mass index, have not always been
included in these analyses. Some data support the hy-
pothesis that in patients with a high risk for the develop-
ment of type-2 diabetes (male patients, older than 40
years, and overweight) HCV infection plays a role in the
development of diabetes mellitus during follow-up. In a
cohort of 1,084 patients followed-up for 9 years 548 cas-
es developed diabetes mellitus. The presence of hepatitis
C was associated with a greater development of diabetes,
but solely in high-risk diabetes patients (14). Besides, in
a cohort of 2,327 cases, hepatitis C infection increased
three times the rate of diabetes mellitus development dur-
ing follow-up in patients aged between 35 and 49 years
(15). Thus, HCV infection may promote type-2 diabetes
in high-risk populations. 

Recently, in a Spanish study 525 chronic hepatitis C
patients treated with peginterferon plus ribavirin were
followed up after treatment, and the incidence of im-
paired fasting glucose and development of type-2 dia-
betes was greater in non-responders than in sustained re-
sponders even after a multivariate analysis including
confounding variables such as previous type-2 diabetes
in relatives, age above 40 years, and male sex. Thus, the
hypothesis that hepatitis C virus clearance induces a de-
crease in the insulin resistance index during short-term
follow-up was confirmed by studying the incidence of
type-2 diabetes during long-term follow-up (16).  

STEATOSIS, FIBROSIS AND INSULIN
RESISTANCE

Hepatocyte-related steatosis is a common feature
found in the liver of patients with chronic hepatitis C.
The mechanisms involved in the development of steato-
sis seem to be genotype-dependent. In patients infected
by genotype 3, steatosis emerges as a cytopathic effect of
the virus itself, while with genotype 1 steatosis seems to
be an expression of metabolic syndrome. In genotype 3,
steatosis degree correlates with liver HCV quantification
and serum viral load. In genotype 1, steatosis depends on
leptin levels and insulin resistance. Recently, insulin re-
sistance has been found to be involved in the develop-
ment of steatosis in 331 non-diabetic genotype-1 patients.
Insulin resistance together with gender and gammaglu-
tamyl-transpeptidase (a surrogate marker of TNF levels)
was independently associated with moderate/severe
steatosis in this cohort (17). 

Insulin resistance and hyperinsulinemia have been
found in association with liver fibrosis in hepatitis C. In-
deed, high serum glucose levels have been found associ-
ated with an increased rate of fibrosis progression, even
greater than overweight (18). The mean insulin resistance
index increases with stage of fibrosis (19) and may help
differentiate fibrosis stages. Recently, Sud et al. (20) pro-
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posed an index to predict fibrosis containing age, choles-
terol, gammaglutamyl-transpeptidase, and alcohol con-
sumption together with insulin resistance. This index im-
proves a little the diagnosis accuracy of other tests,
including routine biochemical parameters such as
platelets or transaminases, but the accuracy was lower
than 90% and only half of patients could be correctly
classified as near one half showed intermediate scores.
The mechanisms through which insulin resistance
promotes fibrosis progression include: 1. Steatosis.
2. Hyperleptinemia. 3. Increased TNF production;
and 4. Impaired expression of PPARγ receptors. 1. Hepa-
tocyte-related steatosis induces fibrosis progression: in a
cohort of patients with chronic hepatitis C, the presence
of steatosis in the first biopsy was associated with a high-
er fibrosis progression rate, irrespective of genotypes
(21). Besides, steatosis is more often seen in patients with
advanced fibrosis (22). 2. Hyperleptinemia has been usu-
ally found in patients with insulin resistance, also hepatic
stellate cells showed specific leptin receptors, thus leptin
may play a role in the activation of HSC and fibrosis pro-
gression (23,24). 3. TNF production is enhanced in he-
patitis C and has been implicated in the development of
insulin resistance; also, TNF levels were related to fibro-
sis progression, owing to their ability to activate HSC and
promote collagen deposits. Moreover, TNF may inhibit
PPAR activity (25); and 4. In patients with hepatitis C an
impaired expression of PPARγ receptors has been found
(26). PPAR agonists inhibit inflammation and fibrosis
progression by blocking the activation of the redox-sensi-
tive transcription factor NFκB and TGFβ1 (27). 

INSULIN RESISTANCE IN HIV-HCV
COINFECTION

In HIV-infected patients insulin resistance depends on
host-, virus- and drug-related factors. Adverse metabolic
effects have been found in all antiretroviral drug classes.
Protease inhibitors (PI) and nucleoside reverse transcrip-
tase inhibitor (NRTI) induce insulin resistance during
treatment (28). Increased insulin resistance has been
found in HIV+/HCV+ coinfected patients. Factors im-
plied in the development of insulin resistance in HIV-in-
fected patients include: HCV infection, PI- and/or NRTI-
based therapy, age, HIV and cytokine dysregulation as
induced by chronic infection, and genetic predisposition
(29). Moreover, the development of type-2 diabetes mel-
litus was twice as high in coinfected patients versus those
infected with HIV but not with HCV (30). Duong et al.
(31) reported a higher HOMA in coinfected patients than
in HIV-infected cases without hepatitis C. However, in a
large study no differences were seen between coinfected
and not coinfected patients (30). In a recent study includ-
ing 127 coinfected patients who underwent antiviral ther-
apy (peginterferon plus ribavirin) and 85 hepatitis C sub-
jects, the insulin resistance index was higher in

coinfected patients in spite of a lower body mass index
and lower baseline glucose levels. Besides, in a geno-
type-dependent manner, insulin resistance was strongly
associated with steatosis development and impaired sus-
tained response rate in genotype-1 coinfected patients.
No association between insulin resistance and steatosis or
sustained response was seen in genotype-2 or -3 coinfect-
ed patients (32).

Lastly, a history of diabetes in relatives, an increased
body mass index, and HCV-infection have been found as
independent variables associated with diabetes develop-
ment in HIV patients, supporting the hypothesis that
HCV infection promotes diabetes in high-risk patients. 

INSULIN RESISTANCE AND RESPONSE TO
PEGINTERFERON PLUS RIBAVIRIN

In healthy volunteers, insulin resistance could be de-
tected after the first injection of interferon alpha (33). Be-
sides, in patients with chronic hepatitis C interferon alpha
induces insulin resistance in the first two weeks, mainly
owing to a decrease in hepatic glucose uptake (34). This
effect has been related to the proinflammatory repertoire
of cytokines induced by interferon. However it is a transi-
tory effect because insulin resistance was not found at
month three of therapy (35) or the end of therapy (36). In
patients with chronic hepatitis C receiving peginterferon
plus ribavirin insulin resistance measured by HOMA de-
creased in patients with HCV RNA clearance at month 6,
but not in non-responders. At the end of follow-up sus-
tained responders showed a significantly lower HOMA
in comparison to their baseline insulin resistance index.
However, in relapsers the HOMA index increased, and
their levels at the end of follow-up were not different
from those at baseline. These data support a connection
between HCV replication and insulin resistance, and
HOMA decreased when the virus was eradicated. In ad-
dition, the incidence of diabetes type 2 is different in
cured patients than in non-responders, supporting a better
control of insulin resistance after hepatitis C virus clear-
ance (16). 

Genotype and viral load have been found as the most
important viral factors influencing the response to pegin-
terferon plus ribavirin. Host factors include genes such as
HLA, weight, body mass index, hepatocyte steatosis, age,
Afro-American ethnicity, and fibrosis. 

Several genes and polymorphisms such as HLA-B44
have been found to be related to the possibility of curing
the disease (37). On the other hand, features of metabolic
syndrome such as overweight, steatosis, and fibrosis have
been reported as independently associated with response.
The influence of steatosis in the chance of curing hepati-
tis C has been controversial for a long time. Steatosis im-
pairs SVR rate in patients with genotype 1, but not in
those with genotype 3. Thus, the possibility of finding
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steatosis as an independent variable depends on the bal-
ance between genotypes in the cohort. In fact, in a multi-
variate analysis including steatosis together with fibrosis,
body mass index, genotype and insulin resistance, neither
steatosis nor body mass index were found independently
associated with response, but insulin resistance, genotype
and fibrosis were. In genotype 1, the sustained response
rate was 32% in patients with insulin resistance (HOMA
> 2), versus 60% in patients with a HOMA lower than 2
(38). However, in a recent cohort including 331 non-dia-
betic genotype-1 patients insulin resistance was not
found to be associated with response. Besides, in 52 pa-
tients from the UK also treated with peginterferon plus
ribavirin, the HOMA index was significantly higher in
non-responders than in patients with sustained response
(39). Thus, insulin resistance emerges as the most impor-
tant host factor in the prediction of response in non-dia-
betic patients treated with the best available option
–peginterferon plus ribavirin. Interestingly, insulin resis-
tance has been found a common denominator to the ma-
jority of features associated with difficult-to-treat pa-
tients. Patients with cirrhosis, obesity, HIV coinfection
and Afro-American showed all insulin resistance.

HYPERINSULINEMIA INDUCES INTERFERON
RESISTANCE

Peginterferons induce their antiviral activity via ex-
tracellular receptor binding. The interferon alpha signal-
ing pathway involves the activation of Janus kinase
(Jak1) and tyrosine kinase (Tyk2), initiated by the bind-
ing of peginterferon alpha-2 to the interferon het-
erodimeric receptor complex (IFNAR1/IFNAR2),
which leads to the activation of their downstream sub-
strates, signal transducers and activators of transcription
(STAT 1 and STAT2). Activated STAT then assembles
as a multimeric complex and translocates into the nucle-
us, where it binds interferon alpha-2-stimulated re-
sponse elements in the promoters of interferon alpha-2-
stimulated genes (40). Recently, in a replicon model
using Huh-7 cells transfected with full-length HCV-
RNA, interferon alpha blocked HCV replication. How-
ever, when insulin (128 µU/ml, similar to that seen in
the hyperinsulinemic state in patients with metabolic
syndrome) was added to interferon, the ability to block
HCV replication disappeared, and PKR synthesis was
abolished (41). Thus, hyperinsulinemia induces interfer-
on resistance. In this experiment, a blockage of PI3K by
LY294002 avoided the interference of insulin, support-
ing that insulin-induced interferon resistance is mediat-
ed by PI3K (Fig. 1).

In summary, hepatitis C promotes insulin resistance
and insulin resistance induces interferon resistance,
steatosis and fibrosis progression in a genotype-depen-
dent manner. With genotype 1, insulin resistance de-

creases sustained response rates and increases the risk
for steatosis and fibrosis progression in both coinfect-
ed HCV+/HIV+ and hepatitis C patients. However, the
impact of insulin resistance for genotypes other than 1
seems to be weak. The treatment of insulin resistance
–decreasing hyperinsulinemia– may improve sustained
response in genotype-1 patients with chronic hepatitis
C when treated with peginterferon plus ribavirin.
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Fig. 1.- Interaction between insulin and the peginterferon alfa 2 signa-
ling pathway. Insulin-activated phosphatidyl-inositol-3-kinase (PI3K) se-
ems to be responsible for the blocking of STAT 1 translocation, thus in-
hibiting the antiviral effect of interferon. Dotted lines represent
inhibition, continuous lines represent activation. 
Interacción entre la insulina y el peginterferón alfa 2. La fosfatidil-inosi-
tol-3-kinasa (PI3K) activada por la insulina parece ser la responsable del
bloqueo de la translocación STAT 1 evitando el efecto antiviral del in-
terferón. Las líneas discontinuas representan inhibición, las líneas conti-
nuas activación. 

09. ROMERO  25/9/06  17:12  Página 609



REFERENCES

1. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lancet
2005; 365: 1415-28.

2. Kruszynska YT, Home PD, McIntyre N. Relationship between insulin
sensitivity, insulin secretion and glucose tolerance in cirrhosis. Hepa-
tology 1991; 14: 103-11. 

3. Narita R, Abe S, Kihara Y, Akiyama T, Tabaru A, Otsuki M. Insulin
resistance and insulin secretion in chronic hepatitis C virus infection. J
Hepatol 2004; 41: 132-8. 

4. Hui JM, Sud A, Farrell GC, et al. Insulin resistance is associated with
chronic hepatitis C virus infection and fibrosis progression. Gastroen-
terology 2003; 125: 1695-704. 

5. Yazicioglu G, Isitan F, Altunbas H, et al. Insulin resistance in chronic
hepatitis C. Int J Clin Pract 2004; 58: 1020-2. 

6. Kawaguchi T, Yoshida T, Harada M, et al. Hepatitis C virus down-re-
gulates insulin receptor substrates 1 and 2 through up-regulation of
suppressor of cytokine signaling 3. Am J Pathol 2004; 165: 1499-508. 

7. Maeno T, Okumura A, Ishikawa T, et al. Mechanisms of increased in-
sulin resistance in non-cirrhotic patients with chronic hepatitis C virus
infection. J Gastroenterol Hepatol. 2003; 18: 1358-63. 

8. Zein CO, Levy C, Basu A, Zein NN. Chronic hepatitis C and type II
diabetes mellitus: a prospective cross-sectional study. Am J Gastroen-
terol 2005; 100: 48-55. 

9. Mehta SH, Brancati FL, Sulkowski MS, Strathdee SA, Szklo M, Tho-
mas DL. Prevalence of type 2 diabetes mellitus among persons with
hepatitis C virus infection in the United States. Ann Intern Med 2000;
133: 592-9. 

10. Thuluvath PJ, John PR. Association between hepatitis C, diabetes me-
llitus, and race. a case-control study. Am J Gastroenterol 2003; 98:
438-41. 

11. Knobler H, Schihmanter R, Zifroni A, Fenakel G, Schattner A. Incre-
ased risk of type 2 diabetes in noncirrhotic patients with chronic hepa-
titis C virus infection. Mayo Clin Proc 2000; 75: 355-9. 

12. Caronia S, Taylor K, Pagliaro L, et al. Further evidence for an asso-
ciation between non-insulin-dependent diabetes mellitus and chronic
hepatitis C virus infection. Hepatology 1999; 30: 1059-63. 

13. Simo R, Hernández C, Genesca J, Jardi R, Mesa J. High prevalence of
hepatitis C virus infection in diabetic patients. Diabetes Care 1996;
19: 998-1000. 

14. Mehta SH, Brancati FL, Strathdee SA, et al. Hepatitis C virus infec-
tion and incident type 2 diabetes. Hepatology 2003; 38: 50-6. 

15. Wang CS, Wang ST, Yao WJ, Chang TT, Chou P. Community-based
study of hepatitis C virus infection and type 2 diabetes: an association
affected by age and hepatitis severity status. Am J Epidemiol 2003;
158: 1154-60.

16. Romero Gómez M, Fernández-Rodríguez C, Diago M, et al. La cura-
ción de la hepatitis C reduce el riesgo de desarrollo de hiperglucemia
y diabetes mellitus tipo 2. Gastroenterol Hepatol 2006; (en prensa).

17. Cammà C, Bruno S, Di Marco V, et al. Insulin resistance is associated
with steatosis in non-diabetic patients with genotype 1 chronic hepati-
tis C. Hepatology 2006; 43: 64-71.

18. Ratziu V, Munteanu M, Charlotte F, Bonyhay L, Poynard T; LIDO
Study Group. Fibrogenic impact of high serum glucose in chronic he-
patitis C. J Hepatol 2003; 39: 1049-55.

19. Fartoux L, Poujol-Robert A, Guechot J, Wendum D, Poupon R, Ser-
faty L. Insulin resistance is a cause of steatosis and fibrosis progres-
sion in chronic hepatitis C. Gut 2005; 54: 1003-8. 

20. Sud A, Hui JM, Farrell GC, et al. Improved prediction of fibrosis in
chronic hepatitis C using measures of insulin resistance in a probabi-
lity index. Hepatology 2004; 39: 1239-47. 

21. Ratziu V, Trabut JB, Poynard T. Fat, diabetes, and liver injury in ch-
ronic hepatitis C. Curr Gastroenterol Rep 2004; 6: 22-9.

22. Romero-Gómez M, Castellano-Megias VM, Grande L, et al. Serum

leptin levels correlate with hepatic steatosis in chronic hepatitis C. Am
J Gastroenterol 2003; 98: 1135-41. 

23. Otte C, Otte JM, Strodthoff D, et al. Expression of leptin and leptin re-
ceptor during the development of liver fibrosis and cirrhosis. Exp Clin
Endocrinol Diabetes 2004; 112: 10-7. 

24. Ding X, Saxena NK, Lin S, Xu A, Srinivasan S, Anania FA. The roles
of leptin and adiponectin: a novel paradigm in dipocytokine regula-
tion of liver fibrosis and stellate cell biology. Am J Pathol 2005; 166:
1655-69. 

25. Sung CK, She H, Xiong S, Tsukamoto H. Tumor necrosis factor-alp-
ha inhibits peroxisome proliferator-activated receptor gamma activity
at a posttranslational level in hepatic stellate cells. Am J Physiol Gas-
trointest Liver Physiol 2004; 286: G722-9.

26. Dharancy S, Malapel M, Perlemuter G, et al. Impaired expression of
the peroxisome proliferator-activated receptor alpha during hepatitis
C virus infection. Gastroenterology 2005; 128: 334-42. 

27. Burgess HA, Daugherty LE, Thatcher TH, et al. PPAR gamma ago-
nists inhibit TGF-beta induced pulmonary myofibroblast differentia-
tion and collagen production: implications for therapy of lung fibrosis.
Am J Physiol Lung Cell Mol Physiol 2005; 288: L1146-53.

28. Taiwo BO. Insulin resistance, HIV infection, and anti-HIV therapies.
AIDS Read 2005; 15: 171-6, 179-80 (review).

29. Shikuma CM, Day LJ, Gerschenson M. Insulin resistance in the HIV-
infected population: the potential role of mitochondrial dysfunction.
Curr Drug Targets Infect Disord 2005; 5: 255-62.

30. Visnegarwala F, Chen L, Raghavan S, Tedaldi E. Prevalence of diabe-
tes mellitus and dyslipidemia among antiretroviral naïve patients co-
infected with hepatitis C virus (HCV) and HIV-1 compared to patients
without co-infection. J Infect 2005; 50: 331-7. 

31. Duong M, Petit JM, Piroth L, et al. Association between insulin resis-
tance and hepatitis C virus chronic infection in HIV-hepatitis C virus-
coinfected patients undergoing antiretroviral therapy. J Acquir Immu-
ne Defic Syndr 2001; 27: 245-50. 

32. Romero Gómez M, Solà R, Tural C, et al. La resistencia a la insulina
disminuye la respuesta sostenida a interferón pegilado más ribavirina
en pacientes coinfectados VIH/VHC. Gastroenterol Hepatol 2006 (en
prensa).

33. Koivisto VA, Pelkonen R, Cantell K. Effect of interferon on glucose
tolerance and insulin sensitivity. Diabetes 1989; 38: 641-7. 

34. Imano E, Kanda T, Ishigami Y, et al. Interferon induces insulin resis-
tance in patients with chronic active hepatitis C. J Hepatol 1998; 28:
189-93. 

35. Ito Y, Takeda N, Ishimori M, Akai A, Miura K, Yasuda K. Effects of
long-term interferon-alpha treatment on glucose tolerance in patients
with chronic hepatitis C. J Hepatol 1999; 31: 215-20. 

36. Tai TY, Lu JY, Chen CL, et al. Interferon-alpha reduces insulin resis-
tance and beta-cell secretion in responders among patients with chro-
nic hepatitis B and C. J Endocrinol 2003; 178: 457-65. 

37. Romero-Gómez M, González-Escribano MF, Torres B, et al. HLA
class I B44 is associated with sustained response to interferon + riba-
virin therapy in patients with chronic hepatitis C. Am J Gastroenterol
2003; 98: 1621-6. 

38. Romero-Gómez M, Viloria MM, Andrade RJ, et al. Insulin resistance
impairs sustained response rate to peginterferon plus ribavirin in chro-
nic hepatitis C patients. Gastroenterology 2005; 128: 636-41. 

39. D'Souza R, Sabin CA, Foster GR. Insulin resistance plays a signifi-
cant role in liver fibrosis in chronic hepatitis C and in the response to
antiviral therapy. Am J Gastroenterol 2005; 100: 1509-15. 

40. Grace MJ, Cutler D. Pegylating IFNs at His-34 improves the in vitro
anti-viral activity through the JAK/STAT pathway. Antiviral Chem
Chem 2004; 15: 287-97.

41. Sanyal AJ, Chand N, Comar K, Mirshahi F. Hyperinsulinemia block
the inhibition of HCV replication by interferon: A potential mecha-
nism for failure of interferon therapy in subjects with HCV and
NASH. Hepatology 2004; 40: 179A.

610 M. ROMERO GÓMEZ REV ESP ENFERM DIG (Madrid)

REV ESP ENFERM DIG 2006; 98(8): 605-615

09. ROMERO  25/9/06  17:12  Página 610



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


