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ABSTRACT

Aims: Non-alcoholic fatty liver disease (NAFLD) is a prevalent metabolic disorder both in
industrialized and developing countries that makes a large health and financial burden to the
patients and the society. In the current article, we review the existing literature to find evidence for
interactions between these two conditions.

Methodology: A comprehensive review of the literature has been performed to find associations
between HCV infection and NAFLD disease, Pubmed database was our primary search source,
and then related citations were found through Google Scholar search.

Discussion and Conclusion: The literature suggest that in NAFLD patients with HCV, attention
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our data.

should be paid not only to optimize the antiviral response but also to screen for and treatment of
the various components of the metabolic syndrome. Prospective studies are needed for confirming

Keywords: Hepatitis C virus; HCV; metabolic disorders; non-alcoholic fatty liver disease; NAFLD.

1. INTRODUCTION

Hepatitis C Virus (HCV) infection is a major
cause of chronic liver disease with an estimated
number of 200 million people infected worldwide.
The severity of the HCV infection-associated liver
diseasevaries largely from nonspecific, minimal
inflammatory  changes to cirrhosis and
hepatocellular carcinoma [1]. The behavior of
chronic HCV infection also depends on many
factors, mostly host-related, such as age,
gender, alcohol consumption, weight, diabetes
mellitus status, and existence of other infections
[2,3]. Steatosis, usually defined as an increased
fat content of the liver, has been observed in
several conditions associated with hepatic injury,
and is the hallmark of non-alcoholic fatty liver
disease (NAFLD), where liver fat accumulation
develops as a result of increased free fatty acid
influx from adipocytes and de novo hepatic
triglyceride synthesis [4].

Representing a wide spectrum of liver injury
ranging from simple steatosis to Non-alcoholic
Steatohepatitis (NASH), NAFLD is the most
frequently diagnosed chronic liver disease in all
age categories [5,6]. Research indicates strong
association between NAFLD and HCV infection.
The main mechanisms through which HCV
infection can lead to NAFLD have been
suggested to be either metabolic or viral. NAFLD
and its components have been mostly observed
in patients infected with genotypes 1 & 2 HCV
and less in other genotypes [7,8]. Moreover,
chronic infection by other virus genotypes seems
to affect liver steatosis through different routes
[9]. On the other hand, metabolic factors,
especially insulin resistance and diabetes
mellitus are both associated with HCV infection
and NAFLD [10,11]. In the current article, we
review the existing literature on aspects of
associations of HCV infection and NAFLD.

2. METHODOLOGY OF
SEARCH

LITERATURE

We searched the literature using Pubmed. Terms
having been used for the search included, “non-
alcoholic fatty liver disease”, “NAFLD”, “hepatitis

LIS

C virus”, “HCV”, “metabolic syndrome”, “insulin

” o«

resistance”, “pegilated interferon ao” “PEG-IFN”,
“ribavirin®, “sustained viral response” ‘“viral
response”, “SVR”, “steatosis”, “fatty change”,
“adverse effect”, “body mass index”, and “BMI”.
Different combinations of the abovementioned
terms have been used for the search. When
studies very related to our subject were finding,
we tried to find their citations, in an attempt to

more directly search the literature.
3. LITERATURE REVIEW

3.1 How HCV Affects NAFLD: HCV and
Fat Accumulation in the Liver?

HCV infection often ends with chronic liver
disease which is associated with a wide range of
hepatic pathologies. Fatty change is one of these
pathologies that affect livers of HCV infected
patients. The prevalence of steatosis in patients
with chronic HCV has been reported up to 80%
[12] when there are other risk factors including
alcohol consumption, obesity and so on, and up
to 40%, when all other risk factors are excluded,
which are quite higher than that for other liver
pathologies [13,14]. On the other hand, the
degree of steatosis is directly correlated with the
HCV replication level confirmed by analysis of
sera or liver specimens of the patients [15-17].
These undoubtedly confirm causative effects of
HCV on steatosis.

The rationale behind HCV-associated hepatic
damage includes several mechanisms with
disturbances in lipid metabolisms as the leading.
Three major levels of lipid metabolisms have
been suggested to be affected by HCV:
Secretion, synthesis, and degradation [18].
These lipid disturbances have been
recommended as the main factors of steatosis
development in HCV infection. Nonetheless,
other factors including HCV-induced metabolic
syndrome have also been implicated as
significant factors [19]. In molecular levels,
Shlomai et al. [20] have suggested that the
metabolic regulator peroxisome proliferator-
activated receptor-gamma co-activator 1a is
strongly induced following HCV infection,
resulting in an upregulated gluconeogenic
response; This observation provides evidence for
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a linkage between HCV infection and hepatic
insulin resistance. In cellular level, HCV infection
has been suggested to induce organelle
dysfunction which leads to the development of
NAFLD [21]. In HCV infected patients who don'’t
drink alcohol, being overweight even minimally
(BMI>25 kg/m®) has been suggested as an
independent risk factor for development of fatty
liver [14,16,22].

3.2How HCV Affects NAFLD: HCV
Genotypes and NAFLD Disease?

Evidence for correlations between HCV infection
and steatosis is most highlighted when the
patients is infected with the genotype 3 HCV

infection [23,24]. For example, successful
antiviral treatment of patients infected with
genotype 3 HCV is strongly correlated with
improvements in liver steatosis, while this

association is less prominent in other HCV
genotypes [9,22]. Authors have also suggested
that genotype 3 HCV more significantly induces
accumulation of triglycerides in hepatocytes [18].
Associations between host and metabolic factors
and steatosis in HCV infected patiens have also
been suggested to be HCV genotype-related.
BMI and hepatic fat accumulation have been
more prominent in genotype 3 HCV infection,
while in genotype 1, fat distribution especially
visceral obesity, is the dominant factor in the
steatosis development [16,25]. Nevertheless,
according to the abovementioned issues, one
should not assume that there is a clear
distinction in the pathogenesis of infection-
related steatosis and different HCV genotypes,
because all the mentioned factors more or less
interfere in disease processes associated with
any of the HCV genotypes.

3.3How NAFLD Affects HCV Disease
Course?

HCV infection and NAFLD are common entities
that can have synergistic effects on the liver.
Fatty changes are frequently observed in HCV
infected liver and seem to have a considerable
impact on the natural history of the chronic HCV
infection. It has been demonstrated that insulin
resistance is associated with a lower sustain viral
response (SVR) rate; Moreover, SVR is also
correlated with reductions in insulin resistance
[26-28]. This association is such strong that
authors have suggested insulin sensitizers and
anti-metabolic syndrome treatment to achieve
higher levels of viral response to treatment
[3,29]. Kawaguchi et al. put their HCV infected

patients on a 6 months period of treatment with
IFN-a based treatment. They found that patients
experiencing SVR represent  significant
decreases in their homeostatic  model
assessment (HOMA) values following treatment,
an indicator of reduced insulin resistance, while
HOMA was unchanged in non-responders.
Grasso et al. [30], Evaluating factors associated
with viral response to treatment in HCV genotype
1 infected patients found that HOMA is the
strongest factor independently associated with a
viral response in multivariable logistic regression.
A meta-analysis by Eslam et al. [31] Also showed
that HOMA, as a surrogate marker of insulin
resistance, was inversely associated with
antiviral response in HCV infected patients
receiving pegylated interferon (PEG-IFN)-a plus
ribavirin treatment. The same findings were
found for insulin resistance and HCV in another
Meta analysis by Deltenre et al. [32]. Romero-
Gomez et al. [26] studied the effects of host
factors on SVR in HCV infected receiving PEG-
IFN plus ribavirin. They found that SVR was
correlated with insulin resistance, BMI, serum
leptin levels, age and levels of g-glutamyl
transpeptidase. HCV genotype 1 represented a
significant reduced SVR rate with increasing
insulin resistance. Similar results have been
reported by Conjeevaram et al. [27] Where they
demonstrated that insulin resistance was
independently associated with a lower rate of
HCV clearance; However, they failed to find such
a relationship for steatosis. On the other hand,
SVR appears to improve insulin resistance, too
[28].

3.4 How NAFLD and Metabolic Factors
Affect Hepatitis C Virus Treatment?

The simultaneous presence of liver steatosis and
HCV infection has deleterious effects on the
response rate of IFN-a—-based therapy for HCV.
Data suggests a reduction in SVR rates of
combination IFN-a and ribavirin therapy in HCV
infected patients when they have steatosis
greater than 30% [33]. Moreover, multivariate
analyses have also shown an independent role
for hepatic steatosis in reducing viral response
rates in HCV infection [34]. In a multicenter
randomized study by Westin et al. [35] Patients
with steatosis represented lower response to
antiviral treatment than those without liver
steatosis. Poynard and colleagues also found a
significant difference in SVR rates regarding liver
steatosis status of patients [22].

1398



Ghamar-Chehreh et al.; BIMMR, 5(11): 1396-1402, 2015; Article no.BJMMR.2015.157

As mentioned before, both hepatic steatosis and
obesity are independent risk factors for reduced
viral clearance rates in HCV infected patients,
which can be attributed to insulin resistance as
the unifying factor at the root of those conditions.
The specific mechanism through which these
interactions occur has not been clearly
understood. It has been proposed that
bioavailabilty of IFN-alpha is reduced in obese
patients with HCV. Giannini et al. [36] suggested
that lipid droplets which forms due to
accumulation of fat in hepatocytes, act as a
physical barrier between the virus and treatment
drugs, and effectively prevents bioavailability of
the drug. Due to the comparative poor lymphatic
circulation in obese individuals, this effect can
also limit the serum levels of PEG-IFN-a and
leads to a reduction in SVR rate [37]. Disruptions
in the IFN-a signaling pathway in obese
individuals provides another explanation for this
observation. Obese patients are found to have
increased messenger RNA expression of SOC-3,
which inhibits insulin signaling and IFN-a
expression, leading to lower SVR rates in
treatment nonresponders [38].

3.5 How Antiviral Treatment Affects
Metabolic Factors?

Since 1986 through which interferon has been
introduced as an effective agent in the
management of non-A non-B hepatitis [39], this
agent became the cornerstone of controlling this
infection. Soon after, PEG-IFN and ribavirin have
become the standard treatment protocol for HCV
infection. Despite the recent progressions in the
development of newly introduced potent agents,
especially HCV protease inhibitors, these two
drugs remain the backbone of the therapeutic
regimens for HCV infection. However, these
drugs, despite their beneficial effects, have their
own problems which can adversely affect
patients’ health.

Several authors have investigated adverse
effects of PEG-IFN and ribavirin in their patient
populations. A mild increase in serum
transaminase levels has been reported in HCV
patients treated with PEG-IFN and ribavirin [40].
The rationale behind this elevation can be either
ongoing viral activity in non-responders, or even
a good virological response due to an
immunemodulating effect of interferon in patients
with more significant raise [40]. On the other
hand, some authors have reported a
simultaneous development of viral response and
decrease in serum transaminases suggestive of

a significant correlation between viral response
and serum ALT levels during the first 4 weeks of
treatment [41]. Kim et al [42], retrospectively
analyzed data of 168 patients undergoing PEG-
IFN and ribavirin therapy found that a decrease
in serum ALT levels is independently associated
with achieving SVR. On the other hand, it has
also been observed that long-term therapy with
PEG-IFN and ribavirin is associated with a late
increase in the mentioned serum biochemical
factors, suggesting accumulation of polyethylene
glycol in the hepatocytes is the accountable [43].
It has also been demonstrated that PEG-IFN
therapy can affect the immune system and
induce autoimmune diseases including type 1
diabetes mellitus [44,45]. Moreover, compared to
the general population, HCV infected persons
untreated with PEG-IFN and ribavirin, have
higher total cholesterol (TC), low-density
lipoprotein (LDL-C), and triglyceride (TG) levels
[46]; However, treatment with PEG-IFN and
ribavirin appears to result in increased lipid levels
in HCV-infected patients who achieve SVR, but
not in those who do not [47-48]. PEG-IFN plus
ribavirin therapy has also been associated with
an improvement in pancreatic B-cell function
measured by HOMA-IR. This effect was most
prominent when the patient well responds to the
antiviral therapy [49]. Moreover, another study
showed that rosuvastatin reduces non-alcoholic
fatty liver disease in patients with chronic
hepatitis C treated with a-interferon and ribavirin.

4. CONCLUSION

Hepatitis C virus, NAFLD and metabolic
abnormalities including the insulin resistance
obesity and particularly high BMI levels have
interactions with each other and can be
concomitantly observed in the same patient. On
the other hand, pharmacotherapy for each of the
abovementioned factors can directly or adversely
affect other factors. For example, PEG-IFN
therapy in HCV infected patients can result in
metabolic disorders and insulin resistance which
themselves have confirmed effects on viral
response in HCV infected patients. On the other
hand, insulin sensitizing agents as well as
treatment of metabolic disorders improves HCV
response to antiviral therapy. All these data
suggests that attention should be paid not only to
optimize the antiviral response but also to screen
and treatment of the various components of the
metabolic syndrome. These mean that besides
caring for obesity and insulin resistance,
physicians should take care of the waist
circumference, elevated triglycerides, reduced
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HDL-C, elevated blood pressure and elevated
fasting glucose, since these factors can also
directly or indirectly influence the main interfering
factors. Controlling all these factors not only
improve treatment of HCV infection and
associated liver injuries, including the NAFLD, it
will also have several other beneficial effects
including lowering the risk of cancers and
cardiovascular diseases which has the potential
both to improve the quality and duration of our
patients’ lives.

CONSENT

This is a unanimous retrospective report of our
series and a literature review, and we belive it
does not need to get informed consent from the
patients.

ETHICAL APPROVAL

All authors hereby declare that all experiments
have been examined and approved by the
appropriate ethics committee and have therefore
been performed in accordance with the ethical
standards laid down in the 1964 Declaration of
Helsinki.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Shepard CW, Finelli L, Alter MJ. Global
epidemiology of hepatitis C virus infection.
Lancet Infect Dis. 2005;5(9):558-67.

2. Alberti A, Vario A, Ferrari A, Pistis R.
Review article: Chronic hepatitis C--natural
history and cofactors. Aliment Pharmacol
Ther. 2005;22 Suppl 2:74-78.

3. Bellentani S, Pozzato G, Saccoccio G,
Crovatto M, Croce LS, Mazzoran L, et al.
Clinical course and risk factors of hepatitis
C virus related liver disease in the general
population: report from the Dionysos study.
Gut. 1999;44(6):874-80.

4. Bugianesi E, Mc Cullough AJ, Marchesini
G. Insulin resistance: a metabolic pathway

to chronic liver disease. Hepatology.
2005;42:987-1000.

5. Khedmat H, Taheri S. Non-alcoholic
steatohepatitis: An update in

pathophysiology, diagnosis and therapy.
Hepat Mon. 2011;11(2):74-85.

BJMMR, 5(11): 1396-1402, 2015; Article no.BJMMR.2015.157

6. Negro F. Hepatitis C virus and liver
steatosis: Is it the virus? Yes it is, but not
always. Hepatology. 2002;36:1050-1052.

7. Camma C, Bruno S, Di Marco V, Di Bona
D, Rumi M, Vinci M, et al. Insulin
resistance is associated with steatosis in
nondiabetic patients with genotype 1
chronic hepatitis C. Hepatology.
2006;43:64-71.

8. Kumar D, Farrell GC, Fung C, George J.
Hepatitis C virus genotype 3 is cytopathic
to hepatocytes: Reversal of hepatic
steatosis after sustained therapeutic
response. Hepatology 2002;36:1266-1272.

9. Alavian SM, Taheri S. Inauspicious
contribution of hepatitis C virus and
diabetes mellitus targeting kidneys: An
update. Iran J Kidney Dis. 2012;6(4):236-
54.

10. Ali R, Cusi K. New diagnostic and
treatment approaches in non-alcoholic fatty
liver disease (NAFLD). Ann Med.
2009;41(4):265-78.

11. Asselah T, Rubbia-Brandt L, Marcellin P,
Negro F. Steatosis in chronic hepatitis C:
Why does it really matter? Gut
2006;55:123-130.

12. Czaja AJ, Carpenter HA, Santrach PJ,
Moore SB. Host- and disease-specifi ¢
factors affecting steatosis in chronic
hepatitis C. J Hepatol. 1998;29:198-206.

13.  Thomopoulos KC, Arvaniti V, Tsamantas
AC, Dimitropoulou D, Gogos CA, Siagris
D, et al. Prevalence of liver steatosis in
patients with chronic hepatitis B: A study of
associated factors and of relationship with
fibrosis. Eur J Gastroenterol Hepatol.
2006;18:233-237.

14. Rubbia-Brandt L, Quadri R, Abid K, Giostra
E, Male PJ, Mentha G, et al. Hepatocyte
steatosis is a cytopathic effect of hepatitis
C virus genotype 3. J Hepatol
2000;33:106-115.

15. Adinolfi LE, Gambardella M, Andreana A,
Tripodi MF, Utili R, Ruggiero G. Steatosis
accelerates the progression of liver
damage of chronic hepatitis C patients and
correlates with specifi c HCV genotype and
visceral obesity. Hepatology. 2001;33:
1358-1364.

16. Fujie H, Yotsuyanagi H, Moriya K, Shintani
Y, Tsutsumi T, Takayama T, et al.
Steatosis and intrahepatic hepatitis C virus
in chronic hepatitis. J Med Virol.
1999;59:141-145.

17.  Negro F. Mechanisms and significance of
liver steatosis in hepatitis C virus infection.

1400



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ghamar-Chehreh et al.; BIMMR, 5(11): 1396-1402, 2015; Article no.BJMMR.2015.157

World J Gastroenterol. 2006;12(42):6756-
65.

Negro F. HCV infection and metabolic
syndrome: Which is the chicken and
which is the egg? Gastroenterology.
2012;142(6):1288-92.

Shlomai A, Rechtman MM, Burdelova EO,
Zilberberg A, Hoffman S, Solar |, et al. The
metabolic regulator PGC-1a links hepatitis
C virus infection to hepatic insulin
resistance. J Hepatol. 2012;57(4):867-73.
Pattullo V, Douglas MW, George J.
Organelle dysfunction in hepatitis C virus-
associated steatosis: Anything to learn
from nonalcoholic steatohepatitis? Expert
Rev Gastroenterol Hepatol. 2011;5(2):265-
77.

Poynard T, Ratziu V, Mc Hutchison J,
Manns M, Goodman Z, Zeuzem S, et al.
Effect of treatment with peginterferon or
interferon alfa-2b and ribavirin on steatosis
in patients infected with hepatitis C.
Hepatology. 2003;38:75-85.

Mihm S, Fayyazi A, Hartmann H,
Ramadori G. Analysis of histopathological
manifestations of chronic hepatitis C virus
infection with respect to virus genotype.
Hepatology. 1997;25:735-739.

Hui JM, Kench J, Farrell GC, Lin R,
Samarasinghe D, Liddle C, et al
Genotype-specific mechanisms for hepatic
steatosis in chronic hepatitis C infection. J
Gastroenterol Hepatol. 2002;17:873-881.
Monto A, Alonzo J, Watson JJ, Grunfeld C,
Wright TL. Steatosis in chronic hepatitis C:
Relative contributions of obesity, diabetes
mellitus and  alcohol. Hepatology.
2002;36:729-736.

Romero-Gémez M, Del Mar Viloria M,
Andrade RJ, Salmerén J, Diago M,
Fernandez-Rodriguez CM, et al. Insulin
resistance impairs sustained response rate
to peginterferon plus ribavirin in chronic
hepatitis C patients. Gastroenterology.
2005;128(3):636-41.

Conjeevaram HS, Kleiner DE, Everhart JE,
Hoofnagle JH, Zacks S, Afdhal NH, et al.
Race, insulin resistance and hepatic
steatosis in  chronic hepatitis  C.
Hepatology. 2007;45(1):80-7.

Kawaguchi T, Ide T, Taniguchi E, Hirano
E, ltou M, Sumie S, et al. Clearance of
HCV improves insulin resistance, beta-cell
function, and hepatic expression of insulin
receptor substrate 1 and 2. Am J
Gastroenterol. 2007;102(3):570-6.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

1401

Harrison SA. Insulin resistance among
patients with chronic hepatitis C: Etiology
and impact on  treatment. Clin
Gastroenterol Hepatol. 2008;6(8):864-76.

Grasso A, Malfatti F, De Leo P, Martines
H, Fabris P, Toscanini F, et al. Insulin

resistance predicts rapid virological
response in non-diabetic, non-cirrhotic
genotype 1 HCV patients treated with

peginterferon alpha-2b plus ribavirin. J
Hepatol. 2009;51(6):984-90.

Eslam M, Aparcero R, Kawaguchi T, Del
Campo JA, Sata M, Khattab MA, et al.
Meta-analysis: Insulin resistance and
sustained virological response in hepatitis
C. Aliment Pharmacol Ther.
2011;34(3):297-305. Doi: 10.1111/j.1365-
2036.2011.04716.x.

Deltenre P, Louvet A, Lemoine M, Mourad
A, Fartoux L, Moreno C, et al. Impact of
insulin resistance on sustained response in
HCV  patients treated with pegylated
interferon and ribavirin: A meta-analysis. J
Hepatol. 2011;55(6):1187-94.

Harrison SA, Brunt EM, Qazi RA, Oliver
DA, Neuschwander-Tetri BA, Di Bisceglie
AM, et al. Effect of significant histologic
steatosis or steatohepatitis on response to
antiviral therapy in patients with chronic
hepatitis C. Clin Gastroenterol Hepatol.
2005;3(6):604-9.

Patton HM, Patel K, Behling C, Bylund D,
Blatt LM, Vallée M, Heaton S, Conrad A,
Pockros PJ, McHutchison JG. The impact
of steatosis on disease progression and
early and sustained treatment response in
chronic hepatitis C patients. J Hepatol.
2004;40(3):484-90.

Westin J, Lagging M, Dhillon AP, Norkrans
G, Romero Al, Pawlotsky JM, et al. Impact
of hepatic steatosis on viral kinetics and
treatment  outcome  during  antiviral
treatment of chronic HCV infection. J Viral
Hepat. 2007;14(1):29-35.

Giannini E, Ceppa P, Testa R. Steatosis in
chronic hepatitis C: Can weight reduction
improve therapeutic efficacy? J Hepatol.
2001;35:432-433.

Banerjee D, Wiliams EV, llott J,
Monypenny |J, Webster DJ. Obesity
predisposes to increased drainage
following axillary node clearance: A
prospective audit. Ann R Coll Surg Engl.
2001;83:268-271.

Walsh MJ, Jonsson JR, Richardson MM,
Lipka GM, Purdie DM, Clouston AD, et al.
Non-response to antiviral therapy is



38.

39.

40.

41.

42.

43.

Ghamar-Chehreh et al.; BIMMR, 5(11): 1396-1402, 2015; Article no.BJMMR.2015.157

associated with obesity and increased
hepatic expression of suppressor of
cytokine signalling 3 (SOCS-3) in patients
with chronic hepatitis C, viral genotype 1.
Gut. 2006;55(4):529-35.

Hoofnagle JH, Mullen KD, Jones DB,
Rustgi V, Di Bisceglie A, Peters M, et al.
Treatment of chronic non-A, non-B
hepatitis with recombinant human alpha
interferon. A preliminary report. N Engl J
Med. 1986;18:315(25):1575-8.

Thurairajah PH, Thorburn D, Hubscher S,
White A, Lai WK, O'Donnell K, Mutimer D.
Incidence and characterization of serum
transaminases elevations in pegylated
interferon and ribavirin treated patients
with  chronic  hepatitis C.  Aliment
Pharmacol Ther. 2007;1:25(11):1293-300.
Ribeiro RM, Layden-Almer J, Powers KA,
Layden TJ, Perelson AS. Dynamics of
alanine aminotransferase during hepatitis
C virus treatment. Hepatology.
2003;38:509-517.

Kim YJ, Jang BK, Kim ES, Park KS, Cho
KB, Chung WJ, et al. Rapid normalization
of alanine aminotransferase predicts viral
response during peginterferon and ribavirin
treatment in chronic hepatitis C patients.
Korean J Hepatol. 2012;18:41-47.

Caroleo B, Gallelli L, Staltari O, De Sarro
G, Guadagnino V. Serum transaminase
elevations during pegylated interferon
treatment of chronic HCV hepatitis
probably induced by polyethylene glycol.
Intervirology. 2008;51(6):407-9.
Cozzolongo R, Betterle C, Fabris P, Paola
Albergoni M, Lanzilotta E, Manghisi OG.
Onset of type 1 diabetes mellitus during
peginterferon alpha-2b  plus ribavirin
treatment for chronic hepatitis C. Eur J
Gastroenterol Hepatol. 2006;18:689-692.

44,

45.

46.

47.

48.

49.

Tanaka J, Sugimoto K, Shiraki K, Beppu T,
Yoneda K, Fuke H, et al. Type 1 diabetes
mellitus provoked by peginterferon alpha-
2b plus ribavirin treatment for chronic
hepatitis C. Intern Med. 2008;47(8):747-9.
Butt AA, Umbleja T, Andersen JW,
Sherman KE, Chung RT; ACTG A5178
Study Team. Impact of peginterferon alpha
and ribavirin treatment on lipid profiles and
insulin resistance in Hepatitis C virus/HIV-
coinfected persons: The AIDS Clinical
Trials Group A5178 Study. Clin Infect Dis.
2012;55(5):631-8.

Kuo YH, Chuang TW, Hung CH, Chen CH,
Wang JH, Hu TH, et al. Reversal of
hypolipidemia in chronic hepatitis C
patients after successful antiviral therapy. J
Formos Med Assoc. 2011;110(6):363-71.
Doi: 10.1016/S0929-6646(11)60054-5.
Lange CM, von Wagner M, Bojunga J,
Berg T, Farnik H, Hassler A, et al. Serum
lipids in European chronic HCV genotype 1
patients during and after treatment with
pegylated interferon-a-2a and ribavirin. Eur
J Gastroenterol Hepatol. 2010;22(11):
1303-7.

Doi: 10.1097/MEG.0b013e32833de92c.
Corey KE, Kane E, Munroe C, Barlow LL,
Zheng H, Chung RT. Hepatitis C virus
infection and its clearance alter circulating
lipids: Implications for long-term follow-up.
Hepatology. 2009;50:1030-7.

Huang JF, Dai CY, Yu ML, Huang CF,
Huang CI, Yeh ML, et al. Pegylated
interferon plus ribavirin therapy improves
pancreatic (-cell function in chronic
hepatitis C patients. Liver Int.
2011;31(8):1155-62. Doi: 10.1111/j.1478-
3231.2011.02545.x.

© 2015 Ghamar-Chehreh et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=718&id=12&aid=6901

1402



