
Abstract. Fatty liver is one of the local morphological
manifestations of metabolic syndrome and is frequently
associated with insulin resistance. Insulin resistance is also
common in patients with chronic hepatitis C. Hyperinsulin-
emia is an independent risk factor for hypertension and
cardiovascular mortality. The aim of this study was to evaluate
the therapeutic efficacy of angiotensin II receptor blockers
(ARBs), telmisartan and olmesartan, for patients with non-
alcoholic fatty liver disease (NAFLD) and chronic hepatitis C
(CH-C). We analyzed the incidence of obesity, insulin
resistance, and other disorders in patients with NAFLD
(Group A), CH-C (Group B), or other liver diseases (Group C).
We evaluated whether the ARBs, telmisartan and olmesartan,
improved insulin resistance and liver injury by measuring the
homeostasis model assessment ratio of insulin resistance
(HOMA-IR) and serum alanine aminotransferase (ALT). The
incidence of obesity (BMI ≥25 kg/m2) was significantly
higher in Group A than in Groups B and C. The incidence of
insulin resistance (HOMA-IR ≥2.5) in Groups A and B was
significantly higher than in Group C. Regular doses of
telmisartan and olmesartan significantly improved HOMA-IR
and ALT levels not only in NAFLD patients but also in patients

with CH-C. The effects tended to be more notable with
telmisartan. In conclusion, telmisartan and olmesartan
improved insulin sensitivity and may possibly be used as liver
protecting agents in CH-C as well as NAFLD patients.

Introduction

Metabolic syndrome contributes to patient morbidity. It is a
syndrome in which metabolic disorders such as obesity, glucose
intolerance, insulin resistance, dyslipidemia, and hypertension
are associated with each other. Non-alcoholic fatty liver
disease (NAFLD) is now regarded as a manifestation of
metabolic syndrome and, in many cases, some of these disorders
commonly co-exist (1,2). In our experience, in chronic
hepatitis C (CH-C), insulin resistance is frequently observed
even in non-obese and non-hypertensive patients. Considering
patients' prognosis, insulin resistance should be treated and
prevented since in a recent study, hyperinsulinemia was shown
to be one of the independent risk factors and precursors for
hypertension. Hypertensive adults with hyperinsulinemia had
an increased risk of cardiovascular mortality (3-7).

Angiotensin II receptor blockers (ARBs) are a new class
of anti-hypertensive drugs that are highly selective for the
angiotensin II type 1 receptor and block diverse effects of the
agonist angiotensin II. ARBs are also expected to have
organ-protective effects independent of their anti-hypertensive
action. In addition to their beneficial effects against hyper-
tension, ARBs delay the progression of renal dysfunction,
protect against heart failure and reduce the incidence of
cardiovascular disease (8-10). ARB-based therapy may be
effective for preventing recurrent stroke (11). ARBs also have
anti-diabetic and anti-atherosclerotic properties (12,13). In
addition to these organ protective activities, metabolic aspects,
such as improving insulin sensitivity, are also important (14).
Thus, it is expected that ARBs may be effective in preventing
cardiovascular events and death, not only by their vascular
actions, but also by their metabolic effects in various patient
populations. However, since it is apparent that not all types
of ARBs have the same effects with respect to receptor
selectivity, binding mode, and metabolism, the benefits should
be evaluated for each type of ARB.
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In this study, we analyzed the incidence of obesity, insulin
resistance, and other disorders in patients with NAFLD, CH-C,
and other liver diseases. In hypertensive patients with insulin
resistance, we evaluated whether olmesartan or telmisartan
improved levels of a homeostasis model assessment of
insulin resistance (HOMA-IR) and serum alanine amino-
transferase (ALT).

Patients and methods

The study population included men and women aged between
19 and 82 years, with liver diseases. Patients were divided
into three groups based on their type of liver disease; Group A,
NAFLD (n=46); Group B, CH-C (n=68) and Group C,
chronic hepatitis B (n=19), primary biliary cirrhosis (n=8),
autoimmune hepatitis (n=6), hyperlipidemia without fatty
liver (n=8), alcoholic hepatitis (n=9), Wilson disease (n=2),
idiopathic portal hypertension (n=1), citrullinemia (n=1) and
primary sclerosing cholangitis (n=1). Cirrhotic patients were
included in each group, Group A (n=1, Child B); Group B
(n=21, Child A/B=14/7) and Group C (n=9, Child A/B=7/2).
Incidence of obesity (body mass index: BMI ≥25 kg/m2),
insulin resistance (HOMA-IR ≥2.5), hyperuricemia (≥7.0 mg/dl
in males and ≥6.5 mg/dl in females), hypertension, fatty liver
(abnormal ‘bright’ hepatic ultrasonography) and diabetes
mellitus (DM) were examined.

In patients with insulin resistance and hypertension (n=24),
ARB medication (telmisartan or olmesartan) was started either
newly (n=9) or in place of Ca-blockers (n=8), ACE-inhibitors
(n=3), or other ARBs (valsartan and candesartan, n=4). The
change in HOMA-IR and serum ALT levels was evaluated at
intervals of 2 months (Fig. 1A). Then, for 28 patients (NAFLD,
14; CH-C, 14 cases), olmesartan was administered either
newly (n=11) or in place of Ca-blockers (n=8), ACE-inhibitors
(n=3), or other ARBs (losartan, valsartan and candesartan,
n=6). At intervals of 2 months, olmesartan was replaced by
telmisartan, and then again by olmesartan. HOMA-IR and
serum ALT levels were examined every 2 months (Fig. 1B).
The level of high molecular weight adiponectin was determined
using an enzyme-linked immunosorbent assay (human high
molecular weight adiponectin ELISA kit, Fujirebio Inc.,
Tokyo, Japan). There were no differences between the groups
in terms of age, gender, or BMI.

All patients provided written informed consent before
entering the study and starting treatment. Significant differ-
ences in HOMA-IR, ALT, and adiponectin levels were
statistically evaluated using the Mann-Whitney U-test.

Results

Incidence of insulin resistance in NAFLD and CH-C patients.
The incidence of obesity (BMI ≥25.0 kg/m2), fatty liver,
hypertension, DM, hyperuricemia, and insulin resistance was
examined in patients with NAFLD (Group A), CH-C
(Group B), or other liver diseases (Group C). The results are
shown in Table I. The incidence of insulin resistance and DM
was significantly higher in Groups A and B than in Group C.
A significant difference was shown in the percentage of
patients with obesity, fatty liver, and hyperuricemia between
Groups A and B. The results support the commonly approved

theory that HCV infection induces insulin resistance and
oxidative stress in the liver, independent of obesity.

Pilot study of ARB effects on insulin resistance and hepatic
injury. We evaluated the therapeutic effect of olmesartan and
telmisartan on insulin resistance and hepatic injury in 24 patients
(NAFLD, 10; CH-C, 10; CH-B, 1; autoimmune hepatitis, 3
cases) with hypertension and insulin resistance (HOMA-R
≥2.5). The test schedule is shown in Fig. 1A. Patients were
randomly assigned to either olmesartan (20 mg/day, n=12) or
telmisartan (40 mg/day, n=12), which were administered
newly or in place of another anti-hypertensive drug. The
characteristics of the patients are shown in Table II. Before,
and 2 months after the administration, HOMA-IR and ALT
levels were examined. As a result, telmisartan significantly
lowered HOMA-IR and ALT levels and olmesartan significantly
lowered HOMA-IR (Fig. 2). There were no significant
increases in high molecular weight adiponectin in either group
(data not shown).

Comparison of the therapeutic effects of olmesartan and
telmisartan. Olmesartan and telmisartan were then alternately
administered for 6 months to 28 patients (NAFLD, 14; CH-C,
14 cases). The test schedule is shown in Fig. 1B. Characteristics
of the patients are shown in Table III. Before and after
administration, HOMA-IR and ALT levels were examined
every 2 months. In the analysis of NAFLD patients, HOMA-
IR decreased significantly with olmesartan and continued to
decrease significantly with telmisartan; the reduced level was
maintained after the change to olmesartan (Fig. 3A). Serum
ALT also significantly decreased with olmesartan and the
level tended to decrease in the following telmisartan and
olmesartan periods but was not significant (Fig. 3B). In the
analysis of CH-C patients, HOMA-IR significantly decreased
with olmesartan, and continued to decrease with telmisartan,
but the level rose again significantly during the olmesartan
period (Fig. 4A). Serum ALT decreased with olmesartan but
not significantly; transfering to telmisartan decreased the level
significantly (Fig. 4B). After changing to olmesartan, ALT
tended to increase, although not significantly (Fig. 4B).

Discussion

ARBs are now widely used for the treatment of hypertension.
Recent studies have suggested that the rennin-angiotensin
system functions in the regulation of adipogenesis as well as
in hepatocellular insulin signaling (15-18). Angiotensin II,
acting via the angiotensin type 1 receptor, inhibits the differ-
entiation of preadipocytes into mature adipocytes and this may
result in the ectopic storage of fat in skeletal muscle and liver,
thereby decreasing insulin sensitivity (17). Various insulin-
sensitizing medications such as pioglitazone, a thiazolidine-
dione derivative, have confirmed the beneficial effects on
biochemical and histological data in patients with steato-
hepatitis (18,19). Evidence is accumulating to show that ARBs
can restore impaired intracellular insulin signaling and
promote redistribution of excess fat from those ectopic sites
to mature adipocytes, resulting in improved insulin sensitivity
(20,21). In patients with DM, ARBs, especially olmesartan and
telmisartan, have been reported to be notably effective in
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Table I. Incidence of metabolic disorders in patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Obesity Insulin resistance Hyperuricemia Fatty liver Hypertension DM
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Group A 65.2%a 45.7%b 32.6%a 97.8%a 39.1% 23.9%b

(30/46) (21/46) (15/46) (45/46) (18/46) (11/46)

Group B 22.1% 36.8%b 26.5% 14.7% 33.8% 23.5%b

(15/68) (25/68) (18/68) (10/68) (23/68) (16/68)

Group C 21.8% 16.4% 20.0% 10.9% 29.1% 14.6%
(12/55) (9/55) (11/55) (6/55) (16/55) (8/55)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aSignificantly higher than groups B and C. bSignificantly higher than group C. Obesity, BMI ≥25 kg/m2. Insulin resistance, HOMA-R ≥2.5.
Hyperuricemia: serum uric acid ≥7.0 (male) or ≥6.5 (female) mg/dl. DM, diabetes mellitus.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. HOMA-IR (A) and serum ALT (B) levels before and after administration of olmesartan or telmisartan. *Significant difference.

A B

Figure 1. (A) Test schedule 1. Patients with hypertension and HOMA-IR ≥2.5
were randomly assigned to two groups and treated with olmesartan or
telmisartan. (B) Test schedule 2. Olmesartan and telmisartan were administered
to the patients with hypertension and HOMA-IR ≥2.5 in the following order:
olmesartan, telmisartan and olmesartan. HOMA-IR, ALT, and other indices
were measured twice at intervals of 2 months (arrows). NAFLD, non-
alcoholic fatty liver disease; CH-B, chronic hepatitis B; CH-C, chronic
hepatitis C; AIH, autoimmune hepatitis.

A

B
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improving insulin sensitivity (21-23). Therefore, we tested
the therapeutic effect of these two ARBs for the treatment of
patients with NAFLD and CH-C.

Insulin resistance is a key pathogenic factor resulting in
hepatic fat accumulation and is the common factor that links
obesity, diabetes, hypertension, and dyslipidemia, with fatty
liver. A recent study has shown that excessive hepatocytic
triglyceride accumulation resulting from insulin resistance is
the first step in the pathogenesis of NAFLD, and NAFLD
exacerbates hepatic insulin resistance even more (24).
NAFLD ranges from simple fatty liver to steatohepatitis that
may be responsible for the increased oxidative stress within
hepatocytes. Oxidative stress, due to the generation of
reactive oxygen species resulting from mitochondrial fatty
acid oxidation, mitochondrial abnormalities, and the
induction of the cytochrome P450 system, is considered to be
a potential factor that leads to hepatocyte injury, inflammation,
and fibrosis (24,25). In NAFLD, it is now recognized that
non-hepatic mechanisms, such as gut-derived lipopoly-

saccharide, NFκB-dependent inflammatory cytokine
expression and adipocytokines, are largely responsible for the
development of insulin resistance (24-27). Once developed,
oxidative stress and diminished antioxidants within the liver
initiate the progression from simple steatosis to steato-
hepatitis (24-27). In this study, olmesartan and telmisartan
significantly improved insulin resistance and attenuated liver
injury in NAFLD patients, although the effects tended to be
more evident with telmisartan (Figs. 2 and 3). This may be
because telmisartan is a partial agonist of peroxisome
proliferator-activated receptor-γ (PPAR-γ) but without causing
the fluid collection associated with full agonists of PPAR-γ,
such as pioglitazone or rosiglitazone (28-31). Therefore,
extrahepatic effects may be greater with telmisartan although
an ameliorative effect of olmesartan on adipocytokine dys-
regulation has also been reported (32).

From the metabolic aspect, CH-C resembles certain
features of NAFLD, such as the presence of insulin resistance
and oxidative stress in the liver (33-36). Consistent with
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Table II. Background of the patients (1).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Olmesartan group Telmisartan group
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Number of patients 12 12
NAFLD 5 5
CH-C 5 5
CH-B 0 1
AIH 2 1

Age 63.33±12.72 61.33±11.36 NS

Gender (males/females) 5/7 6/6

BMI 27.44±6.27 26.61±2.56 NS

Fatty liver 7 6

DM 4 3
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NS, not significant.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. HOMA-IR (A) and serum ALT (B) levels before and after administration of olmesartan or telmisartan in patients with NAFLD. *Significant
difference.

A B
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reports from other studies, many of the CH-C as well as the
NAFLD patients, showed insulin resistance; however, the
percentage of CH-C patients with fatty liver or obesity was
low (Table I). HCV is directly associated with insulin
resistance in a dose-dependent manner, independent of the
visceral adipose tissue area (37). HCV, by itself, can induce
insulin resistance by disturbing the intracellular insulin
signaling pathway through the function of the HCV core
protein. The insulin receptor substrate-1 (IRS-1) level is
known to be reduced by HCV core protein (38). The HCV
core protein activates c-Jun N-terminal kinase, mitogen-
activated protein kinase and transcription factor activator
protein-1, up-regulates serine phosphorylation of the IRS-1,
and impairs the downstream Ser/Thr kinase protein kinase B
(Akt/Pkb) signaling pathway involved in insulin resistance
(39). Therefore, the major component of insulin resistance in
CH-C patients may be hepatic rather than extrahepatic. In our
study, telmisartan appeared to be more effective than
olmesartan for attenuating insulin resistance and liver injury
in CH-C patients although olmesartan also elicited significant
improvements (Figs. 2 and 4); however, we cannot clearly
explain these results. We speculate that it may be because
HCV itself suppresses hepatocellular insulin signaling as
previously described. The suppressive effect may impair the

improvement in insulin signaling that is normally achieved
with ARBs. Therefore, telmisartan, which also has a partial
PPAR-γ agonist role, may have a more pronounced therapeutic
ability than olmesartan. Furusyo et al suggested that insulin
resistance in patients with CH-C was related to adiponectin
secretion (40). However, there are some contrasting data.
Cua et al reported that insulin resistance and liver injury in
hepatitis C was not associated with adipocytokines (41).
Also in our study, before and after the treatment of telmisartan
or olmesartan, there were no significant differences in
adiponectin levels in patients (data not shown). However, a
significant change in serum adiponectin levels might occur
with a longer duration of telmisartan use. Therefore, we
should consider other factors more precisely such as an
influence of low-grade inflammation and mitochondrial
dysfunction in the skeletal muscle as well as in the liver and
adipose tissue (42-48). Hereafter, we intend to collect and
analyze more data including other adipokines and cytokines
from more patients.

We did not investigate the effect of other ARBs (losartan,
valsartan, candesartan), but for all the patients (n=8) whose
hypertensive drug was changed from these ARBs to olmesartan
or telmisartan, their HOMA-IR and ALT levels were
significantly lowered. Therefore, olmesartan and telmisartan
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Table III. Background of the patients (2).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

NAFLD Chronic hepatitis (C)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Number of patients 14 14

Age 60.00±13.52 67.07±12.44 NS

Gender (males/females) 7/7 7/7

BMI 26.54±3.17 25.09±7.66 NS

Fatty liver 13 3

DM 3 3
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NS, not significant.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. HOMA-IR (A) and serum ALT (B) levels before and after administration of olmesartan or telmisartan in patients with CH-C. *Significant difference.

A B
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may have stronger therapeutic effects in terms of attenuating
insulin resistance and liver injury than the other three ARBs
perhaps as a result of more intrahepatic and extrahepatic
actions.

In conclusion, olmesartan and telmisartan significantly
improved insulin resistance and liver injury. The effect tended
to be more distinct with telmisartan. These two ARBs may
therefore be used as liver protecting agents in CH-C patients
as well as NAFLD patients.

Acknowledgements

This study was supported, in part, by the research fund of the
Daiwa Securities Health Foundation (Japan).

References

1. Farrell GC and Larter CZ: Nonalcoholic fatty liver disease:
from steatosis to cirrhosis. Hepatology 43: S99-S112, 2006.

2. Angulo P: GI epidemiology: nonalcoholic fatty liver disease.
Aliment Pharmacol Ther 25: 883-889, 2007.

3. Mule G and Cerasola G: The metabolic syndrome as a pro-
hypertensive state. Am J Hypertens 21: 17-22, 2008.

4. Kashyap SR and Defronzo RA: The insulin resistance syndrome:
physiological considerations. Diab Vasc Dis Res 4: 13-19, 2007.

5. Rader DJ: Effect of insulin resistance, dyslipidemia, and intra-
abdominal adiposity on the development of cardiovascular
disease and diabetes. Am J Med 120: S12-S18, 2007.

6. Ferder L, Inserra F and Martinez-Maldonado M: Inflammation
and the metabolic syndrome: role of angiotensin II and oxidative
stress. Curr Hypertens Rep 8: 191-198, 2006.

7. Morisco C, Lembo G and Trimarco B: Insulin resistance and
cardiovascular risk: new insights from molecular and cellular
biology. Trends Cardiovasc Med 16: 183-188, 2006.

8. Schmieder RE: Mechanisms for the clinical benefits of angiotensin
II receptor blockers. Am J Hypertens 18: 720-730, 2005.

9. Ruilope LM, Rosei EA, Bakris GL, Mancia G, Poulter NR,
Taddei S, et al: Angiotensin receptor blockers: therapeutic targets
and cardiovascular protection. Blood Press 14: 196-209, 2005.

10. Parving HH, Andersen S, Jacobsen P, Christensen PK, Rossing K,
Hovind P, et al: Angiotensin receptor blockers in diabetic
nephropathy: renal and cardiovascular end points. Semin Nephrol
24: 147-157, 2004.

11. Dahlof B: Prevention of stroke in patients with hypertension.
Am J Cardiol 100: 17-24, 2007.

12. Kutz TW and Pravenec M: Antidiabetic mechanisms of
angiotensin-converting enzyme inhibitors and angiotensin II
receptor antagonists: beyond the rennin-angiotensin system. J
Hypertens 22: 2253-2261, 2004.

13. Fogari R and Zoppi A. Antihypertensive drugs and fibrinolytic
function. Am J Hypertens 19: 1293-1299, 2006.

14. Israili ZH, Lyoussi B, Hernandez-Hernandez R and Velasco M:
Metabolic syndrome: treatment of hypertensive patients. Am J
Ther 14: 386-402, 2007.

15. Folli F, Kahn CR, Hansen H, Bouchie JL and Feener EP:
Angiotensin II inhibits insulin signaling in aortic smooth muscle
cells at multiple levels - a potential role for serine phospho-
rylation in insulin/angiotensin II crosstalk. J Clin Invest 100:
2158-2169, 1997.

16. Shiuchi T, Iwai M, Li HS, Wu L, Min LJ, Li JM, et al:
Angiotensin II type-1 receptor blocker valsartan enhances insulin
sensitivity in skeletal muscles of diabetic mice. Hypertension
43: 1003-1010, 2004.

17. Janke J, Engeli S, Gorzelniak K, Luft FC and Sharma AM:
Mature adipocytes inhibit in vitro differentiation of human
preadipocytes via angiotensin type 1 receptors. Diabetes 51:
1699-1707, 2002.

18. Belfort R, Harrison SA, Brown K, Darland C, Finch J, Hardies J,
et al: A placebo-controlled trial of pioglitazone in subjects with
nonalcoholic steatohepatitis. N Eng J Med 355: 2297-2307, 2006.

19. Lutchman G, Promrat K, Kleiner DE, Heller T, Ghany MG,
Yanovski JA, et al: Changes in serum adipokine levels during
pioglitazone treatment for nonalcoholic steatohepatitis: relationship
to histological improvement. Clin Gastroenterol Hepatol 4:
1048-1052, 2006.

20. Furuhashi M, Ura N, Takizawa H, Yoshida D, Moniwa N,
Murakami H, et al: Blockade of the rennin-angiotensin system
decreases adipocyte size with improvement in insulin sensitivity.
J Hypertens 22: 1977-1982, 2004.

21. Sugimoto K, Qi NR, Kazdova L, Pravenec M, Ogihara T and
Kutz TW: Telmisartan but not valsartan increases caloric
expenditure and protects against weight gain and hepatic steatosis.
Hypertension 47: 1003-1009, 2006.

22. Miura Y, Yamamoto N, Tsunekawa S, Tagichi S, Eguchi Y,
Ozaki N and Oiso Y: Replacement of valsartan and candesartan
by telmisartan in hypertensive patients with type 2 diabetes:
metabolic and antiatherogenic consequences. Diabetes Care 28:
757-758, 2005.

23. Vitale C, Mercuro G, Castglioni C, Cornoldi A, Tulli A, Fini M,
et al: Metabolic effect of telmisartan and losartan in hypertensive
patients with metabolic syndrome. Cardiovasc Diabetol 4: 6, 2005.

24. Mendez-Sanchez N, Arrese M, Zamora-Valdes D and Uribe M:
Current concepts in the pathogenesis of nonalcoholic fatty liver
disease. Liver Int 27: 423-433, 2007.

25. Sanyal AJ: Mechanisms of disease: pathogenesis of non-
alcoholic fatty liver disease. Nat Clin Pract Gastroenterol Hepatol
2: 46-53, 2005.

26. Miele L, Forgione A, Hernandez AP, Gabrieli ML, Vero V,
DiRocco P, et al: The natural history and risk factors for
progression of non-alcoholic fatty liver disease and
steatohepatitis. Eur Rev Med Pharmacol Sci 9: 273-277, 2005.

27. Marchesini G, Marzocchi R, Agostini F and Bugianesi E:
Nonalcoholic fatty liver disease and the metabolic syndrome.
Curr Opin Lipidol 16: 421-427, 2005.

28. Schupp M, Clemenz M, Gineste R, Witt H, Janke J, Helleboid S,
et al: Molecular characterization of new selective peroxisome
proliferators-activated receptor γ modulators with angiotensin
receptor blocking activity. Diabetes 54: 3442-3452, 2005.

29. Kurtz TW: New treatment strategies for patients with hyper-
tension and insulin resistance. Am J Med 119: S24-S30, 2006.

30. Pershadsingh HA: Treating the metabolic syndrome using
angiotensin receptor antagonists that selectively modulate
peroxisome proliferators-activated receptor γ. Int J Biochem Cell
Biol 38: 766-781, 2006.

31. Clasen R, Schupp M, Foryst-Ludwig A, Sprang C, Clemenz M,
Krikov M, et al: PPARγ-activating angiotensin type-1 receptor
blockers induce adiponectin. Hypertension 46: 137-143, 2005.

32. Kurata A, Nishizawa H, Kihara S, Maeda N, Sonoda M, Okada T,
et al: of angiotensin II type-1 receptor reduces oxidative stress
in adipose tissue and ameliorates adipocytokine dysregulation.
Kidney Int 70: 1717-1724, 2006.

33. Koike K and Miyoshi H: Oxidative stress and hepatitis C viral
infection. Hepatol Res 34: 65-73, 2006.

34. Koike K and Moriya K: Metabolic aspects of hepatitis C viral
infection: steatohepatitis resembling but distinct from NASH. J
Gastroenterol 40: 329-336, 2005.

35. Mitsuyoshi H, Itoh Y, Sumida Y, Minami M, Yasui K,
Nakashima T and Okanoue T: Evidence of oxidative stress as a
cofactor in the development of insulin resistance in patients with
chronic hepatitis C. Hepatol Res 38: 348-353, 2008.

36. Vidali M, Tripodi MF, Ivaldi A, Zampino R, Occhino G,
Restivo L, et al: Interplay between oxidative stress and hepatic
steatosis in the progression of chronic hepatitis C. J Hepatol 48:
399-406, 2008.

37. Yoneda M, Saito S, Ikeda T, Fujita K, Mawatari H, Kirikoshi H,
et al: Hepatitis C virus directly associates with insulin resistance
independent of the visceral fat area in nonobese and nondiabetic
patients. J Viral Hepat 14: 600-607, 2007.

38. Pazienza V, Clement S, Pugnale P, Conzelman S, Foti M,
Mangia A and Negro F: The hepatitis C virus core protein of
genotype 3a and 1b downregulates insulin receptor substrate 1
through genotype-specific mechanisms. Hepatology 45:
1164-1171, 2007.

39. Baneriee S, Saito K, Ait-Goughoulte M, Meyer K, Ray RB and
Ray R: Hepatitis C virus core protein upregulates serine phos-
phorylation of IRS-1 and impairs downstream Akt/Pkb signaling
pathway for insulin resistance. J Virol 82: 2606-2612, 2007.

40. Furusyo N, Sawayama Y, Maeda S, Toyoda K, Takeoka H,
Murata M, et al: High molecular weight form of adiponectin
levels of Japanese patients with chronic hepatitis C virus infection.
Hepatol Res 37: 1052-1061, 2007.

41. Cua IHY, Hui JM, Bandara P, Kench JG, Farrell GC,
McCaughan GW and George J: Insulin resistance and liver injury
in hepatitis C is not associated with virus-specific changes in
adipocytokines. Hepatology 46: 66-73, 2007.

ENJOJI et al:  EFFECT OF ARBs IN NAFLD AND HEPATITIS C526

521-527  13/9/08  12:42  Page 526



42. Yano Y, Hoshide S, Ishikawa J, Noguchi C, Tukui D, Takanori H,
et al: The differential effects of angiotensin II type 1 receptor
blockers on microalbuminuria in relation to low-grade
inflammation in metabolic hypertensive patients. Am J
Hypertens 20: 565-572, 2007.

43. Fliser D, Buchholz K and Haller H: Anitiinflammation effects
of angiotensin II subtype 1 receptor blockade in hypertensive
patients with microinflammation. Circulation 110: 1103-1107,
2004.

44. Fujimito M, Masuzaki H, Tanaka T, Yasue S, Tomita T,
Okazawa K, et al: An angiotensin II AT1 receptor antagonist,
telmisartan augments glucose uptake and GLUT4 protein
expression in 3T3-L1 adipocytes. FEBS Lett 576: 492-497,
2004.

45. Piccoli C, Scrima R, D'Aprile A, Ripoli M, Lecce L, Boffoli D
and Capitanio N: Mitochondrial dysfunction in hepatitis C virus
infection, Biochim Biophys Acta 1757: 1429-1437, 2006.

46. Wei Y, Rector RS, Thyfault JP and Ibdah JA: Nonalcoholic
fatty liver disease and mitochondrial dysfunction. World J
Gastroenterol 14: 193-199, 2008.

47. Wei Y, Chen K, Whaley-Connell AT, Stump CS, Ibdah JA and
Sowers JR: Skeletal muscle insulin resistance: role of inflamm-
atory cytokines and reactive oxygen species. Am J Physiol Regul
Integr Comp Physiol 294: R673-R680, 2008.

48. Yamaguchi K, Ura N, Murakami H, Togashi N, Hyakukoku M,
Higashiura K and Shimamoto K: Olmesartan ameliorates insulin
sensitivity by modulating tumor necrosis factor-α and cyclic
AMP in skeletal muscle. Hypertens Res 28: 773-778, 2005.

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  22:  521-527,  2008 527

521-527  13/9/08  12:42  Page 527


