
Increased serum leptin concentration is related to steatosis in
hepatitis C virus-infected patients
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INTRODUCTION

Steatosis is a common histological feature of hepatitis C
virus (HCV) infection (1). The prevalence of steatosis in li-
ver biopsy specimens of chronic HCV patients is about
50% (1). Recent studies have found a role for steatosis
in the progression of chronic HCV (1–3) In addition, he-
patic steatosis is an independent risk factor for hepato-
cellular carcinoma in patients with chronic HCV infection
(4).

The pathogenesis of steatosis in hepatitis C patients is
not well understood. HCV genotype 3a has been linked
to steatosis more strongly than other genotypes (5). Mo-
reover, HCV-related steatosis is not always virally related,
and other factors may coexist. Obesity is a well-recogni-
zed risk factor for the development of steatosis and of
fibrosis in HCV-infected patients (1,3,6). Visceral fat dis-
tribution rather than body mass index (BMI) has been
proven to be associated with HCV-related steatosis (3). 

The mechanisms by which accumulation and anatomic
distribution of adipose tissue may be related to the de-
velopment of steatosis and fibrosis are under intense in-
vestigation. Recently, a new role has emerged for adipo-
se tissue as an endocrine organ (7,8). Adipose tissue sec-
retes a variety of hormones including adiponectin, leptin
and inflammatory cytokines, for example, tumor necro-
sis factor-α (TNF-α) and interleukin-6 (IL-6), which may
contribute to the development of metabolic abnormaliti-
es (7,8). There are some controversial data about the re-
lationship between serum leptin levels and HCV-related
steatosis (9,10). Adiponectin levels are associated in he-
althy humans with plasma concentrations of various liver
function tests (11). Although the deleterious association
between obesity and HCV infection is well recognized, it
has not been ascertained whether adipocytokines and,
particularly, adiponectin, may have a role in the develop-
ment of steatosis in chronic hepatitis C (CHC).
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ORIGINAL ARTICLE

Background and Aims: The mechanism that leads to steatosis in he-
patitis C virus infection is complex. The aim of our study was to search
the role of adipocytokines in hepatitis C virus-related steatosis. Mate-
rials and Methods: Sixty-five untreated genotype 1 chronic hepatitis
C virus patients were included in the study to evaluate the effects of
adipocytokines, body mass index, age, and insulin resistance on hepa-
tic steatosis. Results: Steatosis was observed in 31 patients (47.7%).
When adiponectin and leptin were grouped according to fibrosis, we
did not determine a difference between adiponectin and leptin (p va-
lues 0.597 and 0.159, respectively). We did not determine a differen-
ce in adiponectin levels in patients with different degrees of steatosis
(p=0.674), while there was a significant difference for leptin
(p=0.021). Conclusions: Hyperleptinemia is related to the develop-
ment of steatosis in patients with chronic hepatitis C virus.

Key words: Adiponectin, fibrosis, hepatitis C virus, insulin resistance,
leptin, steatosis

Girifl ve Amaç: Hepatit C virüsü enfeksiyonunda steatoza yol açan me-
kanizma karmafl›kt›r. Bizim çal›flmam›z›n amac› hepatit C virüsü ile ilgi-
li steatozda adipositokinlerin rolünü araflt›rmakt›r. Gereç & Yöntem:
Tedavi edilmemifl genotip 1 kronik hepatit C virüslü 65 hasta adiposi-
tokinler, beden kitle indeksi, yafl, ve insulin direncinin karaci¤er ya¤lan-
mas›ndaki etkilerini de¤erlendirmek için çal›flmaya al›nd›. Bulgular:
Ya¤lanma 31 (%47.7) hastada gözlendi. Fibroza göre adiponektin ve
leptin grupland›r›ld›¤›nda, adiponektin ve leptin aras›nda bir fark göz-
lemlemedik (p s›ras›yla 0.597 ve 0.159). Leptin için anlaml› bir fark
(p=0.021) varken, steatozlu hastalarda adiponektin düzeyleri aras›nda
bir fark saptamad›k (p=0.674). Sonuç: Hiperleptinemi kronik hepatit C
virüslü hastalarda steatozun geliflimiyle iliflkilidir.

Anahtar kelimeler: Adiponektin, fibroz, hepatit C virüsü, insulin di-
renci, leptin, steatoz
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We hypothesized that the relationship between obesity
and HCV-related steatosis is the consequence of the en-
docrine function of adipose tissue. Therefore, the pri-
mary aim of our study was to investigate the role of adi-
pocytokines in HCV-related steatosis. 

MATERIALS AND METHODS

Patient Selection

A total of 65 consecutive prospectively enrolled patients
with chronic HCV infection due to genotype 1 who un-
derwent liver biopsy at Mersin University Faculty of Me-
dicine Hospital comprised the study cohort. The study
protocol was approved by the Human Ethics Committee
of our hospital, and subjects gave written informed con-
sent to participate in the present study. All subjects had
antibodies against HCV (Abbott, AxSYM) and detectab-
le HCV RNA by polymerase chain reaction (PCR) (Ampli-
cor HCV; Roche Diagnostics, Branchburg, NJ). 

Exclusion criteria were; concurrent active hepatitis B virus
(positive for hepatitis B surface antigen) or human immu-
nodeficiency virus infection, autoimmune hepatitis, drug-
induced steatohepatitis, alcohol consumption more than
20 g/day, primary biliary cirrhosis, primary sclerosing
cholangitis, hemochromatosis, Wilson’s disease, and α1-
antitrypsin deficiency (diagnosed by appropriate history
and confirmed by biochemical and serological tests). Pa-
tients with type 2 diabetes mellitus (T2DM) according to
the American Diabetes Association guidelines or a his-
tory of previous antiviral therapy were also excluded
(12). Patients with T2DM were not included since the
majority of them were maintained on insulin-sensitizing
agents, which could influence the levels of the adipocy-
tokines. No patient had clinical evidence of hepatic de-
compensation (jaundice, hepatic encephalopathy, asci-
tes, hepatorenal syndrome, or variceal bleeding) at the
time of biopsy.

A complete clinical evaluation was performed on each
patient. Baseline characteristics collected at the time of
liver biopsy included the age, height, weight, and BMI.
The BMI was calculated as weight in kg/(height in me-
ters)2. Information regarding the average current daily al-
cohol intake (g/day) in the past six months and past al-
cohol intake (g/day) before the last six months was ob-
tained. 

Laboratory Tests

On the morning of the liver biopsy, venous blood was
drawn after a 12-hour overnight fasting to determine
the serum levels of alanine aminotransferase (ALT), albu-

min, bilirubin, platelet count, international normalized
ratio, glucose, insulin, lipids, leptin, and adiponectin.

Insulin resistance (IR) was calculated by the homeostasis
model (HOMA-IR) using the following formula: HOMA-IR
= fasting insulin (μU/ml) X plasma glucose (mmol/L)/
22.5 (13). Serum adiponectin and serum leptin concen-
trations were measured by using a commercial ELISA
(human adiponectin ELISA kit, LINCO Research Inc., Mis-
souri, USA and human leptin ELISA kit, Biosource, Euro-
pe S.A., Nivelles, Belgium).

All other biochemical tests were performed using a con-
ventional automated analyzer within the Department of
Clinical Chemistry at Mersin University Faculty of Medici-
ne Hospital.

Histological Data

In liver biopsy, necroinflammatory activity was scored ba-
sed on Knodell’s Histological Activity Index (HAI): 0-4 cor-
responded to portal inflammation, 0-4 to lobular dege-
neration and necrosis and 0-10 to periportal necrosis
(14). The disease stage was determined based on Scheu-
er classification: 0 corresponded to absence of fibrosis, 1
to enlarged fibrotic portal tracts, 2 to periportal or por-
toportal septa but regular architecture, 3 to fibrosis of ir-
regular architecture without overt cirrhosis, and 4 to pos-
sible or confirmed cirrhosis (15). Liver steatosis was gra-
ded as follows: 0, steatosis in less than 5% of hepatocy-
tes; 1, steatosis in 5-34% of hepatocytes; 2, steatosis in
35-69% of hepatocytes; and 3, steatosis in more than
69% of hepatocytes (16). It was a slightly modified ver-
sion of the grading reported in the literature.

Statistical Analyses

Chi-square test was used to analyze frequencies, Stu-
dent’s t test or Mann- Whitney U test to analyze demog-
raphic data and laboratory results when appropriate,
Spearman’s rank correlation to determine the correlati-
on between the variables, and ANOVA or Kruskal-Wallis
test to determine differences between the groups. Data
were analyzed with SPSS 10.0 (SPSS for Windows, Chi-
cago, IL). A value of p<0.05 was considered significant.

RESULTS

Characteristics of Patients

The main clinical and laboratory data are summarized in
Table 1. There was no significant difference in fibrosis
and steatosis between genders. No patient was conside-
red an excessive drinker (more than 20 g per day). No
significant relationship was determined between IR and
gender (p=0.678).
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Adipocytokine Concentrations

Women had significantly higher leptin levels than men
(p<0.0001), while adiponectin levels of women and men
were similar (p>0.05). Leptin levels were weakly correla-
ted with steatosis (r=0.256; p=0.039), whereas no corre-
lation was found with others. No correlation was found
with adiponectin levels. No correlation was determined
between the levels of adiponectin with the levels of to-
tal cholesterol, high-density lipoprotein (HDL) choleste-
rol, triglyceride, or BMI (p levels 0.869, 0.934, 0.537,
0.219, respectively). A correlation was determined only
between leptin levels with BMI (p=0.0001). No correlati-
on was determined between leptin with total choleste-
rol, HDL cholesterol or triglyceride (p levels 0.653, 0.627,
0.223, respectively).

Factors Associated with Steatosis and Fibrosis

Grade 1 steatosis was present in 12 patients, grade 2
steatosis in 16 patients and grade 3 steatosis in 3 pati-
ents. Fibrosis grade 0–1 was present in 23 patients
(35.4%), grade 2 in 23 patients (35.4%) and grades 3–4
in 19 patients (29.3%). There was a weak correlation

between fibrosis and ALT (r=0.251; p=0.044), aspartate
aminotransferase (AST) (r=0.328, p=0.008), gamma-glu-
tamyl transpeptidase (GGT) (r=0.264, p=0.033), and pla-
telet count (r= -0.372, p=0.002). There was also a weak
correlation between steatosis and hemoglobin level
(r=0.245, p=0.049). 

There was a significant difference in leptin levels
(p=0.021), but no significant difference in adiponectin le-
vels (p=0.674) between the patients with different deg-
rees of steatosis. In fact, leptin levels of the patients with
grade 2 steatosis were significantly different from leptin
levels of the patients with grade 0 steatosis. P value sho-
uld have been <0.0125, but it was found to be p=0.014
(mean 11.21 vs. 21.06 pg/ml; p=0.044). However, the-
re was no significant difference in leptin and adiponec-
tin levels between patients with and without steatosis
(p=0.428 for adiponectin; p=0.066 for leptin) (Table 2).
Adiponectin and leptin levels were not different betwe-
en the patients with different degrees of fibrosis (witho-
ut fibrosis=F0, moderate=F1 & F2 and severe=F3 & F4)
(p=0.682 for adiponectin; p=0.082 for leptin) (Table
3). 
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Tablo 1. Clinical and epidemiological characteristics of HCV patients
All patients Men Women P (Men vs. Women)
Mean±SD Mean±SD Mean±SD
(median) (median) (median)

n 65 36 29

Age (year) 50±10.32 49.14±11.52 51.07±8.68 0.458
(50.00) (50.00) (51.00)

BMI (kg/m2) 27.05±3.97 25.94±3.86 28.41±3.71 0.012*
(27.00) (26.00) (28.00)

Adiponectin (μg/ml) 43.71±3.43 43.56±3.63 43.90±3.21 0.694
(44.00) (44.00) (45.00)

Leptin (pg/ml) 14.50±14.27 6.74±8.38 21.11±2.89 <0.0001***
(11.00) (4.00) (18.00)

Total cholesterol 167.20±38.51 168.03±40.80 166.17±36.15 0.849
(162.00) (166.00) (162.00)

HDL cholesterol 53.80±20.409 50.86±23.258 57.45±15.844 0.198
(50.00) (44.50) (51.00)

Triglyceride 118.23±51.76 137.22±57.39 94.66±31.115 0.001**
(112.00) (129.00) (95.00)

Insulin 19.48±10.022 20.72±10.743 17.93±8.992 0.268
(17.00) (18.00) (17.00)

HOMA 5.9812±5.753 6.8638±7.087 4.8855±3.257 0.170
(4.1136) (4.1556) (4.1136)

IR (n(%)) 53 (81.5) 30 (83.3) 23 (79.3) 0.678

Fasting blood glucose 113.20±52.65 114.89±52.03 111.10±54.27 0.776
(95.00) (95.00) (95.00)

Student’s t test or Mann-Whitney U test was used to analyze demographic data and laboratory results.

Leptin & Hepatitis C



DISCUSSION

The results of our study indicate that hyperleptinemia is
associated with the presence of steatosis in patients with
chronic HCV. These findings were independent of age,
gender, viral characteristics, adiponectin or insulin con-
centration, and BMI. In the present study, it was found
that leptin level was higher in women than men. Leptin
concentrations have been reported to be up to four ti-
mes higher in women than in men, a finding associated
with the higher body fat content observed in women
(17). Men and women differ in regard to body composi-
tion, IR and energy balance. For a given BMI, men have
higher lean mass and more visceral and hepatic adipose
tissue, whereas women have elevated general adiposity.
These differences in adipose tissue distribution may con-
tribute to a more insulin-sensitive environment in wo-
men, as visceral and hepatic adiposity is associated with
increased IR. Estrogen may also play a role in these gen-

der differences because it has a favorable effect on insu-
lin and glucose homeostasis, adipose tissue distribution
and proinflammatory markers (17).

Adipose tissue is regulated by hormonal, neural and nut-
rient stimuli. In fasting states, adipocytes release non-es-
terified fatty acids (NEFAs) as a result of lipolysis, where-
as the postprandial increase in glucose and lipids promo-
tes lipogenesis in the presence of insulin (18). However,
adipose tissue apparently also regulates metabolism in
addition to its role in fuel storage. In addition to NEFAs,
adipocytes secrete a number of bioactive proteins, col-
lectively termed the adipocytokines (18–33). Adiponec-
tin, leptin, IL-6, and TNF-α are among the best characte-
rized of the adipocytokines, and are attracting increasing
attention due to the important role they are proposed to
play in IR. Secretion of the adipocytokines is altered in
obese individuals. Indeed, obesity has been proposed to
be a chronic inflammatory state, indicated by increased
plasma concentrations of C-reactive protein (CRP) and
the adipocytokine IL-6 (23,34,35). Furthermore, plasma
CRP concentration has been demonstrated to predict
cardiovascular disease in apparently healthy individuals
and is elevated in insulin-resistant prediabetic subjects
(36,37). Hepatic synthesis and secretion of CRP is predo-
minantly regulated by the adipocytokine IL-6 (34–36).
Therefore, there is currently great interest in the role of
the adipocytokines in the pathogenesis of T2DM and
cardiovascular risk as well as hepatosteatosis. Increased
adiposity is a major determinant of IR, and altered adi-
pocytokine regulation is a key common mechanism. Furt-
hermore, weight loss improves IR (38).

The associations among HCV, IR, liver steatosis, and fib-
rosis have driven research into the evaluation of the ro-
les of leptin and adiponectin. Increased serum leptin le-
vels were higher in 30 CHC patients than in 30 controls
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Tablo 3. Adipocytokine levels according to fibrosis grade
Without fibrosis (F0) Moderate fibrosis (F1-F2) Severe fibrosis (F3-F4) P

Mean±SD Mean±SD Mean±SD
(median) (median) (median)

n 5 41 19

Age (year) 51.40±7.829 47.34±10.382 55.37±8.864 0.016*
(51.00) (47.00) (58.00)

BMI (kg/m2) 27.20±5.404 26.93±3.784 27.26±4.201 0.952
(29.00) (27.00) (27.00)

Adiponectin (μg/ml) 42.60±5.320 43.66±3.497 44.11±2.807 0.682
(42.00) (44.00) (44.00)

Leptin (pg/ml) 9.33±7.767 12.09±11.437 22±19.447 0.082
(7.00) (7.50) (19.00)

ANOVA or Kruskal-Wallis test was used to determine differences between the groups.

Tablo 2. Adipocytokine levels according to steatosis
grade

Without steatosis With steatosis P
Mean±SD Mean±SD
(median) (median)

n 34 31

Age (year) 47.91±11.14 52.29±8.967 0.088
(48.00) (52.00)

BMI (kg/m2) 26.24±4.432 27.94±3.235 0.085
(26.00) (27.00)

Adiponectin (μg/ml) 43±3.861 44.06±2.909 0.428
(44,00) (44.00)

Leptin (pg/ml) 11.21±11.272 18.68±16.714 0.066
(7.00) (13.50)

Student’s t test or Mann-Whitney U test was used to analyze demographic
data and laboratory results.



(39). In two studies, leptin levels were found indepen-
dently associated with fibrosis severity, while a possible
relation with steatosis was not evaluated or not found
(9,41). In 131 CHC patients, leptin levels were found to
be associated with steatosis in genotype 1 but not in ge-
notype 3 patients, and this association remained unchan-
ged after exclusion of 37 heavy drinkers (10). A weak as-
sociation between leptin levels and fibrosis severity was
also reported (10). In 48 CHC patients with steatosis but
without diabetes, obesity, hyperlipidemia, and alcohol
abuse, leptin levels did not correlate with fibrosis or ste-
atosis severity (42). In a multicenter study including 221
nondiabetic CHC patients, there was no correlation bet-
ween leptin levels and histological features regardless of
genotype, while IR was associated with fibrosis in the
152 non-3 genotype patients (43). In another study, lep-
tin levels were found to be associated with steatosis in
74 CHC patients only in the univariate analysis, while no
correlation was observed between leptin levels and nec-
roinflammation or fibrosis (44). Two additional studies
failed to show any association of leptin in CHC, although
they had significant findings for adiponectin (45,46). Fi-
nally, in a Spanish study, IR, fibrosis severity and genoty-
pe, but not leptin levels, were considered as the only pre-
dictors of sustained response to therapy (47). 

As mentioned above, although serum leptin levels are in-
creased in CHC patients, the data on their associations
with histological lesions are rather conflicting. This may
be due to the heterogeneity in the study populations.
Leptin, however, is suggested to have no association
with fibrosis or steatosis in cases without metabolic risk
factors for hepatic steatosis (42). Given the more frequ-
ent development of hepatic steatosis due to metabolic
factors in genotype 1 infection, there may be an associ-
ation between leptin levels and fibrosis and/or steatosis
in genotype 1 but not in genotype 3 CHC patients (48).
It should be noted that no study suggesting an indepen-
dent association between leptin levels and fibrosis seve-
rity evaluated IR, which therefore might have been a hid-
den confounding factor (40,41). Thus, more detailed stu-
dies are required to further clarify this issue. 

Currently, there is increasing interest in the role of adipo-
nectin in CHC. In a relatively small study without infor-
mation on steatosis and HCV genotypes, no correlation
between serum adiponectin levels and liver histology
was found (49). Low adiponectin levels correlated with
steatosis in 71 CHC patients, and with viral load, IR and
genotype 2, but not with histological parameters or BMI,
in 95 CHC patients (45,46). Baseline adiponectin levels
did not predict treatment outcome, and posttreatment

steatosis changes did not correlate with changes in adi-
ponectin levels. Intrahepatic AdipoR1 and AdipoR2 gene
expression correlated inversely with serum adiponectin
levels in a subgroup of 10 patients (50). In the largest co-
hort of 194 untreated CHC patients, hypoadiponectine-
mia was associated with steatosis only in males, while
adiponectin levels increased with increasing inflammati-
on but had no association with fibrosis severity (51). The
lower BMI and milder steatosis in females may be res-
ponsible for the gender difference in the association bet-
ween adiponectin and steatosis, whereas the increasing
adiponectin levels with hepatic necroinflammation impli-
es a possible secondary adiponectin response to liver in-
jury (51). 

Adiponectin, an insulin-sensitizing hormone, is also signi-
ficantly higher in women compared with men, and whet-
her this is due to differences in sex hormones or differen-
ces in adipose tissue distribution is not clear (17). Howe-
ver, in our study, we found that adiponectin levels of wo-
men and men were similar. The elevated visceral and he-
patic adipose tissue reported in men, in conjunction with
the lack of a possible protective effect of estrogen and
lower adiponectin levels, may contribute to their higher
IR compared with women (17). Gender-specific avenues
of research into IR should consider these sex differences
in adipose distribution and adipokine secretion. In addi-
tion, gender-tailored treatment of IR may benefit from
focusing on visceral and hepatic adiposity and hypoadi-
ponectinemia, which are more prominent in men than in
women.

Finally, in a small study of 30 male CHC patients and 22
controls, the ratio of high molecular weight (HMW) to
total adiponectin levels correlated inversely with steato-
sis in genotype 1 but not in genotype 3 patients, while
no such relation was found when total adiponectin was
used in the analysis (46). Patients with genotype 1 were
less insulin-sensitive than those with genotype 3, while IR
was associated with a decrease in total and HMW adipo-
nectin in both patients and controls (46). From the abo-
ve studies, an inverse association between serum adipo-
nectin and steatosis in CHC seems rather likely, while no
relation appears to exist between adiponectin and fibro-
sis. The possible associations of adiponectin with necro-
inflammation, the role of genotype variations in adipo-
nectin levels, and the possible enhanced sensitivity of
HMW forms merit further evaluation.

In our study, the fact that the plasma levels of leptin di-
rectly correlated with steatosis in HCV-infected subjects
suggests that hyperleptinemia was at least partly respon-
sible for hepatic steatosis and liver injury in this populati-
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on. The mechanism of this association needs to be clari-
fied; however, it is probably related to the effect of lep-
tin on lipid metabolism.

In conclusion, this study demonstrates that hyperleptine-
mia in HCV-infected patients correlates with hepatic ste-

atosis. One practical implication is that therapy to dec-

rease circulating leptin concentration, such as peroxiso-

me proliferator-activated nuclear receptor-γ (PPAR-γ)

agonists, might provide the potential to improve steato-

sis in CHC infection.

102

ALTINTAfi ve ark.

REFERENCES
1. Lonardo A, Adinolfi LE, Loria P, et al. Steatosis and hepatitis C vi-

rus: mechanisms and significance for hepatic and extrahepatic di-
sease. Gastroenterology 2004;126:586-97.

2. Hourigan LF, Macdonald GA, Purdie D, et al. Fibrosis in chronic he-
patitis C correlates significantly with body mass index and steato-
sis. Hepatology 1999;29:1215-9.

3. Adinolfi LE, Gambardella M, Andreana A, et al.  Steatosis accele-
rates the progression of liver damage of chronic hepatitis C pati-
ents and correlates with specific HCV genotype and visceral obe-
sity. Hepatology 2001;33:1358-64.

4. Ohata K, Hamasaki K, Toriyama K, et al. Hepatic steatosis is a risk
factor for hepatocellular carcinoma in patients with chronic hepa-
titis C virus infection. Cancer 2003;97:3036-43.

5. Rubbia-Brandt L, Quadri R, Abid K, et al. Hepatocyte steatosis is a
cytopathic effect of hepatitis C virus genome 3. J Hepatol
2000;33:106-15.

6. Monto A, Alonzo J, Watson JJ, et al. Steatosis in chronic hepatitis
C: relative contributions of obesity, diabetes mellitus, and alcohol.
Hepatology 2002;36:729-36.

7. Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends
Endocrinol Metab 2000;11:327-32.

8. Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin
Endocrinol Metab 2004;89:2548-56.

9. Giannini E, Ceppa P, Botta F, et al. Leptin has no role in determi-
ning severity of steatosis and fibrosis in patients with chronic he-
patitis C. Am J Gastroenterol 2000;9:3211-7.

10. Romero-Gomez 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.

11. Lopez-Bermejo A, Botas P, Funahashi T, et al. Adiponectin, hepa-
tocellular dysfunction and insulin sensitivity. Clin Endocrinol (Oxf)
2004;60:256-63.

12. Report of the Expert Committee on the Diagnosis and Classificati-
on of Diabetes Mellitus. Diabetes Care 1997;20:1183-97.

13. Matthews DR, Hosker JP, Rudenski AS, et al. Homeostasis model
assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

14. Knodell RG, Ishak KG, Black WC, et al. Formulation and application
of a numerical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis. Hepatology 1981;1:431-5.

15. Scheuer PJ. Classification of chronic viral hepatitis: a need for reas-
sessment. J Hepatol 1991;13:372-4.

16. Kleiner DE, Brunt EM, Van Natta M, et al. Nonalcoholic Steatohe-
patitis Clinical Research Network. Design and validation of a histo-
logical scoring system for nonalcoholic fatty liver disease. Hepato-
logy 2005;41:1313-21.

17. Gear EB, Shen W. Gender differences in insulin resistance, body
composition, and energy balance. Gend Med 2009;6(Suppl 1):60-
75.

18. Klaus S. Adipose tissue as a regulator of energy balance. Curr Drug
Targets 2004;5:241-50. 

19. Campfield LA, Smith FJ, Guisez Y, et al. Recombinant mouse OB
protein: evidence for a peripheral signal linking adiposity and cen-
tral neural networks. Science 1995;269:546-9.

20. Scherer PE, Williams S, Fogliano M, et al. A novel serum protein si-
milar to Cq1, produced exclusively in adipocytes. J Biol Chem
1995;270:26746-9.

21. Hu E, Liang P, Spiegelman BM. AdipoQ is a novel adipose-specific
gene dysregulated in obesity. J Biol Chem 1996;271:10697-703.

22. Maeda K, Okubo K, Shimomura I, et al. cDNA cloning and expres-
sion of a novel adipose specific collagen-like factor, apM1 (adipo-
se most abundant gene transcript 1). Biochem Biophys Res Com-
mun 1996;221:286-96.

23. Mohamed-Ali V, Goodrick S, Rawesh A, et al. Subcutaneous adipo-
se tissue releases interleukin-6, but not tumor necrosis factor-·, in
vivo. J Clin Endocrinol Metab 1997;82:4196-200.

24. Kern PA, Saghizadeh M, Ong JM, et al. The expression of tumour
necrosis factor in human adipose tissue. Regulation by obesity, we-
ight loss, and relationship to lipoprotein lipase. J Clin Invest
1995;95:2111-9.

25. Steppan CM, Bailey ST, Bhat S, et al. The hormone resistin links
obesity to diabetes. Nature 2001;409:307-12.

26. Wiman B, Chmielewska J, Ranby M. Inactivation of tissue plasmi-
nogen activator in plasma. Demonstration of a complex with a
new rapid inhibitor. J Biol Chem 1984;259:3644-7.

27. Cook KS, Groves DL, Min HY, Spiegelman BM. A developmentally
regulated mRNA from 3T3 adipocytes encodes a novel serine pro-
tease homologue. Proc Natl Acad Sci U S A 1985;82:6480-4.

28. Maslowska M, Scantlebury T, Germinario R, Cianflone K. Acute in
vitro production of acylation stimulating protein in differentiated
human adipocytes. J Lipid Res 1997;38:1-11.

29. Bruun JM, Pedersen SB, Richelsen B. Regulation of interleukin 8
production and gene expression in human adipose tissue in vitro.
J Clin Endocrinol Metab 2001;86:1267-73.

30. Manne J, Argeson AC, Siracusa LD. Mechanisms for the pleiotro-
pic effects of the agouti gene. Proc Natl Acad Sci U S A
1995;92:4721-4.

31. Samad F, Yamamoto K, Pandey M, Loskutoff DJ. Elevated expres-
sion of transforming growth factor-‚ in adipose tissue from obese
mice. Mol Med 1997;3:37-48.

32. Jones BH, Standridge MK, Taylor JW, Moustaid N. Angiotensinogen
gene expression in adipose tissue: analysis of obese models and
hormonal and nutritional control. Am J Physiol 1997;273:R236-42.



33. Heid HW, Moll R, Schwetlick I, et al. Adipophilin is a specific mar-
ker of lipid accumulation in diverse cell types and diseases. Cell Tis-
sue Res 1998;294:309-21.

34. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link
between insulin resistance, obesity and diabetes. Trends Immunol
2004;25:4-7.

35. Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive prote-
in in healthy subjects: associations with obesity, insulin resistance,
and endothelial dysfunction: a potential role for cytokines origina-
ting from adipose tissue? Arterioscler Thromb Vasc Biol
1999;19:972-8.

36. Jialal I, Devaraj S, Venugopal SK. C-reactive protein: risk marker or
mediator in atherothrombosis? Hypertension 2004;44:6-11.

37. Festa A, Hanley AJ, Tracy RP, et al. Inflammation in the prediabe-
tic state is related to increased insulin resistance rather than dec-
reased insulin secretion. Circulation 2003;108:1822-30.

38. Ziccardi P, Nappo F, Giugliano G, et al. Reduction of inflammatory
cytokine concentrations and improvement of endothelial functions
in obese women after weight loss over one year. Circulation
2002;105:804-9.

39. Liu ZW, Zhang N, Han QY, et al. Correlation of serum leptin levels
with anthropometric and metabolic parameters and biochemical li-
ver function in Chinese patients with chronic hepatitis C virus infec-
tion. World J Gastroenterol 2005;11:3357-62. 

40. Piche T, Vandenbos F, Abakar-Mahamat A, et al. The severity of li-
ver fibrosis is associated with high leptin levels in chronic hepatitis
C. J Viral Hepat 2004;11:91-6. 

41. Crespo J, Rivero M, Fabrega E, et al. Plasma leptin and TNF-alpha
levels in chronic hepatitis C patients and their relationship to hepa-
tic fibrosis. Dig Dis Sci 2002;47:1604-10. 

42. Giannini E, Ceppa P, Botta F, et al. Leptin has no role in determi-
ning severity of steatosis and fibrosis in patients with chronic he-
patitis C. Am J Gastroenterol 2000;95:3211-7. 

43. Muzzi A, Leandro G, Rubbia-Brandt L, et al. Swiss Hepatitis C Co-
hort Study.  Insulin resistance is associated with liver fibrosis in
non-diabetic chronic hepatitis C patients. J Hepatol 2005;42:41-6. 

44. Gordon A, McLean CA, Pedersen JS, et al. Hepatic steatosis in
chronic hepatitis B and C: predictors, distribution and effect on fib-
rosis. J Hepatol 2005;43:38-44. 

45. Petit JM, Minello A, Jooste V, et al.  Decreased plasma adiponec-
tin concentrations are closely related to steatosis in hepatitis C vi-
rus-infected patients. J Clin Endocrinol Metab 2005;90:2240-3. 

46. Wang AY, Hickman IJ, Richards AA, et al. High molecular weight
adiponectin correlates with insulin sensitivity in patients with hepa-
titis C genotype 3, but not genotype 1 infection. Am J Gastroen-
terol 2005;100:2717-23. 

47. Romero-Gomez M, Del Mar Viloria M, Andrade RJ, et al. Insulin re-
sistance impairs sustained response rate to peginterferon plus riba-
virin in chronic hepatitis C patients. Gastroenterology 2005;128:
636-41. 

48. Powell EE, Jonsson JR, Clouston AD. Steatosis: co-factor in other li-
ver diseases. Hepatology 2005;42:5-13. 

49. Sato S, Furuta K, Mishiro T, et al. Serum adiponectin concentrati-
on in patients with hepatitis C virus. J Clin Gastroenterol 2005;39:
744-5. 

50. Liu CJ, Chen PJ, Jeng YM, et al. Serum adiponectin correlates with
viral characteristics but not histologic features in patients with
chronic hepatitis C. J Hepatol 2005;43:235-42. 

51. Jonsson JR, Moschen AR, Hickman IJ, et al. Adiponectin and its re-
ceptors in patients with chronic hepatitis C. J Hepatol
2005;43:929-36. 

103

Leptin & Hepatitis C



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


