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Association of Visceral Obesity with High Viral Load
and Histological Findings in Elderly Patients
with Genotype 1 Chronic Hepatitis C
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Yutaka Narita', Tetsu Kikuchi', Katsuyori Iijima’, Ryo Wada® and Takafumi Ichida’

Abstract

Objective Genotype 1 chronic hepatitis C (G1CHC) is generally accompanied by metabolic disturbances
related to visceral obesity, such as insulin resistance, steatosis, or dyslipidemia. Because these abnormalities
negatively influence the clinical course of GICHC, we sought to clarify the effect of visceral obesity on the
pathophysiology of G1ICHC.

Methods We evaluated 180G1CHC patients for the presence of visceral obesity on the basis of computed
tomography findings. Multivariate analysis was performed to estimate the relationship between visceral obe-
sity and demographic, viral, and biochemical characteristics of patients. The associations of visceral obesity
with histological findings and serum adipokine levels were also analyzed.

Results Multiple logistic regression analysis revealed that visceral obesity was independently associated
with metabolic syndrome, platelet count, high-density lipoprotein level, and serum viral load in elderly pa-
tients (265 years). Multiple linear regression analysis confirmed the association between visceral obesity and
high viral load. However, visceral obesity was not correlated with viral load in non-elderly patients (<65
years). Histological data (160 patients) demonstrated the significant association between visceral obesity and
steatosis. Furthermore, patients with visceral obesity showed increase in the severity of fibrosis with advanc-
ing age. However, age-associated fibrosis progression was not evident in patients without visceral obesity.
The serum adiponectin level was significantly low in patients with visceral obesity, whereas those of leptin,
tumor necrosis factor-o, and interleukin-6 were not affected significantly.

Conclusion Visceral obesity was associated with high viral load and histological damage in elderly patients
with reduced adiponectin levels.
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Introduction

Infection with hepatitis C virus (HCV) is a major cause
of chronic liver disease, with almost 170 million persons be-
ing affected worldwide (1). Chronic HCV infection is re-
sponsible for a range of diseases, including minimal to se-
vere chronic hepatitis, cirrhosis, and hepatocellular carci-
noma (2, 3). Several studies reported thus far have focused

on the factors influencing the heterogeneous clinical course
of HCV infection.

A cluster of insulin resistance (IR)-associated metabolic
risk factors, such as obesity, dyslipidemia, glucose intoler-
ance, hypertension, and hepatic steatosis, is called the meta-
bolic syndrome. Patients with genotype 1 chronic hepatitis C
(G1CHC) generally present with these metabolic factors, es-
pecially steatosis and IR (4-6). The detrimental effect of
these metabolic risk factors on the course of HCV infection

!Department of Gastroenterology and Hepatology, Juntendo University Shizuoka Hospital, Japan and *Department of Pathology, Juntendo Uni-

versity Shizuoka Hospital, Japan

Received for publication November 29, 2012; Accepted for publication March 14, 2013

Correspondence to Dr. Takuya Genda, genda@rice.ocn.ne.jp

1665

-155-



Intern Med 52: 1665-1673, 2013 DOI: 10.2169/internalmedicine.52.9430

is increasingly being recognized. Both IR and hepatic steato-
sis are associated with the histological grade of portal in-
flammation and progression of liver fibrosis (6-8). Poor re-
sponse to interferon-based antiviral therapy is observed in
patients with these metabolic risk factors (9, 10). In addi-
tion, our recent report revealed that hypertriglyceridemia and
glucose intolerance, both of which are components of the
metabolic syndrome, had a significant correlation with high
serum HCV viral load in patients with GICHC (11).

Obesity, which is characterized by the excessive deposi-
tion of adipose tissue, is closely correlated to the metabolic
syndrome. Especially, growing attention has been paid to
particular patterns of adipose tissue distribution. Individuals
with a selective excess of intra-abdominal or visceral adi-
pose tissue are at a substantially higher risk of developing
IR and other features of the metabolic syndrome than those
without. Visceral adipose tissue has been reported to act as
an endocrine organ that secretes a large number of bioactive
substances regulating metabolism and inflammatory and im-
mune responses, and excess visceral adipose tissue accumu-
lation induces metabolic disturbances, which are induced by
the dysregulation of bioactive molecules derived from adi-
pose tissue (12-14). Therefore, visceral obesity is recognized
not only as a marker of a dysmetabolic profile but also as a
causal factor of IR. In the light of the clinical importance of
metabolic factors in patients with G1CHC, it would be inter-
esting to study the role of visceral obesity in the pathogene-
sis of genotype 1 HCV infection.

In this study, we evaluated patients for the presence of
visceral obesity by measuring visceral fat area (VFA) on ab-
dominal computed tomography (CT) and attempted to clar-
ify the correlation between visceral obesity and the bio-
chemical, viral, and histological characteristics of patients
with G1CHC. We stratified the patients by age because insu-
lin sensitivity is known to decrease with aging, while the
prevalence of metabolic syndrome and type 2 diabetes melli-
tus, both of which involve IR, increases with advancing
age (15-17).

Materials and Methods

Patients

We prospectively assessed 180 consecutive patients with
GICHC who visited the Department of Gastroenterology
and Hepatology at Juntendo University Shizuoka Hospital,
Shizuoka, Japan, between February 2006 and April 2011.
Eligibility was defined by the detection of serum HCV-RNA
of genotype 1. Exclusion criteria were (a) positivity for
hepatitis B surface antigen; (b)- presence of liver disease
caused by mixed etiologies, including alcohol intake greater
than 30 g/day, autoimmune hepatitis, primary biliary cirrho-
sis, hemochromatosis, and Wilson’s disease; (c) evidence of
hepatocellular carcinoma by ultrasonography or CT; and (d)
histology of liver transplantation.

The study protocol was approved by the Ethical Commit-

tee of Juntendo University Shizuoka Hospital and was in ac-
cordance with the Helsinki Declaration. Written informed
consent was obtained from all the patients participating in
the study.

Clinical and laboratory examinations

All patients underwent abdominal CT scan for the evalu-
ation of visceral obesity (18). VFA was measured at the um-
bilical level and calculated using the Fat Scan® software (N2
System Osaka Japan). Visceral obesity was defined as VFA
>130 cm’ for male patients and VFA 290 cm’ for female pa-
tients, as defined previously (19). All clinical, anthropomet-
ric, and laboratory data were collected at the time of obtain-
ing the abdominal CT scan. The patients were classified into
2 groups according to their age: non-elderly (<65 years) and
elderly (265 years) according to the previous report (17).

Fasting blood samples were obtained from all subjects,
and the following laboratory parameters were measured us-
ing commercially available assays: blood cell count; serum
levels of aspartate transaminase (ALT), total cholesterol, and
high-density lipoprotein (HDL); plasma triglyceride (TG);
and blood levels of glucose, insulin, hemoglobin Alc, and
alpha-fetoprotein (AFP). The level of low-density lipoprotein
(LDL) was calculated using the Friedewald formula: [LDL
(mg/dL)] = [total cholesterol]-[HDL]-([TG] +5). If the
plasma TG level exceeded 400 mg/dL, LDL was measured
directly. IR was determined using the homeostasis model as-
sessment (HOMA-IR) method. The following equation was
used: HOMA-IR = fasting insulin (u[U/mL) x fasting glu-
cose (mg/dL) %0.05551+22.5 and was defined as HOMA-IR
>2.7. Serum HCV viral load was quantified by quantitative
reverse transcription polymerase chain reaction performed
using the COBAS TagMan HCV Test (Roche Diagnostics,
Branchburg). The HCV genotype was determined by polym-
erase chain reaction with the HCV Genotype Primer Kit (In-
stitute of Immunology Co., Ltd., Tokyo, Japan) and classi-
fied according to Simmonds’ classification system. Serum
levels of adiponectin, leptin, tumor necrosis factor-o. (TNF-
o), interleukin-6 (IL-6) were determined in thawed serum
samples after storage at -20° and measured in a commercial
laboratory (SRL Inc. Tokyo, Japan).

Body mass index (BMI) was calculated by dividing the
body weight (kg) by the square of the height (m’). Meta-
bolic syndrome was diagnosed according to criteria defined
by The Japanese Society of Internal Medicine (JIM) (20).
According to the JIM, metabolic syndrome is diagnosed if
the patient has central obesity (measured by ethnicity-
specific thresholds for waist circumference for a population
of Japanese origin: 290 cm in male patients and 280 cm in
female patients) and any 2 of the following 3 components:
(a) plasma TG of 2150 mg/dL (1.7 mmol/L) and/or serum
HDL cholesterol level of <40 mg/dL (<1.03 mmol/L) for
both men and women, or taking lipid-lowering medications
(b) systolic blood pressure of 2130 mm Hg, diastolic blood
pressure 285 mm Hg, or receiving antihypertensive medica-
tions; and (c) fasting plasma glucose level of 2110 mg/dL
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(6.1 mmol/L) or treatment with oral hypoglycemic medica-
tions or insulin. The diagnosis of arterial hypertension was
based on the following criteria: systolic blood pressure of 2
140 mm Hg and/or diastolic blood pressure of 290 mm Hg
or use of blood pressure-lowering agents. The diagnosis of
type 2 diabetes was based on the World Health Organization
criteria (21). In the cases of previously diagnosed type 2
diabetes, current therapy with insulin or oral hypoglycemic
agent was documented.

Histological evaluation

One hundred sixty of the 180 patients underwent
ultrasound-guided percutaneous liver biopsy within 4 weeks
of the abdominal CT scan. Liver biopsy specimens were
embedded in paraffin and stained with hematoxylin-eosin,
Azan-Mallory, and reticulin silver impregnation. The speci-
mens were evaluated by an experienced pathologist who was
blind to the clinical data of the patients. Histological evalu-
ation was based on the METAVIR criteria reported previ-
ously (22). Hepatic fibrosis was defined as follows: FO, no
fibrosis; F1, periportal fibrous expansion; F2, portal fibrous
widening with bridging fibrosis; F3, bridging fibrosis with
lobular distortion; and F4, liver cirrhosis. On the basis of the
degree of lymphocyte infiltration and hepatocyte necrosis,
inflammation was classified with scores A0 to A3, with
higher scores indicating more severe inflammation. Steatosis
in the biopsy specimens was quantitatively assessed by
computer-assisted morphometric image analysis. The aver-
age percentage of the total area of macrovesicular fat drop-
lets to the liver parenchyma was measured in 2 independent
fields at 100x magnification, by using the Lumina Vision
2.4 Bio-imaging software (Mitani Corporation, Tokyo, Ja-
pan).

Statistical analysis

Continuous variables were summarized as median (range)
values, and categorical variables, as frequency and percent-
age. Mann-Whitney U test and chi-square test were used as
appropriate. Multiple logistic regression analysis was used to
identify factors that were independently associated with vis-
ceral obesity. As candidate factors, we selected gender, BMI,
type 2 diabetes, arterial hypertension, metabolic syndrome,
platelet count; levels of blood AFP, plasma TG, serum HDL,
serum hemoglobin Alc; IR, and HCV viral load. Multiple
linear regression analysis was performed to assess the rela-
tionship of serum HCV viral load with the demographic and
biochemical characteristics of the patients. As candidate fac-
tors, we selected gender, serum ALT level, platelet count,
blood AFP, plasma TG, serum HDL, blood hemoglobin Alc,
IR, and visceral obesity. The Spearman’s rank correlation
coefficient was used to analyze the correlation between 2
variables. All analyses were conducted using IBM SPSS
version 19 (IBM SPSS, Chicago, IL, USA), and p value be-
low 0.05 was considered to be statistically significant.

Results

Characteristics of patients

The clinical, anthropometric, and laboratory data of the
patients enrolled in this study are summarized in Table 1.
The 180 patients (91 male and 89 female) had a median age
60 years (range, 20-85 years). The prevalence of arterial hy-
pertension, type 2 diabetes mellitus, and metabolic syn-
drome were 51.4%, 13.3%, and 16.8%, respectively. The
median VFA of all patients was 66.9 cm’ (range, 2.4-298.6
cm’), with 41 of 180 patients (23%) having visceral obesity.

According to their age, 101 of 180 patients (56%) were
classified as non-elderly (<65 years) and 79 patients (44%),
as elderly (265 years). Comparison of the variables of non-
elderly and elderly patients showed that the latter had a
higher prevalence of arterial hypertension (p=0.002), lower
platelet count (p=0.003), and higher blood AFP levels (p=
0.003). No significant difference was noted between elderly
and non-elderly patients in VFA or prevalence of visceral
obesity.

Factors associated with visceral obesity

Data from the 180 patients were analyzed by logistic re-
gression analysis to examine the correlation between visceral
obesity and the demographic and biochemical variables
stratified by patient age (Table 2). For non-elderly patients,
BMI (p<0.001), presence of metabolic syndrome (p<0.001),
plasma TG level (p=0.018), and IR (p=0.046) were associ-
ated with visceral obesity in univariate analysis. Multivariate
analysis revealed that BMI (p=0.011) and presence of meta-
bolic syndrome (p=0.003) were significantly associated with
visceral obesity. For elderly patients, univariate analysis
showed that BMI (p=0.03), metabolic syndrome (p=0.001),
platelet count (p=0.03), plasma TG level (p=0.009), IR (p=
0.03), and HCV viral load (p=0.008) were associated with
visceral obesity. Multivariate analysis revealed that the pres-
ence of metabolic syndrome (p=0.007), platelet count (p=
0.020), serum HDL level (p=0.048), and HCV viral load (p=
0.027) were independently associated with visceral obesity.

Factors associated with HCV viral load

Because visceral obesity was associated with HCV viral
load in elderly patients, further examination was performed
to confirm this association by stepwise linear regression
analysis (Table 3). In the case of elderly patients, univariate
analysis showed that serum viral load was significantly cor-
related only with visceral obesity (p=0.004), while multivari-
ate analysis revealed that HDL (p=0.038) and visceral obe-
sity (p=0.004) were independently associated with the serum
viral load. In the case of non-elderly patients, both univari-
ate and multivariate analyses showed that only plasma TG
level was a significant factor associated with the serum viral
load (p=0.009). No significant correlation was observed be-
tween HCV viral load and visceral obesity in the case of
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Table 1. Patient Characteristics
All patients (N =180)  Non-elderly (N=101)  Elderly (N =79) p value

Age, years 60 (20-85) 56 (20-64) 70 (65-85)

Male gender, N (%) 91(49.4) 59 (58.4) 32 (40.5) 0.017
BMI, kg/m” 23.2 (14.1-36.8) 23.7 (18.1-36.8) 22.5 (14.1-35.3) 0.10 +
Visceral fat area, cm” 66.9 (2.4-298.6) 69.3 (8.5-298.6) 62.6 (2.36-279.9) 0.27 1
Metabolic syndrome, N (%) 31(16.8) 18 (17.5) 12 (152) 0.68 f
Arterial hypertension, N (%) 94 (51.4) 42 (40.8) 50 (64.1) 0.002
Type 2 diabetes, N (%) 24 (13.3) 10 (9.8) 14 (18.2) 0.10 f
Past history of interferon therapy, N (%) 14 (7.8) 8(7.9) 6 (7.6) 0.94%
Viral load, log TU/mL 6.4 (3.9-7.8) 6.4 (3.9-7.8) 6.4 (4.6-7.7) 0.65 1
ALT, IU/L 58 (14-470) 53 (16-470) 60 (14-235) 0.56 t
Platelet count, ¥ 10%/uL 16.1 (4.0-85.9) 17.8 (4.0-85.9) 14.7 (6.8-33.8) 0.003
AFP, ng/mL 7 (1-307) 6 (1-142) 8 (2-307) 0.003
Total cholesterol, mg/dL 170 (110-251) 171 (110-251) 167 (113-246) 0.37 +
HDL, mg/dL 55 (27-123) 54 (27-123) 58 (31-104) 0.12
TG, mg/dL 89 (30-379) 96.5 (30-379) 88 (32-278) 0.10 t
LDL, mg/dL 92 (33-172) 92.5 (33-172) 89 (36-169) 037+
Blood glucose, mg/dL 101 (69-235) 100 (70-235) 103 (69-226) 0.33 1
HbAlc, % 5.1(3.8-8.3) 5.0 (3.8-8.3) 5.1(3.8-7.9) 0.11 1
IR, N (%) 55(43.7) 35 (50) 20 (35.7) 0.11 +

Date are shown as median (range)

p values are for comparison between non-elderly patients and elderly patients.
BMI: body mass index, ALT: alanine transaminase, AFP: alpha-fetoprotein, HDL: high-density lipoprotein, TG: triglyceride,
LDL: low-density lipoprotein, HbAlc: hemoglobin Alc, IR: insulin resistance

+ Mann-Whitney U test.
} Chi-square test

Table 2. Univariate and Multivariate Analyses of Factors Associated with Visceral Obesity

Non-elderly Elderly
Univariate Multivariate Univariate Multivariate

Variables OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value
Male gender 0.46 (0.17-1.29)  0.14 0.62 (0.22-1.72)  0.36
BMI, kg/m2 139 (1.19-1.62)  <0.001 1.30 (1.06-1.60)  0.011 1.22 (1.02-1.46)  0.03
Type 2 diabetes 0.90 (0.18-4.58)  0.90 1.28 (0.35-1.28) 0.71
Arterial hypertension 1.82(0.71-4.63)  0.21 1.97(0.63-6.17)  0.24
Metabolic syndrome 10.6 (3.38-33.05) <0.001 9.69 (2.12-44.38)  0.003 10.18 (2.61-39.80)  0.001 11.53 (1.96-68.05)  0.007
History of IFN therapy 4.17(0.07-0.52)  0.06 3.56(0.66-19.38) 0.14
ALT, IU/mL 1.00 (1.00-1.01) 021 1.00 (0.99-1.01)  0.63
Platelet XIOS/;LL 1.01 (0.96-1.06)  0.71 1.11(1.01-1.22)  0.03 1.19 (1.02-1.38)  0.020
AFP, ng/mL 0.96 (0.90-1.04)  0.31 1.01 (0.99-1.02) 032
TG, mg/dL 1.01 (1.00-1.02)  0.018 1.02 (1.01-1.03)  0.009
HDL, mg/dL 0.98 (0.95-1.02)  0.30 0.98 (0.94-1.01)  0.15 0.95 (0.91-1.00)  0.048
HbAlc, % 1.28 (0.73-2.25)  0.40 1.12 (0.59-2.14) 0.73
IR 3.11(1.02-9.45)  0.046 3.43 (1.12-10.50) 0.03
Log 10 HCV RNA 0.92 (0.50-1.72)  0.80 6.05 (1.51-22.70)  0.008 8.28 (1.28-53.65)  0.027

Logistic regression analysis was used in the univariate and multivariate analyses.

BMI: body mass index, ALT: alanine transaminase, AFP: alpha-fetoprotein, HDL: high-density lipoprotein, TG: triglyceride, HbAlc: hemoglobin Alc, IR:

insulin resistance

non-elderly patients.

Figure 1 shows the distribution of HCV viral load in
terms of visceral obesity. In the non-elderly group, 22 pa-
tients (22%) had visceral obesity, while 79 patients (78%)
did not, and their median HCV viral load were 6.4 logU/mL

(range, 3.9-7.7 logU/mL) and 6.5 logU/mL (range, 4.2-7.8
logU/mL), respectively. The difference between the 2 sub-
groups of patients was not statistically significant. In the
elderly group, 19 patients (24%) had visceral obesity, while
60 patients (76%) did not, and the median HCV viral loads
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Table 3. Univariate and Multivariate Analyses of Factors Associated with HCV Viral Load

Non-elderly Elderly
Univariate Multivariate Univariate Multivariate
Variables coefficient  pvalue coefficient p value coefficient ~ pvalue coefficient p value
Male gender -0.154 0.12 0.147 0.20
History of IFN therapy 0.032 0.76 0.086 0.46
ALT, IUL s 0.022 0.82 -0.020 0.86
Platelet, x10 /pL -0.143 0.15 0.177 0.12
AFP, ng/mL -0.047 0.64 0.055 0.64
TG, mg/dL 0.241 0.015 0.291 0.009 0.107 0.36
HDL, mg/dL -0.187 0.07 0.182 0.13 0.256 0.038
HbAlc, % 0.119 0.25 0.192 0.10
IR 0.129 0.24 0.158 0.60
Visceral obesity -0.024 0.81 0.328 0.004 0.363 0.004

Stepwise linear regression analysis was used for the univariate and multivariate analyses.
IFN: interferon, ALT: alanine transaminase, AFP: alpha-fetoprotein, TG: triglyceride, HDL: high-density lipoprotein, HbAlc:

hemoglobin Alc, IR: insulin resistance
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Figure 1. Comparison of serum viral load between patients without visceral obesity and those with

visceral obesity stratified by age. Mann-Whitney U test was used for statistical analysis.

were significantly different, at 6.7 logU/mL (range, 5.4-7.7
logU/mL) and 6.4 logU/mL (range, 4.6-7.1 logU/mL), re-
spectively (p=0.004).

Visceral obesity and histological findings

We next investigated the relationship between visceral
obesity and histological findings in patients with GICHC
(Table 4). Histological data were available for 160 of the
180 patients (89%). A total of 77 patients had mild hepatic
fibrosis (FO-1), and 83 patients had severe hepatic fibrosis
(F2-4). Severe necroinflammatory change (A2-A3) was ob-
served in 120 of thel60 patients (75%). Median percentage
of steatosis was 2.6% (range, 0-21%). A comparison of pa-
tients with or without visceral obesity revealed no signifi-
cant difference between them in the prevalence of severe he-
patic fibrosis and severe necroinflammatory change. On the
other hand, the percentage of steatosis was significantly
higher in patients with visceral obesity than in those without
(3.8% vs. 2.2%, p=0.036). In addition, the percentage of
steatosis was significantly correlated with HCV viral load
(r=0.214, p=0.003).

Because the natural history of hepatic fibrosis progression

is age dependent (23), we further analyzed the correlation
between patients’ age and the fibrosis stage (Fig. 2). The
analysis revealed a significant correlation between these fac-
tors in patients with visceral obesity (r=0.355, p=0.021), but
not in those without visceral obesity. Furthermore, among
patients with visceral obesity, severe fibrosis was observed
in 8 of 22 non-elderly patients and 14 of 20 elderly patients.
The prevalence of severe hepatic fibrosis was significantly
higher in elderly patients than in non-elderly patients
(70.0% vs. 36.4%, p=0.029), which is indicative of age-
dependent progression of fibrosis. On the other hand, in pa-
tients without visceral obesity, the prevalence of severe fi-
brosis of elderly patients and non-elderly patients was 26 of
47 (55.3%) and 35 of 71 (49.3%), respectively, showing no
significant difference between the 2 age groups.

Visceral obesity and adipokines

Adipose tissue releases a variety of proinflammatory and
anti-inflammatory cytokines, including the adipokines: adi-
ponectin, leptin, TNF-o., and IL-6, and excess accumulation
of visceral adipose tissue is associated with adipokine dys-
regulation, which has adverse metabolic conse-

1669

-159-



Intern Med 52: 1665-1673, 2013 DOI: 10.2169/internalmedicine.52.9430

Table 4. Visceral Obesity and Histological Findings

Visceral obesity (-) Visceral obesity (+) p value

Stage of fibrosis

FO0/1/2/3/4 1/56/30/23/8 0/20/11/8/3 0985+t
Grade of inflammation

A0/1/2/3 0/28/84/5 0/9/31/2 0.943++
Steatosis, (%)* 2.2 (0-21) 3.8(0-18.4) 0.036 £

tCramer’s measure of association
ttChi-square test

{Mann-Whitney U test.

*Date are shown as median (range)

quences (13, 14). In this point of view, we compared the se-
rum levels of adiponectin, leptin, TNF-o, and IL-6 between
G1CHC patients with and without visceral obesity (Fig. 3).
Serum adipokine levels were evaluated in 159 of 180 pa-
tients. The median levels of adiponectin in patients without
visceral obesity and those with visceral obesity were 13.7
ng/mL (range, 3.9-96.2 ng/mL) and 9.35 ng/mL (range, 1.9-
31.6 ng/mL), respectively. Patients with visceral obesity
showed significantly lower serum levels of adiponectin than
those without visceral obesity (p=0.012). On the other hand,
serum levels of leptin, TNF-o, and IL-6 did not show any
significant difference between patients with and those with-
out visceral obesity. A significant association was also noted
between serum adiponectin level and HCV viral load (r=
-0.182, p=0.023).

Discussion

Serum HCV viral load is clinically important because it
has been identified as one of the most substantial factors
that predict the outcome of interferon-based anti-virus treat-
ment. For instance, among patients treated with 48 weeks of
pegylated interferon and ribavirin, those with genotype 1
and a high viral load (>2x10° copies/mL) showed a sus-
tained virologic response rate of 46%, while those with
genotype 1 and a low viral load (<2x10° copies/mL) showed
a rate was 61% (24). Interestingly, the serum viral load is
persistently stable over prolonged periods in untreated pa-
tients with chronic hepatitis C (25, 26). However, differ-
ences in the serum viral load between individuals vary
widely even among patients with identical genotypes. The
interpersonal difference in serum viral load was noted to be
greater than 6 logU/mL in our study (11). These observa-
tions suggest that interpersonal differences in the serum viral
load might be affected by environmental predispositions,
such as host demographic and biochemical characteristics.
Several recent reports have confirmed the correlation be-
tween high serum viral load and hypertriglyceridemia or
glucose intolerance in patients with GICHC (11, 27, 28).
Howeyver, the reasons for the correlation between these bio-
chemical disturbances and HCV viral load have not yet been
established.

Dyslipidemia and glucose intolerance are frequent find-

ings in patients with metabolic syndrome. It is generally ac-
cepted that excess accumulation of visceral adipose tissue
plays an essential role in the development of this multiple
risk factor syndrome (14). Therefore, the correlation be-
tween hypertriglyceridemia or glucose intolerance and HCV
viral load suggests the involvement of visceral obesity in the
interpersonal differences of serum viral load in patients with
G1CHC. Thus far, many studies have shown the correlation
between visceral obesity and glucose intolerance or between
metabolic syndrome and insulin resistance or adiponectin
level. However, only a few reports have indicated a correla-
tion between visceral obesity and HCV viral load. Only one
previous study showed the correlation between HCV viral
load and visceral adiposity index, which is a surrogate
marker of visceral adiposity (29). In the present study, by
using CT to evaluate patients for the presence of visceral
adiposity, we demonstrated the close correlation between
visceral obesity and high serum viral load in elderly patients
with GICHC. It is unclear why the association between vis-
ceral obesity and viral load was observed only in elderly pa-
tients in our study. In general, the prevalence of metabolic
syndrome increases in advancing age (15, 16). This finding
suggests that elderly persons are more seriously affected by
visceral obesity compared to non-elderly persons. In addi-
tion, recent large-scale Japanese cohort studies have revealed
that the proportion of patients with substitution at amino
acid 70 of the HCV core protein tend to increase with ad-
vancing age (30, 31). These observations suggest that some
age-related viral factors are involved in the association be-
tween visceral obesity and HCV viral load only in the case
of elderly patients.

Further, reports indicate that HCV infection per se is as-
sociated with host insulin resistance, independent of the vis-
ceral fat area (32). However, the correlation between
HOMA-IR and HCYV viral load was not found to be signifi-
cant, both in this study and in a previous one (29). The rea-
son for this discrepancy remains unclear. One of the differ-
ences among these studies was the eligible criteria of the pa-
tients. The former study excluded obese and diabetic pa-
tients, while the latter ones did not. In general, obesity itself
causes insulin resistance, even in the absence of HCV infec-
tion. HOMA-IR can-not accurately reflect the degree of in-
sulin resistance in individuals whose B-cells are unable to
secrete sufficient insulin to overcome existing insulin resis-
tance, for example, in patients with uncontrolled diabetes.
Considering these findings together, we believe that the
study cohort in the present investigation would be inade-
quate to assess the exact correlation between HCV viral load
and insulin resistance itself.

Histological analysis in this study demonstrated that vis-
ceral obesity was associated with steatosis, as reported in a
previous study (33, 34). In addition, age-dependent progres-
sion of liver fibrosis was significantly noted in patients with
visceral obesity; however, no difference was noted in the
prevalence of severe hepatic fibrosis between non-elderly
and elderly patients without visceral obesity. These results
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Figure 2. Comparison of age-dependent fibrosis progression between patients without visceral
obesity (n=118) and those with visceral obesity (n=42). The Spearman’s rank correlation coefficient

was used for statistical analysis.
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Figure 3. Comparison of serum levels of adiponectin, interleukin-6, tumor necrosis factor-o. and
leptin between without visceral obesity (n=121) and those with visceral obesity(n=38). Mann-Whit-

ney U test was used for statistical analysis.

indicated that visceral obesity was possibly involved in age-
dependent progression of liver fibrosis. Consistent with this
finding, previous studies have shown that steatosis was a
major determinant of the progression of fibrosis in HCV-
infected patients (7, 8). Until now, many factors have been
found to influence the progression of liver fibrosis in pa-
tients with CHC, such as age, duration of infection, alcohol
consumption, male gender, hepatic steatosis, and anti-viral
therapeutic response. Because these factors interact in a
complex manner to influence the progression of fibrosis, it
is difficult to determine which one is essential. However,
our results suggested that visceral obesity could influence
not only the therapeutic response but also the progression of
hepatic fibrosis itself. Thus, we can infer that visceral obe-

sity is one of the important factors influencing hepatic fibro-
sis and that it is clinically important in the management of
CHC patients.

Besides serving as a passive reservoir for energy storage,
adipose tissue acts as an endocrine organ that secretes vari-
ous bioactive peptides, known as adipokines (12). To iden-
tify the adipokines that might play a key role in the visceral
obesity-associated elevation in the serum viral load in Gl
CHC patients, we compared the serum levels of adiponectin,
leptin, TNF-0,, and IL-6 of patients with and those without
visceral obesity. Among the 4 adipokines, only adiponectin
showed a statistically significant difference between those
with visceral adiposity and those without, i.e., the serum
adiponectin level was significantly lower in the former. Fur-
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thermore, a significant association was also observed be-
tween serum adiponectin level and HCV viral load. Impor-
tantly, a close association between the serum level of adi-
ponectin and anti-HCV immune response was reported (35).
Taken together, our findings indicate that visceral obesity
might reduce the immune response to HCV via the down-
regulation of adiponectin, resulting in the upregulation of
HCV kinetics and elevation of serum viral load in patients
with GICHC.

In conclusion, visceral obesity was found to be associated
with high viral load, steatosis, and age-dependent fibrosis
progression in patients with G1CHC. These results are sug-
gestive of the detrimental impact of visceral obesity both on
the natural course of HCV infection and the effect of
interferon-based anti-viral therapy. Strategies aiming at cor-
rect visceral obesity might have a beneficial effect on the
management of patients with GICHC
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Abstract

Background The present study aimed to evaluate etiol-
ogy-based differences in the risk of waiting list mortality,
and to compare the current Japanese transplant allocation
system with the Child-Turcotte-Pugh (CTP) and the
Model for End-Stage Liver Disease (MELD) scoring sys-
tems with regard to the risk of waiting list mortality in
patients with primary biliary cirrhosis (PBC).

Methods Using data derived from all adult candidates for
deceased donor liver transplantation in Japan from 1997 to
2011, we assessed factors associated with waiting list
mortality by the Cox proportional hazards model. The
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waiting list mortality risk of PBC patients was further
estimated with adjustment for each scoring system.
Results Of the 1056 patients meeting the inclusion cri-
teria, 743 were not on the list at the end of study period;
waiting list mortality was 58.1 % in this group. In multi-
variate analysis, increasing age and PBC were significantly
associated with an increased risk of waiting list mortality.
In comparison with patients with hepatitis C virus (HCV)
infection, PBC patients were at 79 % increased risk and
had a shorter median survival time by approximately
8 months. The relative hazard of PBC patients was statis-
tically significant with adjustment for CTP score and
medical point score, which was the priority for ranking
candidates in the Japanese allocation system. However, it
lost significance with adjustment for MELD score. Strati-
fication by MELD score indicated a comparable waiting
list survival time between patients with PBC and HCV.
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