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Hepatitis C virus infection causes hypolipidemia regardless
of hepatic damage or nutritional state: An epidemiological
survey of a large Japanese cohort

Teruo Miyazaki,"? Akira Honda,"** Tadashi lkegami,® Yoshifumi Saitoh,? Takeshi Hirayama,?
Takashi Hara,* Mikio Doy® and Yasushi Matsuzaki'?

'Department of Development for Community Medicine, Tokyo Medical University, *Center for Collaborative
Research, *Department of Internal Medicine, Division of Gastroenterology and Hepatology, Tokyo Medical
University Ibaraki Medical Center, ‘lbaraki Prefectural Institute of Public Health, Mito, and ®Ibaraki Prefectural

Central Hospital, Kasama, Japan

Aim: Infection with hepatitis C virus (HCV}is the leading cause
of liver cirrhosis that develops into hepatocellular carcinoma.
Previous studies have shown in vitro that lipids within hepato-
cytes are crucially important for a series of HCV infection-
proliferation-release processes. On the other hand, in the
patients with HCV, the serum total cholesterol (Total-C) and
low-density lipoprotein cholesterol (LDL-C) levels have been
reported to be lower. We conducted an epidemiological survey
of a large cohort and investigated whether the lower serum
lipid levels were caused by a direct or the secondary effects of
HCV infection (i.e. hepatic damage or nutritional disorder).

Methods: Among 146 857 participants (male, 34%; female,
66%) undergoing public health examinations between 2002
and 2007 in lbaraki Prefecture, Japan, the HCV positive rates
determined by HCV antibody/antigen and/or RNA tests were
1.37% and 0.67% in males and females, respectively.

Results: Inaddition to Total-C and LDL-C, serum high-density
lipoprotein cholesterol and triglyceride concentrations were

also significantly lower in the HCV positive subjects compared
with the negative subjects, regardless of sex, age or nutri-
tional state evaluated by body mass index. Multivariate analy-
sis showed that HCV infection was the strongest among the
factors to be significantly associated with the lower level of
these lipids. Particularly, the hypolipidemia was also con-
firmed in the HCV positive subjects with normal aminotrans-
ferase levels (alanine aminotransferase <30 and aspartate
aminotransferase <30).

Conclusion: This epidemiological survey in a large Japanese
cohort suggests that the HCV infection itself might directly
cause hypolipidemia, irrespective of host factors including
age, hepatic damage and nutritional state.

Key words: health examination, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, total
cholesterol, triglyceride

INTRODUCTION

EPATITIS C VIRUS (HCV) infection is the leading

cause of liver cirthosis and the consequent devel-
opment of hepatocellular carcinoma over time. The
World Health Organization (WHO) estimates that there
are approximately 180 million HCV carriers worldwide,
namely, 3% of the world population, with 3-4 million
new cases appearing every year, 70% of whom develop
chronic hepatitis.'?

Correspondence: Professor Yasushi Matsuzaki, 3-20-1 Chuo, Ami,
Ibaraki 300-0395, Japan. Email: ymatsuzaki-gi@umin.ac.jp
Received 10 January 2011; revision 24 February 2011; accepted 24
February 2011.
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Previous studies have shown that the life cycle of
HCV is strongly associated with host lipids. The HCV
forms lipo-viro-particles that are transported into
hepatocytes via the low-density lipoprotein (LDL)
receptor.>* The replication of HCV occurs where the
viral replicase is assumed to localize, on the phospho-
lipid membrane of the endoplasmic reticulum (ER) or
ER-associated membrane matrix.” The dynamic move-
ment of lipid droplets to the ER has been confirmed
to be involved in the production of HCV particles
through core protein recruitment of non-structural pro-
teins and in some steps of virus assembly.® Further-
more, HCV secretion from hepatocytes is closely
associated with triglyceride (TG)-rich very low-density
lipoproteins.”*!

© 2011 The Japan Society of Hepatology
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Several epidemiological cohort studies reported that
the serum total cholesterol (Total-C) and LDL choles-
terol (LDL-C) levels in HCV carriers were significantly
lower than those in uninfected control subjects.'*®
Although the reason has not been elucidated, the
lower levels of serum Total-C and LDL-C were specific
in HCV carriers, but not in hepatitis B virus
carriers.'41® Recently, we have estimated that the asso-
ciated parameters in the public health examination for
the HCV infection based upon multivariate analysis of
data from over 25 000 individuals.” In the result, the
greatest two negatively-associated parameters for HCV
carriers were serum levels of Total-C and TG, while
the most positively-associated parameters were serum
aminotransferase levels. Here, a question has arisen
whether the hypolipidemia in the HCV carriers was
caused by the impaired liver function or not, because
the liver is the central organ in lipid metabolism and
the decreased level of serum cholesterols has been
observed in the patients with liver cirrhosis due to
lower ability of cholesterol synthesis and/or malnutri-
tion.?>?! However, previous studies have not shown
whether the hypolipidemia would occur in asymp-
tomatic HCV carriers with normal aminotransferase
levels.??* Furthermore, the effects of other factors,
including age, sex, nutritional state and past history of
HCV infection, on serum lipid levels have not been
studied in HCV carriers.

In the present study, we investigated the relations
between the serum lipid profiles and the above host
factors in a large cohort in public health examination
with over 140 000 participants including signific-
ant numbers of asymptomatic HCV carriers without
any therapies. The results showed that the hypolipi-
demia was a characteristic feature in HCV carriers
irrespective of aminotransferase levels or nutritional
states.

METHOD

Cohort study and population

HE HCV TESTING was conducted during the

annual public health examination for community
residents, based in part on a project for urgent compre-
hensive countermeasures against hepatitis and hepato-
cellular carcinoma at the ages of 40, 45, 50, 55, 60, 65
or 70 years, from 2002-2006, and was supported by
the Japanese Ministry of Health, Labor and Welfare.
Additionally, the Ibaraki Prefecture extended the
project of HCV testing for an additional year to 2007,
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and the present study used data from a 6-year period.
The present cohort study used the data from a total
of 146 857 individuals (50 399 males, 34%; 96 458
females, 66%) who participated in the annual public
health examinations from 2002-2007 in Ibaraki
Prefecture. The HCV test was conducted with HCV
antibody/antigen and/or RNA testing in accordance
with the guideline for the medical HCV examination,
as summarized in our previous report.” In the flow
chart for the determination of HCV infection, using a
cut-off index (COI) of the HCV antibody titer obtained
with the HCV antibody test (Lumipulse; Fujirebio,
Tokyo, Japan), subjects were initially divided into the
HCV negative with COI of less than 1, the HCV posi-
tive candidates with COI of 1 £ COI < 50 and the HCV
positive with COI of 50 or more. The HCV positive
candidates were finally determined to be HCV negative
and positive based upon the HCV antigen test for the
HCV core protein and the nucleic acid amplification
test (NAT) for HCV RNA.

The health examination involved measurements of
serum lipid levels, including Total-C, high-density lipo-
protein cholesterol (HDL-C) and TG, as well as age,
height, weight and serum levels of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT).
According to the general health examination, serum was
collected on fasting. Serum LDL-C levels were calculated
using the Friedewald formula, as follows: LDL-C (mg/
dL) =Total-C (mg/dL) - HDL-C (mg/dL)-0.2xTG
(mg/dL).” Over 802 mg/dL (8.8 mmol/L) of TG level
was excluded from the calculation of LDL-C.** The lipid
levels were diagnosed as indicating normal, hypolipi-
demia or hyperlipidemia based on the respective
reference value for Japanese clinical laboratory exami-
nation.”?® Body mass index (BMI) was calculated by
dividing the weight (Wt) in kilograms by the square of
the height in meters.” All of the health examinations,
including HCV tests and serum biochemical analyses,
were conducted in the Ibaraki Health Service Associa-
tion and Ibaraki Prefectural Institute of Public Health
(Mito, Japan), and the data of health examination were
analyzed anonymously, after informed consent was
obtained from community representatives to conduct
an epidemiological study based on the guidelines of
the Council for International Organizations of Medical
Science.*

Classification by factors

In the present study, both HCV negative and positive
subjects were further divided into subgroups based
upon different factors: (i) sex; (ii) age; (iii) serum HCV
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antibody titer; (iv) serum markers of liver damage; and
(v) nutritional state. The age classification was estab-
lished by the age range, and was divided into 5-year
increments. In the classification by serum HCV antibody
titer, the HCV negative subjects were divided into two
subgroups, HCV antibody titer COI of less than 1 and
COI of 1 or more, and the subjects with COI of 1 or
more were finally decided as being HCV negative by the
HCV antigen test and NAT.” For classification by liver
damage, the HCV negative and positive subjects were
further divided into the two groups, based upon the
healthy limits of serum aminotransferases (ALT and
AST): “normal” was less than 30 IU of both, and “abnor-
mal” was over 301U of either or both aminotrans-
ferases. In Japan, the healthy limits of both serum
aminotransferase levels for diagnosis of liver damage in
public health examinations were re-established to be
under 30 IU, based on the recent guideline for antivirus
therapy for HCV.?! The nutritional status was evaluated
by BMI, and the classification was conducted along with
the WHO-defined BMI class: under Wt was BMI of less
than 18.5, normal Wt of 18.5 < BMI <25, over Wt of
25<BMI<30 and obese class according to obese
classes 1-3 (BMI >30).

Statistical analysis

Data are expressed as the mean * standard error of the
value or percentage. Significant differences between the
two groups were determined by unpaired Student's
t-test or Mann-Whitney U-test depending upon the
number of subjects and variations in the groups com-
pared. Comparison of the percent distribution between
the two groups was estimated by Pearson’s y>-test
analysis. Multivariate logistic regression analysis was
performed to determine factors including HCV posi-
tive, age, BMI, ALT and AST associated with serum
level of each lipid diagnosed as the hypolipidemia
(Total-C £119 mg/dL, HDL-C <39 mg/dL in males and
<44 mg/dL in female, LDL-C <64 mg/dL, TG <49 mg/
dL). The strength of association was described with an
odds ratio with 95% confidence intervals and P-value.
The statistical analysis was performed using SPSS II
software version 11.0.

RESULT
HCV positive rate and profile of serum lipids
between HCV positive and negative

MONG THE 146 857 individuals who participated
in the health examination from 2002-2007, the
HCYV positive rates were 0.90%, 1.37% and 0.67% in all

©® 2011 The Japan Society of Hepatology
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(sum of the sexes), males and females, respectively.
There were no significant differences in BMI between the
HCV negative (male, 23.9 £ 0.01; female, 23.1 £0.01)
and positive (male, 23.3 + 0.1; female, 23.1 £ 0.1) sub-
jects. Table 1 shows the average serum lipid levels
(Total-C, HDL-C, LDL-C and TG) by sex between the
HCV positive and negative subjects. Among all subjects,
all serum lipids in the HCV positive subjects were sig-
nificantly lower than in the HCV negative subjects,
regardless of sex.

The lipid levels in both HCV negative and positive
subjects were divided into hypolipidemia, normal lipid
and hyperlipidemia, based upon whether they were
below, within and above the normal ranges of the
respective reference values for Japanese (Fig. 1). Among
both sexes, the proportion that were above the normal
range for all examined lipids was significantly lower in
the HCV positive compared to those in the HCV nega-
tive subjects (y>-test analysis P < 0.0001 in all: Total-C,
29% in the HCV negative vs 6% in the HCV positive
for males, 41% vs 21% in females; HDL-C, 3% vs 1%
in males, 6% vs 4% in females; LDL-C, 24% vs 7% in
males, 34% vs 20% in females; TG, 35% vs 18% in
males, 21% vs 14% in females).

The HCV negative subjects were also divided into
those with HCV antibody titer of 1 or more and less
than 1, and the former and latter were considered as
having a prior infection and never infected.”” The per-
centages of HCV negative subjects with prior infection
were 0.91%, 1.28% and 0.72% for all, males and
females, respectively, and the number of subjects was
similar to the HCV positive subjects for each sex. Signifi-
cant differences in the serum lipids were observed when
the HCV positive subjects were compared regarding the
presence or absence of a prior infection (Table 1).
Among the HCV negative subjects, the examined lipids
tended to be lower in those with prior infection com-
pared with those who had never been infected, particu-
larly in males, but there were no statistically significant
differences.

Table 2 shows the multivariate logistic regression
analysis of risk factors for lower level of serum lipids.
In the parameters including HCV positive, age, ALT,
AST and BMI, the significances were recognized in
almost all analyses for the respective lower level of
serum lipids in both sexes, while there were no sign-
ificances in age for Total-C in male, ALT and BMI
for Total-C in female, and both aminotransferases
for LDL-C in female. In the HCV positive parameter
of both sexes, the odds ratios in all examined
lipids were remarkably higher than other analyzed
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Table 1 Profile of serum lipids between the HCV negative and positive subjects by sex

Total-C (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) TG (mg/dL)
All
HCV positive (n=1317) 179.2+1.0 52.9+0.4 1052+03 107.6 £1.9
HCV negative (n=145540) 2093 +0.1 ** 60.3+0.04 ** 1243+0.1 ** 124.5+0.2 **
Titer 21 (n=1326) 204.2+1.0 ** 573+0.4 ** 121.6+09 ** 1275422 **
Titer <1 (n=144214) 2094%0.1 ** 60.3+0.04 ** 1243+£0.1 ** 124.5+0.2 **
Male
HCV positive  (n=679) 168.1+1.2 483+0.5 98.0+1.1 112.0£3.1
HCV negative (n=49720) 202.1+0.2 ** 549+0.1 ** 1183 +0.1 ** 155.7+05 **
Titer 21 (n=1638) 1954 +1.3 ** 53.3+06 ** 114.7+1.3 ** 139.3+£3.5 **

Titer <1 (n=49082) 202.3+02 ** 549+0.1 ** 1184+0.1 ** 155.9+0.5 **
Female (vs male) (vs male) (vs male) (vs male)
HCV positive (n = 638) 191.0+1.4 (**) 57.8+0.6 (**) 112.8+1.2 (**) 102.9+23 *)
HCV negative (n=95820) 213.0£0.1 ** (**) 63.1+£0.1 ** (**) 127.3£0.1 ** (**) 113.3£0.2 ** (**)
Titer 21 (n=688) 2124+ 1.3 ** (**) 6L0£0.5 ** (**) 1281412 ** (**) 1165225 ** (*)

Titer <1 (n=95132) 213.0+0.1 ** (**) 63.1+£0.1 ** (**) 127.310.1 ** (**) 1132£02 ** (*¥)

The titer 21 and <1 show the HCV negative subjects with HCV antibody titer over 1 and more, and less than 1, respectively. Data are
shown the mean * standard error. Significant differences between the HCV positive and HCV negative subjects and between sexes were
analyzed by Mann-Whitney U-test. *P <0.05, **P < 0.0001. Symbols in the parenthesis in female show the significant difference
compared to that in male. LDL-C value was calculated using the Friedewald formula (LDL-C = Total-C - HDL-C - TG / 5).

HCV, hepatitis virus C; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride;
Total-C, total cholesterol.

Table 2 Multivariate logistic regression analysis of factors associated with hypolipidemia

Total-C HDL-C LDL-C TG

OR  95% CI P OR 95% CI P OR 95% CI P OR 95%CI P

Male
HCV (+) 10.75 7.00-16.50 <0.0001 3.09 2.55-3.74 <0.0001 2.10 1.62-2.72 <0.0001 3.17 2.37-4.26 <0.0001
Age (years) 1.01 0.99-1.03 0.1180 1.02 1.01-1.02 <0.0001 0.98 0.99-0.99 <0.0001 0.99 0.98-0.99 <0.0001

ALT 1.01 1.01-1.02 <0.0001 0.98 0.98-0.99 <0.0001 1.04 1.04-1.05 <0.0001 1.02 1.02-1.02 <0.0001

AST 1.00 0.99-1.00 0.1870 1.02 1.01-1.02 <0.0001 0.98 0.98-0.99 <0.0001 0.96 0.96-0.97 <0.0001

BMI 0.89 0.85-0.94 <0.0001 1.15 1.14-1.16 <0.0001 0.95 0.94-0.97 <0.0001 0.80 0.78-0.81 <0.0001
Female

HCV (+) 14.93 6.90-32.27 <0.0001 2.24 1.81-2.78 <0.0001 3.67 2.40-5.63 <0.0001 1.38 1.00-1.99 0.0479
Age (years) 0.94 0.92-0.96 <0.0001 1.03 1.03-1.03 <0.0001 0.93 0.93-0.94 <0.0001 0.94 0.94-0.94 <0.0001

ALT 1.02 1.00-1.04 0.1034 098 0.98-0.99 <0.0001 1.01 1.00-1.02 0.0566 1.03 1.03-1.04 <0.0001
AST 0.99 0.97-1.01 0.4201 1.02 1.01-1.02 <0.0001 1.00 1.00-1.01 0.5252 0.96 0.96-0.97 <0.0001
BMI 0.88 0.82-0.94 0.0002 1.13 1.12-1.14 <0.0001 0.96 0.94-0.97 <0.0001 0.84 0.84-0.85 <0.0001

The lower level of each serum lipid was defined as below the normal range of the respective reference value for Japanese, and see
Figure 1 for the values.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BM1, body mass index; CI, confidence interval; HCV (+), positive for
hepatitis C virus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; TG,
triglyceride; Total-C, total cholesterol.
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parameters in all examined lipids. Although this analy-
sis implied that the influence of HCV infection was
the strongest risk factor for the lower level of serum
lipids, the further analyses by matching sex, age,
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Figure 1 Comparison of the relative ratios of the three classi-
fications of lipids based on the reference values for Japanese
clinical examination, between the hepatitis C virus (HCV)
negative and positive patients. The respective lipids were
divided into under, within and over normal ranges. $P < 0.001
shows a significant difference of the relative ratio between the
HCV negative and positive subjects by Pearson’s y*-test analy-
sis. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; TG, triglyceride; Total-C, total
cholesterol.

<
<

ALT, AST and BMI were carried out to exclude these
factors.

Composition of serum lipids between
the HCV positive and negative subjects

Figure 2 shows the balance of serum lipid composition
by sex between HCV positive and negative subjects. In
both sexes, there was no significant differences in the
balance of serum lipid composition between HCV posi-
tive and negative subjects. Among males, the rates of TG
and HDL-C in the HCV positive subjects tended to be
lower and higher, respectively, compared with the HCV
negative subjects (TG, 42.4+0.1% vs 40.5%0.5%;
HDL-C, 18.7 £0.03% vs 20.2 £ 0.3%, in the HCV nega-
tive vs positive subjects, respectively), but they were
not statistically significant. The serum lipid balance in
females was almost the same between the HCV negative
and positive subjects. The results show that the all
serum lipids were reduced equally in subjects with HCV
infection.

Serum levels of lipids classified by healthy
levels of aminotransferases

The HCV negative and positive subjects were classified
into the normal (ALT <30 and AST <30) and abnormal
(ALT >30 and/or AST >30) populations based upon the
healthy serum aminotransferase levels. The HCV positive
rates were 0.36% and 3.30% in the normal and abnormal
populations, respectively. In the HCV negative subjects,
82.1% were in the normal compared with 17.9%
that were in the abnormal population (y?-test analysis
P <0.0001). In contrast, the normal and abnormal
populations in the HCV positive were 33.1% and 66.9%
(P < 0.0001), respectively. Serum lipid levels classified by
the aminotransferases are shown in Figure 3. There were
significant differences in the lipid levels between the
HCV negative and positive subjects in the normal popu-
lation. In both sexes, all examined lipid levels in the
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Figure 2 Composition of serum high-density lipoprotein cholesterol (B HDL-C), low-density lipoprotein cholesterol (7 LDL-C)
and triglyceride ([0 TG) for each sex between the hepatitis C virus positive and negative subjects. Data are shown as
mean * standard deviation of the respective percentage in TG, LDL-C and HDL-C for sum of them.

normal population were significantly lower in the HCV
positive compared with the negative subjects, except for
TG in females. The significantly lower levels of all exam-
ined lipids in the HCV positive were also observed in the
abnormal population. The results indicate that the lower
levels of serum lipids were associated with the infection
of HCV rather than the condition of liver damage.

Differences of lipids among age ranges

Figure 4 shows the differences in the age range of serum
lipid levels in 5-year increments in the HCV negative and
positive subjects by sex. In both sexes, lower levels of
all examined lipids in the HCV positive subjects were
observed for all age ranges, except for some younger age
ranges for TG level. Among the age ranges under 50 years,
the Total-C and LDL-C levels in the HCV negative
subjects were lower in females than in males, but the
lower levels were reversed in those aged above 50 years.
In the HCV positive subjects, however, both levels were
weakly influenced by age forboth sexes, and therefore the
lower levels in males remained unchanged throughout
all age ranges.

Serum levels of lipids classified by BMI

Figure 5 shows the serum lipid levels classified by the
WHO-defined classification of BMI. In all BMI classes

for both sexes, except for the under Wt class in females,
Total-C and LDL-C levels in the HCV positive subjects
were significantly lower than in the negative subjects.
Similarly, a significant decrease of HDL-C levels was
observed in the BMI classes for both sexes in the HCV
positive group, except for in the obese class who also
showed lower levels; however, this finding was not sig-
nificant. In TG, lower levels were observed in the HCV
positive subjects for all BMI classes in both sexes, and
significant differences were found in the normal Wt and
over Wt classes for both sexes and for the obese class in
males. Accompanied with the higher class of BMI, the
typical dyslipidemic patterns of higher TG and lower
HDL-C levels were observed in both HCV positive and
negative subjects, but the effects of BMI were smaller in
HCV positive than in negative subjects.

DISCUSSION

MONG OVER 140 000 participants undergoing
public health examinations, we evaluated the
serum lipid profiles in the HCV positive subjects by
various host factors including sex, age, nutritional state,
hepatic damage and HCV antibody titer. In contrast to
HCV hepatitis patients in hospitals, this cohort included

© 2011 The Japan Society of Hepatology



536 T. Miyazaki et al.

Male

250
200
150

100

Total-C (mg/dL)

50

70
60
50
40
30
20
10

HDL-C (mg/dL)

140
120
100
80
60
40
20

LDL-C {mg/dL)

200
180
160
140
120
100
80
60
40
20

Triglyceride (mg/dL)

NORMAL ABNORMAL

[] wn=35054 14,608
N = 148 531

® 2011 The Japan Society of Hepatology

250
200
150
100

50

70
60
50
40
30
20
10

140
120
100
80
60
40
20

200
180
160
140
120
100
80
60
40
20

Hepatology Research 2011; 41: 530~541

Female

NORMAL ABNORMAL
84,177 11,332

280 355



Hepatology Research 2011; 41: 530-541

Serum lipid abnormality in HCV carriers 537

Figure 3 Serum lipid levels classified by the healthy limits of serum aminotransferases in the hepatitis C virus (HCV) (O) negative
and ((2) positive subjects. The “normal” and "abnormal” populations were classified by cut-off points: alanine aminotransferase
(ALT) <30 and aspartate aminotransferase (AST) <30, and ALT >30 and/or AST >30, respectively. Data are expressed the
mean * standard error. ANOVA P-value was <0.0001 for all lipid parameters in both sexes. **P < 0.01, 1P < 0.001 by Bonferroni’s
post-hoc test. The symbols inside the columns of abnormal without the bar indicate the comparison against the respective normal.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Total-C, total cholesterol.
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a significantly large number of asymptomatic HCV
positive subjects with normal aminotransferase levels.
In general, serum lipid levels are influenced by some
factors including sex, age, diseases and/or nutritional
states. As shown in Table 2, the multivariate analysis
showed that most factors were significantly associated
with hypolipidemia, and especially the HCV positive
was the strongest factor. In comparison by matching the
respective factor, serum levels of all examined lipids
(Total-C, HDL-C, LDL-C and TG) were significantly
decreased in the HCV positive compared to those in the
HCV negative subjects, regardless of sex, age, BMI or
serum aminotransferase levels. Furthermore, the signifi-
cant hypolipidemia was observed in the HCV positive
subjects when compared to those of the HCV negative
subjects with a prior infection. Particularly, to our
knowledge, the hypolipidemia in the HCV positive sub-
jects with normal serum aminotransferase levels have
never been reported.

It has been well known that the hypolipidemia caused
by impaired liver function is observed in chronic liver
diseases including liver cirrhosis.?**' Therefore, there is
an apprehension whether some cirrhotic patients with
lower aminotransferase levels were included in the
normal population in the present study or not. In active
hepatitis infected with HCV shifting to cirrhosis, both
aminotransferase levels tend to decline, but are still
above the normal range.*?* Accordingly, we assumed
that there might be few chronic cirrhotic patients with
HCV in the normal population. In addition, the malnu-
trition is generally found in the chronic cirrhotic
patients, and consequently BMI would be lower.
However, in the present study, the lower lipid levels
were observed in all BMI classes among the HCV posi-
tive subjects. These results support the idea that the lipid
abnormalities in the HCV positive subjects are directly
caused by HCV infection itself rather than by the
secondary effects of HCV infection, namely, hepatic
damage or nutritional disorder.

Previously, some studies showed that serum LDL-C
level was significantly decreased in the patients infected
with HCV compared with that in the uninfected
subjects.'>*417* However, serum HDL-C level was
unchanged in the HCV positive subjects.!?*173 In
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Figure 4 Serum lipid levels stratified by age ranges in the hepa-
titis C virus (HCV) negative and positive subjects. Data are
expressed as the mean + standard error, and the age ranges were
divided into 5-year increments. Significant difference was ana-
lyzed by Mann-Whitney U-test between the HCV negative and
positive subjects in each age-range; *P<0.05, **P<0.01,
1P < 0.001, P < 0.0001. HDL-C, high-density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; Total-
C, total cholesterol. () HCV-negative: male; () HCV-positive:
male; () HCV-negative: female; (i) HCV-positive: female.
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Figure 5 Serum lipid levels classified by the World Health Organization defined body mass index (BMI) class in the hepatitis C
virus (HCV) (O) negative and (£3) positive subjects. Data are expressed as the mean # standard error. Under Wt, underweight (BMI
<18.5); Normal Wi, normal range of weight (18.5 < BMI < 25); Over Wt, overweight (25 < BMI < 30); Obese Cls, obese classes 1-3
(BMI =30). Significant difference between the HCV negative and positive was analyzed by Mann-Whitney U-test; *P < 0.05,
**P < 0.01, tP<0.001, $P < 0.0001. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG,
triglyceride; Total-C, total cholesterol.
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contrast, Siagris et al.'® as well as ourselves, showed that
both LDL-C and HDL-C levels were significantly
reduced in the HCV positive subjects. The different find-
ings about serum HDL-C level in the HCV positive sub-
jects should be due to the difference in the compared
control levels. In the aforementioned studies,’*'”** the
HDL-C levels of controls were 45-47 mg/dL, which was
considerably lower than those in the studies of ourselves
and Siagris et al. (53-54 mg/dL).”” The difference in the
HDL-C level in the controls may be due to the popula-
tion characteristics, including race, dietary culture and
lifestyle. Thus, both HDL-C and LDL-C levels would
be decreased in the HCV positive subjects who had
relatively higher level of HDL-C.

In comparison between presence and absence of
HCV infection, different results in serum TG level
have been reported. Dai et al. showed the significant
decrease of TG level in the HCV positive subjects in a
large cohort study.” In contrast, there are no signifi-
cant differences in serum TG level between the HCV
infected patients and healthy controls in a relatively
younger population (42.0 + 14.6 years of age).”” In the
present study, we also observed the significant
decreases in the TG level, but there was no difference
in case of comparison in the relatively younger popu-
lations (35-44 years in males, 35~49 years in females,
Fig. 4). It is not clear why serum TG level in younger
ages would hardly be affected by HCV infection, and
further studies are needed.

Furthermore, there are findings that genotypes of
HCV are related to the reduction of hepatic lipid
metabolisms. In US, Greek, Austrian, African and French
patients with HCV genotype 3a, hypocholesterolemia
was more remarkable than other genotypes.*1536-38 Fur-
thermore, in Egyptian patients, a significantly lower
level of lipids has been also reported in HCV patients
predominantly infected with genotype 4.'” Although the
HCV genotype was not determined in the present study
because of cohort study in the public health examina-
tion, the most common genotypes in the Japanese
population are 1b and 2a, while genotypes 3a and 4 are
very rare.** This genotype population in Japanese is
similar to the genotype populations in Taiwan where a
lower level of lipids in the HCV carriers has also been
reported in a cohort study.*’ Therefore, the abnormali-
ties of serum lipids in the HCV carriers would not
depend on the virus genotype.

Several previous studies have reported a relationship
between lipid levels and the sustained viral response
(SVR) of antivirus therapy in the HCV patients. Corey
et al. observed that serum Total-C and LDL-C levels

Serum lipid abnormality in HCV carriers 539

were significantly higher after treatment of peginter-
feron and ribavirin for approximately 7 months in the
HCV patients with SVR compared to those in the non-
responder/relapsers whose serum lipid levels did not
differ from responder before the initiation of the HCV
therapy.!* Furthermore, Gopal et al. showed that HCV
patients with higher LDL-C level before HCV therapy
were associated with greater odds of achieving an
SVR.#! Therefore, focusing on the lipid prolife in the
HCV patients should have important implications
in the antivirus therapy including interferon and
ribavirin.

Although the exact reason for the significant decrease
of serum lipid levels in the HCV positive subjects
is still unclear, previous studies showed HCV impaired
assembly and secretion of very low-density lipoprotein
from hepatocytes,*> and reduced transport of lipids
by HCV-induced oxidative stress and peroxisome
proliferator-activated receptor-o. inability.**** In addi-
tion, a study of cholesterol metabolism by compre-
hensive analysis of serum biomarker sterols® has sug-
gested that endogenous cholesterol biosynthesis is
downregulated while intestinal cholesterol absorption
is not reduced in patients with HCV infection.*
Because lower serum cholesterol concentrations in
the HCV patients could not be explained by hepatic
damage or malnutrition, HCV itself might down-
regulate cholesterol biosynthesis in the human
body.

In conclusion, the present study demonstrated that
the serum levels of lipids including Total-C, LDL-C,
HDL-C and TG were significantly lower in the HCV
positive subjects than in the negative ones, irrespective
of host factors including aminotransferase levels
and nutritional states. Therefore, HCV infection
itself might directly cause abnormalities of lipid
metabolism.
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Hepatocellular carcinoma (HCC) is responsible for approxi-
mately 600 000700 000 deaths worldwide. 1t is highly preva-
lent in the Asia—Pacific region and Africa, and is increasing in
Western countries. The evidence-based guideline for HCC in
Japan was published in 2005 and revised in 2009. Apart from
this guideline, a consensus-based practice manual proposed
by the HCC expert panel of the Japan Society of Hepatology
{(JSH), which reflects widely accepted daily practice in Japan,
was published in 2007. At the occasion of the 45th Annual
meeting of the JSH in Kobe 4~5 June 2009, a consensus
meeting of HCC was held. Consensus statements were created

based on 67% agreement of 200 expert members. This article
describes the up-to-date consensus statements which largely
reflect the real world HCC practice inJapan. We believe readers
of this article will gain the newest knowledge and deep insight
onthe management of HCC proposed by consensus of the HCC
expert members of JSH.

Key words: hepatoceliular carcinoma, Japan Society of
Hepatolagy, staging system, surveillance, treatment:
algorithm, consensus-based guideline

INTRODUCTION

HE LAST EVIDENCE-BASED guideline for hepato-

cellular carcinoma (FHCC) for Japan was published
in 2005," and has prevailed nationwide. This document
was developed by a committee composed of 14 experts
(Chairman: Professor Masatoshi Makuuchi) and was
based on a critical review of 7118 English reports pub-
lished between 1966 and 2002. This guideline includes
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58 research questions regarding important issues for the
prevention, diagnosis, surveillance and treatment of
HCC. The utility of this guideline is recognized by many
Japanese clinicians and has provided a great contribu-
tion to clinical practice. However, there are several issues
in which solid evidence is still lacking; thus, clear rec-
ommendations for clinical practice cannot be stated. In
fact, 45% of the research questions are of grade C rec-
ommendation level, representing a lack of adequate evi-
dence. These issues are left to the dinician’s discretion
within the clinical setting. Furthermore, because the
guidelines did not include the most up-to-date articles,
no recommendation or statements were made regarding
newly established evidence. In addition, the clinical
practices that follow these guidelines are considered to
account for 70~-80% of general practice institutions.
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As mentioned above, Congress President, Professor
Masatoshi Kudo, at the 45th Annual Meeting ofthe Japan
Society of Hepatology organized the Consensus Meeting
of Hepatocellular Carcinoma. The program was chaired
by Professors M. Sata and S. Arii and covered the updated
problems and clarified some controversial issues. Eight
experts were selected to contribute to the meeting and
they were assigned the following topics based on their
specialties. Professor M. Sakamoto presented recommen-
dations regarding diagnostic problems for small-sized
HCC from the cdlinicopathological point of view. Profes-
sor M. Shimada discussed the utility of clinical staging
and prognosis. Dr T. Kumada reviewed the current status
of diagnostic imaging and tumor markers. Dr S. Shiina
discussed important jssues on ablative treatment. Dr
Yamashita reviewed transarterial chemoembolization
and chemotherapy. Professor N. Kokudo discussed sur-
gical treatment, including liver transplantation. Dr M.
Tanaka presented a treatment algorithm from the point-
of-view of hepatologists. Finally, Professor T. Takayama
comprehensively discussed the appropriateness of the
present treatment algorithm.

In each presentation, the speakers raised clinical ques-
tions regarding the remaining problems that needed to
be darified in the present guidelines, and the HCC spe-
cialists (a total of 200 physicians: hepatologists, 70%;
surgeons, 24%; radiologists, 2%; and pathologists, 4%)
answered these questions using a question and answer
analyzer system. Recommendations were approved
when at least 67% of the HCC experts reached agree-
ment. For instances where agreement was between 50%
and 67%, the statements were considered informative,
and are cited here as “informative statements”.

In this consensus paper, each presenter has provided a
summary of the recommendations and consensus. It is
highly expected that this Consensus Statement estab-
lished by the Japan Society of Hepatology (JSH)will
provide valuable insight, and will greatly contribute to
the future improvement of the guidelines and appropri-
ate clinical practices for patients with HCC worldwide.

PATHOLOGICAL ASSESSMENT

ATHOLOGICAL ASSESSMENT OF HCC is described

in the General Rules for the Clinical and Pathologi-
cal Study of Primary Liver Cancer.’ It focuses on macro-
scopic typing and tumor grading based on tumor
differentiation and reflects the aggressiveness of the
tumors; differential diagnosis between multicentric
development and intrahepatic metastasis of multiple
tumors; and diagnosis of early HCC and precance-
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rous lesions. Historically, careful and detailed histolo-
gical evaluation of surgical specimens enabled us
to understand the dinicopathological features of
HCC development and extension, and to establish
the above-mentioned diagnostic criteria. However, the
recent increase in non-surgical treatments for HCC, such
as radiofrequency ablation (RFA), is rapidly changing
the role and position of pathological diagnosis. Thus,
we discussed the indications for liver tumor biopsy for
the diagnosis and treatment of HCC.

When we consider the indications for liver biopsy, the
risk and benefit of this procedure must be considered.>*
The risk includes complications caused by the procedure
itself, such as hemorrhage by needle insertion, and by
tumor seeding. The incidence of tumor seeding has been
reported in approximately 1-5% of cases. Certainly, we
have to note that the incidence depends on the charac-
teristics of the tumor such as tumor size and tumor
differentiation. Liver biopsy is important in terms of
tumor diagnosis, assessment of prognosis and decision
making for treatment. For example, for a typical HCC
larger than 2 ¢m in size with a typical vascular pattern
on imaging, and elevated tumor markers such as
o-fetoprotein (AFP) and/or des-y-carboxy prothrombin
(DCP), the benefit of performing tumor biopsy to
confirm the diagnosis of HCC seems minimal. In con-
trast, only liver biopsy can be used to confirm the diag-
nosis of cancer in cases with suspected HCC or
borderline lesions on clinical and imaging diagnosis.
However, controversy remains because of the inconsis-
tent treatment strategy for suspected lesions, particularly
in cases with poor liver function.

Previous follow-up data of suspected HCC and bor-
derline lesions showed that the tumors grow slowly
during the precancerous or early HCC stages, but grow
rapidly in some early HCC cases or in progressed HCC.?
The transition from slow growing to rapidly growing
tumors was supposed to take place once the tumor
reaches approximately 1.5 cm in size. Therefore, the
proposed recommendations for liver biopsy are as.
follows.

Recommendation 1. Liver biopsy should be discour-

aged in cases with a typical HCC over 1.5 cm in size,

which shows typical pattern on imaging.

Recommendation 2. Liver biopsy should be consid-

ered in cases with a suspected HCC or borderline

lesionsfearly HCC of 1.5 cm in size or less, which
does not show typical paitern on imaging.

In addition to these recommendations, the require-
ment of liver biopsy should increase if the detection and
diagnostic ability of imaging techniques increases for



