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Abstract
AIM: To determine the significance of cholesteryl ester 
transfer protein (CETP) in lipoprotein abnormalities in 
chronic hepatitis C virus (HCV) infection.

METHODS: We evaluated the significance of the serum 
concentration of CETP in 110 Japanese patients with 
chronic HCV infection. Fifty-five patients had active HCV 
infection, and HCV eradication had been achieved in 
55. The role of CETP in serum lipoprotein abnormalities, 
specifically, in triglyceride (TG) concentrations in the 
four major classes of lipoproteins, was investigated 
using Pearson correlations in conjunction with multiple 
regression analysis and compared them between those 
with active HCV infection and those in whom eradication 
had been achieved. 

RESULTS: The serum CETP levels of patients with 
active HCV infection were significantly higher than those 
of patients in whom HCV eradication was achieved 
(mean ± SD, 2.84 ± 0.69 µg/mL vs  2.40 ± 1.00 µg/
mL, P  = 0.008). In multiple regression analysis, HCV 
infection status (active or eradicated) was an inde-
pendent factor significantly associated with the serum 
CETP level. TG concentrations in low-density lipoprotein 
(mean ± SD, 36.25 ± 15.28 µg/mL vs  28.14 ± 9.94 
µg/mL, P  = 0.001) and high-density lipoprotein (HDL) 
(mean ± SD, 25.9 ± 7.34 µg/mL vs  17.17 ± 4.82 
µg/mL, P  < 0.001) were significantly higher in patients 
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with active HCV infection than in those in whom HCV 
eradication was achieved. The CETP level was strongly 
correlated with HDL-TG in patients with active HCV 
infection (R = 0.557, P  < 0.001), whereas CETP was 
not correlated with HDL-TG in patients in whom HCV 
eradication was achieved (R = -0.079, P  = 0.56). 

CONCLUSION: Our results indicate that CETP plays 
a role in abnormalities of lipoprotein metabolism in 
patients with chronic HCV infection. 

Key words: Hepatitis C virus; Cholesteryl ester transfer 
protein; High-density lipoprotein triglyceride; Case 
control study; Lipoprotein metabolism
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Core tip: Cholesteryl ester transfer protein (CETP) 
mediates the transfer of neutral lipids between lipopro-
teins. Although lipoprotein metabolism abnormalities 
have been extensively studied, the role of CETP in 
abnormal lipoprotein profiles in patients with hepatitis 
C virus (HCV) infection is unknown. Accordingly, we 
investigated, for the first time, high serum CETP level 
in patients with active HCV infection. HCV infection 
was a determinant of the serum CETP level in multiple 
regression analysis. A high CETP concentration in 
HCV infection was strongly correlated with excessive 
triglyceride accumulation in high-density lipoprotein. 
Thus, CETP may contribute to abnormal lipoprotein 
metabolism in HCV infection.

Satoh K, Nagano T, Seki N, Tomita Y, Aida Y, Sugita T, Itagaki 
M, Sutoh S, Abe H, Aizawa Y. High level of serum cholesteryl 
ester transfer protein in active hepatitis C virus infection. World J 
Hepatol 2016; 8(5): 291-300  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v8/i5/291.htm  DOI: http://dx.doi.
org/10.4254/wjh.v8.i5.291

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is one of the 
most important etiologies of chronic hepatitis, liver 
cirrhosis, and hepatocellular carcinoma worldwide[1-3]. 
HCV is a unique virus; its use of host lipid metabolism 
results in a persistent infection. Therefore, it is very 
important to understand how HCV uses host lipid 
metabolism and how host lipid metabolism is affected 
by HCV infection, because HCV infection represents a 
unique model in which the virus causes chronic infection 
while coexisting with the host, simultaneously taking 
over the host’s metabolism[4].

Infectious HCV forms a lipoviral particle that can 
enter into hepatocytes in the blood[5]. The characteristics 
of HCV lipoviral particles are similar to those of very-
low-density lipoproteins (VLDLs)[6]. This suggests a 
close association between HCV infection and VLDL. 
Both VLDL and HCV lipoviral particles are synthesized, 

assembled, and secreted from hepatocytes via similar 
metabolic pathways[7]. Consequently, dysregulated lipid 
metabolism in chronic HCV infection may primarily be 
caused by VLDL abnormalities. According to some in vitro 
studies, HCV core protein suppressed VLDL production 
and secretion from the liver by inhibiting microsomal 
triglyceride (TG) transfer protein[8,9].

In clinical situations, chronic HCV infection alters 
serum lipid profiles by decreasing the low-density 
lipoprotein cholesterol (LDL-C) level[10] and the VLDL-TG/
non-VLDL-TG ratio[11]. However, the abnormalities of lipo-
proteins as a whole in patients with chronic HCV infection 
have not been clarified. In particular, the abnormal 
distribution of TGs among lipoprotein subclasses has 
not been extensively studied, because TG content in 
each lipoprotein subclass cannot be measured easily by 
routine laboratory tests. 

Cholesterol ester transfer protein (CETP) is a plasma 
glycoprotein that facilitates the transfer of cholesteryl 
ester (CE) from high-density lipoprotein (HDL) to other 
subclasses of lipoprotein [chylomicrons (CM), VLDL, 
and LDL][12]. The principal effect of CETP on lipoproteins 
is considered to be the reduction of HDL-C levels and 
facilitation of reverse cholesterol transport to the 
liver[13]. Accordingly, CETP adjusts the distribution of TG 
among the different lipoprotein subclasses. Therefore, 
we speculated that CETP may play an important role in 
the abnormalities of lipoprotein metabolism in patients 
with active HCV infection. 

In this study, we determined the serum concentration 
of CETP in patients with HCV infection and in those in 
whom HCV was eradicated, to determine the significance 
of CETP in HCV infection. Furthermore, we investigated 
the influence of CETP on lipoprotein abnormalities in HCV 
infection, with particular attention to TG concentrations. 

MATERIALS AND METHODS
The protocol of this case control study was in accor-
dance with the 2004 standards of the Declaration 
of Helsinki and current ethical guidelines, and was 
approved by the human ethics review committee of the 
Jikei University School of Medicine. Written informed 
consent was obtained from all patients who enrolled in 
this study.

Patient population
Japanese patients with active chronic HCV infection 
(active HCV group) or successfully eradicated chronic 
HCV infection [negative serum HCV-RNA 6 mo after 
the end of interferon (IFN)-based therapy] (eradication 
group) who had been followed up at Jikei University 
Katsushika Medical Center between September 2013 
and October 2014 were randomly considered for enroll-
ment. Patients receiving treatment for diabetes (DM) 
or hyperlipidemia or hormone replacement therapy 
and those with hepatitis B virus or human immuno-
deficiency virus infection were excluded. Additionally, 
patients who had received IFN within 6 mo or who 
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had been diagnosed with hepatocellular carcinoma or 
decompensated cirrhosis were excluded. 

Laboratory tests and demographic data 
Demographic data, including age, sex, and body mass 
index (BMI), and basic laboratory data were obtained 
from the medical records. The collected basic laboratory 
data included aspartate 2-oxoglutarate aminotransferase 
(AST), alanine 2-oxoglutarate aminotransferase (ALT), 
gamma-glutamyl transpeptidase (γ-GTP), albumin, total 
bilirubin, fasting blood glucose (FBG), and hemoglobin 
A1c (HbA1c) levels, hemoglobin (Hb) levels and the 
platelet count. In addition, basic serum lipid data, in-
cluding total cholesterol, TG, HDL-cholesterol (HDL-C), 
and LDL-C were collected. HDL-C had been directly 
measured by a commercial kit (Kyowa Medex, Tokyo, 
Japan), and the LDL-C level had been calculated by the 
Friedewald equation.

CEPT measurement
The CETP concentration was measured in sera collected 
after at least a 10-h overnight fast. The CETP mass 
concentration was measured using a sandwich enzyme-
linked immunosorbent assay with two monoclonal 
antibodies specific to human CETP, JHC1, and JHC2, as 
previously described[14]. The assay was performed in 
duplicate, and the mean was adopted as the measured 
value[15]. 

Measurement of cholesterol and TG concentration in the 
major classes of serum lipoproteins 
To examine the distribution of cholesterol and TG in 
lipoprotein fractions, fresh sera from the collected 
patient samples were fractionated by high-performance 
liquid chromatography, and the cholesterol and TG 

concentration in the major four lipoprotein classes was 
measured using the online detection system (Skylight 
Biotech, Inc., Akita, Japan)[16,17]. Serum lipoproteins were 
classified into four classes according to particle size: CM 
(> 80 nm), VLDL (30-80 nm), LDL (16-30 nm), and 
HDL (< 16 nm).

Biostatistics
A statistical review of the study was performed by a 
biomedical statistician.

Statistical analysis
Continuous data are expressed as mean ± SD. Cate-
gorical data are expressed as numbers (%). We used 
Welch’s t test or the χ2 test for comparisons between the 
two groups. Correlations between two parameters were 
evaluated by the Pearson product-moment correlation 
coefficient. To determine the significance of HCV infection 
on the serum CETP level, multiple regression analysis 
was performed, with demographic and basic laboratory 
data including the HCV infection status (active infection 
or HCV eradication) as independent variables. The most 
suitable regression model for explanation of the serum 
CETP level was constructed by backward elimination of 
candidate variables. 

We performed statistical analyses using STATISTICA 
software, version 6 (StatSoft Japan Inc. Tokyo, Japan), 
and two-tailed P values of ≤ 0.05 were considered 
significant; P values > 0.05 but ≤ 0.1 were considered 
to indicate marginal significance. P values less than 
0.001 are expressed as P < 0.001. We determined the 
multicollinearity of the multiple regression analysis to 
verify the reliability; the variance inflation factor was < 5, 
indicating that our models were reliable.

RESULTS
Study population
In total, 110 patients were included in the study. Fifty-
five had active HCV infection, and HCV eradication with 
IFN-based anti-viral therapy had been achieved in the 
remaining 55 patients. In the active HCV group, 48 
(87%) had HCV genotype (G) 1b infection and 7 (13%) 
had HCV G2 infection. In the eradication group, 34 
(62%) were previously infected with HCV G1b and 21 
(38%) were previously infected with HCV G2. 

Increase in the CETP level in active chronic HCV 
infection
The serum CETP level was significantly higher in the 
active HCV group than in the eradication group (2.84 ± 
1.00 µg/mL vs 2.40 ± 0.70 µg/mL, P = 0.008, Figure 1). 

Characteristics of the active HCV group and the 
eradication group
The clinical features of patients in the active HCV group 
and those in the HCV eradication group are summarized 
in Table 1. There were significant differences in the 
proportion of patients with HCV G1b infection. There 
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Figure 1  Comparison of the serum cholesteryl ester transfer protein level 
between the active hepatitis C virus infection group and the hepatitis 
C virus eradication group. The serum CETP level was significantly higher 
in patients with active HCV infection than those in whom HCV eradication 
was achieved (2.84 ± 1.00 µg/mL vs 2.40 ± 0.70 µg/mL, P = 0.008). CETP: 
Cholesterol ester transfer protein; HCV: Hepatitis C virus.
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bly explain the serum CETP concentration, six variables 
were selected as candidate independent variables. 
Among categorical data, HCV infection status and sex 
were selected, because the serum CETP level was sig-
nificantly higher in female than in male patients (2.90 
± 0.91 µg/mL vs 2.28 ± 0.73 µg/mL, P < 0.001). 
However, difference in HCV genotype was not selected 
as a candidate variable because there was no difference 
in serum CETP level between HCV G1b and G2 patients 
(2.51 ± 0.68 vs 2.66 ± 0.94, P = 0.472). Furthermore, 
the serum CETP level was similar between HCV G1b 
patients and G2 patients in the active group (2.82 ± 1.02 
vs 2.99 ± 0.76, P = 0.685) and the eradication group 
(2.42 ± 0.75 vs 2.36 ± 0.57, P = 0.734). 

Among the continuous variables, age (R = 0.246, 
P = 0.010), albumin level (R = -0.194, P = 0.046), Hb 
level (R = 0.249, P = 0.009), and HDL-C level (R = 
0.236, P = 0.014) were significantly correlated with the 
serum CETP level and were thus selected as candidates. 
Other factors including HbA1c (R = 0.084, P = 0.538) 
and FBS (R = 0.074, P = 0.589) were not selected 
as candidates, because significant correlation was not 
verified.

Of these six candidates, HCV infection status, age, 
sex, and HDL-C level were selected as independent 

were no significant differences in BMI, FBG levels, 
and HbA1c levels, whereas AST, ALT, and albumin 
levels differed significantly. TC and LDL-C levels were 
significantly lower in patients with active infection than 
in patients whose infection was eradicated, whereas TG 
and HDL-C levels were similar between the two groups. 

HCV infection status (active infection or eradication) 
as an independent determinant that significantly 
contributed to the serum CETP level 
To construct a multiple regression model that can suita-

Table 1  Clinical features of patients with active hepatitis C virus infection (active hepatitis 
C virus group) and of those in whom hepatitis C virus infection was eradicated (eradication 
group)  n  (%)

Discrete traits Active HCV group (n  = 55) Eradication group (n  = 55) P  value

Sex     0.254
   Male 22 (40) 28 (51)
   Female 33 (60) 27 (49)
HCV genotype     0.003
   1b 48 (87) 36 (65)
   2   7 (13) 19 (35)
Quantitative traits Mean ± SD Mean ± SD
Age (yr)      66.9 ± 11.2      64.3 ± 12.1     0.200
BMI (kg/m2)    22.5 ± 3.2    22.8 ± 3.4     0.631
AST (IU/L)      53.1 ± 27.5    24.0 ± 7.2 < 0.001
ALT (IU/L)      49.9 ± 37.1      20.0 ± 11.7 < 0.001
Total bilirubin (mg/dL)      0.8 ± 0.3      0.7 ± 0.3     0.242
γ-GTP (IU/L)   50.4 ± 64   27.1 ± 20     0.011
Albumin (g/dL)      3.9 ± 0.4      4.4 ± 0.3 < 0.001
Hb (g/dL)    13.4 ± 1.7    14.2 ± 1.5     0.010
Platelet (104/µL)    15.0 ± 6.3      20.0 ± 17.8     0.050
FBG (mg/dL)    108 ± 32    107 ± 16     0.740
HbA1c (%)      5.4 ± 0.6      6.1 ± 0.5     0.030
Lipid profiles
Total cholesterol (mg/dL) 173.6 ± 31    200.5 ± 37.8 < 0.001
Triglyceride (mg/dL)    107.5 ± 52.0       103 ± 53.1     0.712
LDL cholesterol (mg/dL)      92.1 ± 25.7       117 ± 29.9 < 0.001
HDL cholesterol (mg/dL)      59.9 ± 17.4      64.9 ± 19.0     0.159
CETP level (µg/mL)      2.84 ± 1.00      2.40 ± 0.69     0.008

There were significant differences in the proportion of patients with HCV G1b infection. There were no 
significant differences in BMI, FBG levels, and HbA1c levels, whereas AST, ALT, and albumin levels differed 
significantly. TC and LDL-C levels were significantly lower in the active infection group than in the eradication 
group, whereas TG and HDL-C levels were similar in the two groups. HCV: Hepatitis C virus; BMI: Body 
mass index; AST: Aspartate-2-oxoglutarate aminotransferase; ALT: Alanine-2-oxoglutarate aminotransferase; 
γ-GTP: Gamma-glutamyl transpeptidase; Hb: Hemoglobin; FBG: Fasting blood glucose; HbA1c: Glycosylated 
hemoglobin; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; CETP: Cholesterol ester transfer 
protein; LDL-C: Low-density lipoprotein cholesterol.
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Table 2  Influence of the hepatitis C virus infection status on 
the serum cholesterol ester transfer protein level as analyzed 
by multiple regression analysis

B SE P  value

Constant 0.770 0.541 0.157
HCV infection 0.415 0.158 0.010
Age 0.014 0.006 0.042
Female sex 0.391 0.182 0.034
HDL 0.008 0.004 0.099

HCV infection status was an independent factor that significantly 
influenced the serum cholesterol ester transfer protein level. HCV: 
Hepatitis C virus; HDL: High-density lipoprotein. 
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variables for the most suitable multiple regression model 
to explain the serum CETP level. As shown in Table 2, 
HCV infection status was an independent factor that 
significantly influenced the serum CETP level. The R2 
value of this model was 0.221, and the adjusted value 
was 0.191. The R2 value did not improve significantly 
by the addition of any other candidate factors. However, 
elimination of any of these four factors significantly 
decreased the R2 values.

The most suitable regression equation was as 
follows: Serum CETP (µg/mL) = 0.770 + 0.0139 (age) 
+ 0.391 (sex: male: 0, female: 1) + 0.00818 HDL-C 
(mg/dL) + 0.416 HCV infection status (eradication: 0, 
active infection: 1).
 
Differences in the TG concentration in the four major 
classes of lipoproteins according to HCV infection 
status
The cholesterol concentration in LDL-C was significantly 
lower and the HDL-C concentration was marginally 
lower in the active HCV group compared to those in the 
eradication group, whereas cholesterol concentrations in 
CM and VLDL were similar between the groups.

The TG concentrations in LDL-TG and HDL-TG were 
significantly higher in the active HCV group compared 
to the eradication group, whereas TG concentrations in 
CM and VLDL were similar between groups (Table 3). 

Correlation between the serum CETP concentration and 
TG concentration in the four major lipoprotein classes
The CETP level had a weak, inverse correlation with 
CM-C (R = -0.290, P = 0.031) in the eradication group; 
it had a positive correlation with HDL-C in the active 
HCV group (R = 0.324, P = 0.015), but this correlation 
was marginal in the eradication group (R = 0.250, P = 
0.064). Significant correlations were not found between 
groups for the other lipoprotein fractions (Figure 2A).

According to the TG concentration, the CETP level 
was inversely correlated with chylomicron-TG (R = 
-0.348, P = 0.009) and VLDL-TG (R = -0.415, P = 0.002) 
and marginally correlated with LDL-TG (R = -0.247, 
P = 0.069), but was not correlated with HDL-TG (R = 
-0.079, P = 0.566) in the eradication group. In contrast, 
the CETP level was strongly correlated with HDL-TG in 

the active HCV group (R = 0.557, P < 0.001). However, 
significant correlations with TG for other lipoprotein 
classes were not detected in the active HCV group (Figure 
2B). 

DISCUSSION
CETP is a glycoprotein that mediates the exchange of CE 
in HDL for TG in other lipoproteins. In the present study, 
we investigated the serum concentration of CETP and 
found that serum CETP levels were significantly higher in 
the active group than in the eradication group. Moreover, 
HCV infection was found to be an independent factor in 
determining the serum CETP level in multiple regression 
analysis. This suggests that HCV infection promotes the 
exchange of CE for TG in HDL by increasing the serum 
CETP concentration.

Although we did not evaluate the activity of CETP, 
it has generally been accepted that the serum CETP 
concentration reflects CETP activity[18]. Thus, an increase 
in the CETP level in patients with active HCV infection 
may indicate enhanced CETP activity. 

CETP activity is regulated by the amount of dietary 
cholesterol[19,20] and hypertriglyceridemia[21]. In addition, 
CETP activity is dependent on genetic variations in the 
CETP gene[22-24]. However, the effect of HCV infection 
on the activity of CETP has not been investigated previ-
ously. Our results indicate that active HCV infection may 
promote CETP activity. This enhanced CETP activity may 
play a role in lipoprotein metabolism abnormalities in 
patients with active HCV infection[22-24].

An unexpected finding in our study was a positive 
correlation between the serum CETP level and HDL-C, 
although the correlation was relatively weak and did not 
reach the level of significance in the eradication group. 
One of the major functions of CETP is the removal of CE 
from HDL. In fact, CETP inhibitors substantially increase 
HDL-C levels and moderately decrease LDL-C levels in 
humans[25]. There may be a weak negative correlation 
between CETP and HDL-C in patients with type 2 DM[26].
However, the correlation between serum level of HDL-C
and CETP in a healthy population has not been obser-
ved[27]. Therefore, the HDL-C level is not simply 
determined by the function of CETP because the serum 

Table 3  Comparison of the cholesterol and triglyceride concentrations in the four major lipoprotein fractions 
according to hepatitis C virus infection status 

Major class Active HCV group Eradication group P  value Active HCV group Eradication group P  value

Cholesterol (mg/dL) Triglyceride (mg/dL)
CM 0.19 ± 0.19 0.19 ± 0.18 0.86 1.21 ± 1.53 1.28 ± 1.31 0.774
VLDL 29.04 ± 12.31 26.12 ± 10.66 0.187 57.66 ± 42.06 65.97 ± 44.18 0.314
LDL 87.94 ± 24.11 117.31 ± 26.91 < 0.001 36.25 ± 15.28 28.14 ± 9.94 0.001
HDL 49.58 ± 15.19 55.19 ± 16.29 0.064 25.9 ± 7.34 17.17 ± 4.82 < 0.001

The cholesterol concentration in LDL-C was significantly lower and HDL-C was marginally lower in the active HCV group, whereas 
cholesterol concentrations in CM and VLDL were similar between groups. The TG concentrations in LDL-TG and HDL-TG were 
significantly higher in the active HCV group, whereas TG concentrations in CM and VLDL were similar between groups. HCV: Hepatitis 
C virus; CM: Chylomicron; VLDL: Very-low-density lipoprotein; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; TG: 
Triglyceride.
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Figure 2  Correlation between the cholesteryl ester transfer protein level and triglyceride concentration in the four major lipoprotein classes in the 
hepatitis C virus eradication group and the active hepatitis C virus infection group. A: The CETP level had a weak correlation with HDL cholesterol in the active 
HCV infection group (R = 0.324, P = 0.015) and a weak, inverse correlation with chylomicron-cholesterol (R = -0.290, P = 0.031); B: The CETP level had a strong 
correlation with HDL-TG in the active HCV infection group (R = 0.557, P < 0.001). However, significant correlations with TG for other lipoprotein classes were not 
detected in the active HCV group. HCV: Hepatitis C virus; CM: Chylomicron; VLDL: Very-low-density lipoprotein; LDL: Low-density lipoprotein; HDL: High-density 
lipoprotein; TG: Triglyceride.
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level of HDL-C may be dynamically controlled by the 
balance between HDL synthesis and catabolism, which is 
not mediated by CETP. 

Although there is a consensus that a decrease in 
serum TC[28] and LDL-C[10] is a feature of HCV infection, 
little is known about TG abnormalities. A previous study 
reported that chronic hepatitis C patients had a lower 
serum VLDL-TG/non-VLDL-TG ratio[11]. Moreover, there 
was a reported increase in the TG concentration in HDL 
and LDL in patients with active HCV infection, although 
the total serum TG level was similar in the active HCV 
and eradication groups[29]. 

In a correlation study between CETP and TG con-
centration in four lipoprotein classes, we found positive 
and strong correlations between CETP and HDL-TG in 
the active HCV group. However, this correlation was not 
found in the eradication group. Conversely, CETP was 
correlated with CM-TG and VLDL-TG in the eradication 
group, but was not significantly correlated with CM-
TG or VLDL-TG in the active HCV group. These findings 
indicate that the significance of CETP in the regulation of 
TG concentration differs according to the HCV infection 
status. The most striking difference was found in HDL-
TG.

The major source of serum TG is a TG-enriched 
VLDL that is secreted from the liver. TG in VLDL or LDL is 
transferred to HDL by the action of CETP. In active HCV 
infection, an increased serum CETP may enhance the 
transport of TG to HDL. Therefore, the increase in CETP 
and the strong positive correlation between CETP and 
HDL-TG in active HCV infection may indicate that HDL 
has abundant TG, promptly transferred from VLDL, but 
is not effectively catabolized and eliminated from the 
serum. Accordingly, as the major metabolic pathway 
that degrades and eliminates TG in HDL is mediated 
by hepatic lipase (HL)[30], we speculate that HL activity 
in active HCV infection is impaired. Our hypothesis of 
reduced HL activity in active HCV infection is concordant 
with a previous result that the HL messenger RNA level 
is lower in the liver of patients with chronic hepatitis C 
than in the liver of patients with other etiologies and 
similar disease progression[31]. As a consequence of 
the abnormal retention of TG in HDL, the multifaceted 
functions of HDL on atherosclerosis[32] may be affected, 
and this could contribute to the progression of athero-
sclerosis in patients with active HCV infection[33]. Further-
more, dyslipidemia, which is caused by high serum 
CETP activity in active HCV infection, may contribute 
to intravascular lipoviral particle formation and thus for 
sustaining HCV infection[34,35].

Our study had some limitations. It included a re-
latively small sample size, and the degree of athero-
sclerosis was not determined in the enrolled patients. In 
addition, we did not examine lipoviral particle and non-
lipoviral particle viral load in the active HCV patients. To 
strengthen our hypothesis that an increase of TG in HDL 
contributes to atherosclerosis, further large-scale studies 
including the evaluation of the anti-inflammatory[36,37] and 
proinflammatory[38] functions of HDL and measurement 

of the degree of atherosclerosis are warranted.
In summary, HCV infection was an independent 

factor contributing to the increase in serum CETP. The 
increase in CETP resulted in abnormal retention of 
TG in HDL. These findings suggest that CETP is one 
of the factors that contribute to abnormal lipoprotein 
metabolism in patients with active HCV infection.
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