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Abstract

Background Hepatitis C virus (HCV) affects glucose and
lipid metabolism in vitro; however, it is unclear whether
HCV infection is associated with insulin resistance and
atherosclerosis at the population level. We aimed to
investigate this association in a Japanese cohort of the
Seven Countries Study, and our investigation was con-
ducted in Tanushimaru, an HCV hyperendemic area.
Methods A total of 1908 inhabitants of Tanushimaru
were classified into 3 groups according to HCV infection
status: those who were uninfected (n = 1780), those with
transient infection (n = 88), and those with chronic
infection (n = 40). Insulin resistance and atherosclerosis
were evaluated by homeostasis model assessment for
insulin resistance (HOMA-IR) and carotid intima—media
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thickness (IMT), respectively. Intergroup differences in
variables were evaluated by age- and sex-matched multi-
variate regression analysis.

Results  Significant intergroup differences were seen in
fasting glucose and insulin levels. The HOMA-IR value
was significantly higher in the group with chronic infection
than the values in the uninfected and transiently infected
groups (3.0 £ 0.39 vs. 1.3 £0.03 vs. 1.5 £0.14; P <
0.001). In contrast, low-density lipoprotein (LDL)-choles-
terol and triglyceride levels were significantly lower in the
group with chronic infection than the levels in the other
groups. IMT was reduced in the group with chronic infection,
with a significant intergroup difference (0.67 £ 0.02 vs.
0.71 £ 0.003 vs. 0.72 £ 0.01 mm; P = 0.003).
Conclusions This population-based study in an HCV
hyperendemic area revealed that chronic HCV infection
was associated with severe insulin resistance and with mild
atherosclerosis, suggesting a unique characteristic of HCV-
related metabolic abnormality.

Keywords Hepatitis C virus - Glucose metabolism -
Lipid metabolism - Homeostasis model assessment for
insulin resistance - Carotid intima—media thickness
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IBW Ideal body weight

IMT Intima—media thickness
LDL Low-density lipoprotein
Introduction

Hepatitis C virus (HCV) is globally distributed, and nearly
180 million people are infected with the virus [1]. Patients
with chronic HCV infection are known to develop not only
hepatitis, but also various metabolic disorders [2, 3]. We,
along with other researchers, have shown that increased
insulin resistance is more frequently seen in patients with
chronic HCV infection than in those with other hepatob-
iliary disorders [4-6]. However, these studies were con-
ducted at referral centers, and it is possible that this
association could be limited to patients with more severe
forms of the disease, or that the association may be caused
by various environmental factors that affect the develop-
ment of insulin resistance [7].

In addition to its possible influence on glucose metabolism,
HCV affects lipid metabolism. HCV is associated with low-
density lipoprotein (LDL)-like lipoproteins and is transported
into hepatocytes [8, 9], and HCV secretion from hepatocytes is
associated with triglyceride-rich very low-density lipopro-
teins (VLDLs) [10, 11]. Recent population-based studies have
demonstrated hypolipidemia in subjects with chronic HCV
infection [12, 13]. Although altered lipid metabolism is linked
to atherosclerosis, the effect of HCV on atherosclerosis
remains controversial [13-15].

Since 1978, we have been studying a community-based
Japanese cohort of the Seven Countries Study; this cohort
lives in Tanushimaru, an HCV hyperendemic area. This
focus on a hyperendemic area, because of the similarity of
environmental factors, provides a significant advantage in
the epidemiological analysis of the impact of chronic HCV
infection on metabolic disorders. . In this community, we
have previously found distinctive changes in glucose and
lipid metabolism [16—18]. The aim of this epidemiological
study was to investigate the association of chronic HCV
infection with insulin resistance and atherosclerosis in an
HCV hyperendemic area.

Patients, materials, and methods
Study subjects
Since 1978, we have been conducting health examinations

in an HCV hyperendemic area, where a Japanese cohort of
the Seven Countries Study has been surveyed since
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1978[16—18]. In 2009, a total of 1943 inhabitants each
received a health examination and were enrolled in this
study. After excluding 14 inhabitants who refused to
undergo anti-HCV screening (Elecys® anti-HCV assay;
Roche Diagnostics, Tokyo, Japan) and 21 inhabitants who
were found to be positive for hepatitis B surface antigen
(HBs Ag) (Elecsys HBsAg II assay; Roche Diagnostics),
the remaining 1908 inhabitants were classified into 3
groups according to HCV infection status: those who had
never been infected (1780 inhabitants with a negative anti-
HCYV result; uninfected group), those with transient infec-
tion (88 inhabitants with a positive anti-HCV result and a
negative HCV-RNA result; transient group), and those with
chronic infection (40 inhabitants with a positive result for
both anti-HCV and HCV-RNA; chronic group) (Fig. 1).
The backgrounds of each group were surveyed by
interviews. None of the inhabitants in the uninfected group
had been diagnosed with chronic liver disease. On the other
hand, 1.1 % (1/88) and 57.5 % (23/40) of the inhabitants in
the transient and chronic groups, respectively, had previ-
ously been found to be infected or had undergone treat-
ment. The percentages of inhabitants who showed an
aminotransferase (AST) to platelet ratio index (APRI) of
>2, indicating the presence of advanced fibrosis [19, 20],
were 0.05 % (1/1780), 0 % (0/88), and 7.5 % (3/40) in the
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uninfected, transient, and chronic groups, respectively. A
history of hepatocellular carcinoma was found in 0 % (0/
1780), 1.1 % (1/88), and 12.5 % (5/40) of the inhabitants in
the uninfected, transient, and chronic groups, respectively.
A history of ischemic heart disease was found in 4.2 % (75/
1780), 10.2 % (9/88), and 0 % (0/40) of inhabitants in the
uninfected, transient, and chronic groups, respectively. A
history of cerebrovascular disease was found in 3.9 % (69/
1780), 4.5 % (4/88), and 2.5 % (1/40) of the inhabitants in
the uninfected, transient, and chronic groups, respectively.

The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki, as reflected by the
approval of the Ethics Committee of the Kurume Univer-
sity School of Medicine. This study was also approved by
the Ukiha branch of the Japan Medical Association, by the
mayor of Tanushimaru town, and by the welfare section of
the Tanushimaru town office. Written informed consent
was obtained from each inhabitant who participated in the
study.

Data collection

A cross-sectional survey of all participants was conducted
in 2009 using the common protocol previously described
by Keys et al. [21]. The intake levels of energy, fat, and
alcohol were assessed with a validated brief-type, self-
administered diet history questionnaire (BDHQ) [22-24].
The BDHQ is a four-page structured questionnaire that
consists of questions regarding general dietary behaviors,
major cooking methods, the quantity and the frequency of
the consumption of alcoholic beverages, the quantity and
frequency of consuming 58 selected food and non-alco-
holic beverage items, the use of dietary supplements, the
amount of rice and miso soup consumed daily, and eating
speed. The food and beverage items and portion sizes used
in the BDHQ were derived primarily from data in the
National Nutrition Survey of Japan and several recipe
books for Japanese dishes [25].

The body mass index (BMI) was used as an index of
obesity and was calculated as body weight in kilograms
divided by the square of height in meters (kg/m?). Blood
pressure was measured twice with a mercury sphygmo-
manometer, in the right arm, after more than 5 min rest in
the supine position. Venous blood samples were taken in
the morning after a 12-h overnight fast and were used
for complete blood counts, liver function tests, and the
measurement of metabolic parameters including total
cholesterol, high-density lipoprotein (HDL) cholesterol,
LDL-cholesterol, and triglycerides. The extent of liver
fibrosis was assessed by APRI [19]. Serum samples were
also examined for the presence of anti-HCV antibodies by
using the Elecys® anti-HCV assay (Roche Diagnostics),
which is a fully automated third-generation anti-HCV

antibody screening test with high sensitivity and specificity
[26]. In addition, for anti-HCV-positive sera, HCV-RNA
was assayed using an HCV RNA PCR kit (COBAS Am-
pliPrep/COBAS TagMan HCV Test; Roche Diagnostics).

Evaluation of insulin resistance and atherosclerosis

Plasma glucose levels were measured using the glucose
oxidase method. Serum insulin levels were measured using
an insulin chemiluminescence immunoassay kit (Chemi-
lumi-insulin; Siemens Healthcare Diagnostics, Tokyo,
Japan). Insulin resistance was evaluated by the homeostasis
model assessment (HOMA-IR) method [27]. The formula
is: HOMA-IR = fasting glucose (mg/dL) x fasting insulin
(LU/mL)/405.

Atherosclerosis was evaluated by the carotid intima-—
media thickness (IMT). Examination was performed with
an ultrasound scanner equipped with a 10.0-MHz linear-
array transducer. Carotid IMT was measured as previously
described [28]. For each subject, longitudinal B-mode
images at the diastolic phase of the cardiac cycle were
recorded. Measurements of IMT were made at 3 levels of
the lateral and medial walls 1-3 cm proximal to the carotid
bifurcation. These 6 combined near- and far-wall mea-
surements were averaged.

Statistical analysis

Because we focused on the average value of each group
and because the number of subjects was different in each
group, we expressed all data as means £ SE, in accordance
with a previous report [29]. After initial univariate analysis,
variables with P values of <0.05 were selected for the
initial step of logistic analysis. Finally, one-way factorial
analysis of variance (ANOVA) and both age- and sex-
adjusted analysis of covariance (ANCOVA) were used to
identify independent variables that were related to chronic
HCV infection. All statistical analyses were conducted
using the SAS system (SAS Institute, Cary, NC, USA).
P values of <0.05 were considered significant.

Results
One-way factorial ANOVA

Significant intergroup differences among the uninfected,
transient, and chronic groups were seen in age, white blood
cell counts, red blood cell counts, platelet counts, AST
levels, alanine aminotransferase (ALT) levels, total protein
levels, albumin levels, and APRI (Table 1). Although
energy intake was not significantly different among the 3
groups, fasting glucose levels, fasting insulin levels, and
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Table 1 One-way factorial analysis of variance

Variable Reference value Uninfected group Transient group Chronic group P

Age (years) 654 £ 0.3 709 £ 1.1 68.5 £ 1.8 <0.0001
Female/male 1086/694 44/44 23/17 0.11
Height (cm) 156.2 £ 0.2 155.0 £ 1.1 1559 £ 14 0.50
Weight (kg) 574 £ 0.3 57.6 £ 1.3 569 + 1.3 0.95
BMI (kg/m?) 18.5-25 23.4 £ 0.07 239+ 04 23.4 £ 047 0.46
Energy intake (kcal/day) 19259 £+ 15.3 2052.1 +£90.4 1862.2 + 98.3 0.16
Fat intake (% energy) 23.8 £ 0.1 243 £ 0.7 254+ 1.0 0.22
Alcohol intake (g/day) 11.5 £ 0.6 10.8 £ 0.5 42+ 14 0.16
Systolic blood pressure (mmHg) 1333 £ 0.5 136.6 £ 2.0 132.8 + 2.8 0.29
White blood cell count (/mm?®) 4000-9000 5626.0 £+ 36.6 5367.9 + 139.4 4677.2 £ 2874 0.0002
Red blood cell count (x 10*/mm®) 380-500 4426 + 1.1 433.1 £ 5.1 418.6 + 12.9 0.002
Platelet count (x 10%/mm?) 13-36 219 £ 0.1 204 £ 0.6 157 £ 1.1 <0.0001
AST (U/L) 13-33 237 +02 258 £ 1.1 484 + 3.7 <0.0001
ALT (U/L) 6-30 20.1 £ 0.3 20.1 £ 1.1 459 +£4.38 <0.0001
y-Glutamyl transpeptidase (U/L) 10-47 338 £ 1.1 325 £ 6.7 439 £5.0 0.38
Total protein (g/dL) 6.70-8.30 7.4 £ 0.01 7.5 £ 0.04 7.7 £ 0.08 <0.0001
Albumin (g/dL) 4.00-5.00 4.4 £ 0.005 4.3 £0.02 4.1 £ 0.06 <0.0001
APRI 0.29 £ 0.004 0.35 £ 0.02 1.01 £ 0.15 <0.0001
Fasting plasma glucose (mg/dL) 80-109 95.6 £ 04 102.5 £ 3.1 106.7 £ 4.3 <0.0001
Fasting serum insulin (pU/mL) 5.0-15.0 55+02 6.6 £ 1.1 11.9 £ 3.8 <0.0001
HOMA-IR <25 1.3 £ 0.04 1.7 £ 04 32+14 <0.0001
Total cholesterol (mg/dL) 128-219 210.1 £ 0.8 199.2 + 3.5 166.8 + 4.5 <0.0001
HDL cholesterol (mg/dL) 40.0-96.0 60.8 £ 0.4 59.1£14 53116 0.005
LDL-cholesterol (mg/dL) <139.0 128.1 £ 0.7 120.6 + 3.3 97.1 £ 4.7 <0.0001
Triglycerides (mg/dL) 30-149 105.6 £ 1.1 93.7 £ 4.7 874 + 1.4 0.008
Carotid IMT (mm) <1.0 0.70 £ 0.004 0.75 £ 0.01 0.69 £ 0.02 0.009

Values are expressed as means = SE. A logarithmic transformation was employed for the analysis of fasting plasma glucose, fasting serum
insulin, and HOMA-IR because of skewness

BMI body mass index, AST aspartate aminotransferase, ALT alanine aminotransferase, APRI aspartate aminotransferase to platelet ratio index,
HOMA-IR homeostasis model assessment for insulin resistance, HDL high-density lipoprotein, LDL low-density lipoprotein /MT intima-media

thickness

HOMA-IR values were elevated in the chronic group,
with a significant intergroup difference (Table 1). On the
other hand, despite there being no significant difference in
fat intake among the 3 groups, total cholesterol levels,
HDL-cholesterol levels, LDL-cholesterol levels, triglyc-
eride levels, and carotid IMT values were low in the
chronic group, with a significant intergroup difference
(Table 1).

Age- and sex-adjusted ANCOVA

Similar to the results of one-way factorial ANOVA,
intergroup differences were seen in the white blood cell
counts, red blood cell counts, platelet counts, AST levels,
ALT levels, total protein levels, albumin levels, and APRI
on age- and sex-adjusted ANCOVA (Table 2). Further-
more, in the chronic group, significant reductions in white
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blood cell counts, total protein levels, and albumin levels
were seen in the chronic group compared to values in the
uninfected and transient groups (Table 2). AST levels,
ALT levels, and APRI were also significantly higher in the
chronic group compared to values in the other groups
(Table 2).

Significant intergroup differences were seen in fasting
glucose levels, fasting insulin levels, and HOMA-IR values
(Fig. 2a—c). Moreover, the fasting serum insulin levels and
HOMA-IR values were significantly higher in the chronic
group than the values in the uninfected and transient groups
(Fig. 2b, ¢).

On the other hand, LDL-cholesterol and triglyceride
levels were significantly lower in the chronic group than
those in the uninfected and transient groups (Fig. 3a, b). A
reduction in the carotid IMT value was seen in the chronic
group, with a significant intergroup difference (Fig. 3c).
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Table 2 Age- and sex-adjusted covariance analysis of differences among the groups

Variable Reference value Uninfected group Transient group Chronic group P
Height (cm) 156.2 &+ 0.1 155.4 + 0.6 156.5 + 0.9 0.14
Weight (kg) 57.3 £ 0.21 57.9 +£ 0.95 574+ 14 091
BMI (kg/m?) 18.5-25 234+ 0.1 238 £ 04 235+ 05 0.46
Energy intake (kcal/day) 1929.6 + 13.5 1986.5 + 60.9 1844.7 + 89.9 0.09
Fat intake (% energy) 23.8 £0.1 24.6 £ 0.6 255 £ 09 0.19
Alcohol intake (g/day) 11.5 £ 05 9.7+£22 43 £ 3.3* 0.09
Systolic blood pressure (mmHg) 1335 £ 05 1342 £ 2.0 131.6 £ 2.9 0.27
White blood cell count (/mm?) 4000-9000 5626.4 &+ 35.7 53553 + 161.3 4686.0 £ 237.9%** 0.0002
Red blood cell count (x 10*/mm?) 380-500 4424+ 1.0 436.1 + 4.6 420.9 £ 6.9%** 0.0004
Platelet count (x 10%/mm?) 13-36 219 £ 0.1 21.0 £ 0.6 16.0 & 0.8%** <0.0001
AST (U/L) 13-33 237+ 0.2 252+ 1.1 48.1 £ 1.6%** <0.0001
ALT (U/L) 6-30 20.1 £ 03 204 £ 1.2 46.3 £ 1.8%%** <0.0001
y-Glutamyl transpeptidase (U/L) 1047 338 £ 1.1 324 £ 48 444 +£170 0.36
Total protein (g/dL) 6.70-8.30 7.4 £ 0.01 7.5 £ 0.05* 7.7 £ 0.07%%%* <0.0001
Albumin (g/dL) 4.00-5.00 44 +0.01 4.4 £0.03 4.1 £ 0.04%%%* <0.0001
APRI 0.29 4+ 0.01 0.33 &+ 0.02* 1.01 & 0.03%** <0.0001
Total cholesterol (mg/dL) 209.8 £ 0.8 203.1 £ 3.5 168.3 & 5.2%%%* <0.0001

Values are expressed as means £ SE. A logarithmic transformation was employed for the analysis of fasting plasma glucose, fasting serum

insulin, and HOMA-IR because of skewness
* P < 0.05 versus the uninfected group

** P < 0.05 versus the transient group

Discussion

In this population-based study conducted in an HCV
hyperendemic area, we found paradoxical alterations of
insulin resistance and atherosclerosis in inhabitants with
chronic HCV infection. Insulin resistance was more severe
in this group, while atherosclerosis was milder than that in
the uninfected inhabitants and those with transient HCV
infection. These findings suggest a unique characteristic of
HCV-related metabolic abnormality.

An association between anti-HCV positivity and the
development of diabetes mellitus has been shown in
population-based studies [30, 31]. In the present study, we
further showed that insulin resistance was more severe in
subjects with chronic HCV infection than that in unin-
fected subjects and those with transient infection. The
reason for the increased insulin resistance remains
unclear; however, in our chronic group, significant dif-
ferences were seen in white blood cell counts, platelet
counts, albumin levels, and APRI values compared to
values in the other two groups. These findings suggest that
the progression of liver disease is involved in the
increased insulin resistance in the chronic group. In
addition, we, along with other researchers, have recently
revealed a molecular mechanism for HCV-induced insulin
resistance. HCV directly inactivated insulin receptor

substrate 1/2 and subsequently resulted in insulin resis-
tance, with no pathological changes in HCV core trans-
genic mice livers [6, 32]. Furthermore, clearance of HCV
by interferon therapy improved the hepatic expression of
insulin receptor substrate 1/2 and insulin resistance [33].
Although it is difficult to assess the direct effect of
chronic HCV infection on the increased insulin resistance
in the present study, it is possible that HCV could be
involved in the development of insulin resistance.

In general, insulin resistance is positively correlated with
hypercholesterolemia and hypertriglyceridemia [34, 35]. In
the present study, the chronic group exhibited significantly
lower total cholesterol, LDL-cholesterol, and triglyceride
levels than those in the other groups. The serum albumin
level was also lower in the chronic group, suggesting that, in
advanced liver disease, changes in lipid metabolism are
probably due to impaired lipid synthesis. In addition,
Miyazaki et al. [12] recently demonstrated that serum lipid
concentrations are significantly lower in HCV carriers with
normal aminotransferase levels than in subjects without
HCYV infection. Cholesterol is reported to be crucial for HCV
maturation [36, 37] and HCV inhibits triglyceride-rich
VLDL secretion [38]. Thus, the alteration in lipid parame-
ters in our subjects with chronic HCV infection was proba-
bly caused by the progression of liver disease and partly by a
metabolic process associated with HCV replication.
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Fig. 3 Changes in serum low-density lipoprotein (LDL)-cholesterol
levels (a), serum triglyceride levels (b), and carotid intima-media
thickness (IMT) values (c) in the uninfected, transient, and chronic
groups. Intergroup differences were assessed by age- and sex-adjusted
ANCOVA. *P < 0.05 versus the uninfected group, **P < 0.05
versus the transient group
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In the present study, we have demonstrated, for the first
time, significantly lower carotid IMT values in subjects
with chronic HCV infection, compared with values in
uninfected subjects and those with transient disease.
However, previous Japanese studies have demonstrated
that chronic HCV infection increases carotid IMT [14, 39].
Although these previous studies were also designed as
community-based cross-sectional studies, the mean age of
the subjects was higher in our study. Serum LDL-choles-
terol levels were not available in the study performed by
Ishizaka et al. [39]; however, the serum triglyceride level in
our study was lower than that in their study [39]. These
differences suggest that the stage of liver disease in our
study participants was more advanced than that in the study
by Ishizaka et al. [39]. The difference in the severity of
liver disease may be a possible explanation for the differ-
ences in the carotid IMT values between our study and
theirs. Of note, the prevalence of atherosclerosis is known
to be higher in Japanese urban areas, where previous
studies were carried out [40]. As our study was conducted
in a rural area, it is possible that differences in residential
areas could account for the difference in the results.

In clinical settings, anti-diabetic agents are often
administered to diabetic patients with HCV infection in
order to prevent the development of vascular complica-
tions. However, we demonstrated a favorable effect of
HCV on atherosclerosis. Notably, the incidence of diabetic
retinopathy and cerebrovascular disease is reported to be
low in patients with liver disease [41-43]. Moreover,
exogenous insulin and sulfonylurea treatment can be
harmful to patients with HCV infection because of an
increased incidence of hepatocellular carcinoma [44]. We
think that these findings highlight the need for distinctive
therapeutic strategies that are suited to the paradoxical
alterations of insulin resistance and atherosclerosis in
subjects with chronic HCV infection.

In conclusion, our population-based study conducted in
an HCV hyperendemic area revealed that chronic HCV
infection was associated with increased insulin resistance
and reduced atherosclerosis. This paradoxical metabolic
profile suggests a unique characteristic of HCV-related
metabolic abnormality.
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