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Background It has been suggested that chronic hepatitis C virus (HCV)
infection is associated with diabetes. The aim of this study was to establish a
potential relationship between chronic HCV infection and diabetes mellitus in
Korean patients.

Methods : We performed a prospective analysis of 404 patients with chronic
viral hepatitis or liver cirrhosis who visited our hospital and analyzed whether
age, sex, body mass index, alcohol consumption, hepatitis B virus (HBV)
infection, HCV infection and cirrhosis were associated with diabetes. We also
enrolled 627 diabetic patients and the seroprevalence of HBV surface antigen
(HBsAg) and anti-HCV was determined.

Results Diabetes was observed more frequently in individuals with HCV
infected chronic liver disease (24.0%) than in those with HBV infected (10.4%)
(p<0.05). Univariate analyses revealed that age, alcohol consumption and HCV
infection were significant independent predictors for diabetes. The mean age of
the patients with HCV infected chronic liver disease was higher than that of HBV
infected (56+ 16 vs 44+ 13, p<0.05). The prevalence of diabetes in HCV infected
group was higher than that in HBV infected group in the age of 41~60 (p<0.05).
In diabetic group, the seroprevalence of HBsAg positivity was 4.5% and that of
anti-HCV was 2.1%.

Conclusion : Our study demonstrates an association between diabetes and
chronic HCV infection in Korean patients. The prevalence of diabetes in patients
with HCV infected chronic liver disease is higher than that in those with HBV
infected. Age and alcohol consumption are another risk factor for diabetes in pa-
tients with chronic viral liver disease.
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Introduction

diseases of other
. In some reports from western courtries, the

t is known that patients with chronic liver disease
have a high prevalence of diabetes mellitus and dia-
betics have an increased prevalence of liver cirrhosis’.
Recent epidemiological data suggested that hepatitis C
virus (HCV) infection may contribute to the development
of diabetes. It has been reported that patients with
chronic HCV infection were more likely to be diabetic
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prevalence of HCV infection in diabetics was higher
than expected in the general population'®. However,
others reported negative association between HCV
infection and diabetes’. HCV infection has been
associated with a variety of extrahepatic disorders, in
which  either immunological or direct cytopathic
mechanism is likely to play a role in its pathogenesis. It
remains to be determined whether HCV infection
predisposes to the development of diabetes. Unlike
western countries where HCV infection is a mgor
cause of chronic liver disease, hepattis B virus (HBV)
infection is a leading cause of chronic liver disease in
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Korea. Addtionally, clinical characteristics of Korean
diabetics are differert from those of western diabetics’.
To establish a potertial relationship between hepatitis
viral infection and diabetes, we performed two studies in
Koreans. First, a prospective cross-sectional study was
done to determine the prevalence of diabetes in
patients with chronic viral hepatitis or liver cirrhosis.
Second, a seroprevalence study of anti-HCV and HBV
surface artigen (HBsAg) was done to determine the pre-
valence of HBV and HCV infection in Korean diabetics.

PATIENTS AND METHODS

1. Chronic liver disease group

From September 1998 to February 2000, 404 patients
with chronic viral hepatitis or liver cirrhosis who visited
our hospital were prospectively enrolled and their serum
aminotransferases, viral markers (HBsAg and arti- HCV),
fasting blood glucose and liver ultrasonography were
determined. Chronic viral hepatitis was defined as
having elevated serum aminotransferases for more than
six months, evidence of viral hepatitis serology and
ultrasonographic features of chronic liver disease. HBV
healthy carriers and patients with both viral markers
were excluded. Alcoholic liver cirrhosis was defined
when the history of alcohol intake more than 60 g/day
for men and more than 20 g/day for women was
present and either viral marker was not detected. The
diagnosis of cirrhosis was made on the occurrence of
signs of hepatic decompensation or ultrasonographic
features of portal hypertension. The severity of liver
cirrhosis was graded according to Child- Pugh's class-
ification.

Patients taking insulin or hypoglycemic drugs were
considered as diabetics and fasting serum glucose
levels of peripheral venous blood >140 mg/dL on more
than one occasion were also used for the diagnosis of
diabetes. Degree of alcohol consumption was graded as
none, social drinking (less than 60 g/day for men, less
than 20 g¢/day for women) or heavy drinking. Body
mass index (BMI) was calculated using the standard
formula of weight in kilograms divided by the square of
height in meters and classified into four groups as
underweight (20), normal 21 25), oveweight (26 29)
and obese (over 30).

2. Diabetes group
From July to December 1999, 672 patients with diab-

etes who visited our clinic were prospectively enrolled.
Among them, 627 patients were tested for serum
aminotransferases and viral hepatitis markers (HBsAg
and anti-HCV). Some demographic features and
laboratory assessmert, including serum c- peptide level,
were also determined.

3. Serological studies

Serum HBsAg was detected by using a commercial
kit (AXSYM HBsAg V2 Abbott Laboratories, Abbott Park,
IL). Serum anti- HCV was also assayed using a com-
mercial kit (AXSYM HCV version 30 Abbott Labora-
tories, Abbott Park, IL), which employs recombinant
artigens derived from different HCV regions (HCr43,
€200, c100- 3, NS5).

4. Statistical analysis

Results are expressed as mean (SD). Comparison
between groups was done by using student's t-test for
continuous variables and chi- square test for categorical
data. Analysis of variance was compared to determine
the prevalence of diabetes in each group. Significance
was accepted at the level of p<005. Data entry and
analysis was done using SPSS Windows release 75
computer packages.

RESULTS

1. Clinical characteristics of patients with chronic
liver disease

Of the 404 patients with chronic liver disease, 225
patients were chronic viral hepatitis and 179 patients
were liver cirrhosis (Table 1). The mean age was 44
years in chronic hepatitis group and 56 years in cirrh-
osis group. Among the patients with chronic hepatitis,
157 patients (698%) had HBsAg and 68 patients
(30.2%) had HCV marker. The HCV infected group had
a higher proportion of patients over the age of 61 The
mean age of HCV infected group (524t 160 yrs) was
also higher than that of HBV infected group (39.8+ 120
yrs) ©=0002). However, there was no significant
difference in sex, BMI and alcohol consumption between
HBV and HCV infected groups. In cirrhotics, 102 pa-
tients (57.0%) had HBsAg and 28 patients (15.6%) had
HCV marker. Forty-three patients (24.0%) were diagno-
sed as alcoholic liver cirrhosis and 6 patients were
cryptogenic. The HCV infected cirrhotics (66.6+ 9.2 yrs)
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Table 1. Clinical characteristic of patients with chronic hepatitis and liver cirrhosis according to the etiology

Chronic hepatitis (n=225)

Liver cirrhosis (n=179)

HBV HCV
(n=157) (n=68)
Age (years)
<40 86 20
41 60 60 2
61< 1 26
mean (SD) 40+ 12 52+ 16
Sex
Male 105(67%) 45(66%)
Female 52(33%) 23(34%)
BMI 234+ 37 237+ 35
Alcohol
No 84(54%) 37(64%)
Social 53(34%) 21(31%)
Heavy 20(13%) 10(15%)
Child- Pugh
A
B
C

HBV
(n=102)

1

63

25
52+ 11

67(66%)

35(34%)
238t 37

66(65%)
26(25%)
10(10%)

49(48%)
36(35%)
7(17%)

67+ 9

14(60%)
1460%)
232+ 30

21(75%)
4(14%)
3(11%)

13(46%)
10(36%)
5(18%)

Alcohol
(n=43)

3
19
21
58+ 12

42(98%)
12%)
22+ 36

0
0
43(100%)

19(44%)
2047%)
40%)

Cryptogenic
(n=6)

1

0

5
65+ 14

1(17%)

583%)
230t 64

6(100%)
0
0

3(0%)
2(33%)
1(17%)

BMI; body mass index

were older than the HBV infected (15t 109 yrs)
©<0.05). There were no significart differences in BMI,
alcohol consunption and Child Pugh score between
HBV and HCV infected groups.

2. Prevalence of diabetes and factors associated
with diabetes in patients with chronic liver dis-
ease

Diabetes was observed in 29 patients (12.9%) among
chronic viral hepatitis group and in 34 patients (19.0%)
among cirrhotics (Table 2). The prevalence of diabetes
was higher in patients with HCV infection (24.0%) than
that in patients with HBV infection (104%) (<0.05). In
patients with chronic viral hepatitis, the prevalence of
diabetes (23.5%) in HCV infected group was also higher
than in HBV infected (8.2%) (©=0.002). In cirrhotics, the
prevalence of diabetes in HCV infected group (25%)
tended to be higher than in HBV infected (13.7%)
(p=0.07). However, the mean age of HCV infected group
(B6t 16 yrs) was significartly higher than that of HBV
infected (44+ 13 yrs)(p<0.05).

The univariate analyses revealed that age, degree of
alcohol consumption and HCV infection were significant
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Table 2. Prevalence of diabetes mellitus in patients
with chronic hepatitis and liver cirrhosis

No. of Age No. of
Groups . -
patierts (meanSDyrs)  diabetics
Chronic hepatitis 55 M 14 20(129%) 0002
HBV 157 a0 2 1BB2%)
HCV 63 52+ 16 16(235%)
Liver cirrhosis 179 56t 12 34(19.0%) 007
HBV 102 52 11 M(I37%)
HoV 28 67+ 9 7(25%)
Alcohol a3 58t 2 13E02%)
Total 404 4% 15 63(156%) 0001
HBV 259 4t 13 27(104%)
HOV % 56t 16 23(24.0%)

Significant differences for the comparison of the prevalence
of diabetes between HBV and HCV are in bold tpe

independent predictors for diabetes (Table 3). Sex and
BMI had little impact on the prevalence of diabetes.
The impact of age factor on the frequency of diabetes
was assessed after stratifying the patients by age. The
prevalence of diabetes was 3.2% in patients under the
age of 40, 174% in those with the age of 41 60
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Previence of

< 40 41 - 59

> G0 Age (yrs)

Figure 1. Prevalence of diabetes according to the etiology
of chronic liver disease in three age (groupsHBV vs HCV
from youngest to oldest group, 2% vs.10%, p=0.39; 13.8%
vs. 30%, p=0.03; 22.3% vs. 34.7%, p=055.)

*p<0.05 significant difference

Table 3. Analysis of chronic liver disease cohort for
variables associated with diabetes

) Diabetes (©0)
Variables
Diabetes (N=63) No disbetes (N=341) p
Age 0001
<0 432 109684
4160 DT 4% 1R64
>61 202699 ™R
S 006
Vele (TP 25819
Fendle K108 16229
Acod oor
No 21(24% 19087649
Sociel BI.29 8183979
Heavy BR1Y% 6ABE
BM 0246
<0 804%9 779069
215 ALY 1BIBAZA
%2 BB TBO%
D< 329 varg
Dagnosis [ol02¢]
Anthosis (B0 5819
Noginhosis (2999 16516979
Bidogy Biology
HBY 27(104%) 2B336%
HOV 2240% TA76%)

Significant differences are in bold type

and 26.9% in those over the age of 61 (Figure 1). In
the age of 41 60 years, the prevalence of diabetes in
HCV infected group was higher than that in HBV
infected ©<0.05).

3. Prevalence of hepatitis viral infection in di-
abetics

All patients with diabetes who visited our clinic were
asked for serum hepatitis viral markers. Among those
672 patients, 627 patients (93.3%) were finally tested
(Table 4). Among the diabetics tested for viral markers,
28 patients (4.5%) showed posttive for serum HBsAg
and 13 patients @.1%) had serum anti- HCV. One
patient (0.2%) showed positivity to both viral markers.
Several clinical and laboratory characteristics between
HBsAg and anti- HCV antibody positive groups were
similar (Table 5).

Table 4. Distribution of age and sex in diabetic groups

oS A
Mile () Femde (n) (Mean SDyrs)

Group

HBsAg (), arti-HOV () 290 25 572 21
HBsAg (4), arti- HOV () “ “ 544k 111
HBsAg (), arti-HOV (8 9 4 572+ 87
HBsAg (), arti-HOV () 0 1 58
Nor-tested » B 5.1 126
Totdl 5 7 572 21

Table 5. Physical and laboratory data in viral marker
positive diabetic groups

HBsAg (+) HBsAg (+)
(n=28) (n=28)

BMI (kg/nt) 240+ 38 247+ 33
Waist/hip ratio 09+ 0.1 09+ 01
Abnormal LFT (%) 9(32.) 5(38.5)
Random c- peptide (hg/mL) 18+ 12 26+ 14 0.1

DISCUSSION

Disorders in carbohydrate metabolism and impaired
glucose tolerance were observed in patients with
cirrhosis. Hyperinsulinemia and insulin resistance has
been observed in cirrhotic patients who developed
diabetes. In recent epidemiological studies, the assoc-
iation between diabetes and HCV infection has been
suggested. HCV infection is related to a variety of
extrahepatic manifestations such as mixed cryogl-
obulinemia and membranous proliferative glomeruone-
phritis. Recently, hyperglycemia is suggested to be one
of the extrahepatic manifestations attributed to HCV
infection.
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The prevalence of HCV infection in the Korean popu-
lation is known as 13 16%° and the etiologic
proportion of HCV in chronic liver disease is only 20
30%’. Korea is one of the endemic area of HBV
infection and HBV is a common cause of chronic liver
disease. The prevalence of HBV infection is 5 7% in
the general population*”. In a study, the prevalence of
diabetes and impaired glucose tolerance in the adult
Korean population was 7.2% and 89%, respectively™”.
The prevalence is less than 10% in subjects less than
40 years of age and increases thereafter®.

In our study, the prevalence of diabetes in patients
with chronic viral hepatitis was 12.9%, which seems to
be higher than that in the general population”. The
prevalence of diabetes in cirrhotics was 194%.
However, the prevalence of diabetes was not
significartly different between chronic hepatitis and cirrh-
osis groups. Additionally, univariate analysis revealed
that cirrhosis was not an independent risk factor for
diabetes in our study. Cirrhosis is known to cause
glucose intolerance and may have higher postprandial
serum glucose concertration even though the fasting
level is in the normal range. In our study, diabetes was
diagnosed by the fasting serum glucose concertration,
so the prevalence of diabetes in cirrhotics might be
underestimated.

Diabetes was observed more frequenty in HCV
infected patients than in HBV infected patients (<0.05).
However, the distribution of age between the two
groups was different. HCV infected group had a higher
proportion of patients over the age 60. So, we stratified
the age into three groups. In our analysis, significant
difference of diabetes prevalence between HBV and
HCV infected patients was present only in the age of
41 60 years. Under the age of 40, similarity of diabetic
prevalence may be partially explained by the relatively
low overall prevalence of diabetes in this age and the
small number of enrolled patients. Over the age of 61,
higher prevalence of diabetes with aging and chronicity
of liver disease may confound our analysis. In support
of our findings, Mason et al” also reported the similar
prevalence of diabetes between HCV and HBV infected
chronic liver disease over the age of 61 Several cohort
studies of chronic liver disease also showed that
diabetes was observed in 24% to 26% of patients with
HCV infection while it was detected in 9% to 13% of
patients with HBV infectior’®* ™. However, a few
reports disproved the association of HCV infection and
diabetes’ ™.
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In our chronic liver disease group, we excluded
healthy HBV carriers, in whom HBV was not considered
to affect the development of diabetes. Other variables
associated with diabetes were systematically analyzed.
Alcohol consumption was a risk factor for diabetes,
while the degree of alcohol consumption was similar,
irrespective of viral etiology. So, alcohol consumption
might not contribute to the high prevalence of diabetes
in patients with HCV infection. BMI was not a risk
factor for diabetes in our study. That could be explained
by the fact that obese patients (BMI over 30) were
relatively rare. In Korea, obese people, whose BMI is
over 30, is relatively rare, in general, and even in
diabetics’.

In our diabetes group, the seroprevalence of HBsSAg
was 45%, which is similar to that in the Korean popu
lation®*”. However, the seroprevalence of arti- HCV was
2.1%, which seems to be higher than that in the Korean
population (13- 16%)”. Our data rather suggest that the
diabetic population is more likely to have HCV irfection.

The mechanism by which HCV infection may have
predisposed to diabetes was nat established yet. Alth-
ough there is no evidence, HCV may inure pancreatic
islet cells directly, like coxsackievirus, cytomegalovirus and
adenovirus. El-Zayadi et al.” repotted that HCV sero-
positives were more prone to require insulin therapy, re-
flecting pancreatic beta cell destruction and insulin defi-
ciency. However, in our study, random serum c peptide
level was not differert between HBsAg and arti- HCV
positive diabetic group, which seems to be cortradictory to
the idea that HCV irfection may irvolve pancreatic beta
cells as an extrahepatic target. Cirrhatics with HCV
infection and alcoholic cirrhotics have common histological
features of increased hepatic fat and iron deposition. It
has been suggested that hepatic fat deposition may con-
tribute to the developmert of insulin resistance®. Fasting
plasma insulin levels from patients with HCV-related
cirrhosis and diabetes were elevated, which was consistert
with insulin  resistance, but acute insulin response to
glucose loading was blurted, suggesting the concomitart
pancreatic beta cell dysfunction and insulin deficiency™.

In conclusion, our study demonstrates an association
between diabetes and chronic HCV infection. Age and
alcohol consumption are additional risk factors for
diabetes in patients with chronic liver disease.
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