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ABSTRACT

Background: The prevalence of type 2 diabetes mellitus is higher in chronic hepatitis C infection with

significant higher degree of insulin resistance.  There are limited data of insulin resistance in Thai patients with

chronic hepatitis C.

Aim: To compare the degree of insulin resistance in non-diabetic chronic hepatitis C patients with matched

healthy controls.

Patients and Methods: A case-control study was conducted, comprising 85 confirmed non-diabetic

chronic hepatitis C patients who attended for blood donation at Chiang Mai University Hospital and 75 healthy

blood donors matched by age and gender.  The demographic and the clinical data were collected. Biochemical tests

were carried out.  Hepatic ultrasonography was performed in all chronic HCV cases, and was combined with

clinical and biochemical tests for the exclusion of liver cirrhosis.  The degrees of insulin resistance as determined

by the homeostasis model assessment (HOMA-IR) were compared between the two groups.

Results: Non-diabetic chronic HCV subjects had no significantly different degree of insulin resistance

when compared with matched healthy controls (1.638 ± 1.359 vs 1.612 ± 1.131, p = 0.894).  Using the BMI cut-off

point of 23 for determining an overweight status for Asian populations, there were no differences of the HOMA-IR

in BMI >23 between the two groups (2.27 ± 1.50 vs 2.13 ± 1.83, p=0.666).  There were significantly lower HOMA-

IR in HCV cases in BMI <23 compared with healthy subjects (0.86 ± 0.51 vs 1.13 ± 0.56, p = 0.027).

Conclusions: A significantly higher degree of insulin resistance in patients with hepatitis C may not be

the case in patients with a younger age of onset or a shorter duration of HCV infection.  A lower BMI may be

another possible explanation for the lower degree of insulin resistance in this type of patients.
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BACKGROUND

There is a growing evidence that chronic infec-

tion with hepatitis C virus (HCV) is associated with an

increased risk for the development of type-2 diabetes

mellitus (DM).(1-5)  Some previous studies indicated

that the prevalence of type-2 DM was higher in pa-

tients with chronic HCV infection(3,4).  HCV infection

was found by multivariate analysis(6,7) to be an inde-

pendent risk factor in association with type-2 DM. The

mechanism of this association remains unclear.

Hyperinsulinemia and insulin resistance play an im-

portant role in the development of type-2 DM. These

are evident even before the development of impaired

glucose tolerance(8).  Therefore, the detection of hyper-

insulinemia and of insulin resistance is a good predic-

tor of type-2 DM.  Other earlier studies demonstrated

increased insulinemia levels in patients with chronic

HCV infection compared to controls(9-11).  Serrano

et al.(12) determined baseline insulinemia in non-dia-

betic cirrhotic patients infected with HCV, comparing

their values with those of a group of non-HCV non-

diabetic cirrhotic patients.  They concluded that HCV-

positive non-diabetic cirrhotic patients had higher

baseline insulinemia levels and an increased prevalence

of hyperinsulinemia than patients with liver cirrhosis

from other etiologies.

Euglycemic-hyperinsulinemic clamp is the gold

standard technique for estimating insulin resistance(13).

It is accurate but rather complicated, laborious and in

practical.  The homeostasis model assessment for in-

sulin resistance (HOMA-IR) has been suggested as an-

other method to assess insulin resistance(21).  It is sim-

ply calculated, using just a fasting blood sample drawn

for glucose and insulin.  It has been well established

that HOMA-IR is a useful surrogate index of insulin

resistance both in the diabetics and in non-diabetic sub-

jects(15-18).  Thus it can be reliably employed in epide-

miological studies.

Recently Hui JM, et al. demonstrated hyper-

insulinemia along with higher HOMA-IR levels in early

stages of HCV infection.  They also found that HCV

genotype-3 described significantly lower HOMA-IR

levels than other genotypes(19).  A study of hepatitis C

infection in Thais showed that the most prevalent geno-

type was genotype-3 followed by genotype 1 and geno-

type 6(20).  As there are distinct geographic variations

in the frequencies of different genotypes, and consid-

ering ethnic differences in Asian populations as op-

posed to western populations, we therefore conducted

this study to compare the degree of insulin resistance

in non-diabetic non-cirrhotic chronic HCV cases with

matched healthy controls.  We also attempt to identify

the possible associated factors, such the as duration of

HCV infection, the age of onset, and genotypes as well.

PATIENTS AND METHODS

We performed a case-control study comparing

non-diabetic chronic hepatitis C patients with matched

normal controls, to evaluate the HOMA-IR between

the two groups.  Further analysis was also made to look

for specific characteristics that may reveal the differ-

ence of HOMA-IR.

Case Selection

One-hundred-and-nine blood donors at Chiang

Mai University Hospital were recruited between Janu-

ary 2001 and December 2004.  The subjects were HCV-

positive on screening with HCV enzyme immunoas-

say (EIA)-3 (Abbott Laboratories, North Chicago, IL).

Many subjects also participated in other studyies(22).

All had a positive HCV-RNA by PCR method

(QIAGEN, Gmb H, Hilden Germany). None were dia-

betic (fasting plasma glucose <126 mg%) and showed

no evidence of liver cirrhosis by physical examination

(spider nevi, gynecomastia, palmar erythema, testicu-

lar atrophy, parotid gland enlargement, Dupuytren’s

contracture, abnormal biochemical tests and ultra-

sonography of the liver.  No one had a previous treat-

ment of HCV infection.  Exclusion criteria included

HBV infection, HIV infection, other known liver dis-

eases and the body mass index (BMI) of more than 30

kg/m2.  The latter was to be excluded due to its nature

as it is an independent risk factor for DM.

Clinical and Laboratory Assessment in HCV

Cases

All participants were requested to give a written

informed consent.  The following data were collected

at the initial of interview: age, sex, weight, height, and

waist-hip ratio (WHR, calculated as waist circumfer-

ence at umbilicus/hip circumference over the buttocks).

The body mass index (BMI) was calculated as weight

in kilograms/height in square meters.  The average daily

alcohol consumption over the past 6 months, familial

history of diabetes, the route of HCV transmission, the

age of onset and the duration of HCV infection were
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also recorded.  Intravenous drug usage (IVDU), blood

transfusion, tattooing and sexual relation with HCV

positive persons were defined as major routes of HCV

transmission.  Undetermined date of infection or other

routes were defined as unknown.  The estimated dura-

tion of infection was defined as the time elapsed from

the presumed date of infection to the date of interview.

The onset of infection was determined by the presumed

date of the first route of transmission, if the subject

appeared to have more than one route of transmission.

All participants were given a full physical exami-

nation, focusing on signs of chronic liver disease (spi-

der nevi, gynecomastia, palmar erythema, testicular at-

rophy, parotid gland enlargement, Dupuytren’s contrac-

ture), and portal hypertension (ascites, splenomegaly,

superficial vein dilatation).  The physical examination

was conducted by a physician (JY).

All HCV cases had upper abdominal ultrasonog-

raphy by a radiologist (WN) on the same day or within

one week after the interview.

After an overnight fast of 12 hours, venous blood

was drawn for the serum levels of liver function tests

(albumin, globulin, total bilirubin (TB), direct biliru-

bin (DB), alanine aminotransferase (ALT), aspartate

aminotransferase (AST), alkaline phosphatase (ALP)),

fasting plasma glucose (FPG) and fasting insulin (FI).

Serum insulin was determined by (method).  The bio-

chemical tests were determined by automated proce-

dures in the laboratories of Chiang Mai University

Hospital.  The degree of insulin resistance was deter-

mined by the homeostasis model assessment (HOMA-

IR) method, based on the following equation:

Insulin resistance (HOMA-IR)

fasting insulin (mg%) fasting glucose (mmol/L)
= ×

18 22.5

Selection of Controls

Eighty-six anti-HCV negative blood donors from

June to December 2004 were enrolled.  They were ap-

parently healthy and had no known history of diabetes

mellitus.  All signed the informed consent.  The data

collected at the interview, the physical examination,

and the biochemical blood tests were performed in the

same manners.

The inclusion criteria were :

1. age >18 years,

2. alcohol consumption <30 grams/day,

3. no regular or recent hepatotoxic medication in-

gestion in the previous 2 weeks,

4. non-diabetes (FPG <126 mg%),

5. normal or mildly abnormal LFT (albumin >3

mg%, AST, ALT, or ALP <2 x, TB <2 mg %).

The exclusion criteria were :

1. BMI >30 kg/m2,

2. Presence of any known underlying diseases

related to the insulin resistance (hypertension, coro-

nary artery disease, dyslipidemia).

Eighty-six healthy controls were matched by age

and gender with the 106 HCV patients. The following

data, including BMI, WHR, AST, ALT, fasting plasma

glucose, fasting insulin, HOMA-IR were compared be-

tween the two groups.

We also compared HOMA-IR between the two

groups, looking at age ≥30 vs. <30, male vs. female

and BMI ≥23 kg/m2 vs. <23 kg/m2.

The study was reviewed and approved by the Re-

search Ethics Committee of Chiang Mai University.

Statistical Analysis

Quantitative data were expressed as mean ± SD

or as median. Categorical variable data were expressed

as frequency and percentage.  Comparison of HOMA-

IR between the HCV group and the healthy controls

were performed, using student’s t-test analysis or non-

parametric test as appropriate.  The Chi- Square test

was used to quantify the association between the nomi-

nal categorical variables.  Independent variables that

were considered include age, gender, BMI, WHR, LFT,

familial history of DM, age at onset of the HCV infec-

tion, duration of HCV infection, amount of alcohol

consumption amount and HCV genotypes.  P value

<0.05 was considered to be statistically significant. All

data were analyzed by Epi Info version 6 and SPSS for

window.

RESULTS

Of the 109 HCV patients enrolled, 24 cases were

excluded [BMI >30 kg/m2 (n = 6), fatty liver (n = 9),

cirrhosis (n = 4), FPG ≥126 mg% (n = 2), HBV co-

infection (n=3)].  Of the 86 controls matched by age

and gender enrolled, 8 cases were excluded [BMI >30

kg/m2 (n = 9), FPG ≥126 mg% (n = 2)]. Thus, these

were 85 confirmed cases and 75 confirmed matched

controls (Figure 1).  The demographic characteristics

of the patients the and controls are listed in Table 1.

There were no significantly differences of age,
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Figure 1 Flowchart of patients recruitment.

75,451 donors

836 HCV +ve 74,588 HCV-ve

109 HCV cases 86 matched controls

24 exculde 11 ecxlude

cases controls

85 confirmed cases 75 confirmed

matched controls

Table 1 Demographic data and clinical characteristics of the HCV patients compared with controls.

Data cases (n = 85) Controls (n = 75) p value

Age (years) 37.4 ± 9.9 (19-57) 36.2 ± 9.9 (18-54) 0.421

Sex (male, %) 74 (87.1%) 63 (84%) 0.746

Body weight (kg) 65.2 ± 10.2 (50-95) 64.9 ± 9.8 (47-94) 0.836

BMI (kg/m2) 23.5 ± 3.0 (17.3-30) 23.2 ± 2.8 (18.6-30) 0.496

WHR 0.87 ± 0.06 (0.75-0.98) 0.86 ± 0.07 (0.62-1.01) 0.663

AST (U/L)* 50 (17-275) 23 (14-85) 0.000

ALT (U/L)* 66 (11-505) 23 (4-88) 0.000

Family history of DM 20 (23.5%) NA

Daily alcohol intake in the past 6 months (n = 71) NA

>30 gram/day 18 (25.4%)

<30 gram/day 53 (74.6%)

Age at onset of HCV infection (n = 55) (years) 22.3 ± 8.5 (8-45)

Estimate duration of HCV infection (n = 55) (months)* 156 (12-360)

Route of HCV transmission

IVDU 25 (29.4%)

Blood transfusion 25 (29.4%)

Tattoo 28 (32.9%)

Sexual contact with HCV person 19 (22.4%)

Unknown 10 (11.8%)

1 route 35 (41.2%)

More than 1 routes 20 (58.8%)

Genotype NA

1

3

6

Note: Data are mean ± SD (range), *median or frequency (%).

➤ ➤
➤➤

➤ ➤

➤

➤
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gender, body weight, BMI and WHR in groups (p all

>0.05).  The HCV patients had significant higher lev-

els of both AST and ALT (50 vs. 23, p = 0.000 and 66

vs. 23, p = 0.000 respectively).  There were 23.5% of

HCV cases with family history of diabetes mellitus.

Daily alcohol intake in the past 6 months ≥30 grams/

day (level of increasing risk for liver injury) were 25.4%

in HCV cases.  Reliable data on the date of infection

were available in 55 patients.  The mean age at onset

of HCV infection was 22.3 ± 8.5 years.  The mean

duration of infection was 170.3 ± 95.7 months.  Tat-

tooing was the most common presumed route of HCV

transmission (32.9%).  About 58.8% of HCV cases

were infected by more than one transmission route.  The

HCV genotype was available in (number) patients.

For an assessment of insulin resistance in hepati-

tis C virus, there were no differences of the HOMA-IR

between the two groups (1.64 ± 1.36 vs 1.61 ± 1.13,

p = 0.894) (Table 2).  When using BMI cut-off point

of 23 kg/m2 for determining an overweight status in

Asian populations(23), there were no differences of

HOMA-IR in BMI ≥23 kg/m2 (2.27 ± 1.50 vs. 2.13 ±

1.83, p = 0.666).  There were significantly lower

HOMA-IR in HCV cases in BMI <23 (0.86 ± 0.51 vs

1.13 ± 0.56, p = 0.027) (Table 3).  There were also no

differences between BMI ≥23 kg/m2 and <23 kg/m2 in

both groups (Table 4).

DISCUSSION

Type 2 DM is common in chronic hepatitis C in-

fection.  Epidemiological studies showed the increased

prevalence of type II DM among chronic hepatitis C

patients, and even suggested that HCV infection is an

independent risk for developing type II DM(1-5).  As

yet, no one was able to explain the mechanism of this

process.  Some authors tried to demonstrate that chronic

hepatitis C patients had a higher prevalence of hyper-

insulinemia, and this later on, led to insulin resistance.

It is widely accepted that hyperinsulinemia and insu-

lin resistance are found in the early stages of DM, and

they may play important roles in the development of

type 2 DM(8).

Some earlier studies found hyperinsulinemia and

reduced insulin sensitivity in HCV patients with mod-

erate to severe hepatic fibrosis(9-12, 24).  Recently, Hui,

et al.(19) extended these findings to HCV patients in

the early stage without significant fibrosis from liver

biopsy (minimal or no fibrosis).  They also found that

different genotypes had different HOMA-IR levels.

This study was conducted in Thai chronic hepati-

tis C patients, who were non-diabetic and were shown

not to have developed liver cirrhosis as yet by clinical,

laboratory and ultrasonographic criteria.  Well matched

controls were chosen for comparison.  It is interesting

that we found no significant differences in the degree

Table 4 Differences of BMI between 2 groups (n = 160).

Cases Controls
Data p value

(n = 85) (n = 75)

BMI >23 55.3% 48.0% 0.357

BMI<23 44.7% 52.0%

Note: Data are frequency (%).

Table 2 Comparison of data between HCV patients and matched controls.

Data  Cases (n = 85) Controls (n = 75) p value

FPG (mg%) 77.3 ± 7.7 (62-105) 78.7 ± 9.3 (58-114) 0.309

Fasting insulin (uU/mL)* 6.41 (0.94-43.02) 7.09 (1.27-28.92) 0.716

HOMA-IR 1.64 ± 1.36 (0.17-8.29) 1.61 ± 1.13 (0.23-6.78) 0.894

Note: Data are mean + SD (range), *median.

Table 3 Comparison of HOMA-IR between HCV patients and matched controls with different BMI.

Data HOMA-IR cases HOMA-IR controls p value

BMI >23 2.27 ± 1.50 (0.52-8.29) 2.13 ± 1.83 (0.59-6.78) 0.666

BMI <23 0.86 ± 0.51 (0.17-2.02) 1.13 ± 0.56 (0.23-0.81) 0.027

Note: Data are mean + SD (range).
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of insulin resistance between the non-diabetic non-cir-

rhotic Thai HCV patients and the healthy controls.

How may we explain this contradictory findings?

Upon reviewing the previous study by Hui et al, we

found that their patients were nearly of the same age

(37.9 ± 8.9 years) as with our study (37.4 ± 9.9 years).

So, age may not be the relevant factor. The other de-

mographic characteristic is obesity ( BMI of more than

25 kg/m2 for Asian populations).  It should be noted

that in our study those subjects with BMI more than

30 kg/m2 were not included, and about half of our pa-

tients and controls had normal weights (BMI less than

23 kg/m2), compared with a mean of 26.5 ± 4.7 and a

range of 17.2-47.3 kg/m2 in the former study.  So in

this rather not-so-overweight patient group of ours, the

risk from hepatitis C chronic infection may not be

manifest yet.

One striking difference was that the mean FPG in

Hui’s study was 93.6 ± 12.6 mg%, compared with 77.3

± 7.7 mg% in ours. Their mean serum insulin level

(10.3 uU/mL) was also higher than in our study (me-

dian of 6.41 uU/mL).  These two values made the

HOMA-IR, a product of both values, higher in their

study.

Regarding the characteristics of hepatitis C in-

fection, our patients contracted infection at about the

same age (22.3 ± 8.5 years) as in Hui’s study (22 ± 7

years).  Again the age at onset may not be associated

with insulin resistance.  However, the duration of in-

fection may be important.  It is surprising that the me-

dian duration of infection in our patients was only 13

years, with a maximal duration of 30 years.  While

previous reports showed the durations of infection of

up to 19 ± 8 years.  This suggests that a longer dura-

tion of infection may be associated with the develop-

ment of insulin resistance, and finally of DM.

In this preliminary report we have not obtained

data on genotypes yet. (Hui et al. noted that genotype

3 had a lower prevalence of insulin resistance.  About

two-thirds of our patients were of genotypes 3 and 6.

Genotype 6 may also have the same characteristic as

genotype 3, thus making our patients no different from

controls.)

In addition, there may also be some other factors

at work, such as different ethnic backgrounds.  Data

from previous studies were with western populations

that may be quite different from Asian populations.  Our

data also showed a male predominance (87.1%), a fac-

tor that may affect insulin resistance.

One limitation in this study is that we did not

obtain liver biopsy. So the data on fibrotic stage was

not available.  Maeno T, et al. demonstrated that

HOMA-IR levels increased in parallel with the pro-

gression of fibrosis(25).  It was possible that we included

a fairly large number of patients with early stages of

fibrosis, hence the lower HOMA-IR levels than in pre-

vious studies.  However, this is not certain.  Further

study is needed to clarify this association.

 Since our study did not show the difference in

insulin resistance between patients with chronic hepa-

titis C infection and normal controls, it would be use-

ful if further study would be conducted in larger pa-

tient populations, including larger numbers of over-

weight patients, and appropriate numbers of different

HCV genotypes for a more meaningful analysis.
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