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In each groups with severe IR or without severe IR,
SVR was achieved by 11 of 20 patients (55.0%) and 26 of
52 (50.0%), respectively. The proportions of SVR in
group with severe IR was not significantly different from
those in group without severe IR. Furthermore, in each
groups with severe IR or without severe IR, NVR was
identified in 6 of 20 patients (30.0%) and 12 0of 52 (23.1%),
respectively. The proportions of NVR in group with
severe IR was not significantly different from those in
group without severe IR.

In this study, HOMA-IR values were not useful as
pretreatment predictors of 48-week PEG-IFN plus RBV
combination therapy in HCV-1b patients without
cirrhosis and diabetes mellitus.

DISCUSSION

Shintani et al. [2004] reported that HCV core
protein induced IR in transgenic mice, and provided a
direct experimental evidence for the contribution of
HCV core protein in the development of IR in human
HCV infection. The results of the present study
showed that higher frequencies of Gln70 (His70) and/
or Met91 in HCV-1b core region might correlated
with higher HOMA-IR values. Thus, the present
results supported the potential of core region in the
development of IR, and clinically linked substitutions
of aa 70 and/or 91 in HCV-1b core region to IR.
Especially, these findings without diabetes mellitus
and cirrhosis suggest that the real connection between
IR and HCV-1b infection is initiated at early stages of
liver disease. The limitations of the present study were
that it could not investigate an improvement of IR in
patients who developed the viral eradication after
antiviral treatment [Kawaguchi et al., 2007; Arase
et al., 2008], as a direct evidence for the contribution of
aa substitutions in HCV-1b core region. Further studies
that examine the structural and functional impact of aa
substitutions should be conducted to confirm the above
finding.

To our knowledge, the present study is first report to
identify the factors associated with IR of patients
without diabetes mellitus and cirrhosis infected with
HCV-1b. Especially, multivariate analysis identified
age (>55 years), body mass index (>25 kg/m?), hepato-
cyte steatosis (Present (>5%)), and aa substitutions
of the core region (GIn70 (His70) and/or Met91) as
significant determinants of IR (HOMA-IR >2.5) and/or
severe IR (HOMA-IR >3.5). However, this study
identified aa substitutions of the core region as signifi-
cant determinants of severe IR, and did not identify as
determinants of IR. The discrepant results may be due to
one or more factors. The first reason for this is probably
the small number of patients in the present study (e.g.,
possible type II error). Univariate analysis really
identified aa substitutions of the core region that tended
to influence IR. Furthermore, even if HOMA-IR values
were also divided into two groups of >3.0 and <2.9,
multivariate analysis identified aa substitutions of the
core region as significant determinants of >3.0 (datanot
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shown). Hence, further studies based on the large
number of patients should be performed in the future.
The second reason is probably the difference of objects,
based on HCV-1b patients without diabetes mellitus and
cirrhosis. Previous report indicated that HCV-related
diabetes mellitus might oceur in association with IR,
hepatocyte steatosis, and high levels of both tumor-
necrosis factor and CXCL10 [Antonelli et al., 2009], so
patients with severe IR do not always have diabetes
mellitus. However, IR develops type 2 diabetes mellitus
as its major late feature, and is also associated with
advanced fibrosis {Petrides et al., 1994; Petta et al.,
2008]. Hence, the biological mechanisms underlying
the association between HCV core region and IR are
probably multifactorial, and the present study based
on patients without diabetes mellitus and cirrhosis as
confounding factors, that might affect IR, are very
important for estimating the true relationship between
HCV core region and IR. The present study is first report
to identified aa substitutions of the core region (GIn70
(His70) and/or Met91) as significant determinants of
severe IR, in HCV-1b patients without cirrhosis and
diabetes mellitus.

Moriya et al. [1998] reported that HCV core protein
induced HCC in transgenic mice, and provided a direct
experimental evidence for the contribution of HCV core
protein in the development of HCC in human HCV
infection. Previous reports supported the oncogenic
potential of the HCV core region and clinically
linked substitutions of aa 70 and/or 91 in HCV-1b core
region to HCC [Akuta et al., 2007d, 2008]. IR and
glucose metabolism impairment are associated with
HCC [El-Serag et al., 2001; Lai et al., 2006; Veldt
et al., 2008]. The present study suggested the presence of
IR-dependent pathway as a mechanism of HCV-1b core
region-associated hepatocarcinogenesis, and the impor-
tance of eradication of the virus with GIn70 (His70) and/
or Met91 in reducing the development of HCC through
this pathway.

Treatment efficacy of 48-week PEG-IFN plus RBV
combination therapy according to HOMA-IR values is
controversial. Chu et al. [2008] reported that IR was a
major determinant of SVR in HCV-1 patients receiving
PEG-IFN plus RBV, but treatment duration was
24 weeks. Georgescu et al. [2008] reported that high
HOMA-IR values could not affect treatment efficacy of
48-week PEG-IFN plus RBV therapy in HCV-1 patients,
after excluding the patients of metabolic syndrome
criteria. The present study based on HCV-1b patients
without cirrhosis and diabetes mellitus also showed that
HOMA-IR values might be not useful as predictors of 48-
week PEG-IFN plus RBV therapy. This reason is
probably related to exclude patients of diabetes mellitus
as one of metabolic syndrome criteria, and the results
might support the previous report of Georgescu et al.
[2008]. To our knowledge, the present study is first
report to investigate the relation between HOMA-IR
values and treatment efficacy of HCV-1b patients,
especially without cirrhosis and - diabetes mellitus,
receiving 48-week PEG-IFN plus RBV combination
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therapy. Further studies based on the large number of
patients should be performed in the future.

In conclusion, the results of the present study
indicated that substitutions of HCV-1b core region were
the important predictor of severe IR in patients without
cirrhosis and diabetes mellitus. This finding highlights
the importance of eradication of the virus with Gln70
(His70) and/or Met91 in reducing the development of
severe IR. The limitations of the present study were
that it did not investigate other genotypes apart from
HCV-1b, the geographic diversities of HCV-1b core
region (distribution of Arg70 or GIn70 (His70), and
Leu91 or Met91), and the study of other races apart from
Asians in Japan. Further prospective studies, matched
for HCV genotype, aa substitutions of the core region,
and race, of a large group of patients are required to
determine the meaning of higher HOMA-IR values in
HCV infection.
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Sustained Virological Response Reduces Incidence of
Onset of Type 2 Diabetes in Chronic Hepatitis C

Yasuji Arase, Fumitaka Suzuki, Yoshiyuki Suzuki, Norio Akuta, Masahiro Kobayashi, Yusuke Kawamura, Hiromi Yatsuj,

Hitomi Sezaki, Tetsuya Hosaka, Miharu Hirakawa, Kenji Ikeda, and Hiromitsu Kumada

Diabetes is present in patients with chronic hepatitis C virus infection. The aim of this
retrospective cohort study was to assess the cumulative development incidence and predic-
tive factors for type 2 diabetes after the termination of interferon therapy in Japanese
patients positive for hepatitis C virus (HCV). A total of 2,842 HCV-positive patients treated
with interferon (IFN) monotherapy or combination therapy with IFN and ribavirin were
enrolled. The mean observation period was 6.4 years. An overnight (12-hour) fasting blood
sample or a casual blood sample was taken for routine analyses during follow-up. The
primary goal was the onset of type 2 diabetes. Evaluation was performed by using the
Kaplan-Meier method and Cox proportional hazard analysis. Of 2,842 HCV patients, 143
patients developed type 2 diabetes. The cumulative development rate of type 2 diabetes was
3.6% at 5 years, 8.0% at 10 years, and 17.0% at 15 years. Multivariate Cox proportional
hazard analysis revealed that type 2 diabetes development after the termination of IFN
therapy occurred when histological staging was advanced (hazard ratio 3.30; 95% confi-
dence interval [CI] 2.06-5.28; P < 0.001), sustained virological response was not achieved
(hazard ratio 2.73; 95% CI 1.77-4.20; P < 0.001), the patient had pre-diabetes (hazard ratio
2.19; 95% CI 1.43-3.37; P < 0.001), and age was =50 years (hazard ratio 2.10; 95% CI
1.38-3.18; P < 0.001). Conclusion: Our results indicate sustained virological response causes
a two-thirds reduction in the risk of type 2 diabetes development in HCV-positive patients

treated with IFN. (HeraToLoGY 2009;49:739-744.)

epatitis C virus (HHCV) is one of the more com-
H mon causes of chronic liver disease in world.

Chronic hepatitis C is an insidiously progressive
form of liver disease that relentlessly but silently
progresses to cirthosis in 20% to 50% of cases over a
period of 10 to 30 years.»-3 In addition, HCV is a major
risk for hepatocellular carcinoma (HCC).%#® Moreover,
chronic HCV infection has been associated with a variety
of extrahepatic complications such as essential mixed
cryoglobulinemia, porphyria cutanea tarda, membrano-
proliferative glomerulonephritis, autoimmune thyroid-

Abbreviations: CI, confidence interval; FPG, fasting plasma glucose; HCC, hep-
atocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; SVR, sustained
virological response; T2DM, type 2 diabetes mellitus.
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itis, sialadenitis, and cardiomyopathy.>-13 Lately, data
supporting a link between type 2 diabetes mellitus
(T2DM) and chronic hepatitis C infection have been re-
ported. 1415

Although there is growing evidence to support the con-
cept that HCV infection is a risk factor for developing
T2DM, there have been a few interventional studies con-
firming this issue. This issue needs to be confirmed with a
long-term follow-up of patients with high risk of developing
diabetes. Thus, prospective studies including metabolic eval-
uations are clearly needed to clarify these issues.

With this background in mind, the cohort study was ini-
tiated to investigate the cumulative incidence and risk factors
of T2DM after prolonged follow-up in HCV-infected pa-
tients treated with interferon (IFN) monotherapy or combi-
nation therapy with IFN and ribavirin. The strengths of the
current study are the large numbers of patients included and
the long-term follow-up of patients.

Patients and Methods

Patients. There were 5,890 patients diagnosed with
chronic HCV infection and treated with IFN mono-
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therapy or combination IFN + ribavirin therapy between
September 1990 and March 2007 in the Department of
Hepatology, Toranomon Hospital, Tokyo, Japan. Of these,
2,842 patients satisfied the following criteria: (1) no evidence

of diabetes mellitus for 3 months after the termination of

IFN (plasma glucose concentration <126 mg/dL [6.9
mmol/L] in the fasting state, <200 mg/dL [11.0 mmol/L] in
casual state and/or 2 hours after a 75-g oral glucose load); (2)
features of chronic hepatitis or cirrhosis diagnosed via lapa-
roscopy and/or liver biopsy before the initiation of IFN ther-
apy; (3) positivity for serum HCV RNA before the initiation
of IFN therapy; (4) period of =1 year of IFN therapy; (5)
negativity for hepatitis B surface antigen (HBsAg), antinu-
clear antibodies, or antimitochondrial antibodies in serum,
as determined via radioimmunoassay or spot hybridization;
(6) no evidence of HCC nodules as shown on ultrasonogra-
phy and/or computed tomography; and (7) no underlying
systemic disease, such as systemic lupus erythmatosus or
rheumatic arthritis.

Patients who were taking medications known to alter glu-
cose tolerance or had illnesses that could seriously reduce
their life expectancy or their ability to participate in the trial
were excluded from the study. Patients were classified as hav-
ing normal glucose or pre-diabetes based on fasting plasma
glucose (FPG), casual plasma glucose, or 2-hour plasma glu-
cose. The normal glucose group was regarded as having an
FPG of <100 mg/dL, casual plasma glucose of <140 mg/
dL, and/or 2-hour plasma glucose of <140 mg/dL. The
pre-diabetes group was regarded as having an FPG of 100-
125 mg/dL, casual plasma glucose of 140-200 mg/dL,
and/or 2-hour plasma glucose of 140-200 mg/dL.16

Next, we assessed predictive factors for T2DM in
chronic hepatitis C patients treated with IFN. The phy-
sicians in charge explained the purpose and method of this
clinical trial to each patient and/or the patient’s family.
Informed consent was obtained from all living patients
included in the present cohort study. The study was ap-
proved by the Institutional Review Board of our hospital.

Outcome Measures. The primary outcome was
T2DM, diagnosed by the use of the 2003 criteria of the
American Diabetes Association.!s These criteria include
(1) casual plasma glucose =200 mg/dL; (2) FPG =126
mg/dL; (3) 2-hour post-glucose (oral glucose tolerance
test) =200 mg/dL.

Laboratory Investigation. Anti-HCV was detected
using a second-generation enzyme-linked immunosor-
bent assay (ELISA II; Abbott Laboratories, North Chi-
cago, IL). HCV-RNA was determined by the Amplicor
method (Cobas Amplicor HCV Monitor Test, vetsion
2.0; Roche, Tokyo, Japan). Hepatitis B surface antigen
was tested via radioimmunoassay (Abbott Laboratories,
Detroit, MI). The used serum samples were stored at
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—80°C at the first consultation. Diagnosis of HCV infec-
tion was based on detection of serum HCV antibody and
positive RNA. Height and weight were recorded at base-
line, and the body mass index was calculated as weight (in
kg)/height (in m?).

Evaluation of Liver Cirrhosis. Liver status of the
2,842 patients was mainly determined via peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were obtained
using a modified Vim Silverman needle with an internal
diameter of 2 mm (Tohoku University, Kakinuma Fac-
tory, Tokyo, Japan), fixed in 10% formalin, and stained
with hematoxylin-eosin, Masson’s trichrome, silver im-
pregnation, and periodic acid-Schiff after diastase diges-
tion. The size of specimens for examination was more
than six portal areas.!”

Follow-up. The starting time of follow-up was 3
months after the termination of IFN therapy. After that,
patients were followed up monthly to tri-monthly in our
hospital. Physical examination and biochemical tests were
conducted at each examination together with regular
check-up. An overnight (12-hour) fasting blood sample
or a casual blood sample was taken for routine analyses.
These included aminotransferase activities, total choles-
terol, platelet counts, and serum HCV RNA level. Three
hundred twenty-four patients were lost to follow-up; be-
cause the appearance of T2DM and death was not iden-
tified in these patients, they were considered as censored
data in the statistical analysis.'® Moreover, patients re-
treated with antiviral agents were regarded as withdrawals
at the time of starting the retreatment of antiviral agents.

Statistical Analysis. The cumulative appearance rate
of T2DM was calculated from 3 months after the termi-
nation of IFN treatment to the appearance of T2DM
using the Kaplan-Meier method. Differences in the devel-
opment of T2DM were tested using the log rank test.
Independent factors associated with the incidence rate of
T2DM were analyzed by the Cox proportional hazard
model. The following 11 variables were analyzed for po-
tential covariates for incidence of T2DM at the time of
termination of IFN therapy at our hospital: age, sex, state
of liver disease (chronic hepatitis or liver cirrhosis), body
mass index, glucose level, aspartate aminotransferase level,
alanine aminotransferase level, type of IEN, total dose of
IFN, efficacy of IFN therapy, hypertension, triglyceride
level, and total cholesterol level. A Pvalue of less than 0.05
was considered significant. Data analysis was performed

using SPSS 11.5 for Windows (SPSS, Chicago, IL).

Results

Patient Characteristics. Table 1 shows the character-
istics of the 2,842 HCV-positive patients treated with
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Table 1. Patient Characteristics

N 2,842

Sex (male/female) 1,778/1,064
Age (years) 51.8 + 9.0
Height (cm) 163.8 + 6.1
Body weight (kg) 62.7 + 11.7
Body mass index 233+3.2
Blood pressure (systolic/diastolic, mm Hg) 128 + 18/77 £ 12
HCV genotype (1b/2a/2b/other) 744/752/290/56
HCV RNA level (KIU/mL) 593 =+ 540
Staging (non-LC/LC) 2,649/193
Blood glucose level (normal/prediabetes) 2,601/241
Fasting plasma glucose (mg/dL) 8724
Triglyceride (mg/dL) 166 * 31
Total bitirubin (g/dL) 102 + 56
AST (1U/L) 74 £ 63
ALT (1U/0) 116 + 102
IFN monotherapy*/combination therapy} 2,417/425
Efficacy of treatment (SVR/non-SVR) 1,175/1,667
Follow-up period (years) 6.4 +50

Data are expressed as the number of patients or mean =+ standard deviation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;
LC, liver cirthosis; SVR, sustained virological response.

*Qutbreak of IFN monotherapy: recombinant IFN-a2a, 304 cases; recombinant
IFN-ar2b, 235 cases; natural IFN-be, 1,355 cases; natural IFN-83, 522 cases; total
dose of IFN = 598 + 170 MU.

tOutbreak of combination therapy: recombinant IFN-a2b + ribavirin, 175
cases; total dose of IFN = 537 & 196 MU, total dose of ribavirin = 182 = 69 g;
pegylated IFN-a2b + ribavirin, 250 cases; total dose of pegylated IFN = 4,28 +
1,17 mg; total dose of ribavirin = 232 + 60 g.

IFN monotherapy or combination therapy with IFN and
ribavirin. The sustained virological response (SVR) rate
was 36.7% (886/2417) in IFN monotherapy and 68%
(289/425) in IFN + ribavirin therapy. Thus, the number
of patients with SVR was 1,175. The mean period after
the termination of antiviral drugs was 6.4 years.
Incidence of T2DM in Patients with HCV. A total
of 143 patients (102 men and 41 women) developed
T2DM during a mean observation period of 6.4 years. Of
these, 26 were SVR and 117 were non-SVR. The cumu-
lative development rate of T2DM was determined to be
3.6% at 5 years, 8.0% at 10 years, and 17.0% at 15 years
using the Kaplan-Meier method (Fig. 1). The factors as-
sociated with the incidence of T2DM in all 2,842 patients
treated with IFN therapy are shown in Table 2.
Multivariate Cox proportional hazard analysis revealed
that type 2 diabetes development after the termination of
IFN therapy occurred when histological staging was ad-
vanced (hazard ratio 3.30; 95% confidence interval [CI]
2.06-5.28; P < 0.001), sustained virological response was
not achieved (hazard ratio 2.73; 95% CI 1.77-4.20; P <
0.001), patient had pre-diabetes (hazard ratio 2.19; 95%
CI 1.43-3.37; P < 0.001), and age was >50 years (hazard
ratio 2.10; 95% CI 1.38-3.18; P < 0.001). SVR causes a
two-thirds reduction of development of T2DM in pa-
tients treated with IFN. In addition to SVR, age =50
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years, liver cirrhosis, and pre-diabetes contribute to a high
risk of developing diabetes. The cumulative development
rates of T2DM based on difference of age, efficacy of the
IFN therapy, histological diagnosis, and glucose level at
the starting time of follow-up are shown in Fig. 2.

Fig. 3 shows the impact of reduction due to SVR on
the incidence of T2DM in patients with =50 years, liver
cirrhosis, or pre-diabetes. When patients with age =50
years, liver cirrhosis, and pre-diabetes have SVR after IFN
therapy, SVR could statistically reduce the onset of
T2DM compared with those without SVR.

Discussion

We have described the development incidence of dia-
betes after the termination of antiviral therapy in HCV-
positive patients treated with IFN therapy in the present
study. Diabetes has been reported in less than 0.08% of
patients treated with IFN:2% thus, to exclude diabetes
originating from IFN-related side effects, patients with-
out diabetes for 3 months after the termination of IFN
were enrolled in the present study. The present study
indicates that the annual incidence of T2DM for a pro-
longed follow-up after the termination of IFN therapy
among HCV patients is 0.8% to 1.0%. The present study
was limited by a retrospective cohort trial. We started the
present study in 1991 based on the diabetes mellitus cri-
teria published by Fajans.2! However, after that, diabetes
mellitus criteria were revised. We thus rechecked the di-
agnosis of T2DM based on the diabetes mellitus criteria
of 2003 in patients seen prior to 2003.16 Because of re-
checking the diagnosis of T2DM on the basis of diabetes
mellitus criteria in 2003, the present study was regarded as
a retrospective cohort study. However, the patients were
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Fig. 1. Cumulative development rate of T2DM in patients treated with
IFN.
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Table 2. Predictive Factors for T2DM Development
Univariate Analysis Cox Regression
Variables HR (95% CI) P Value HR (95% CI) P Value

Age, years (=50/<50) 2.55(1.74-3.73) <0.001 2.10 (1.38-3.18) <0.001
Sex (female/male) 0.84 (0.59-1.19) 0.318
Body mass index (=25/<25) 1.44 (0.98-2.08) 0.057
HCV load (KIU/mlL,

=1,000/<1,000) 0.67 (0.43-1.03) 0.069
Genotype (1/2) 0.73 (0.50-1.06) 0.098
ALT (IU/L, =50/<50) 1.83 (1.14-2.94) 0.012
Glucose level (prediabetes/normal) 2.25(1.53-3.33) <0.0001 2.19(1.43-3.37) <0.001
Triglyceride (mg/dL, =150/<150) 1.66 (0.93-2.98) 0.088
Cholesterol (mg/dL, =220/<220) 1.56 (0.62-3.95) 0.346
Histological diagnosis (LC/non-LC) 4,03 (2.55-6.36) <0.0001 3.30 (2.06-5.28) <0.001
Combination of ribavirin (—/+) 1.53 (0.99-2.38) 0.058
Type of IFN (a/B) 0.88 (0.57-1.35) 0.882
Total dose of IFN (MU, =500/

<500) 0.91 (0.59-1.40) 0.672
Efficacy (non-SVR/SVR) 2.73(1.77-4.20) <0.0001 2.78 (1.75-4.41) <0.001

Data are expressed as the median (range).

Abbreviations: ALT, alanine aminotransferase; HR, hazard ratio; LG, liver cihosis.

prospectively followed. Another limitation of the study
was that patients were treated with different types of an-
tiviral therapy (IFN monotherapy or combination IFN +
ribavirin therapy) for different duration (4 to 52 weeks).

[l A Ljver.clthosle:

= - N=193)

o

E 0

5 P <0.001

By

=

5 »

g ‘Chionlc hepatitis

g 2 {(N=2649)

3

o

%‘ 10

=

k- 2

G o L& :

- 0 1w 20

g Period of follow up (vear)

= 50

2#1C

L

o 4o

g P <0.001

= Ron-8YR

g w0 (N=1667)

E

]

Q

2 20

3 v

@ SVR

% © (N =1175)

3

E

5 ,

Q ° 1 .|
0 0

Fig. 2. Cumulative development rate of T2DM in patients treated with IFN.

10 2
Period of follow up

This
sults

bers

g 8 & 3

Cubiulative:davelopment tate-of T2DM(%)
2

heterogeneity makes it difficult to interpret the re-
of the study. On the other hand, the strength of the

present study is the long-term follow-up in the large num-

of patients included.

Prediabetes
_{N=247)

P<0.001

Normal level of blood glucose
{N=2801)

g <
PR

]
1=}

“
.

Curnulative development fate of T2DM (%)

10, 20
Pariod of follow up (year)
P<0.001
Ageé of 250
(N=1510)

Age of <50
(N=1332)

10 20
Period of follow up {year)

(A) Cumulative development rate of T2DM based on difference of hepatic

fibrosis. (B) Cumulative development rate of T2DM based on the difference of glucose level. (C) Cumulative development rate of T2DM based on
the difference of efficacy. (D) Cumulative development rate of T2DM based on the difference of age.

—410—



HEPATOLOGY, Vol. 49, No. 3, 2009

g

A

40 Non-SVR

P <0.001

30

20

Cumulative development rate of T2DM (%)
=]

(=2

10 20
Period of follow up (year)

[l

9 0B

g, 504

E P=0.017

;_, 40

®

5 a

g 30

g

g SVR

o (N=54)

2

T 10

=

=

=.

S ol [ . .
0

1 beriod of follow up (year"

56 » C

Non-SVR
{N = 151)

40
30"
20

10

Cumulative development rate of T2DM (%)

0 o 10 20
Period of Follow up (vear)

Fig. 3. Cumulative development rate of T2DM in patients with SVR or
without SVR after IFN therapy. (A) Cumulative development rate of T2DM
based on SVR or non-SVR in patients with age =50 years. (B) Cumu-
lative development rate of T2DM based on SVR or non-SVR in patients
with liver cirrhosis. (C) Cumulative development rate of T2DM based on
the difference of SVR or non-SVR in patients with pre-diabetes.

ARASE ET AL. 743

The present study shows several findings with regard to
development of T2DM after the termination of antivirus
agents for HCV positive patients. First, the T2DM devel-
opment rate in the non-SVR group was higher than that
in the SVR group. The SVR caused a two-thirds reduc-
tion in the onset of T2DM in the course of posttreatment
follow-up. That SVR reduced the onset of diabetes mel-
litus in HCV patients is in accordance with the data re-
ported by Simé et al?? and Romero-Gémez et al.?3
Though the role of HCV in the pathogenesis of diabetes
mellitus remains speculative, the following possible
mechanisms have been reported: (1) patients with HCV
have a tendency to attain insulin resistance?4; (2) in trans-
genic mice, the expression of HCV core protein is associ-
ated with insulin resistance and T2DM development?3;
and (3) SVR in HCV patients reduces insulin resistance
and onset of the incidence of abnormal glucose value.2¢
Thus, it is accepted that clearance of HCV reduces the
onset of T2DM.

Second, in addition to persistence of HCV, the present
study suggests that aging, histological progression, and
pre-diabetes enhanced the onset of T2DM in patients
with HCV infection. However, when HCV was eradi-
cated even in patients with age =50 years, pre-diabetes, or
liver cirrhosis, the cumulative development rate of T2DM
decreased.

T2DM is increasing dramatically in many Asian na-
tions, including Japan, over the past decades.?” It is widely
accepted that 7 to 8 million people are affected by diabetes
mellitus in Japan. Approximately 8% to 10% of adults in
Japan have T2DM. In general, T2DM is associated with
a genetic predisposition, but it is also strongly influenced
by lifestyle-related factors, such as eating habits and/or
physical activity.2833 The risk factors associated with
T2DM include family history, age, sex, obesity, smoking,
and physical activity. T2DM occurred in elderly patients
compared to young patients. Life expectancies are long in
Japan; thus, in the near future, a large number of patients
with HCV will be >60 years of age. Therefore, it is ap-
parent that the incidence of T2DM will increase in HCV-
positive patients.

T2DM is a serious, costly disease. Treatment for
T2DM may prevent some of its devastating complica-
tions, but does not usually restore normoglycemia or
eliminate all the adverse consequences.?8? Moreover,
HCV patients with T2DM are at major risk for HCC.34
On the efficacy of IFN therapy, it has been reported that
T2DM reduces HCV eradication via combination
IFN + ribavirin therapy.? Thus, it should be considered
whether HCV-positive patients should be treated with
antiviral drugs in the histological nonprogression stage
and at a non-elderly age for prevention of T2DM onset. If
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SVR obtained via antiviral therapy for HCV cannot only
prevent progression to liver cirrhosis or HCC but also
prevent the development of diabetes, the potential impact
of IFN therapy is quite significant.

In conclusion, this retrospective study suggests that the-

annual incidence of T2DM among patients with HCV is
0.8% to 1.0%. Our results indicate that SVR causes a
two-thirds reduction of T2DM development in HCV-
positive patients treated with antiviral drugs.
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Abstract

Objective The aim of this study was to evaluate the efficacy of combination therapy of peginterferon and
ribavirin in patients infected with hepatitis C virus (HCV) genotype 1b and low virus load.

Methods Inclusion criteria were HCV-genotype 1b, serum HCV RNA level of <100 KIU/mL at the initia-
tion time of treatment. A total of 60 were enrolled in this retrospective cohort study. The treatment period of
combination therapy was 39.8+16.1 weeks.

Results Of the 60 study patients, 47 had sustained virological response (SVR) by the intention to treat
analysis. SVR occurred when serum HCV RNA was negative 8 weeks after the initiation of the treatment
(p=0.004) and continuance of negative HCV RNA during treatment was =30 week (p=0.016). In rapid vi-
rological response, all of seven patients with continuance of negative HCV RNA 20 to 29 weeks during treat-
ment had SVR. In early virological response nine of 10 patients with continuance of negative HCV RNA of
30 to 39 week during treatment had SVR.

Conclusion The duration of combination therapy for chronic hepatitis C should be determined based on the
time of attainment of negative HCV RNA in patients with genotype 1b and low-virus load.

Key words: chronic hepatitis C, peginterferon, ribavirin, HCV genotype 1b, low virus load, duration of treat-
ment

(Inter Med 48: 253-258, 2009)
(DOI: 10.2169/internalmedicine.48.1629)

nation therapy was higher than those treated with IFN
Introduction monotherapy (17, 18). On the other hand, some authors
have reported that in half of the patients with a low virus
Current evidence indicates that combination therapy of load HCV RNA is eradicated by IFN monotherapy. Thus,
peginterferon and ribavirin for hepatitis C virus (HCV) is for patients with a low virus load IFN monotherapy has
associated with a higher rate of sustained virological re- been recommended as a first choice in Japan. However,
sponse (SVR) compared with interferon (IFN) alone (1-7). there is also controversy over which patients should be
Hence, combination therapy of peginterferon and ribavirin treated with what agent and what regimen as a first choice
has been recommended as a first choice for chronic hepatitis  for good prolonged prognosis in chronic hepatitis C patients
C patients with high virus-load. Now, the selection of dura- with a low virus load. There is an ongoing need to refine
tion of treatment and optimum doses of combination therapy treatment strategies in patients with a low virus load.
is an area of active investigation (8-16). Thus, in the present study, we performed a retrospective
However, the dropout rates in patients treated with combi- study to examine the efficacy of combination therapy in pa-
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tients with genotype 1b and low virus load. Additionally, the

relationship between attainment time of negativity of serum.

HCV RNA after the initiation of combination therapy and
the continuance of negative HCV RNA in patients with
genotype 1b and low HCV-RNA load of <100 KIU/mL
were also evaluated.

Materials and Methods

Patients

Eligibility criteria for entry into the study included the
following: 1) HCV genotype 1b; 2) serum level of HCV
RNA of <100 KIU/mL before treatment; 3) no corticoster-
oid, immunosuppressive agents, or antiviral agents used
within 6 months; 4) no hepatitis B surface antigens
(HBsAg), antinuclear antibodies (ANA), or antimitochon-
drial antibodies (AMA) detectable in serum, determined by
radioimmunoassay; 5) leukocytes >2,000/mm’, platelet count
>80,000/mm’, and bilirubin <2.0 mg/mL; 6) follow up for
>6 months before treatment. We excluded from the study all
of the patients with the following: 1) a history of alcohol
abuse; 2) advanced liver cirrhosis of encephalopathy, bleed-
ing esophageal varices, or ascites. The physician in charge
explained the purpose and method of the combination ther-
apy as well as the potential adverse reactions to each patient
and informed consent was obtained from each patient.

From December 2004 to May 2007, 60 HCV patients
were enrolled in this retrospective cohort study at the study
hospital.

Patients were classified into three groups according to
their response to combination therapy: rapid virological re-
sponse (RVR), defined as undetectable HCV RNA at week 4
after the initiation of combination therapy; early virological
response (EVR), defined as undetectable HCV RNA at
week, 5 to 12 of combination therapy; and late virological
response (LVR), defined as undetectable HCV RNA at week
13 to 24 of combination therapy. A SVR was defined as
clearance of HCV RNA by commercial amplicor HCV
qualitative assay (Amplicor HCV; Ver.2.0, Roche Diagnostic
Systems, Basel, Switzerland) at 6 months after the cessation
of combination therapy (19).

Next, predictors of SVR in patients with undetectable
HCV RNA in serum during treatment were assessed by the
multiple logistic regression analysis. Finally, SVR rate based
on the attainment time of negativity of HCV RNA and con-
tinuance of negative HCV RNA during combination therapy
were examined.

Combination therapy of pegylated-IFN and ribavirin

For the treatment regimen, the peginterferon (Peg-intron,
Schering-Plough Pharmaceutical Co., Osaka, Japan) and
ribavirin (Rebetol, Schering-Plough) were given at the dose
described based on body weight. At the initiation of combi-
nation therapy, patients received peginterferon at a median
dose of 1.4 pg/kg (range, 1.3-1.7 pg/kg) subcutaneously

each week and oral ribavirin at a median dose of 12.0 mg/
kg (range, 9.9-14.9 mg/kg) daily. The peginterferon dose
was adjusted according to body weight (60 ug for =40 kg,
80 pg for >40 kg and <60 kg, 100 pg for >60 kg and =80
kg, 120 pg for >80 kg and =100 kg, and 150 ug for >100
kg). The ribavirin dose was adjusted according to body
weight (600 mg for <60 kg, 800 mg for >60 kg and <80

kg, and 1,000 mg for >80 kg). The regimen or treatment pe-

riod was decided by the physician. A total of 39 patients
were treated with a 48-week regimen and 16 patients were
given combination therapy for a 24-week regimen. Treat-
ment for the remaining five patients was discontinued be-
cause of treatment-related side effects within 26 weeks after
the initiation of combination therapy.

Blood samples were obtained just before and 6 month af-
ter combination therapy. The samples were stored at -80TC
until analyzed. Using these blood samples, HCV-RNA level
before IFN therapy was analyzed by quantitative PCR assay
(Amplicor GT-HCV Monitor Version 2.0, Roche Molecular
Systems) (20). HCV-genotype was examined by polymer-
ized chain reaction assay, using a mixture of primers for the
six subtypes known to exist in Japan, as reported previously
(21). Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) concentrations, and HCV RNA
were measured at least once per month during therapy.
Negativity of serum HCV RNA was defined as clearance of
serum HCV RNA by commercial amplicor HCV qualitative
assay (19). Clinical evaluation and biochemical and hemato-
logical tests were performed at 4 weekly intervals.

Liver histology before IFN therapy

Liver biopsy specimens were obtained percutaneously un-
der the observation by laparoscopy using a modified Vim
Silverman needle with an internal diameter of 2 mm (To-
hoku University style, Kakinuma Factory, Tokyo), fixed in
10% formalin, and stained with Hematoxylin and Eosin,
Masson’s trichrome, silver impregnation, and periodic acid-
Schiff after diastase digestion. The biopsy specimens were
diagnosed according to the system of Desmet et al (22).

Statistical analysis

Nonparametric procedures were employed for the analysis
of background features of the patients with SVR and with-
out SVR, including the Mann-Whitney U test. Independent
factors that might have influenced SVR were studied using
multiple logistic regression analysis, and the following vari-
ables were evaluated as prognostic factors: sex, age, body
mass index, liver staging, a history of interferon therapy, a
history of HCV load of =100 KIU/mL, HCV RNA level,
biochemical factors (AST, ALT), platelet count, HCV RNA
4, 8, 12 week after the initiation of IFN therapy, continuous
negative period of HCV RNA during IFN therapy and pe-
riod of IFN therapy. The SPSS software package (SPSS
Inc., Chicago, IL) was used to perform statistical analysis. A
p value of <0.05 was considered to indicate a significant
difference.
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Table L.
rin in Chronic Hepatitis C Patients

Clinical Backgrounds before Combination Therapy of Peginterferon and Ribavi-

Total Response
RVR EVR LVR p

Patients, n’ 60 18 31 6
Sex. male (%) 42 (70%) 15 (83%) 23 (74%) 2(33%) 0.063
Age (yrs) 51.9+10.1 50.829.3 52.1:10.8 53.9+10.9 0.713
BMI 21.9+3.1 23.243.6 21.242.9 21.9£23 0.177
A history of TFN', (%) 28 (47%) 7 (39%) 13 (42%) 4 (67%) 0.085
History of maximum 43/17 13/5 21/10 4/2 0.498
HCV RNA level of
>100KIU/mL (+/-)7
HCV RNA(KTU/mL)Y 52 (<5-99)  43(8-93) 58(<5-99) 72(21-90) 0.498
AST (IUL)* 58432 6147 5624 51x18 0.480
ALT (TUL)* 73452 80 =62 69 £ 37 82:+59 0.456
FPG(mg/dL)* 93.1x13.6 93.2£13.0 92,5412.2 97.5+24.6 0.182
Triglyceride (mg/dL)¥ 92.5+35.2 94.5:27.8 90.6+42.9 93.9430.2 0.887
Platele( 10*/mm®) 18.7¢6.3 20.9:4.7 19.6£5.9 13.745.6 0.106
Fibrosis staging’ 5476 18/0 26/5 5/1 0.067

Non-LC/LC)

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; EVR, early virological response; FPG, fasting plasma glucose; HCV,
hepatitis C virus; IFN, interferon; LC, liver cirthosis; LVR, late virological

response;  RVR, rapid virological response

Normal reference ranges 6-50 [U/L for ALT, 11-38 IU/L for AST,
*Data expressed as number of patients (percentage)

*Data expressed as mean + standard deviation
§ .
*Data expressed as median (range)

Result

Clinical characteristics of the patients

A total of 60 patients were enrolled on present study. Ta-
ble | shows the characteristics of the patients who received
combination therapy. Clinical profiles were as follows: mean
age =52 years, male/female =42/18, and median (range)
HCV-RNA=52 (<5-99) KIU/mL. Two of the patients treated
with 48-regimen and three out of five discontinued combina-
tion therapy due to side effects had positive HCV RNA dur-
ing combination therapy. Patients with negativity of serum
HCV RNA during combination therapy were classified into
three groups according to the difference of response: RVR
(n=18), EVR (n=31), and LVR (n=6). There were no signifi-
cant differences in several factors in three groups as shown
in Table [.

Safety and tolerance of IFN

Of the 60 patients included in this study, five discontin-
ued combination therapy because of IFN-related adverse
events: one patient each with thrombocytopenia, general fa-

tigue, psychiatric disorder, poor appetite, and cholecystitis.
The onset of IFN-related side effects ranged from one to 11
weeks after initiation of IFN therapy. These side effects in
five patients disappeared one month after cessation of IFN
therapy.

Next, ten of the remaining 55 patients had dose reduction
of interferon and/or ribavirin because of side effects: 5 cases
of thrombocytopenia, 3 cases of general fatigue, and 2 cases
of poor appetite. The onset of dose reduction due to IFN-
related side effects ranged from 1 to 26 weeks after initia-
tion of IFN therapy.

Efficacy of treatment

Out of 60 patients enrolled in the present study, 47 pa-
tients (78.3%) had SVR by the intention-to-treat analysis.
Table 2 shows the differences in the clinical background be-
tween patients with SVR and those without SVR. The SVR
was significantly associated with the attainment time of
negativity of serum HCV RNA and continuance period of
negative HCV RNA. Multivariate analysis indicated that
non-relapse occurred when serum HCV RNA at week 8 was
negative (p=0.004) and continuance of negative HCV RNA
during treatment was =30 weeks (p=0.016) (Table 3).
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Table 2.
with SVR and Those without SVR

The Difference of Clinical Backgrounds between Patients

SVR (n=47) Non-SVR (n=13)  pvalue
Age {years old) * 52.2+10. 534£89 0.346
Sex (maleffemale) | 35/12 8/5 0.438
BMI 218£32 222+£3.0 0.732
Liver staging (non-1.C 42/5 12n 1.00
L.O)
a history of interferon 22/25 6/7 1.00
(+/-)
a history of HCV load of 31/16 6 0.520
2100KTU/mL (+/-)
HCV-load (KIU/mL) " 58 (<5-99) 46 (6-93) 0.375
AST (JU/LY* 49 34 54x22 0.102
ALT (IU/LY ¥ 70+ 55 83 + 39 0.082
Platelet (10%/mm®)”  19.0%6.5 17.6£3.8 0.230
HCV RNA (-) 4W 17/46 (37%) 0/10 (0%) 0.023
HCV RNA (-) 8W 35/46 (76%) 1/10 (10%) 0.002
HCV RNA (-) 12W 44/46 (96%) 3/10 (30%) <0.001
Contintous negative 349+ 11.6 1044121 <0.001
period (week)
Period of IFN therapy  41.6 £ 12.6 288 £19.6 <0.001
(week)

Data are number of patients, median (range) or mean-tstandard deviation. p
value calculated by the Mann-Whitney U test

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV,
hepatitis C virus; IFN, interferon; SVR, sustained virologic response

Table 3. Multivariate Analyses Identifying Predictors of SVR

Factor Category QOdds 95% Coufidence p value
ratio interval

HCV RNA week 8% /- 1/69.1 4.0-1201.4 0.004
Continuance period of <30/2z30 1/34.5 1.9-500.0 0.016
negative HCV RNA
during treatment (week)

HCV, hepatitis C virus
*HCV RNA at week 8 after the initiation of treatment

SVR based on the attainment time of negalivity of . .
Discussion

serum HCV RNA and continuance of negative HCV
RNA

All fifty-five patients with negativity of HCV RNA after
the initiation of combination therapy had continuance of
negative HCV RNA during combination therapy. SVR rate
based on the attainment time of negativity of serum HCV
RNA and continvance of negative HCV RNA during combi-
nation therapy are shown in Table 4. In the RVR group, all
of seven patients with continuance of negative HCV RNA of
20 to- 29 week during treatment had SVR. In the EVR
group, patients with continuance of 30 to 39 week during
treatment had SVR of =90%. In the LVR group, patients
with continuance of 30 to 39 week during treatment had
SVR of 50%.

We have described the efficacy of combination therapy of
peginterferon and ribavirin in patients infected with HCV
genotype 1b and low virus load. The present study was lim-
ited to patients with genotype 1 and HCV-load of <100
KIU/mL. Another limitation is that the present study was
not a randomized controlled study; thus, the treatment pe-
riod was varied. Moreover, half of the patients had a history
of TFN monotherapy and two-thirds of the patients had a
history of maximum HCV RNA level of >100 KIU/mL.
Clinical backgrounds of the enrolled patients were varied.

However, several findings from the present study have di-
rect implications for combination therapy for chronic hepati-
tis C in the future. First, SVR was primarily associated with
attainment time of negativity of serum HCV RNA and con-
tinuance of negative HCV RNA. The period of combination
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Table 4. SVR Based on the Aftainment Time of Negative HCV
RNA and Continuance Period of Negative HCV RNA during Combi-

nation Therapy

Response* Continuance period of negative HCVRNA  (week)  Total
<10 10-19 20-29 30-39 40-49

RVR 100%  ND 100% ND 100% 100%
(/1) (17 (10/10)  (18/18)

EVR ND 63% ND 90% 100% 87%

(5/8) (9/10) (13/13) (27131

LVR 0% ND ND 50% ND 33%
(0/2) (2/4) (2/6)

Total 33% 63% 160% 79% 100% 85%
(1/3) (5/R) (7/7) (11/14)  (23/23)  (47/55)

EVR, early virological response; HCV, hepatitis C virus; LVR, late virological
response; NI, not done; RVR, rapid virological response
*Response of HCV RNA mcans attainment time of negativity of scrum HCV RNA

after the initiation of combination therapy

therapy 1is statistically significant by univariate analysis.
However, multivariate analysis showed that early undetect-
able HCV RNA and prolonged negativity of serum HCV
RNA during treatment were associated with the SVR. In the
RVR group, all seven patients with continuance of negative
HCV RNA for 20 to 29 week during treatment had SVR.
This result suggests that a short course regimen of 24 or <
24 week in combination therapy may be suitable for patients
who have genotype 1, low virus load, and RVR. Earlier
studies have reported higher SVR rates in patients with un-
detectable HCV RNA at week 4 compared to those with de-
tectable HCV RNA (7-9, 23). Jensen et al (8) has reported
that patients with RVR should be treated for a short course
regimen. On the contrary, it may be necessary to treat pa-
tients without RVR with a long course regimen. The present
results coincided closely with these earlier results.

Secondly, in the EVR group, patients with continuance of
negative HCV RNA of =30 weeks during treatment had
SVR of =90%. However, one-third of the patients with
continuance of negative HCV RNA of 10 tol9 weeks re-
lapsed after the termination of therapy. This result suggests
that patient with EVR should be given combination therapy
for a year, Third, in LVR group, half of the patients with
continuance of negative HCV RNA of 30 to 39 weeks dur-
ing treatment had SVR. This indicates that patients with de-
layed undetectable HCV RNA should be treated to continue
the negativity of serum HCV RNA for a prolonged period
of = one year to obtain a high rate of SVR,

A previous study (24) indicates that the suitable treatment
period of combination therapy for chronic hepatitis C should
be determined based on the time of attainment of negative

HCV RNA in patients with genotype 1b and a high virus
load of =100 KIU/mL. Similarly, the present study suggests
that in patients with genotype 1b and low-virus load, the pe-
riod of combination therapy should be determined based on
the attainment time of negativity of serum HCV RNA,

It is desirable to expose patients with chronic hepatitis C
to the shortest duration of treatment possible to reduce the
likelihood of adverse events and minimize costs. Long-term
treatment can be associated with serious side effects and is
costly. HCV treatment of combination therapy is expensive;
a 24-week treatment course costs approximately 20,000 dol-
lars. Thus, the results of this study underscore the impor-
tance of changing the duration of treatment based on the
difference of attainment time of negative HCV RNA. To at-
tain SVR rate of =90% in patients with undetectable HCV
RNA and continuance of negative HCV RNA during treat-
ment, it is desirable to give a short course regimen of <20-
29 weeks in the RVR group, 30-39 week in the EVR group.
Moreover, in LVR, prolonged combination therapy regimen
of >48 weeks may be recommended.

In conclusion, the period of combination therapy for
chronic hepatitis C should be determined based on attain-
ment time of negativity of serum HCV RNA and continu-
ance of negative HCV RNA in patients with genotype [b
and low-virus load.
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Abstract

Purpose Diabetes is present in patients with nonalcoholic
fatty liver disease (NAFLD). The aim of this retrospective
cohort study was to assess the cumulative development of
type 2 diabetes and predictive factors for its development
in Japanese patients with NAFLD.

Methods A total of 6003 NAFLD patients diagnosed by
ultrasonography were enrolled. The mean follow-up period
was 4.9 years. An overnight (12 h) fasting blood sample or
a casual blood sample was taken for routine analyses
during follow up. The primary outcome was the develop-
ment of type 2 diabetes. Evaluation was performed by
using the Kaplan—Meier method and Cox proportional
hazards analysis.

Results Of the 6003 NAFLD patients, 411 patients
developed type 2 diabetes. The cumulative development
rate of type 2 diabetes was 6.8% at the 5th year and 17.7%
at the 10th year. Multivariate Cox proportional hazards
analysis showed that type 2 diabetes development in
patients with NAFLD occurred when patients had predia-
betes status (hazard ratio 6.39; 95% confidence interval
5.00-8.18; P < 0.001), mean serum gamma-glutamyl-
transferase (GGT) level of more than 109 IU/I (hazard ratio
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1.60; 95% confidence interval 1.22-2. 02; P < 0.001),
mean serum triglyceride (TG) level of more than 150 mg/l
(hazard ratio 1.28; 95% confidence interval 1.05-1.55;
P = 0.020), and physical activity of less than 60 min per
week (hazard ratio 1.60; 95% confidence interval 1.25—
2.00; P < 0.001).

Conclusions The improvement of prediabetes status and
physical activity, and the normalization of mean GGT and
TG levels during follow up are important to prevent the
development of T2DM in patients with NAFLD.

Keywords Nonalcoholic fatty liver disease -
Type 2 diabetes mellitus - Cohort study

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of
the more common causes of chronic liver disease in the
western world [1-4]. Recently, it has developed rapidly in
many Asian nations [5, 6]. NAFLD is considered to be the
liver component of metabolic syndrome. It is associated
with obesity, dyslipidemia, pituitary dysfunction, hyper-
tension, sleep apnea, and type 2 diabetes mellitus (T2DM)
[4, 7-12] NAFLD often causes cardiovascular disease and
stroke. Thus, NAFLD is emerging as a new significant
health problem in many countries.

Although there is growing evidence to support the
concept that NAFLD is a risk factor for developing
T2DM, there have been few interventional studies to
confirm this issue [13]. This issue needs to be confirmed
with long-term follow up of patients with a high risk of
developing diabetes. Thus, prospective studies including
metabolic evaluations are clearly needed to clarify these
issues.
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With this background in mind, a cohort study was ini-
tiated to investigate the cumulative incidence of and risk
factors for T2DM after prolonged follow up in patients
with NAFLD. The strengths of the current study lie in the
large number of patients included and the long-term follow
up of the patients.

Methods
Patients

The number of patients who were diagnosed with fatty
liver by ultrasonography (US) (14] between January 1997
and December 2007 at the Department of Hepatology,
Toranomon Hospital, Tokyo, Japan was 10210. Of these,
6403 Japanese patients satisfied the following enrollment
criteria; (1) no evidence of diabetes mellitus determined
by plasma glucose and hemoglobin Alc (HbAlc), ie.,
plasma glucose concentration of less than 126 mg per dl
(6.9 mmol per 1) in the fasting state, or less than 200 mg
per d1 (11.0 mmol per 1) in the casual state and/or 2 h after
a 75-g oral glucose load; HbAlc less than 5.8%; (2)
current and past daily alcohol intake of less than 40 g/
week; (3) negativity for hepatitis B surface antigen, hep-
atitis C virus (HCV) antibodies, antinuclear antibodies,
and antimitochondrial antibodies in serum, as determined
by radioimmunoassay, enzyme-linked immunosorbent
assay, or spot hybridization; (4) no underlying systemic
disease, such as systemic lupus erythmatosus or rheuma-
toid arthritis; (5) no evidence of hepatocellular carcinoma
nodules as shown by US and/or computed tomography
(CT). Patients with any of the following criteria were
excluded from the study: (1) those who were taking
medicines known to alter glucose tolerance, (2) those who
had illnesses that could seriously reduce their life expec-
tancy or their ability to participate in the trial, and (3)
those who had findings suggestive of other chronic liver
disease. Patients were classified as having normal glucose
(normal glucose group) or prediabetes (prediabetes group)
based on their fasting plasma glucose (FPG), casual
plasma glucose, or 2-h plasma glucose, as follows. The
normal glucose group had an FPG of less than 100 mg/dl,
casual plasma glucose of less than 140 mg/dl, and/or 2-h
plasma glucose of less than 140 mg/dl and the prediabetes
group had an FPG of 100-125 mg/dl, casual plasma
glucose of 140-200 mg/dl, and/or 2-h plasma glucose of
140-200 mg/dl [15].

Next, we assessed predictive factors for T2DM in
patients with NAFLD. All of the studies were performed
retrospectively by collecting and analyzing data from the
patient records. This study was approved by the Institu-
tional Review Board of our hospital.

Medical evaluation

Diagnosis of fatty liver was based on the presence of an
ultrasonographic pattern consistent with bright liver
(brightness and posterior attenuation) with stronger echoes

_ in the hepatic parenchyma than in the renal or spleen
* parenchyma, vessel blurring, and narrowing of the lumen

of the hepatic veins. US was performed with a high-reso-
lution, real-time scanner (model SSD-2000; Aloka, Tokyo,
Japan; Mode Logic-700 MR; GE-Yokokawa Medical
Systems, Tokyo, Japan). Body weight was measured with
the patient in light clothing and without shoes, to the
nearest 0.1 kg. Height was measured to the nearest 0.1 cm.
Height and weight were recorded at baseline, and the body
mass index (BMI) was calculated as weight (in kg)/height
(in m?).

All the patients were interviewed at the Toranomon
Hospital using a questionnaire that gathered information on
demographic characteristics, medical history, and health-
related habits, including questions on alcohol intake and
physical activity per week.

Follow up

The initiation of follow up was the day of the first diagnosis
of NAFLD, determined by using abdominal US. After that,
patients were followed up monthly to 6-monthly at the
Toranomon hospital. Physical examination and biochemi-
cal tests were conducted at each examination, together with
regular checkups, using abdominal CT or US imaging in
each patient. An overnight (12 h) fasting blood sample or a
casual blood sample was taken for routine analyses. These
analyses included transaminase activity, gamma-gluta-
myltransferase (GGT), total cholesterol, and triglyceride
(TG).

The primary outcome was T2DM, diagnosed by the use
of the 2003 criteria of the American Diabetes Association
[15]. That is, the criteria for the diagnosis of diabetes
mellitus included: (a) casual plasma glucose 200 mg/dl or
more; (b) FPG 126 mg/dl or more; (c) 2-h post-glucose
(oral glucose tolerance test) 200 mg/dl or more. Five
hundred and two patients were lost to follow up. Because
the appearance of T2DM was not identified in these 502
patients, they were considered as censored data in the
statistical analysis [16]. Patients treated with anti-insulin
resistance agents were regarded as withdrawals at the time
of starting the anti-insulin resistance treatment.

Statistical analysis
The cumulative incidence rate of T2DM was calculated

from the first time NAFLD was confirmed by US to the
appearance of T2DM, using the Kaplan-Meier method.

_@ Springer

—420—



1066

J Gastroenterol (2009) 44:1064-1070

Table 1 Characteristics of subjects enrolled

Characteristic

N 6003

Sex (male/female) 5298/705
Age (years) 48.8 + 8.6
Height (cm) 167.8 £ 7.3
Body weight (kg) 70.6 £ 9.7
BMI 25.1 £ 2.6
Albumin (g/dl) 42 1+ 0.2
Blood glucose level (normal/prediabetes) 3517/2486
FPG (mg/dl) 98.9 £ 9.3
Triglyceride (mg/dl) 160.8 £ 105.4
Total cholesterol (mg/dl) 2103 £ 322
HDL cholesterol (mg/dl) 477 + 119
AST (IU/L) 28.7 + 14.5
ALT (TU/L) 36.4 + 25.1
GGT (IU/L) 73.5 £ 79.7
Hemoglobin (g/dl) 150 £ 1.1
Platelet count (x 10*mm®) 23.0 + 4.8
Follow-up period (years) 49 +30

Data are numbers of patients or mean =+ SD

ALT alanine aminotransferase, AST aspartate aminotransferase, BMI
body mass index, FPG fasting plasma glucose, GGT gamma-
glutamyltransferase

Differences in the development of T2DM were tested using
the log-rank test. Independent factors associated with the
incidence rate of T2DM were analyzed by the Cox pro-
portional hazard model. The following 11 variables were
analyzed as potential covariates for the incidence of
T2DM: age, sex, glucose level (normal or prediabetes),
BMI, albumin level, alanine aminotransferase (ALT) level,
GGT level, TG level, and total cholesterol level at the
initiation of follow up at our hospital; and physical activity
and mean serum levels of ALT, GGT, and TG during
follow up. A P value of less than 0.05 was considered
significant. Data analysis was performed using the com-
puter program SPSS package (SPSS 11.5 for Windows,
SPSS, Chicago, IL, USA).

Results
Patients’ characteristics

Table 1 shows the characteristics of the 6003 patients
diagnosed with NAFLD in the present study. The mean age
was 48.8 years, and most patients were male (88.3%). The
prediabetes rate at the starting time of follow up was 41.4%
(2486/6003). The rates of elevated mean GGT and TG
during follow up were 17.4% (1046/6003) and 42.7%
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Fig. 1 Cumulative development rate of type 2 diabetes mellitus
(T2DM) in 6003 patients with nonalcoholic fatty liver disease
(NAFLD)

(2564/6003), respectively. The mean follow-up period was
4.9 years.

Incidence of T2DM in patients with NAFLD

Of the 6003 NAFLD patients, 411 patients developed
T2DM. The cumulative development rates of T2DM in the
6003 patients with NAFLD were 6.8% at the 5th year and
17.7% at the 10th year, determined by the Kaplan—Meier
method (Fig. 1). The factors associated with the incidence
of T2DM are shown in Table 2. Multivariate Cox propor-
tional hazards analysis showed that the development of
T2DM in patients with NAFLD occurred when the patient
had prediabetes (hazard ratio 6.39; 95% confidence interval
5.00-8.18; P < 0.001), mean serum GGT level of more
than 109 TU/1 (hazard ratio 1.60; 95% confidence interval
1.22-2. 02; P < 0.001), mean serum TG level of more than
150 mg/1 (hazard ratio 1.28; 95% confidence interval 1.05—
1.55; P = 0.020), and physical activity of less than 60 min
per week (hazard ratio 1.60; 95% confidence interval 1.25—
2.00; P < 0.00D).

Prediabetes enhanced the development of T2DM by
about nine point five times compared to the normal glucose
level. In addition to prediabetes, the three factors of
physical activity of less than 60 min per week, and ele-
vated mean GGT and/or TG levels during follow up were
high risk factors for developing diabetes. The cumulative
development rates of T2DM based on differences of glu-
cose levels at the initiation of follow up and differences in
mean GGT and mean TG between levels during follow up,
as well as such differences of physical activity, are shown
in Fig. 2. Prediabetes was the strongest predictor compared
to physical activity, mean GGT, and mean TG.
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Table 2 Predictive factors for

T2DM development Variables

Univariate analysis Cox regression

Age® (years, >50/<50)
Gender® (F/M)

BMI? (>25/<25)

ALT? (IU/L, >36/<36)
GGT? (IU/L, >109/<109)

ALT alanine aminotransferase,
AST aspartate aminotransferase,
BMI body mass index, HR
hazard ratio, GGT gamma-
glutamyltransferase

2 Data at the initiation of

follow-up
Albumin® (g/dl, <3.9/>3.9)

Mean ALT® (IU/L, >36/<36)
Mean GGT® (IU/L, >109/<109)

b Data during follow up

¢ —, Physical activity of less
than 60 min per week during
follow up; +, physical activity
of 60 min or more per week

Physical activity® (£
during follow up ysical activity” ()

Glucose level® (prediabetes/normal)
Triglyceride® (mg/dl, >150/<150)
Total cholesterol® (mg/dl, >220/<220)

Mean triglyceride® (mg/dl, >150/<150)

HR (95% CI) P HR (95% CI) P
1.21 (0.99-148)  0.063

0.77 (0.54-1.09)  0.144

124 (1.02-1.50)  0.030

122 (1.00-149)  0.048

142 (1.13-1.80)  0.003

9.97 (7.55-13.17)  <0.001  6.39 (5.00-8.18)  <0.001
1.19 (097-147)  0.095

0.99 (0.81-121)  0.890

1.12 (0.85-146)  0.428

1.62 (1.30-2.02)  <0.001

2.05 (1.65-2.52)  <0.001  1.60 (1.22-2.02)  <0.001
152 (125-1.84)  <0.001  1.28 (1.05-1.55)  0.020
195 (1.53-2.48)  <0.001  1.60 (1.25-2.00)  <0.001

Incidence of T2DM in NAFLD patients
with and without prediabetes

As noted above, prediabetes was an important factor in
enhancing the development of T2DM. Next, we assessed
whether the three factors of physical activity, mean GGT,
and mean TG during follow up were important in reducing
the development of T2DM in NAFLD patients with pre-
diabetes. We classified all the patients into three risk
groups based on the combination of the three factors of
physical activity, mean GGT, and mean TG during follow
up. The low-risk group was defined as patients with
physical activity of 60 min or more per week; normal mean
GGT, at 109 TU/ or less; and normal mean TG, at less than
150 mg/dl during follow up. The high-risk group was
defined as patients with physical activity of less than
60 min per week; abnormal mean GGT, at more than
109 TU/L; and abnormal mean TG, at 150 mg/dl or more
during follow up. The intermediate-risk group was defined
as patients excluded from the low- and high-risk groups. In
the patients with prediabetes, the low-risk group showed a
significant reduction in the development of T2DM com-
pared with the high-risk and intermediate-risk group
(Fig. 3a). In the patients with normal glucose levels, the
development rate of T2DM was significantly different
among the three groups (Fig. 3b).

Discussion

We have described the incidence of the development of
diabetes in NAFLD patients in the present study. Our
present study indicated that the annual incidence of T2DM
during prolonged follow up in NAFLD patients was about

1.7%. The present study was limited by being a retro-
spective cohort trial. Another limitation of the study was
that patients were treated with different types of exercise
and diet. Moreover, although NAFLD can be categorized
into simple steatosis and steatohepatitis, in the present
study the condition was evaluated without histological
differentiation between simple steatosis and steatohepatitis.
This heterogeneity makes it slightly difficult to interpret the
results of the study. On the other hand, the strengths of the
present study are that it was a long-term follow up with
large numbers of patients included.

The present study showed several findings with regard
to the development of T2DM in NAFLD patients. First,
patients with NAFLD were at high risk of developing of
T2DM compared with the risk in patients with HCV
infection. Our previous study showed that the annual
incidence of T2DM among patients with HCV was 0.8-
1.0% [17]. On the other hand, the annual incidence of
T2DM among patients with NAFLD was about 1.7% in the
present study. Several reports have shown that nonalco-
holic steatohepatitis (NASH) exerts more severe insulin
resistance, which closely correlates with T2DM, than
simple steatosis [18-22]. In the present study, NAFLD
patients were evaluated without discriminating between
NASH and simple steatosis by histological examination.
However, if the disease in NAFLD patients could be dis-
criminated by histological examination, we predict that
patients with NASH would have a high annual incidence
compared to those with simple steatosis.

Second, prediabetes was the most important factor that
enhanced the development of T2DM in patients with
NAFLD. Prediabetes enhanced the development of T2DM
by about 6.4 times compared to that in patients with a
normal glucose level. This result shows that NAFLD
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Fig. 2 Cumulative development rate of T2DM in NAFLD patients.
a Cumulative development rate of T2DM based on differences
between glucose levels at the initiation of follow up and during follow
up. b Cumulative development rate of T2DM based on the differences
between mean gamma-glutamyltransferase (GGT) levels at the
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Fig. 3 a Cumulative development rate of T2DM in NAFLD patients
with prediabetes based on risk stratification according to differences
in physical activity, mean levels of GGT, and mean levels of
triglyceride during follow up. b Cumulative development rate of
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