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Background:  Diabetes  is  a risk  factor of fibrosis  progression  in  chronic  hepatitis  C  (CHC).  However,  only
one  longitudinal  study  exploring  whether  diabetes  is  associated  with  progression  from  non-cirrhotic
liver  to cirrhosis  in CHC  patients  has  been  conducted.
Aims: We  investigated  whether  diabetes  is associated  with  progression  from  non-cirrhotic  liver  to  cir-
rhosis  in  non-genotype  3 CHC  patients.
Methods:  A  cohort  consisting  of 976  non-genotype  3 patients  histologically  proven  to have  CHC  was
studied.  After  excluding  patients  with  biopsy-proven  or ultrasound-identified  cirrhosis,  there  were  684
patients  without  cirrhosis.  All  684  patients  underwent  hepatocellular  carcinoma  surveillance  using  ultra-
sound  every  6 months,  with a  median  duration  of follow-up  evaluation  of  102.4  months.  During  the
follow-up  period,  60 patients  developed  cirrhosis  according  to ultrasound  findings.
Results:  For  the subgroup  of  684  patients  without  cirrhosis,  Kaplan–Meier  survival  analyses  showed  no
significantly  different  cumulative  incidences  of  cirrhosis  (log-rank  test;  P =  0.71)  among  the  patients

with  diabetes  as compared  to those  without.  However,  after  making  adjustments  for  age,  gender,  fibro-
sis,  steatosis,  sustained  virological  response  status,  and  obesity  using  Cox’s  proportional  hazard  model,
diabetes  was  found  to be  an independent  predictor  for cirrhosis  (HR  = 1.9;  95%  CI =  1.05–3.43,  P = 0.03).
Conclusions:  Diabetes  is  associated  with  progression  from  non-cirrhotic  liver  to  cirrhosis  in non-genotype
3  CHC  patients.

© 2018  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Hepatitis C virus (HCV) infection causes a systemic disease
hat features some extrahepatic manifestations, among which dia-
etes mellitus (DM) plays a leading role [1,2]. DM is the second
ost prevalent extrahepatic manifestation, affecting 15% of HCV-

nfected patients [3]. Evidence indicates that insulin resistance
IR)/DM is more strongly associated with non-3 HCV genotypes
4–6].

HCV steatosis occurs in the setting of multiple metabolic

bnormalities collectively referred to as “hepatitis C-associated
ysmetabolic syndrome” (HCADS). HCV steatosis has a clinical

mpact in accelerating fibrogenesis [7].
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A meta-analysis revealed that the presence of IR is a significant
risk factor for advanced hepatic fibrosis in HCV patients [8]. IR is
a precursor for DM and develops before overt DM in patients with
HCV [9]. Meanwhile, fibrosis progresses more rapidly to cirrhosis
in patients with HCV, IR, and DM [10,11]. Numerous cross-sectional
studies have demonstrated an increased risk of advanced fibro-
sis associated with DM among chronic hepatitis C (CHC) patients
[12–18].

Longitudinal cohort studies would provide an ideal means of
evaluating the impact of DM in the clinical course of HCV infection.
However, there has only been one longitudinal population-based
cohort study that followed HCV patients without liver cirrhosis, and
that study found a higher risk of progression to cirrhosis in new-

onset DM patients than in non-DM patients while adjusting for
confounding variables [19]. That study was limited by its use of data
from the National Health Insurance Research Database (NHIRD) for
Taiwan. One limitation of studies using NHIRD data is the misclas-
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ification of both the risk and the outcome of interest (in this case,
M was “the risk” and cirrhosis was “the outcome of interest”), such

hat the association cannot be verified. Furthermore, the validity of
sing the Ninth Revision of the International Classification of Dis-
ases (ICD-9) codes to define cirrhosis was unknown in that study’s
ohort.

Therefore, we conducted the present hospital-based cohort
tudy to investigate the relationship of DM and fibrosis progression
n non-genotype 3 CHC patients in a cross-sectional and longitudi-
al manner through careful chart reviews. More specifically, we

nvestigated whether DM was associated with advanced fibrosis in
 large cohort of 976 biopsy-proven non-genotype 3 CHC patients
ia a cross-sectional evaluation, and we examined the differences
etween DM patients and non-DM patients in terms of the risk of
rogression from non-cirrhotic liver to ultrasound-identified liver
irrhosis via a longitudinal evaluation.

. Patients and methods

.1. Methods

We  retrospectively reviewed the medical records of consecutive
hronic HCV-infected patients treated with interferon (IFN)-based
herapy at a medical center in Taiwan from 1999 to 2011. Patients
ith Wilson disease, a current or past history of excess alcohol

onsumption (≥20 g daily), probable autoimmune hepatitis, pri-
ary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC),

uman immunodeficiency virus (HIV) infection, regular use of
teatosis-inducing drugs (e.g. amiodarone, methotrexate, tamox-
fen and corticosteroids) [20], major uncontrolled depressive illness
which is a contraindication for IFN therapy), previous liver trans-
lantation, evidence of hepatocellular carcinoma (HCC), hepatitis

 virus (HBV) co-infection, HCV genotype 3, and unknown HCV
enotype were excluded.

Probable autoimmune hepatitis was diagnosed by seropositiv-
ty for antinuclear antibodies (ANA) or smooth muscle antibodies
SMA) antibodies at titers >1:80, immunoglobulin G or �-globulin
evels at >1.1x the upper limits, and liver histology showing mod-
rate to severe interface hepatitis [21]. A diagnosis of PBC was
ade based on elevated alkaline phosphatase (Alk-P) and the pres-

nce of antimitochondrial antibodies (AMA) at a titer >1:40 [22]. A
iagnosis of PSC was made in patients with elevated Alk-P when

 cholangiography showed characteristic bile duct changes with
ultifocal strictures and segmental dilatations, and when sec-

ndary causes of sclerosing cholangitis had been excluded [23,24].
IV-1 testing was done using an enzyme-linked immunosorbent
ssay (ELISA) to detect antibodies to HIV-1. Specimens (serum)
ith a non-reactive result from the ELISA were considered HIV-
egative. Specimens with a reactive ELISA result were retested in
uplicate. If the result of either duplicate test was reactive, the spec-

men was reported as reactive and underwent confirmatory testing
ith western blot analysis.

For each patient, the date of inclusion was the date of the liver
iopsy, with the liver biopsy being performed within 6 months
efore starting IFN-based therapy. DM was identified based on
iagnoses documented in medical records, a serum fasting glucose

evel >126 mg/dL, or the use of antidiabetic drugs [25].
The percentage of steatosis was quantified by determining the

verage proportion of hepatocytes affected. The degree of liver
ecroinflammation in each patient was calculated by Histology
ctivity Index scores [26]. The degree of liver fibrosis in each patient

as graded and staged according to the modified Knodell histol-

gy index, and advanced fibrosis was defined as a score of 3–4
27]. All the procedures used in the study were in accordance with
he ethical standards of the responsible committees on human
 Disease 51 (2019) 142–148 143

experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. This study was approved by
the Institutional Review Board of Kaohsiung Chang Gung Memo-
rial Hospital (IRB number: 201601042B0). The requirement for
informed consent was waived by the IRB. The data were analyzed
anonymously.

2.2. Treatment and follow-up evaluation

All 976 patients were treated with IFN and ribavirin. A sustained
virological response (SVR) was  defined as undetectable HCV RNA
at follow-up week 24 [28].

The patients underwent HCC surveillance using ultrasound and
alpha-fetoprotein (AFP) every 6 months [29]. Ultrasound was per-
formed by 30 hepatologists in our department. A diagnosis of liver
cirrhosis was  made with ultrasound according to the presence of
nodular liver surface, small liver size, and coarse liver parenchyma
[30]. The gold standard for diagnosing cirrhosis by ultrasound is the
presence of nodular liver surface.

Predefined criteria were used to determine the severity of
ultrasound-identified steatosis [31]. The diagnosis of HCC was
based on the guidelines of the American Association for the Study of
Liver Disease (AASLD) or the European Association for the Study of
the Liver (EASL) [32,33]. The time at risk of cirrhosis was  measured
from the date of liver biopsy until the development of ultrasound-
identified liver cirrhosis, death or liver transplantation, or at the
last recorded visit within the previous 6 months before October 17,
2016.

2.3. Statistical analysis

Baseline characteristics and clinical variables were summarized
as mean ± standard deviation, median (interquartile range), or per-
centage. The chi-square test, Fisher’s exact test, or independent
two-sample t-test was  used, as appropriate, to assess the signifi-
cance of differences in distributions.

The performance of ultrasound for diagnosing liver cirrhosis
was assessed using the area under the receiver operating charac-
teristic curve (AUROC). We  calculated the sensitivity, specificity,
negative predictive value, positive predictive value, and accuracy
by the maximal sum of specificity and sensitivity.

The associations between the clinical factors and the presence of
advanced fibrosis were determined by multivariate logistic regres-
sion analyses.

We  performed a multivariate Cox regression analysis after
adjusting for variables associated with increased risk of fibrosis
progression in non-cirrhotic CHC patients according to the find-
ings of previous studies (i.e., age, gender, baseline DM,  SVR, obesity,
steatosis >10%, and the presence of advanced fibrosis) [8,34–39].

Furthermore, to evaluate the impact on the occurrence of
liver cirrhosis of developing DM and other metabolic comorbidi-
ties during the follow-up period, DM,  antilipid treatment, and
antihypertensive treatment were introduced as time-dependent
categorical covariates in the Cox regression. For example, fixed
DM values were used for patients who  never had DM (DM, 0)
and patients with DM at the time of their inclusion (DM, 1), while
patients who  did not have DM at inclusion but then developed DM
during follow-up evaluation were switched from non-DM to DM
status, with their DM values changed from 0 to 1.

A Kaplan–Meier analysis and the log-rank test were performed

by comparing the differences in the cumulative incidence of liver
cirrhosis between different groups of patients, and by compar-
ing the differences in the cumulative incidence of new onset DM
between patients with or without the use of statins. A P-value of
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Chronic hepatitis C
patients screened, N=1121

Excluded: 
1. excess alcohol comsumption (n=9)
2. evidence of hepatocellular 

carcinoma (n=20)
3. regular use of steatosis-inducing 

drugs (n=15)
4. HIV co-infection (n=1)
5. Probable autoimmune hepatitis 

(n=2)
6. prior liver transplantation (n=2)
7. primary biliary cholangitis (n=1)
8. Wilson disease (n=1)
9. Primary sclerosing cholangitis (n=1)
10. major uncontrolled depressive 

illness which is a contraindication 
for interferon therapy (n=2)

11. HBV co-infection (n=54)
12. HCV genotype 3 (n=7)
13. unknown HCV genotype (n=30)

N=976
Recruited into present study

Fig. 1. Patient disposition of the current study. HIV, human immunodeficiency virus;
H a

t

l
a

3

3
(

a
(
c
S
w
s
f
t
t
h
(

3

≥
a
a

Table 1
Demographic and clinical characteristics of all patients (N = 976).

Variables

Age (year) 53.5 ± 10.7
Male 494 (50.6%)
DM 187 (19.2%)
BMI  (kg/m2)

<24 416 (42.6%)
24–27 323 (33.1%)
>27 235 (24.1%)

AST (IU/L) 93 (63–136)
ALT (IU/L) 131 (95–195)
Bilirubin (mg/dL) 1.0 ± 0.4
Viral load >600,000 IU/mL 169 (17.3%)
Fibrosis score

0–2 525 (53.8%)
3–4 451 (46.2%)

Steatosis
≤10% 710 (72.75%).
>10% 266 (27.25%),

Necroinflammation score
<9 612 (62.7%)
≥9 364 (37.3%)

Genotype
1  478 (50.0%)
2  462 (47.3%)
Mixed 24 (2.5%)
6 12 (1.2%)

Data were expressed as mean ± SD or median (interquantile). DM, diabetes mellitus;
BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; patients were categorized as normal weight or underweight (<24 kg/m2),

2 2

different than that in the non-DM patients (log rank test, P = 0.71;
BV, hepatitis B virus; HCV, hepatitis C virus. Includes amiodarone, methotrexate,
amoxifen and corticosteroids.

ess than 0.05 was considered statistically significant. All statistical
nalyses were performed using STATA (version 11.1).

. Results

.1. Demographic and clinical characteristics of all patients
N = 976)

The inclusion and exclusion of potential subjects for this study
re depicted in Fig. 1. Among 1121 screened CHC patients, 976
87.1%) were subsequently included. The demographic and clinical
haracteristics of all the patients (N = 976) are shown in Table 1. The
VR rate for these patients was 71.6%. Around 50% of the patients
ere male, and the mean age of the patients was 53.5 years. Steato-

is >10% was found in 27.3% of the patients, advanced fibrosis was
ound in 46%, and 37.3% had moderate or severe necroinflamma-
ion. Fifty percent of the patients were genotype 1, and 47.3% of
he patients were genotype 2. Nineteen percent of the patients
ad DM,  and 24% of the patients were obese (body mass index
BMI) > 27 kg/m2) [40].

.2. Factors associated with advanced fibrosis

A multivariate logistic regression analysis showed that age

60 years, the presence of moderate to severe necroinflammation,
nd DM were independent factors associated with the presence of
dvanced fibrosis (Table 2).
overweight (24–27 kg/m ), or obese (>27 kg/m ) according to the definition of the
Health Promotion Administration of the Ministry of Health and Welfare in Taiwan
[40].

3.3. The diagnosis of cirrhosis by ultrasound

There were 254 patients with liver cirrhosis diagnosed by liver
biopsy, meaning that the prevalence of liver cirrhosis for the full
cohort was 26.0%. The sensitivity of ultrasound for diagnosing cir-
rhosis was 60.1%, its specificity was  90.7%, its positive predictive
value was 69.7%, its negative predictive value was  86.7%, its AUROC
was 0.76, and its diagnostic accuracy was  82.89%.

3.4. Baseline factors associated with the progression from
non-cirrhotic to cirrhotic liver

We  excluded the patients with liver biopsy-proven cirrhosis
(N = 254) at baseline. In the remaining 722 patients, there were 38
patients with ultrasound-identified liver cirrhosis. After excluding
these 38 patients, there were 684 patients without liver biopsy-
proven or ultrasound-identified liver cirrhosis at baseline. In this
subgroup cohort, the median duration of follow-up evaluation was
102.4 months. During the follow-up period, 60 patients developed
liver cirrhosis according to ultrasound findings. The demographic
and clinical characteristics of the non-cirrhotic patients according
to the presence or absence of DM are shown in Table 3. One hundred
and three of these patients had DM,  while 581 of the patients did
not have DM.  The mean age was  older, the median alanine amino-
transferase (ALT) level was higher, and the incidences of HCC and
cirrhosis were higher in the DM patients compared with the non-
DM patients. According to multivariate stepwise Cox analyses, a
fibrosis score of 3, the presence of DM,  and non-SVR were identi-
fied as independent factors that were significantly associated with
the development of liver cirrhosis (Table 4). The cumulative inci-
dence of liver cirrhosis development in the DM patients was not
Fig. 2).
In the subgroup analysis, DM was not independently associated

with the development of liver cirrhosis (Supplementary Table 1) in
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Table  2
Univariate and multivariate logistic regression analysis on factors associated with presence of advanced fibrosis (fibrosis score 3–4 modified Knodell histology index) (N = 976).

Variables Comparison Univariate Multivariate

OR 95%CI P OR 95%CI P

Age (year) ≥60 vs <60 1.81 1.36–2.40 <0.001 1.59 1.18–2.14 0.002
DM  Yes vs no 1.93 1.39–2.67 <0.001 1.82 1.30–2.56 <0.001
Necroinflammation ≥9 vs <9 3.15 2.41–4.13 <0.001 2.94 2.23–3.87 <0.001
Sex  Male vs female 0.76 0.59–0.98 0.04 0.80 0.61–1.04 0.10
Obesity BMI  > 27 vs ≤27 (kg/m2) 1.01 0.75–1.36 0.95 1.02 0.74–1.4 0.90
Steatosis >10 vs ≤10% 1.02 0.77–1.36 0.88 0.98 0.73–1.33 0.90

DM,  diabetes mellitus; BMI, body mass index.

Table 3
Comparison of demographic and clinical characteristics between chronic hepatitis
C  patients with diabetes and those without diabetes (N = 684).

Variables Diabetes, N = 103 Non-diabetes,
N = 581

P

Age (year) 56.67 ± 7.95 51.49 ± 11.37 <0.001
Male 62 (60.19%) 297 (51.12%) 0.09
BMI  (kg/m2) 0.24

<24  43 (41.75%) 265 (45.69%)
24–27 29 (28.16%) 185 (31.9%)
>27 31 (30.10%) 130 (22.41%)

AST (IU/L) 81 (58–137) 84 (57–124) 0.44
ALT  (IU/L) 138.5 (96–211) 128 (90–191) 0.04
Bilirubin (mg/dL) 0.85 ± 0.28 0.89 ± 0.34 0.25
Viral load >600,000 IU/mL 19 (22.89%) 95 (20.04%) 0.55
Fibrosis score 0.50

0–2  75 (72.82%) 441 (75.9%)
3 28 (27.18%) 140 (24.1%)

Steatosis 0.30
≤10% 70 (67.96%) 424 (72.98%)
>10% 33 (32.04%) 157 (27.02%)

Necroinflammation score 0.40
<9  66 (64.08%) 397 (68.33%)
≥9 37 (35.92%) 184 (31.67%)

Genotype 1 41 (39.81%) 273 (46.99%) 0.18
SVR  84 (81.55%) 458 (78.83%) 0.53
HCC  incidence 17 (16.5%) 37 (6.37%) <0.001
Follow-up years for cirrhosis 8.22 ± 3.37 8.13 ± 3.67 0.83
Cirrhosis incidence 15 (14.56%) 45 (7.75%) 0.02

Data were expressed as mean ± SD or median (interquantile). BMI, body mass index;
AST,  aspartate aminotransferase; ALT, alanine aminotransferase; patients were cat-
egorized as normal weight or underweight (<24 kg/m2), overweight (24–27 kg/m2),
o
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Fig. 2. Cumulative incidence of cirrhosis in chronic hepatitis C patients with dia-
betes and those without diabetes.

T
U

D

r  obese (>27 kg/m2) according to the definition of the Health Promotion Adminis-
ration of the Ministry of Health and Welfare in Taiwan [40].

he SVR patients (N = 542). Also, the cumulative incidence of liver
irrhosis development in the DM patients was  not different than
hat in the non-DM patients in the SVR group (log rank test, P = 0.45;
upplementary Fig. 1), and DM was not independently associated
ith the development of liver cirrhosis (Supplementary Table 2) in

he non-SVR patients (N = 142). Furthermore, the cumulative inci-

ence of liver cirrhosis development in the DM patients was not
ifferent than that in the non-DM patients in the non-SVR group
log rank test, P = 0.79; Supplementary Fig. 2).

able 4
nivariate and multivariate Cox’s proportional hazard analysis of factors associated with

Variables Comparison Univariate 

HR 95%CI 

DM Yes vs no 1.90 1.06–3.4 

Fibrosis score 3 vs 0–2 2.65 1.59–4.39
SVR  No vs yes 6.49 3.87–10.8
Age  (year) ≥60 vs <60 1.78 1.03–3.07
Sex  Male vs female 0.86 0.52–1.42
Obesity BMI> vs ≤27 (kg/m2) 1.47 0.85–2.56
Steatosis >10 vs ≤10% 1.65 0.98–2.76

M,  diabetes mellitus; SVR, sustained virological response; BMI, body mass index.
3.5. Impact of developing DM and other metabolic comorbidities
during the follow-up on the progression from non-cirrhotic to
cirrhotic liver

Sixty-two patients developed DM during the follow-up period.
Antilipid treatment was noted in 112 patients and antihyperten-
sive treatment was noted in 196 patients when considering both
the baseline and the follow-up period. DM,  antilipid treatment, and
antihypertensive treatment were introduced as time-dependent
categorical covariates in the Cox regression. Predictive analysis of
the features associated with the risk of liver cirrhosis was con-
ducted using univariate and multivariate Cox models, and the
results are shown in Supplementary Table 3. Those results showed
that DM,  antilipid treatment, and antihypertensive treatment were
not associated with the development of liver cirrhosis.
 liver cirrhosis development in non-cirrhotic patients (N = 684).

Multivariate

P HR 95%CI P

0.03 1.9 1.05–3.43 0.03
 <0.001 2.06 1.23–3.45 0.006
8 <0.001 6.05 3.58–10.24 <0.001

 0.04 1.52 0.88–2.64 0.14
 0.55 0.84 0.5–1.4 0.50
 0.17 1.17 0.66–2.08 0.58
 0.06 1.58 0.93–2.69 0.09
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.6. The role of antidiabetics and glycemic control in the
evelopment of cirrhosis

A Kaplan–Meier analysis and the log-rank test were performed
o compare the differences in the cumulative incidence of liver
irrhosis for DM patients with diet control (N = 14), DM patients
eceiving oral antidiabetic (OAD) treatment (N = 142), and DM
atients receiving insulin treatment (n = 9). The results showed that
here was no significant difference in the cumulative incidence
f liver cirrhosis among these three groups of DM patients (log-
ank test, P = 0.68, Supplementary Fig. 3). A Kaplan–Meier analysis
nd the log-rank test were also performed to compare the differ-
nces in the cumulative incidence of liver cirrhosis for DM patients
ith a mean glycated hemoglobin (HbA1c) level of <7.0% (N = 73)

o those for DM patients with a mean HbA1c level of ≥7.0% (N = 71).
he results showed that there was no significant difference in the
umulative incidence of liver cirrhosis between these two groups
f patients (log-rank test, P = 0.87, Supplementary Fig. 4).

.7. The role of ultrasonographic detection of hepatic steatosis
uring the follow-up in the development of cirrhosis

Instances of ultrasonographic detection of hepatic steatosis
t 6 months after the end of treatment were recorded. As was
entioned in the EASL guidelines, “despite observer dependency,

ltrasound robustly diagnoses moderate and severe steatosis” [41].
 Kaplan–Meier analysis and the log-rank test were performed to
ompare the differences in the cumulative incidence of liver cir-
hosis for patients with moderate or severe steatosis and patients
ith no steatosis or mild steatosis. The results showed that there
as no significant difference in the cumulative incidence of liver

irrhosis between patients with moderate or severe steatosis and
atients with no steatosis or mild steatosis (log-rank test, P = 0.36,
upplementary Fig. 5).

.8. Does the use of statins further increase the diabetogenic risk
f HCV alone?

We  excluded patients with DM at baseline and patients who
eveloped DM before the use of statins during the follow-up period
N = 139). In the remaining 545 patients, there were 65 patients
ho received statin treatment including at the baseline or at some
oint during the follow-up period. New onset DM was noted in
4 patients (71 patients without statin treatment and 23 patients
ith statin treatment). There was no significant difference in the

umulative incidence of new onset DM in those who received statin
reatment compared to those who did not receive statin treatment
Supplementary Fig. 6, log-rank test P-value = 0.34).

. Discussion

Although the steatosis–IR–DM–fibrosis relationship in CHC
atients is well established in the literature [7–19], there has only
een one longitudinal population-based cohort study that evalu-
ted whether DM is associated with progression from non-cirrhotic
iver to cirrhosis in CHC patients [19]. In the present hospital-based
ohort study relying on careful chart reviews, the results showed
ia a longitudinal evaluation with a median duration of follow-up
f 102.4 months, that baseline DM was associated with progres-
ion from non-cirrhotic liver to cirrhosis in non-genotype 3 CHC
atients.

A previous study enrolled a total of 4302 HCV-positive patients

reated with IFN.

In the patients with DM,  the incidence of HCC was found to be
ecreased when the patients had a mean HbA1c level of <7.0% dur-

ng follow-up [42]. In the present study, a Kaplan–Meier analysis
 Disease 51 (2019) 142–148

showed that there was no significant difference in the cumulative
incidence of liver cirrhosis in DM patients with a mean HbA1c level
of <7.0% compared to those with a mean HbA1c level of ≥7.0%.
However, the number of such cases in this study was too small to
definitively conclude whether or not improved DM control slowed
down the rate of fibrosis progression.

In this study, in order to analyze the effect of antidiabetic drugs
on liver outcome, DM patients were further divided into those
with diet control, those receiving OAD therapy, and those receiving
insulin therapy. A Kaplan–Meier analysis showed that there was no
significant difference in the cumulative incidence of liver cirrhosis
among these three groups of DM patients. This phenomenon may
have been due, however, to the non-compliance of patients. Many
patients with DM do not receive the recommended levels of health
care due to the inconvenience of insulin therapy.

HCV steatosis occurs in the setting of multiple metabolic abnor-
malities collectively referred to as HCADS [7]. Of the patients
included in this study, 62 developed DM during the follow-up
period. DM,  antilipid treatment, and antihypertensive treatment
were introduced as time-dependent categorical covariates in the
Cox regression. The results showed that DM,  antilipid treatment,
antihypertensive treatment, and baseline obesity were not associ-
ated with the risk of liver cirrhosis during the follow-up. A previous
study reported that baseline DM was an independent predictor
for cirrhosis in CHC patients. In contrast, hypertension, hyper-
lipidemia, and obesity were not associated with cirrhosis in CHC
patients [19]. The results of our study are thus partially consistent
with those of the previous study [19].

There is ample evidence that those with HCV infection are
exposed to a greater risk of developing type 2 DM [43,44]. Also, the
use of statins has been associated with a greater risk of developing
type 2 DM [45]. In our cohort, there was no significant difference in
the cumulative incidence of new onset DM in those who received
statin treatment compared to those who did not receive statin
treatment. However, the number of such cases in this study was too
small to conclude whether or not the use of statins further increases
the diabetogenic risk of HCV alone.

HCV steatosis has a clinical impact in accelerating fibrogene-
sis. However, the results of this study showed that there was no
significant difference in the cumulative incidence of liver cirrhosis
between patients with moderate or severe steatosis and patients
with no steatosis or mild steatosis as determined by ultrasound
during the follow-up. Furthermore, according to the cross-sectional
evaluation, the presence of steatosis (>10%) as determined by his-
tology was not associated with advanced fibrosis (Table 2), while
it was  also not associated with the development of liver cirrhosis
according to the longitudinal evaluation (Table 4). In contrast, a
previous review paper reported that cross-sectional and prospec-
tive studies have shown that fibrosis progression risk is increased
in the presence of HCV–steatosis [46]. This discrepancy between
the present study and previous studies [46] may  be due to differ-
ent patient characteristics and the inclusion of different covariates
in the multivariate analyses.

According to recent evidence, the ultrasonographic fatty liver
indicator (US-FLI), correctly identified steatosis rates of as low
as 10% (with sensitivity of 90.1% and specificity of 90%) in 352
biopsied patients with various chronic liver diseases [47]. How-
ever, the sensitivity of US-FLI in detecting mild steatosis (≥10%
steatosis on histology) was  only 76.7% in patients with HCV [47].
In summary, ultrasound is not accurate in detecting mild steato-
sis [48–51]. The fundamental limitations of ultrasound are that
individual sonographic features are affected by factors other than

steatosis, including patient (coexistent renal disease and obesity)
and acquisition (operator, scanner, transducer, and instrument set-
tings) factors [52].
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In this study, ultrasound was found to be highly specific in
iagnosing cirrhosis, with a specificity of 90.7%. However, the sen-
itivity was low (60.1%), results which are compatible with those of
revious studies [53,54]. A previous study reported that transient
lestography (TE) and ultrasound gave complementary informa-
ion, finding that TE was more accurate than ultrasound for ruling
ut cirrhosis, while it was less accurate for ruling it in. The com-
ination of TE and ultrasound thus offered the best diagnostic
erformance [55].

The strengths of the present study are its uses of a baseline histo-
ogical evaluation of liver damage and a long follow-up period. The

ain limitation of the study is that it used ultrasound to diagnose
iver cirrhosis in the follow-up evaluations. The sensitivity of ultra-
ound for diagnosing liver cirrhosis is low; thus, the incidence of
iver cirrhosis in the study cohort may  have been underestimated.
owever, the specificity of ultrasound for diagnosing liver cirrhosis

s high and can be considered sufficient to confirm the diagnosis of
iver cirrhosis. That said, further research using the combination of
ltrasound and TE for follow-up evaluations would allow for bet-
er diagnostic performance in terms of diagnosing liver cirrhosis
nd so could be helpful for clarifying this issue. Second, the present
tudy was a retrospective study. Height, weight, and waist circum-
tance were not recorded regularly during the follow-up for the
tudy cohort. Therefore, we could not evaluate the impact of obe-
ity and truncal obesity fluctuations over time on the development
f cirrhosis, in spite of the fact that these factors are known to be
mportant factors for fibrosis progression in CHC patients [56–58].

In summary, in this hospital-based cohort study that enrolled
on-genotype 3 CHC patients, DM was found to be an independent
redictor for advanced fibrosis in the cross-sectional evaluation.
urthermore, baseline DM was still found to be an independent
redictor for liver cirrhosis development in the longitudinal eval-
ation. It can thus be concluded that non-genotype 3 CHC patients
ith DM are at an increased risk of liver cirrhosis over time during

ollow-up.
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