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Background: Hepatic steatosis has been associated with chronic hepatitis C (CHC), but its prevalence, risk factors,
and clinical significance remain to be determined.

Aims: The present study determined the frequency of, and risk factors for hepatic steatosis and its association with
activity and progression of CHC in a large cohort of U.S. patients.

Methods: This is a retrospective study that utilized systematic chart review and statistical analyzes to investigate 324
U.S. patients with CHC from a university medical center and a regional VA medical center.

Results: The frequency of hepatic steatosis was 66.0%. We demonstrated that not only being obese, but also
overweight (i.e. body mass index =25 kg/m?) was independently associated with hepatic steatosis. In our cohort of
patients with CHC, hepatic steatosis, especially grade II/III steatosis, was significantly associated with elevated
aspartate aminotransferase at entry, persistently elevated alanine aminotransferase, and stage III/IV fibrosis. Grade
II/I1I steatosis, was significantly associated with a higher histology activity index as well. Multivariate analysis indicated
that steatosis, especially grade II/III steatosis, was independently associated with stage III/IV fibrosis.

Conclusions: Being overweight/obese serves as an independent risk factor for hepatic steatosis in U.S. patients with
CHC. Steatosis accelerates activity and progression of CHC, and is independently associated with stage III/IV hepatic

fibrosis in these patients.

© 2003 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Chronic hepatitis C virus (HCV) infection affects 170
million people worldwide, including 2.7 million of U.S.
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individuals [1-3]. Although a great deal of progress has
been made [3—7], factors affecting disease progression and
development of cirrhosis in these patients remain incom-
pletely defined.

Hepatic steatosis is a well-documented histological
feature during HCV infection [8—18]. Most studies
[8,10—15,19] have suggested that obesity is associated
with steatosis in patients with chronic hepatitis C (CHC).
However, a general threshold of body mass index (BMI) for
steatosis and association of BMI with grade of steatosis
remain to be determined.

Besides obesity, type 2 diabetes mellitus (DM) and
hypertriglyceridemia have also been associated with hepatic
steatosis in patients with non-alcoholic fatty liver disease
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[20-24]. Increased frequency of type 2 DM has been
reported in patients with CHC [25,26]. A recent study
included 7.7% patients with DM, but could not directly
associate DM with hepatic steatosis [19]. In addition, the
effect of hypertriglyceridemia on hepatic steatosis in HCV-
infected patients has not been systematically examined.
Therefore, it is important to determine whether DM and/or
hypertriglyceridemia alone, or in combination with obesity,
contribute to development of hepatic steatosis in these
patients.

Expression of HCV proteins has been associated with
hepatic steatosis in transgenic mice [27,28]. These results
were further supported by findings that HCV genotype 3a
(HCV-3a) is associated with both higher prevalence and
grade of hepatic steatosis in patients with CHC [9,14,15,19,
29-31]. However, this association remains to be further
defined [16].

Several studies have reported an association of steatosis
with advanced hepatic fibrosis in patients with CHC [9—-19].
However, it remains unknown whether a higher grade of
steatosis is more associated with a higher stage of hepatic
fibrosis. In addition, it remains controversial whether BMI
affects progression of fibrosis directly [8]. A few studies
have reported that hepatic steatosis is associated with higher
levels of alanine aminotransferase (ALT) and histological
activity index (HAI) [8,9,19], but these findings were not
supported by other studies [11,12,16]. Thus, it is necessary
to re-examine these issues in a large cohort of HCV-infected
patients.

The aims of this retrospective study were to determine
the prevalence of and the risk factors for hepatic steatosis
and to assess the association of being overweight/obese and
steatosis with activity and progression of CHC in U.S.
patients.

2. Patients and methods

2.1. Patient population

The present study retrospectively included 324 consecutive patients
from two Liver Clinics at Loma Linda VA Medical Center (n = 112) and
Loma Linda University Medical Center (n = 212) between July 1999 and
April 2002. The study protocol was approved and informed consent was
exempted by the institutional review boards from both medical centers.
Inclusion criteria were: (1) positive HCV RNA reverse transcription
polymerase chain reaction (RT-PCR) for at least 6 months; (2) a liver
biopsy to stage CHC; (3) abstinence from alcohol use for >6 months for
those with daily alcohol use of > 30 g; (4) negative serology for hepatitis B
surface antigen and anti-HIV; (5) absence of other causes of chronic liver
disease, history of prior anti-HCV treatment or recent use of steatosis-
inducing agents; and (6) no history of hepatic decompensation defined as
the presence of ascites, jaundice (total bilirubin >3 mg/dL or 51 wmol/l),
variceal bleeding, or hepatic encephalopathy [6].

2.2. Methods and data collection

Data were collected through chart review. These included age,
gender, ethnicity, risk factors, and mode of HCV transmission, BMI,
history of hyperlipidemia, and type 2 DM. History of alcohol including
duration, intensity, and last consumption of alcohol beverage, and CAGE

score was taken. Patients who had a history of daily alcohol consumption
of >30 g prior to study entry were considered to have alcohol use [24,
32]. According to National Institute of Health criteria, patients with a
BMI between 25 and 29.9 kg/m* were categorized as overweight, and
patients with a BMI =30 kg/m*> were categorized as obese [33].
Hypertriglyceridemia were defined as =200 g/I. Patients were considered
to have type 2 DM if using insulin or oral hypoglycemic agents in
adulthood or if they had a fasting plasma glucose level of >126 mg/dL
(i.e. 7.0 mmol/l) at the time of enrollment [34].

Quantitative HCV RNA PCR was performed in 290 patients, and HCV
genotyping was carried out with INNO LiPa HCV assay (Innogenetics,
Zwijnaarde, Belgium) in 237 patients. Routine laboratory data included
complete blood counts, albumin, ALT, aspartate aminotransferase (AST),
alpha-fetoprotein (AFP), and fasting blood glucose, triglycerides, and
ferritin. All patients with AFP =20 g/l underwent either abdominal
computed tomography or magnetic resonance imaging and ruled out
hepatocellular carcinoma. Three hundred and seventeen patients had also
been regularly followed for > 12 months with at least three follow-up ALT
tests in 6-month intervals. Based on these ALT results, the patients were
classified into three ALT patterns: persistently normal ALT, persistently
elevated ALT, and fluctuating elevated ALT [35]. In 306 patients,
ultrasonography was used to measure spleen size; a maximal spleen
dimension > 13 cm indicated splenomegaly.

2.3. Hepatic histology

Hematoxylin-eosin and trichrome stainings were used for histology
assessment, and Perls’ staining was used for iron grading. Knodell’s
scoring system was used to stage hepatic fibrosis [36]. While stage O
represented the absence of hepatic fibrosis, stage III/IV represented
advanced hepatic fibrosis. HAI (i.e. total Knodell score — fibrotic score)
was used to grade activity of CHC [36]. In the present study, an HAI =7
was considered active liver injury. Steatosis was graded on a scale of 0—3:
0 = absence of steatosis; grade 1 = <30% of hepatocytes affected; grade
2 =30 ~ 70% of hepatocytes affected; grade 3 = >70% of hepatocytes
affected [8,14,19,37].

2.4. Statistical analysis

The descriptive data were presented as percentage or mean with
standard deviation or range. Either Chi-square test, Student’s z-test, or
analysis of variance test was used to compare frequencies or means,
respectively. Both univariate and multivariate analyzes were used and the
odds ratios were calculated by using Logistic regression model. Multiple
univariate analyzes were carried out to determine the risk factors for and
association of CHC activity with steatosis (Tables 2 and 4). After
Bonferroni’s adjustment, a P value of <0.004 was considered as
statistically significant for univariate analyzes. For all other analyzes, a P
value of <0.05 was considered as statistically significant. The statistical
software used included Statistical Analysis Software and Statistical
Package for Social Science.

3. Results
3.1. Baseline demographic findings

The baseline demographic data are summarized in
Table 1. Of the 307 patients with recorded BMI, the mean
BMI was 28.5 + 5.3 (17-47) kg/m?. Overweight was seen
in 122/307 (39.7%) cases, and obesity was seen in 116/307
(37.8%) patients. Overall, 238/307 (77.5%) patients were
overweight or obese. In 250 patients with documented
information of drinking, 69.6% reported a past history of
alcohol use. In 189 patients with recorded duration of
sobriety, 32.8% have been sobered for 6—12 months and
67.2% have been sobered for > 12 months.
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Table 1
Baseline demographics of 324 enrolled patients

Variables Cases Mean = SD
or percentage

Median (range)

Mean age at entry 322 48.24 = 8.39 48 (25-179) years
Male:female 324 229:95
(70.70%:29.30%)

Ethnicity 321
African American 32 10.00%
Asian 8 2.50%
Caucasian 203 63.20%
Hispanic 73 22.70%
Other 5 1.60%
History of alcohol use 250
Never 76 30.40%
=10 years 34 13.60%
>10 years 140  56.00%
Alcohol sobriety 189
6—12 months 62 32.80%
> 12 months 127 67.20%
BMI 307 28.44 = 5.29 28 (17-47) Kg/m?
Fibrosis staging: 324

0 44 13.60%

1 110 34.00%

2 32 9.90%

3 74 22.80%

4 64 19.80%
Histology activity 226 4 (0-12)
index (HAI)
=7 52 23.01%
<7 174 76.99%
Hepatic steatosis 324
Grade 0 110 34.00%
Grade 1 117 36.10%
Grade 2 65 20.10%
Grade 3 32 9.90%
HCV genotyping 237
1 165 69.60%
2 33 13.90%
3 (3a=23) 24 10.10%
4 2 0.80%
6 1 0.40%
Mix 12 5.10%
Biochemistry
ALT 318 101.30 = 73.57 83 (11-451) UN
AST 322 79.21 = 63.73 59 (6-497) U/
Platelets 321 194.43 = 77.89 194 (35-465) X 10%/1
Albumin 308 39.10 = 5.70 40 (14-62) g/l
AFP 257 10.55 = 16.65 5(0-117) pg/
Triglycerides 211 141.22 = 86.66 117 (33-497) g/

Biochemically, 267 (83.9%) had elevated ALT. Long-
itudinally, 40/317 (12.6%) had persistently normal ALT,
216/317 (68.1%) had persistently elevated ALT, and
61/317 (19.2%) had fluctuating elevated ALT levels. Two
hundred thirty-six (73.3%) had elevated AST. Forty-
seven (15.3%) had hypoalbuliminemia (<35.0 g/l) and
70 (21.8%) had platelet counts <130 X 10°/1. In 257
cases who received an AFP assay, 29 (11.3%) had AFP
=20 pg/l, but negative abdominal CT for liver mass
lesions.

Histologically, 186 (57.4%) had CHC and stage 0-2
fibrosis, while 74 (22.8%) and 64 (19.8%) had stage III and
IV fibrosis, respectively. In the present study, patients with
stage III and IV fibrosis were combined as a group with
advanced fibrosis. Of the 226 patients with recorded HAI,
the medium score was 4 with range of 0—12. Fifty-two
(23.0%) had HAI =7 and 174 (76.1%) had HAI <7. Of the
324 patients, 214 (66.0%) showed histological evidence of
hepatic steatosis including 117 (36.1%) with grade I, 65
(20.1%) with grade II, and 32 (9.9%) with grade III
steatosis. Because of the relatively small number of patients
with grade II and III steatosis, these patients were combined
for statistical analysis. Positive hepatic iron staining was
seen in 46 (16.0%) patients.

3.2. Risk factors for hepatic steatosis

Table 2 summarizes results of univariate analysis of ten
clinical, virological, and biochemical parameters as possible
risk factors for steatosis. Although the frequency of steatosis
was significantly associated with a BMI =25 kg/m?
(Table 2, panel 1), it was more significantly associated
with a BMI =30 kg/m? as indicated by a higher odds ratio
(OR). In addition, when these patients were further divided
based on BMI, the frequency of steatosis was significantly
higher in individuals with a BMI =30 kg/m* (83.6%,
n = 116) than in those with a BMI =25 and <30 kg/m?
(60.9%, n = 122, P = 0.0009). Thus, hepatic steatosis was
more significantly associated with being obese than over-
weight. Multivariate analysis revealed that after adjusting
for age, ethnicity, history of alcohol use, DM, hypertrigly-
ceridemia, and HCV-3a infection, being overweight/obese
(i.e. BMI =25 kg/mz) remained an independent risk for
presence of and grade II/III hepatic steatosis (Table 3).

In our cohort of patients, a history of DM or
hypertriglyceridemia was not statistically associated with
steatosis. Both univariate (Table 2) and multivariate
(Table 3) analyzes did not reveal association of past history
of alcohol use and duration of sobriety with hepatic steatosis
in these patients. Although HCV-3a infection was more
frequently seen in patients with hepatic steatosis, this
difference was not statistically significant by both univariate
and multivariate analyzes (Tables 2 and 3). Steatosis was
not associated with age at entry, gender, ethnicity, or high
HCYV load (Table 2).

3.3. Association of hepatic steatosis with the parameters
of activity and stage of CHC

To test the association of steatosis with parameters
related to activity and stage of CHC, univariate analysis was
used to assess 12 clinical and biochemical parameters
(Table 4). The presence of steatosis was significantly
associated with elevated level of AST at entry and
longitudinally persistent elevation of ALT, which are
biochemical surrogates indicating active CHC [35,38].
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Table 2
Univariate analysis of the association of steatosis with clinical and virologic parameters in patients with CHC*

Variables Steatosis grade I-III vs. grade 0 Steatosis grade II/III vs. grade O

Cases® OR (95% CI)* P value Cases® OR (95% CI)° P value

Age at entry

< 50 years 122/187 40/85

= 50 years 90/135 1.07 (0.668-1.701) 0.7904 56/121 1.03 (0.592-1.799) 0.9123
Gender

Male 61/95 75/151

Female 1537229 0.89 (0.540-1.472) 0.6526 22/56 0.66 (0.351-1.224) 0.1849
Ethnicity

Caucasian 137/203 66/132

African Am 19/32 0.71 (0.332-1.521) 0.3875 6/19 0.48 (0.171-1.324) 0.1547

Hispanic 48/73 0.93 (0.532-1.637) 0.8089 22/47 0.91 (0.466-1.761) 0.7715
History of alcohol use

Never use 43/76 16/49

= 10 years 24/34 1.84 (0.775-4.379) 0.1668 11/21 2.26 (0.799-6.443) 0.1241

> 10 years 99/140 1.85 (1.036-3.315) 0.0376 47/88 2.36 (1.140-4.902) 0.0208
Alcohol sobriety

6—12 months 44/62 23/41

> 12 months 89/127 0.96 (0.492-1.867) 0.9003 45/83 0.93 (0.437-1.968) 0.8433
BMI

<25 33/69 14/50

=25 1717238 2.78 (1.606-4.827) 0.0003 79/146 3.03 (1.509-6.093) 0.0018
BMI

<30 107/191 45/129

=30 97/116 4.00 (2.269-7.078) <0.0001 48/67 4.71 (2.479-8.969) <0.0001
H/O diabetes

No 176/266 73/163

Yes 37/54 1.11 (0.594-2.085) 0.7383 23/40 1.67 (0.829-3.355) 0.1513
Triglycerides (=200 g/1)

No 111/171 54/114

Yes 31/40 1.86 (0.832-4.168) 0.1306 17/26 2.09 (0.864—5.099) 0.1017
HCV > 1,000,000 copies/ml

No 124/196 56/128

Yes 66/94 1.37 (0.806-2.323) 0.2448 27157 1.33 (0.712-2.490) 0.3697
HCV genotype 3a

No 139/214 61/136

Yes 17/23 1.53 (0.578-4.041) 0.3923 11/17 2.25 (0.788-6.445) 0.1295

* After Bonferroni’s adjustment, a P value <0.004 was considered as statistically significant.
® Cases: ratio of patients with grade I-III steatosis to total patients in that group.

¢ OR, odds ratio; and CI, confidence interval.

4 Cases: ratio of patients with grade II/III steatosis to total patients in that group.

Table 3
Multivariate analysis of the association of steatosis with clinical and virologic parameters in patients with CHC

Variables Steatosis grade I-III vs. steatosis grade 0 Steatosis grade II/III vs. steatosis grade 0
OR (95% CI)* P value OR (95% CI)* P value
Age (=50 years) 0.580 (0.237-1.422) 0.2339 0.402 (0.129-1.255) 0.1167
Ethnicity 0.806 (0.506—1.284) 0.3647 0.702 (0.387-1.274) 0.2447
BMI (=25 kg/m?) 4.180 (1.597-10.939) 0.0036 9.738 (2.309-41.072) 0.0019
H/O diabetes 2.289 (0.610-8.591) 0.2196 2.722 (0.586—12.647) 0.2014
Triglycerides (=200 g/1) 2.493 (0.720-8.639) 0.1496 4.146 (0.928-18.516) 0.0626
Genotype-3a 2.099 (0.378-11.662) 0.3967 3.905 (0.477-31.946) 0.2040
Past H/O alcohol use 1.194 (0.747-1.909) 0.4592 1.339 (0.745-2.407) 0.3297

% OR, odds ratio; and CI, confidence interval.
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Table 4

Univariate analysis of the association of steatosis with parameters of activity and stage of CHC*

Variables Steatosis grade I-III vs. grade O Steatosis grade II/III vs. grade O
Cases” OR (95% CI* P value Cases* OR (95% CI)° P value

Age at first exposure

< 40 years 153/233 67/157

= 40 years 12/16 1.57 (0.490-5.019) 0.4484 5/9 1.49 (0.385-5.782) 0.5622
Stage III/IV fibrosis

No 110/186 40/116

Yes 104/138 2.11 (1.301-3.433) 0.0025 57/91 3.19 (1.798-5.642) <0.0001
HAI

<7 123/174 50/101

=17 45/52 2.66 (1.127-6.303) 0.0256 27/34 3.93 (1.571-9.855) 0.0035
Hepatic iron staining

Negative 167/241 76/150

Positive 29/46 0.76 (0.391-1.460) 0.4047 13/30 0.75 (0.338-1.640) 0.4643
Elevated ALT (>40 U/l)

No 25/51 9/35

Yes 186/267 2.38 (1.300-4.380) 0.0050 87/168 3.10 (1.372-7.018) 0.0065
ALT pattern

Normal 17/40 6/29

High 158/216 3.71 (1.839-7.388) 0.0002 73/131 4.83 (1.843-12.630) 0.0013
Elevated AST (>40 U/l)

No 42/86 16/60

Yes 171/236 2.75 (1.654-4.590) <0.0001 81/146 3.42 (1.773-6.622) 0.0002
Elevated AFP (=20 pg/l)

No 146/228 67/149

Yes 26/29 4.86 (1.429-16.575) 0.0114 18/22 7.33 (2.074-25.976) 0.0020
Serum ferritin (>300 wg/l)

No 105/155 77/171

Yes 49/65 1.46 (0.756-2.813) 0.2606 20/36 1.53 (0.740-3.145) 0.2520
Hypoalbuminemia (<35 g/l)

No 163/261 74/172

Yes 38/47 2.53 (1.177-5.475) 0.0216 17/26 2.05 (1.056-5.926) 0.0372
Thrombocytopenia (< 130 X 10%/1)

No 159/251 69/161

Yes 53/70 1.80 (0.986-3.299) 0.0554 27/44 2.11 (1.070-4.190) 0.0312
Splenomegaly

No 143/225 59/141

Yes 60/81 1.64 (0.930-2.886) 0.0876 33/54 2.10 (1.150-4.147) 0.0170

# After Bonferroni’s adjustment, a P value <0.004 was considered as statistically significant.
" Cases: ratio of patients with grade I-III steatosis to total patients in that group.

¢ OR, odds ratio; and CI, confidence interval.

4 Cases: ratio of patients with grade II/III steatosis to total patients in that group.

In addition, steatosis was significantly associated with stage
III/IV fibrosis, the most important histological criteria for
advanced CHC. However, steatosis was not associated with
elevated serum ALT, AFP and ferritin at entry, hypoalbu-
minemia, and hepatic iron staining.

To further examine the pathogenic role of steatosis on
CHC progression, the same univariate analysis was also
performed to compare patients lacking steatosis to those
with grade II/IIl steatosis (Table 4, panels 2). All three
variables that had been associated with the presence of
steatosis (panel 1) were even more associated with grade
II-1II steatosis as indicated by higher ORs (panel 2).
Furthermore, grade II/III steatosis was also significantly
associated with a higher HAI, a histological indicator of

active CHC, and elevated AFP, a reported surrogate of
advanced hepatic fibrosis [38]. Grade II/III steatosis was not
associated with age at the exposure, elevated ALT and
ferritin at entry, hepatic iron staining, hypoalbuminemia,
thrombocytopenia, and splenomegaly. A multivariate anal-
ysis revealed that after adjusting for ALT and AST levels,
ALT pattern, hypoalbuminemia, thrombocytopenia, and
HAI, the presence of steatosis, especially grade II/III
steatosis, was independently associated stage III/IV fibrosis
(Table 5). These data indicate that in patients with CHC, a
higher grade of steatosis is more associated with an active
and progressive CHC.

To further define the association of steatosis with
fibrosis, two additional analyzes were carried out. First,
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Table 5

Multivariate analysis of the association of steatosis with parameters of activity and stage of CHC

Variables Steatosis grade I-III vs. steatosis grade 0 Steatosis grade II-III vs. steatosis grade 0
OR (95% CI)* P value OR (95% CI)* P value
Fibrosis (III/IV) 3.987 (1.531-10.385) 0.0046 5.599 (2.041-15.361) 0.0008
HAI (=7) 1.392 (0.502-3.858) 0.5248 1.928 (0.612-6.077) 0.2624
Elevated ALT (>40 U/l) 1.746 (0.619-4.925) 0.2919 1.603 (0.435-5.902) 0.4779
ALT patterns 0.829 (0.457-1.504) 0.5367 1.127 (0.530-2.395) 0.7562
Elevated AST (>40 U/1) 2.136 (0.953-4.789) 0.0653 1.999 (0.739-5.408) 0.1725
Hypoalbuminemia (<35 g/l) 1.980 (0.490-8.005) 0.3381 1.606 (0.343-7.513) 0.5476
Thrombocytopenia < 130 X 10%/1 1.366 (0.387-4.828) 0.6279 2.204 (0568-8.557) 0.2536

2 OR, odds ratio; and CI, confidence interval.

the mean fibrosis score was 1.7 = 1.3 in patients without
hepatic steatosis, which was increased to 2.4 £ 1.2
(P =0.001) in patients with grade II/III steatosis. Second,
in patients without hepatic steatosis, 30.9% had stage III/IV
fibrosis. However, in patients with grade II/IIl steatosis,
58.8% (P = 0.0002) had stage III/IV fibrosis.

4. Discussion

The present study investigated a large cohort of US
patients with CHC and demonstrated that the frequency of
steatosis was as high as 66.0% in these patients. Hourigan
et al. reported that 20.0% of Australian patients with CHC
have grade II/IIl steatosis [6]. Using the same scoring
system, grade II/IIl steatosis was seen in 30.0% of our
patients with CHC. Therefore, hepatic steatosis, especially a
higher grade of steatosis, is a very common presentation in
U.S. patients with CHC.

Although it is well accepted that obesity is associated
with hepatic steatosis in patients with CHC, the threshold
BMI for hepatic steatosis has not been reported. In our
cohort of patients, BMI =25 kg/m” has been significantly
associated with hepatic steatosis. Thus, for the first time, our
data demonstrated that even being overweight can contri-
bute to hepatic steatosis in patients with CHC. Furthermore,
multivariate analyzes confirmed that this association was
independent of age, ethnicity, a past history of alcohol use,
DM, hypertriglyceridemia, and HCV-3a infection.
Although both being overweight and obese were associated
with hepatic steatosis, this association was more significant
in patients with obesity. Thus, a higher BMI carries higher
risk for hepatic steatosis in patients with CHC. It should be
noted that the mean BMI in our cohort of patients and the
other U.S. studies (19 and Hu et al. unpublished data) is
higher than that reported from other countries [8,9]. This
may contribute to a relatively higher prevalence of steatosis
in the U.S. patients with CHC. Interestingly, we also found
that BMI =25 kg/m?® was associated with any grade of
steatosis, indicating that being overweight/obese may not
affect grade of steatosis in these patients. Taken together,

our data indicate that being overweight/obesity plays an
independent pathogenic role in the development, but not
grade of hepatic steatosis in HCV-infected US patients.

Alcohol use can cause hepatic steatosis. In the present
study, 69.6% reported a past history of alcohol use defined
as >30 g/day, but all had achieved 6-month sobriety prior to
enrollment. Our data did not reveal an association of past
history of alcohol use with hepatic steatosis. In addition, the
prevalence of steatosis was not different in patients who
were sobered for 6—12 vs. > 12 months. Although our data
provided additional support to previous findings [8,18,19]
that a history of alcohol use may not be associated with
hepatic steatosis in HCV-infected patients, a larger
prospective study will be needed to further address this
issue.

In transgenic mice, expression of HCV proteins has been
associated with hepatic steatosis [27,28]. Some studies have
also revealed a higher frequency and grade of hepatic
steatosis in patients with HCV-3a infection [9,19,29-31]. A
recent study indicated that effective HCV treatment is
associated with reduced steatosis in patients with HCV-3
infection [15]. However, this association remains contro-
versial [16]. The present study involved a small group of
such patients and did not reveal an association between
HCV-3a infection and either presence or grade of hepatic
steatosis. Furthermore, a recent study reported that a high
prevalence of hepatic steatosis (40.1%) was seen in patients
with chronic hepatitis B virus infection as well [39]. Clearly,
additional studies, including utilization of HCV replication
system, will be required to disclose the association of
HCV-3 infection with steatosis.

A recent study revealed that both DM and hypertrigly-
ceridemia may not directly associated with hepatic steatosis
in HCV-infected patients [19]. Consistent with these results,
we observed relatively higher, but not statistically different
frequencies of DM and hypertriglyceridemia in HCV-
infected patients with hepatic steatosis. The present study
did not reveal an association of steatosis with age, gender,
ethnicity, HCV-load, serum ferritin, and hepatic iron.

Several studies have indicated an association between
steatosis and progression of hepatic fibrosis in different
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ethnic patients with CHC [8,11,18]. However, data on this
issue remain limited and controversial in U.S. patients
[10,14,16,17,19]. More importantly, it remains unknown
whether a higher grade of steatosis is more associated with a
higher stage of hepatic fibrosis. The present study assessed a
large cohort of U.S. patients and found that presence of
steatosis, especially a higher grade of hepatic steatosis, was
significantly associated with stage III/IV fibrosis. Patients
with grade II/IIl steatosis had significantly higher mean
fibrotic scores and percentage of stage III/IV fibrosis. In
addition, patients with grade II/III steatosis had significantly
higher frequencies of hypoalbuminemia, thrombocytopenia,
and splenomegaly, the clinical evidence of portal hyperten-
sion and advanced hepatic fibrosis. After adjusting for serum
levels of ALT and albumin, platelet count, ALT pattern, and
HAI, multivariate analysis revealed that presence of grade
I/III steatosis was independently associated with stage
II/TV hepatic fibrosis. Taken together, our results indicate
that the presence of grade II/III steatosis may accelerate
progression of fibrosis in U.S. patients with CHC.

It remains controversial whether hepatic steatosis may
accelerate fibrosis by stimulating activity of CHC. Some
have reported a possible association of a higher grade of
hepatic steatosis with higher levels of ALT and HAI
[8,9,19], but others were unable to establish this association
[11,16]. Through a thorough univariate analysis, we found
that the grade II/III steatosis was significantly associated
with a higher HAI, the most reliable histological evidence of
active liver injury. In addition, the presence of steatosis,
especially grade II/III steatosis, was associated with
persistently elevated ALT and elevated AST and AFP at
entry, a series of clinical parameters representing active
liver injury. Thus, our data provide additional evidence that
a higher grade of hepatic steatosis may promote HCV-
mediated liver injury. This steatosis-related ongoing liver
injury may accelerate progression of hepatic fibrosis and
result in an increased incidence of advanced fibrosis in these
patients. Consistent with our findings, an effective weight
loss is associated with reduction in steatosis, ALT elevation,
and fibrosis stage in patients with CHC [40].

In conclusion, this study reveals a high prevalence of
hepatic steatosis in the U.S. patients with CHC, that is
independently associated with being overweight/obese as
defined by BMI =25 kg/m®. The present study also
indicates that in patients with CHC, grade II/III steatosis
may accelerate activity and progression of the disease, and
is associated with a significantly higher frequency of stage
II/IV fibrosis.
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