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Abstract: Nonalcoholic fatty liver disease has been suggested to be

associated with alanine aminotransferase (ALT) elevation in hepatitis B

virus (HBV)-infected patients with HBe antigen (HBeAg)-negativity

and a low HBV-DNA level. However, few studies have evaluated the

association according to histological findings of the liver.

Among a total of 198 HBV-infected patients who received a

percutaneous liver biopsy, we studied the histological and laboratory

findings of HBeAg-negative patients without receiving nucleoside/

nucleotide analogues treatment (N¼ 70) in order to evaluate whether

hepatic steatosis and its related metabolic disorders were associated with

an elevation in ALT levels in HBeAg-negative patients.

In HBeAg-negative patients with a high serum HBV-DNA level

(�2000 IU/mL), the level of HBV-DNA was the only significant factor

related to ALT elevation. However, in HBeAg-negative patients with a

low HBV-DNA level, the serum ferritin level, and histologically

observed hepatic steatosis were significantly associated factors with

ALT elevation. When we evaluated 2 metabolic variables (serum

ferritin and fasting insulin) that are suggested to be relevant to the

presence of progressive disease in Japanese patients, we found that the

rate of metabolic disorders was significantly higher among patients with

a high ALT level and a low HBV-DNA level than it was among those

with other conditions. The triglyceride level and the frequency of

moderate or severe hepatic steatosis were significantly higher in patients

with a low HBV-DNA level than in those with a high HBV-DNA level.

Histologically proven hepatic steatosis and its related metabolic
ata, MD, PhD, Hi D, PhD,
uchi, MD, PhD

(Medicine 95(17):e3565)

Abbreviations: ALT = alanine aminotransferase, anti-HBeAb =

anti-HBe antibody, AST = aspartate aminotransferase, HBeAg =

HBe antigen, HBsAg = HBs antigen, HBV = hepatitis B virus,

HOMA-IR = homeostatic model assessment insulin resistance, IRI

= immune reactive insulin, NAFLD = nonalcoholic fatty disease,

NASH = nonalcoholic steatohepatitis, PT = prothrombin time.

INTRODUCTION

H epatitis B virus (HBV)-infected patients with seroconver-
sion from HBe antigen (HBeAg) to anti-HBe antibody

(anti-HBeAb) typically show low serum HBV-DNA levels and
normal serum aminotransferase levels, and achieve a favorable
clinical outcome with a low risk of hepatic failure and its
complications (‘‘asymptomatic carriers’’).1–5 However,
HBeAg-negative patients with a low HBV-DNA level occasion-
ally show abnormal values of aminotransferases. In these
patients, liver injury could be dependent on causes other than
HBV infection, and the HBV-independent elevation of amino-
transferases may influence their clinical courses.2,6

Hepatic steatosis due to nonalcoholic fatty disease
(NAFLD) is one of major causes of alanine aminotransferase
(ALT) elevation. Although some studies have reported the
potential association between hepatic steatosis and ALT
elevation in HBV-infected patients,7–9 these studies included
patients who showed elevated HBV-DNA levels (�2000 IU/
mL) and/or HBeAg-positivity. Therefore, the clinical signifi-
cance of hepatic steatosis in HBeAg-negative patients with low
HBV-DNA levels has not been sufficiently clarified.

In 2014, Spradling et al10 reported that ALT elevation in
patients with a high HBV-DNA level (�2000 IU/mL) was
mainly caused by the immune response to HBV infection, while
NAFLD may be an important factor that contributes to ALT
elevation in patients with a low HBV-DNA level (<2000 IU/
mL). However, this study investigated a cohort of Alaskan
patients, and due to the limited accession available only by air,
NAFLD was mainly diagnosed by a few clinical characteristics,
including the body mass index (BMI), the presence of diabetes
mellitus, and the absence of a history of alcoholic consumption.

In the present study, we assessed the clinical variables and
histological findings of HBeAg-negative patients and studied
the associations between HBV-related markers and hepatic
steatosis with ALT elevation in HBeAg-negative patients. In
the contribution of hepatic steatosis and
isorders to ALT elevation in HBeAg-
a low HBV-DNA level.
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PATIENTS AND METHODS

Patients
In a total of 198 HBV-positive patients who had undergone

a percutaneous liver biopsy between January 2008 and August
2013 at our institution, patients who fulfilled the following
conditions were enrolled in the present study: HBV infection
diagnosed by a positive HBs antigen (HBsAg) status for at least
6 months and blood samples obtained on the same day as the
liver biopsies under the fasting condition. Patients with the
following conditions were excluded from the study: the pre-
sence of hepatocellular carcinoma, immunosuppressive therapy,
or hepatitis C virus (HCV) coinfection. In the present study,
patients treated with nucleoside analogs were excluded because
the treatment could lead to reduced ALT levels. Patients whose
ALT levels were considered to be affected by alcohol intake
(�20 g/day) were also excluded. A total of 70 patients with an
HBeAg-negative status (seroconversion) were enrolled, and
patients were classified into ‘‘low HBV-DNA level’’ and ‘‘high
HBV-DNA level’’ groups defined as HBV-DNA <2000 IU/mL
(¼4.07 log copies/mL determined with the TaqMan PCR
method) and HBV-DNA �2000 IU/mL, respectively. Patients
were also classified into ‘‘high ALT’’ and ‘‘normal ALT’’
groups according to the presence or absence of an elevated
ALT level (�31 IU/mL) (Figure 1).

The study conformed to the ethical guidelines of the
Declaration of Helsinki, and written informed consent regarding
the liver biopsy and use of clinical data was obtained from all
patients on admission. This study was approved by the ethics
committee of the institutional review board (Nos. 1831 and Hi-
92).

Liver Biopsy and Laboratory Data
General laboratory variables of HBV-infected patients,

including platelet counts, the prothrombin time (PT), and liver
function tests (ALT, aspartate aminotransferase (AST), alkaline
phosphatase, albumin, and cholinesterase) were routinely
measured. Regarding HBV-related markers, in addition to
HBeAg, anti-HBeAb, and HBV-DNA, we also quantitated
HBsAg, because the quantitative HBsAg level was recently

Enomoto et al
reported to be clinical useful to predict the carrier status, the risk
of hepatocellular carcinoma, and the probability of HBsAg
loss.11

HBsAg (+)
(N=198)

HBeAg(+)
(N=42)

HBeAg(-)
(N=70)

Exclusion criteria (N= 86)

HBV-DNA ≥2000 IU/mL
(N=37)

Normal ALT group (ALT ≤30): N=20
High   ALT group (ALT ≥31): N=13

HBV-DNA <2000 IU/mL
(N=33)

“HBeAg(-) and a low HBV-DNA level”
Normal ALT group (ALT ≤30): N=15
High   ALT group (ALT ≥31): N=22

“HBeAg(-) and a high HBV-DNA level”

FIGURE 1. Algorithm for the classification of HBV-positive patients
with a liver biopsy.
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We measured the levels of the following metabolic
parameters: glucose, immune reactive insulin (IRI), triglycer-
ide, total cholesterol, and ferritin, since the serum level of
ferritin (�200 ng/mL [female]; �300 ng/mL [male]) and the
fasting level of IRI (�10 mU/mL) are suggested to be associated
with the presence of progressive liver disease in Japanese
NAFLD patients.12 We also evaluated insulin resistance by
calculating the HOMA-IR (homeostatic model assessment
insulin resistance: IRI� [plasma glucose]/405). All blood
samples were collected on the day of liver biopsy under the
fasting condition.

Liver biopsy examinations were carried out according to
the standard techniques. All liver samples were evaluated with
regard to the fibrosis stage and activity grade according to the
METAVIR scoring system. Fibrosis was staged on a scale of
F0–F4 (F0, no fibrosis; F1, portal fibrosis without septa; F2,
portal fibrosis with rare septa; F3, numerous septa without
cirrhosis; and F4, liver cirrhosis).13 In addition to the immune
response to HBV infection, the presence of NAFLD was
reported to be a cause of ALT elevation. Therefore, we
histologically assessed the degree of hepatic steatosis in the
present study. The histological severity of hepatic steatosis
was classified as Grade 0 (<5%), Grade 1 (5–33%), Grade 2
(>33%–66%), and Grade 3 (>66%) according the report by
Kleiner et al14 (Figure 2). Histological evaluations were
performed by outside expert pathologists without information
regarding the clinical data (Stelic Institute & Co., Inc., Tokyo,
Japan).

Statistical Analysis
Quantitative variables are presented as the median values

(range) and statistical analyses between 2 groups were evaluated
using the Mann–Whitney U test. In the multivariate analysis,
potential associated factors were selected (from those with a
P-value <0.05) by the stepwise method and analyzed by the
logistic regression model. To compare the frequency among
4 groups, the data were compared by the Chi-square test with
Yates’ correction, and the group with a significantly higher or
lower positive rate than the other groups was further determined
by a residual analysis. A value of P< 0.05 was considered to
be significant.

RESULTS

General Clinical Variables of HBeAg-Negative
Patients

Among a total of 198 HBV-infected patients with a liver
biopsy, 70 HBeAg-negative patients were included according
to the criteria mentioned in the ‘‘Patients and Methods’’
section (Figure 1). The characteristics of the study population
are summarized in Table 1. The population included 38
(54.2%) male patients and 32 (45.8%) female patients, and
the age of the patients ranged from 28 to 77 years of age
(median 49 years of age). The histological evaluation accord-
ing to the METAVIR staging system showed that 14 (20.0%)
patients had severe fibrosis (F3–F4) and 4 patients (4.7%) had
cirrhosis (F4). All 4 cirrhotic patients had elevated ALT and
high DNA levels.

Regardless of the HBV-DNA levels, no significant differ-
ence was found in the basic laboratory variables of the patients

Medicine � Volume 95, Number 17, April 2016
with ALT elevation (including the aminotransferase, albumin,
PT, and total bilirubin levels). Furthermore, there were no
significant differences in the histological findings related to

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



Grade 0 (<5%) Grade 1 (5-33%) 

Grade 2 (>33-66%) Grade3 (>66%) 
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liver inflammation (Table 2). Since a recent study suggested
that the immune response to HBV infection and NAFLD may

FIGURE 2. Histological findings of hepatic steatosis in HBV-positiv
from Grade 0 to Grade 3 according to the report by Kleiner et al
be involved in ALT elevation in HBV-infected patients,10

we further investigated HBV-related markers and metabolic
variables in HBeAg-negative patients.

TABLE 1. The Characteristics of the HBeAg-Negative Patients

Age, y 49 (28–77)
Gender, male/female 38/32
AST, IU/L 30 (15–157)
ALT, IU/L 30.5 (8–251)
g-GTP, IU/L 24 (7–159)
ALP, IU/L 190.5 (71–769)
Total bilirubin, mg/dL 0.8 (0.2–2.2)
Albumin, g/dL 4.0 (3.0–5.1)
Hemoglobin, g/dL 14.4 (8.9–17.3)
Platelets, �103/mL 185 (78–294)
Prothrombin time, % 88.7 (66.3–120.9)
Glucose, mg/dL 89 (74–216)
Triglyceride, mg/dL 97.5 (31–539)
Total cholesterol, mg/dL 176 (109–263)
Body mass index 22.8 (16.3–42.7)
HBV-DNA, log copies/mL 4.3 (>2.1–8.1)
Quantitative HBsAg, IU/mL 2381 (6–36,575)
Histological stage of liver fibrosis

(F0–1/F2/F3/F4)
40/16/10/4

ALP¼Alkaline phosphatase, ALT¼ alanine aminotransferase,
AST¼ aspartate aminotransferase, g-GTP¼g-glutamyl transpeptidase,
HBsAg¼HBs antigen.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
Clinical Data and Histological Findings of
Hepatic Steatosis in HBeAg-Negative Patients
With a High HBV-DNA Level

When we evaluated the HBV-related markers and meta-
bolic variables in HBeAg-negative patients with a high DNA
level (Table 3), a significant difference was found in the HBV-
associated variables, including the levels of HBV-DNA and
quantitative HBsAg between the 2 groups. However, the fre-
quency of patients with moderate or severe hepatic steatosis
(Grade 2 or 3) was not significantly different between the
2 groups. Although the HOMA-IR was increased with a mild
significance according to a univariate analysis, a multivariate
analysis showed that the level of HBV-DNA was the only
significant factor associated with ALT elevation. These findings
suggested that HBV infection is mainly associated with ALT
elevation in HBeAg-negative patients with a high DNA level.

Clinical Data and Histological Findings of
Hepatic Steatosis in HBeAg-Negative Patients
With a Low HBV-DNA Level

We next investigated the laboratory variables in HBeAg-
negative patients with a low DNA level (Table 4). Unlike in
patients with a high HBV-DNA level, no significant difference
was found in the HBV-associated variables (the levels of HBV-
DNA and quantitative HBsAg) between the 2 groups, thus
suggesting that ALT elevation occurred independent of HBV
infection. When we assessed the histological findings of hepatic
steatosis and its related several clinical variables, the frequency

atients. The histological degree of hepatic steatosis was classified
and representative results are shown.
of patients with moderate or severe hepatic steatosis (Grade 2 or
3) was significantly higher in patients with elevated ALT levels
than in patients without. In addition, patients in the high ALT
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frequency of moderate or severe hepatic steatosis (Grade �2)

TABLE 2. Comparison of General Variables in HBeAg-Nega-
tive Patients With ALT Elevation Based on the HBV-DNA Levels

HBV-DNA

P�2000 IU/mL <2000 IU/mL

Age, y 41.5 (28–70) 51 (33–71) NS
Gender, male/female 14/8 8/5 NS
AST, IU/L 44.5 (24–107) 37 (22–157) NS
ALT, IU/L 51 (32–191) 43 (31–251) NS
g-GTP, IU/L 31.5 (12–159) 37 (12–150) NS
ALP, IU/L 202 (96–769) 183 (106–339) NS
Total bilirubin, mg/dL 0.85 (0.4–1.8) 0.8 (0.2–2.1) NS
Albumin, g/dL 3.95 (3.0–4.5) 4.0 (3.3–4.9) NS
Platelet, �103/mm3 186 (78–294) 160 (122–233) NS
Prothrombin time, % 84.0 (70.0–107.8) 87.5 (66.3–110.9) NS
F0–2/F3–4 15/7 12/1 NS
A0–1/A2–3 8/14 4/9 NS

ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase,

Enomoto et al
group had significantly higher levels of HOMA-IR and serum
ferritin. Furthermore, the multivariate analysis showed that the
histologically observed hepatic steatosis was a factor signifi-
cantly associated with ALT elevation, suggesting the potential
involvement of hepatic steatosis and its related metabolic
disorders in ALT elevation.

A High Rate of Metabolic Disorders Was
Observed in HBeAg-Negative Patients With a
Low HBV-DNA Level

HBsAg¼HBs antigen, HBV¼ hepatitis B virus.
Our findings suggested that the presence of NAFLD-like
hepatic steatosis and its associated metabolic disorders may
contribute to the elevation of aminotransferases, particularly in

TABLE 3. Comparison of HBV-Related Variables and Metabolic Var

High ALT

HBV-related markers
HBV-DNA, log copies/mL 6.1 (4.3–8.
Quantitative HBsAg, IU/mL 3192 (754–26

Metabolic variables
Body mass index 21.8 (16.3–3
Triglyceride, mg/dL 78.5 (43–25
Total cholesterol, mg/dL 180 (118–25
Glucose, mg/dL 89 (76–120
IRI, mU/mL 6.8 (3.6–43
HOMA-IR 1.51 (0.72–10
Ferritin, ng/mL 86.5 (19.0–79
Hepatic steatosis (Grade 0–1/2–3) 21/1

Multivariate Analysis

HBV-DNA (1 log copy/mL increment)

The groups with a high ALT level (�31 IU/mL) and a normal ALT leve
ALT¼ alanine aminotransferase, CI¼ confidence interval, HBsAg¼HB

assessment insulin resistance, IRI¼ immune reactive insulin.

4 | www.md-journal.com
HBeAg-negative patients with a low DNA level. NAFLD
includes 2 types of diseases; 1 precedes a nonprogressive
clinical course with a favorable prognosis, and the other is
steatohepatitis which can progress to liver cirrhosis.15,16 These
2 conditions are histologically differentiated according to the
presence of inflammation and/or fibrosis in the liver without
hepatitis viral infection. However, the histological definition for
steatohepatitis in HBV-infected patients has not been deter-
mined, thus leading to difficulty in precisely diagnosing the
presence of progressive fatty liver disease. We therefore
focused on two metabolic variables (serum ferritin and IRI)
which have been suggested to relate to the presence of pro-
gressive liver disease in Japanese NALFD patients.12 When we
investigated the whole study population, the frequency of
abnormalities of at least one of these 2 metabolic variables
(shown in ‘‘Patients and Methods’’ section) was significantly
higher among patients with a high ALT level and a low HBV-
DNA level than it was among those with other conditions
(Figure 3). Therefore, hepatic steatosis and its related metabolic
disorders with the probable association of progressive liver
disease are suggested to be involved in ALT elevation in
HBeAg-negative patients with a low HBV-DNA level.

The Comparison of the Metabolic Variables in
HBeAg-Negative Patients Based on HBV-DNA
Levels

We further investigated whether the metabolic variables
differed between patients with low HBV-DNA levels and those
with high HBV-DNA levels. The triglyceride levels and the

Medicine � Volume 95, Number 17, April 2016
were significantly higher among the patients with low HBV-DNA
levels than among those with high HBV-DNA levels (Table 5).

DISCUSSION

HBV infection is one of the most important etiologies of

chronic liver disease worldwide. Previously, HBeAg-negative
patients with low HBV-DNA levels were considered to be

iables in HBeAg-Negative Patients With a High HBV-DNA Level

Normal ALT P

1) 5.1 (4.2–7.3) <0.01
,706) 1110 (60–12,612) <0.01

7.2) 20.7 (18.3–27.6) NS
4) 107 (44–193) NS
4) 176 (142–263) NS
) 93 (78–115) NS

.1) 4.2 (2.3–27.6) <0.05
.75) 0.94 (0.50–7.84) <0.05
1.0) 72.2 (10.2–483.0) NS

13/2 NS

Odds Ratio (95% CI) P

2.71 (1.28–6.96) 0.0079

l (<31 IU/mL) were compared.
s antigen, HBV¼ hepatitis B virus, HOMA-IR¼ homeostatic model

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Comparison of HBV-Related Variables and Metabolic Variables in HBeAg-Negative Patients With a Low HBV-DNA Level

High ALT Normal ALT (n¼ 20) P

HBV-related variables
HBV-DNA, log copies/mL 3.6 (>2.1–4.0) 3.5 (>2.1–3.8) NS
Quantitative HBsAg, IU/mL 2446 (183–14,200) 3886 (6–36,575) NS

Metabolic variables
Body mass index 24.1 (18.8–42.7) 22.2 (18.7–29.6) NS
Triglyceride, mg/dL 121 (62–539) 104 (31–239) NS
Total cholesterol, mg/dL 175 (109–247) 180 (127–248) NS
Glucose, mg/dL 86 (81–216) 87.5 (74–106) NS
IRI, mU/mL 8.3 (3.1–32.1) 5.3 (2.4–11.0) <0.05
HOMA-IR 1.85 (0.63–9.06) 1.20 (0.45–2.74) <0.05
Ferritin, ng/mL 244.0 (7.3–685.0) 79.7 (2.5–231.0) <0.01
Hepatic steatosis (Grade 0–1/2–3) 6/7 19/1 <0.01

Multivariate Analysis Odds Ratio (95% CI) P

Ferritin (1 ng/mL increment) 1.013 (1.003–1.031) 0.0016
Hepatic steatosis

Grade �0–1 1 [Reference]
Grade �2–3 12.7 (1.15–319.2) 0.0376

The groups with a high ALT level (�31 IU/mL) and a normal ALT level (<31 IU/mL) were compared. The odds ratio of ferritin is expressed as per
1 ng/mL increments.

ALT¼ alanine aminotransferase, CI¼ confidence interval, HBsAg¼HBs antigen, HBV¼ hepatitis B virus, HOMA-IR¼ homeostatic model
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asymptomatic HBV carriers with presumed favorable clinical
courses.1–5 Recent studies have revealed that approximately
10% to 30% of the patients may develop HBeAg-negative

assessment insulin resistance, IRI¼ immune reactive insulin.
chronic hepatitis B (CHB) in whom HBV-DNA replicates,
ALT level increases, and liver fibrosis progresses.1–3,17–19

Although HBeAg-negative CHB is an important condition that

00%%

2200%%

4400%%

6600%%

8800%%

110000%%

≥31 ≤30 ≥31 ≤30

< 2000 IU/mL ≥ 2000 IU/mLHBV-DNA

ALT

P = 0.029

<0.001 0.252 0.420 0.264PP--vvaalluuee
((rreessiidduuaall aannaallyyssiiss))

FIGURE 3. The rates of metabolic disorders among the HBeAg-
negative patients. Since 2 metabolic variables (serum ferritin and
IRI) are suggested to predict the presence of progressive disease in
Japanese NAFLD patients,12 we focused on the levels of these
variables. Gray boxes indicate the patients who had an abnormal
level of at least one of the 2 metabolic variables (according to the
criteria shown in the ‘‘Patients and Methods’’ section). The rate of
metabolic disorders was significantly higher among patients with
an elevated ALT level and a low HBV-DNA level than it was among
the patients of the remaining three groups.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
affects the natural course of HBV infection, HBeAg-negative
patients with low HBV-DNA levels occasionally show the
elevation of aminotransferases. We herein showed that hepatic
steatosis and its related metabolic disorders may cause increased
aminotransferase levels and subsequently affect the clinical
courses of HBeAg-negative patients with a low DNA level.

Although previous studies reported the potential associ-
ation of hepatic steatosis with ALT elevation,7–9 these studies
included patients who had high HBV-DNA levels and/or
HBeAg-positivity. A recent paper suggested that NAFLD
can cause ALT elevation in patients with low HBV-DNA
levels10; however, in this important report, due to the geo-
graphical challenge with the cohort studied, a liver biopsy was
performed in 64 patients. In particular, a liver biopsy was
performed only in 6 patients with normal ALT levels. We
herein selected patients from a larger number of patients who
received a liver biopsy (N¼ 198) and assessed the clinical
conditions of HBeAg-negative patients not only by the labora-
tory variables, but also by the histological findings. We found
that the presence of moderate or severe hepatic steatosis
(�Grade 2) was significantly related to the increased ALT
level of HBeAg-negative patients with a low HBV-DNA level
(Table 4). It remains controversial whether HBV infection
itself can contribute to steatosis of the liver. Experimental
studies suggest that HBV infection induces hepatic steato-
sis20,21; however, unlike HCV infection, recent reports suggest
that HBV infection negatively correlates to dyslipidemia and
hepatic steatosis.22,23 In addition, Ha et al24 showed that
HBeAg positive and high levels of ALT were associated with
lower prevalence of metabolic syndrome. Because the fre-
quency of histological hepatic steatosis was low in patients

with a high HBV-DNA level (Table 5), our results suggest
an unlikely association between HBV infection and hepatic
steatosis.

www.md-journal.com | 5



Hepatic steatosis and its related metabolic disorders may

TABLE 5. Comparison of Metabolic Variables in HBeAg-Negative Patients Based on the HBV-DNA Levels

Metabolic Variables HBV-DNA

P�2000 IU/mL <2000 IU/mL

Body mass index 21.7 (16.3–37.2) 23.9 (18.7–42.7) NS
Triglyceride, mg/dL 87 (43–254) 114 (31–539) <0.05
Total cholesterol, mg/dL 176 (118–263) 175 (109–248) NS
Glucose, mg/dL 91 (76–120) 87 (74–216) NS
IRI, mU/mL 6.3 (2.3–43.1) 7.6 (2.4–32.1) NS
HOMA-IR 1.41 (0.50–10.75) 1.55 (0.45–9.06) NS
Ferritin, ng/mL 73.3 (10.2–791.0) 89.5 (2.5–685.0) NS
Hepatic steatosis (Grade 0–1/2–3) 34/3 25/8 <0.05

t in

Enomoto et al Medicine � Volume 95, Number 17, April 2016
NAFLD is a major cause of chronic liver injury, and
nonalcoholic steatohepatitis (NASH) is considered to lead to
liver cirrhosis.25,26 Although NASH is diagnosed with a liver
biopsy, it is impossible to perform a liver biopsy in all NAFLD
patients. In addition, the diagnostic criteria of NASH in the
presence of HBV infection have not been defined. Furthermore,
it is difficult to determine precisely the contribution of NASH to
the progression of liver fibrosis because HBV infection itself
can cause liver fibrosis. Several excellent scoring systems for
diagnosing NASH have been proposed27–32; however, Asian
patients can develop NASH with a low BMI,33 and thus the
applications of these scoring systems in our cohort is question-
able. We therefore focused on two metabolic variables that are
suggested to be associated with the presence of progressive fatty
liver disease in Japanese NAFLD patients.12 Among the
patients with low HBV-DNA levels, the rates of moderate or
severe hepatic steatosis (Grade �2) were higher in the patients
who showed ALT elevation (Table 4). Furthermore, the rate of
metabolic disorders (elevated serum ferritin level and/or fasting
insulin level) was higher among patients with elevated ALT
levels and low HBV-DNA levels (Figure 3). These findings
suggest that hepatic steatosis and its related metabolic disorders
may be associated with increased aminotransferase levels
and may cause the progression of liver disease in HBeAg-
negative patients.

HBsAg loss and seroconversion to HBsAb may occur
spontaneously in 1% to 3% of cases annually.1–4,34 Interest-
ingly, HBV-infected patients with moderate to severe hepatic
steatosis were reported to show a higher rate (more than 3-fold)
of HBsAg seroclearance than those without hepatic steato-
sis.15,35 Therefore, presence of NAFLD may modulate host
immunity and affect the efficiency to control viral replication
and HBsAg production in the liver. Recently, several factors
associated with the development of NASH (such as gene
polymorphisms of the PNPLA3 gene) have been reported.36–

39 If patients with HBeAg-negativity and a low DNA level have
progressive fatty liver disease due to genetic characteristic(s),
then these patients could be misdiagnosed with NASH-associ-
ated cirrhosis after HBsAg seroclearance. Although Asian
patients can develop NASH with a low BMI, our findings show
that some of the patients who have advanced liver fibrosis with
hepatic steatosis could have an HBV-related fibrotic liver after

HBV¼ hepatitis B virus, HOMA-IR¼ homeostatic model assessmen
HBsAg seroclearance (observed in 1–3% of HBV-infected
patients per year as described above), because HBV infection
is frequently observed in Asian individuals. Our findings
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suggest that hepatic steatosis should cause some NAFLD/
NASH-like conditions with ALT elevation and may affect
the clinical course of asymptomatic carriers. In addition, our
results may also suggest that HBV infection can affect the
diagnosis of NASH.

There are some limitations associated with the present
study. Because some patients had elevated ALT levels in the
absence of histological hepatic steatosis (Table 4), unrevealed
causes other than hepatic steatosis may also contribute to ALT
elevation in these patients. In addition, we enrolled 70 patients
and classified them into four categories according to the pre-
sence or absence of AST elevation (�31 IU/mL) and a high
level of HBV-DNA (�2000 IU/mL), resulting in small patient
numbers among the groups (2 groups included less than 20
patients). Therefore, we were able to select a limited number of
factors by the stepwise method to perform the multivariate
analysis. Although our results suggested that histological hepa-
tic steatosis could contribute to ALT elevation in HBeAg-
negative patients with a low DNA level and may affect the
natural history of asymptomatic carriers of HBV infection, we
cannot assess the clinical course and prognosis of patients with a
high ALT and a low HBV-DNA level, because most of these
patients (10/13) received a liver biopsy in the past 5 years.
Further studies with a larger number of patients and a long-term
follow-up are important to confirm our present findings.

In summary, we showed histologically-proven hepatic
steatosis could be involved in the increased aminotransferase
levels in HBeAg-negative patients with a low HBV-DNA level.

sulin resistance, IRI¼ immune reactive insulin.
contribute to the progression of chronic liver disease in
HBeAg-negative asymptomatic HBV carriers.
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