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Predictors for advanced liver fibrosis in chronic hepatitis B virus
infection with persistently normal or mildly elevated
alanine aminotransferase
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Abstract. The aim of the present study was to evaluate the
predictors for advanced liver fibrosis in patients with chronic
hepatitis B virus (HBV) infection with persistently normal
alanine aminotransferase (PNALT), or persistently or intermit-
tently mildly elevated ALT (PIEALT). A total of 305 patients
were included in the present study. Liver biopsies were evalu-
ated using the METAVIR scoring system. Liver stiffness (LS)
was measured using Fibroscan. Multivariate logistic regression
and the area under the receiver operating characteristic curve
(AUROC) were used to examine the diagnostic value of the
predictors for advanced liver fibrosis. HBV DNA viral load in
the PNALT group was significantly lower compared with the
PIEALT group (4.57+1.68 vs. 5.71+1.69 log,, IU/ml; P<0.001).
Body mass index and LS were also significantly lower in the
PNALT group compared with the PIEALT group (P<0.001).
The proportion of patients with liver fibrosis was significantly
higher in the PIEALT group compared with the PNATL group
(P=0.001). High ALT levels were an independent predictor for
liver fibrosis, with an odds ratio (OR) of 2.69 (P=0.002). Male
sex (OR=0.34, P=0.007), high ALT levels (OR=2.37, P=0.029)
and a high HBV DNA load (OR=1.39, P=0.005) were indepen-
dent predictors for advanced liver fibrosis. The AUROC was
0.65 (P=0.003) when using ALT levels to predict advanced
liver fibrosis. ALT levels at =0.88 upper limit of normal (ULN;
35 IU/1) were considered as positive for advanced liver fibrosis,
the sensitivity and specificity were 87.8 and 47.4%, respec-
tively. The AUROC was 0.64 (P=0.004) when using the HBV
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DNA value to predict advanced liver fibrosis. When an HBV
DNA value of 24.99 log,, IU/ml was considered as positive
for advanced liver fibrosis, the sensitivity and specificity were
78.0 and 49.5%, respectively. The AUROC was 0.72 (P<0.001)
when combining ALT, HBV DNA load and sex into a formula-
tion to predict advanced liver fibrosis. When the formulation
score at >-2.22 was considered as positive for advanced liver
fibrosis, the sensitivity and specificity were 61.5 and 70.7%,
respectively. Therefore, normal ALT levels do not always
indicate the absence of hepatic fibrosis. A combination of ALT
levels, sex and serum HBV DNA load may more effectively
identify patients with CHB at high risk of developing fibrosis.
These patients may benefit from liver biopsy.

Introduction

It is estimated that ~400 million people worldwide are chroni-
cally infected with hepatitis B virus (HBV) (1,2). Patients
with chronic hepatitis B (CHB) are at increased risk of devel-
oping end-stage liver diseases, including liver cirrhosis, liver
failure and hepatocellular carcinoma (HCC) (3). Therefore,
the goal of anti-HBV treatment is to suppress HBV replica-
tion in a sustained manner, to achieve hepatitis B e antigen
(HBeAg) sero-conversion among patients with CHB that are
HBeAg sero-positive, and to the improve quality of life and
survival of patients by preventing progression to end-stage
liver disease (4).

The progression of chronic HBV infection has been deter-
mined and divided into three phases, consisting of the immune
tolerant, immune clearance and residual or inactive phases.
This division is based on HBV DNA viral load, HBeAg and
serum levels of alanine aminotransferase (ALT) (4). Patients
with CHB in the immune tolerant phase are usually young and
HBeAg sero-positive with a high HBV DNA load, but have
persistently normal ALT levels (PNALT). During the immune
clearance phase, patients with CHB often exhibit elevated
serum levels of ALT, complicated by hepatic decompensa-
tion in certain cases (5). ALT elevation is considered to be
the result of the host immune response against HBV-infected
hepatocytes (6). Higher ALT levels, therefore, usually reflect
more extensive hepatocyte damage due to an increased
immune response, which leads to liver fibrosis and marked
disease progression. Clinical CHB management guidelines
suggest that antiviral treatment should be commenced if
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patients exhibit persistently elevated ALT levels, defined as
>2 times the upper limit of normal (ULN), for at least one
month between observations (4). For patients with PNALT or
persistently or intermittently mildly elevated ALT (PIEALT),
no drug treatments are recommended unless they exhibit
symptoms of advanced fibrosis or liver cirrhosis (5).

Monitoring the progress of liver fibrosis in patients remains
clinically challenging. Currently, liver biopsy is the gold stan-
dard for evaluating liver fibrosis (7). However, liver biopsy has
also been criticized as it leads to sampling errors, underestima-
tion of liver fibrosis and potentially severe complications (8). It
is also unrealistic to perform liver biopsies on a large popula-
tion. Therefore, it is important to identify patients with CHB
and PNALT at high risk of developing liver fibrosis. However,
the current predictors of liver fibrosis, such as age, sex, serum
ALT level and HBV DNA viral load, in patients with CHB and
PNALT or mildly elevated ALT are limited (9,10).

In the present study, liver biopsies were performed in
patients with CHB and PNALT or PIEALT in order to explore
the predictors for liver fibrosis in patients with CHB and
PNALT or PIEALT.

Materials and methods

Patients. A total of 305 patients with CHB were analyzed in the
present study. The patients were treated and enrolled between
February 2011 and September 2015 in the Department of
Medicine, The Sixth People's Hospital of Qingdao (Qingdao,
China). The Institutional Review Board of the Sixth People's
Hospital of Qingdao approved the study and all patients
provided written informed consent prior to enrollment. Chronic
HBV infection was defined as sero-positive for hepatitis B
surface antigen (HBsAg) for =6 months (5). The inclusion
criteria were as follows: 1) Diagnosis with chronic HBV infec-
tion and ii) ALT values <80 IU/I on =3 separate occasions
(=1 month between each observation). The exclusion criteria
were as follows: 1) The presence of hepatitis C or D, or human
immunodeficiency virus co-infection; ii) medical evidence
of liver disease due to alternative etiology; iii) use of hepa-
totoxic drugs or heavy alcohol consumption (>30 g/day) (11);
iv) patient had already received antiviral therapy or liver
protectant reagents and v) ALT levels detected <3 times prior
to liver biopsy.

Patient evaluation. Patient information, including age, sex and
body mass index (BMI) was recorded. Serum HBV DNA viral
load, serum HBV markers and ALT levels were measured in
all patients. Patients who presented with liver fibrosis [liver
stiffness (LS) >6.35 kPa] underwent liver biopsy (9). ALT
and aspartate transaminase (AST) levels were determined
using the Olympus AU5400 biochemical analyzer (Olympus
Corporation, Tokyo, Japan). The ULN for ALT was 40 U/I.
Patients were categorized as PIEALT if they had =3 ALT
values (=1 month between each observation) <80 IU/1, and =1
ALT value of >40 IU/I in the previous 6 months. Patients were
categorized as PNALT if they had =3 ALT values <40 IU/1
over the previous 6 months.

Evaluation of HBV markers. HBsAg (cat no. 6C36-44),
HBsAb (cat no. 7C18-25), HBeAg (cat no. 6C32-25), HBeAb
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(cat no. 6C34-20) and HBcAb (cat no. 81.44-25) were detected
using Abbott ELISA kits (Roche Molecular Diagnostics,
Pleasanton, CA, USA.).

Evaluation of serum HBV DNA levels. Serum HBV DNA
levels were measured by quantitative polymerase chain reac-
tion, using the Cobas Ampliprep/Cobas TagMan, version 2.0
(Roche Molecular Diagnostics), according to the manufactur-
er's protocol. The manufacturer reports an HBV DNA linear
range of 20 to 1.7x10® TU/ml (1 TU/ml = 5.82 copies/ml) (12).

Liver biopsy. Liver biopsy was performed using a 16-gauge
Menghini biopsy needle (Aspen Medical Europe, Ltd.,
Ashby-de-la-Zouch, UK). For diagnosis, =20 mm liver tissue
was obtained (13). All liver tissues were fixed at 4% parafor-
maldehyde in 0.1 M phosphate buffer for 24 h and embedded
in paraffin wax. Then the paraffin-embedded sample were
sliced into 4-um sections and mounted onto glass slides. After
dewaxing, the slide was dipped into a Coplin jar containing
Mayer's hematoxylin and agitated for 30 sec. Then the slide
was dipped into 1% eosin Y solution for 10-30 sec with agita-
tion. The sections were dehydrated with two changes of 95%
alcohol and two changes of 100% alcohol for 30 sec each. The
alcohol was extracted with two washes of xylene. Slides were
observed under a light microscope. Liver fibrosis was staged
according to the METAVIR scoring system as follows: No
fibrosis (FO), mild fibrosis (portal fibrosis without septa, F1),
moderate fibrosis (portal fibrosis with few septa, F2), severe
fibrosis (numerous septa without cirrhosis, F3) or cirrhosis
(F4). The scores were determined by a liver pathologist without
knowledge of LS value (14). Liver fibrosis was diagnosed
when METAVIR score =F1 and advanced liver fibrosis was
diagnosed when METAVIR score =F2.

Evaluation of LS. Fibroscan, also known as transient elas-
tography (TE), was performed by three trained operators,
following the manufacturer's protocol. The operators used
Fibroscan (FibroScan® 502 Touch system; Echosens, Paris,
France) equipped with a standard probe. The procedure was
performed as previously described (15). A result was consid-
ered reliable if: i) =10 successful shots of TE; ii) the success
rate was =60% and iii) the inter-quartile median ratio was
<30%. The results of TE are expressed in kPa.

Statistical analysis. The measurement units are expressed as
the mean =+ standard deviation for normally distributed data
and median (range) for data with a non-normal distribution.
Categorical data are expressed as percentages. Univariate and
multivariate analyses were used to evaluate the predictors
of liver fibrosis and advanced liver fibrosis. The x-squared
test was applied to compare liver fibrosis METAVIR scores.
To determine the performance of ALT and HBV DNA in
predicting clinical outcomes, the area under the receiver
operating characteristic curve (AUROC) and logistic regres-
sion were calculated. This was also performed for a combined
formulation of ALT and HBV DNA, according to the following
formula: -2.632 + (0.93 x ALT) + (0.258 x DNA)-(0.995 x sex)
(male = 1, female = 2). All analyses were performed using
SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.
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Table I. Demographics and clinical characteristics.
Characteristics PNALT group (n=104) PIEALT group (n=201) P-values
Sex, male (%) 49 (47.1) 104 (51.7) 0.444
Age, years 33.48+9.31 34.03+9.18 0.616
HBeAg, positive (%) 41(394) 97 (48.3) 0.142
HBV DNA, log,,IU/ml 4.57+1.68 5.71+1.69 <0.001
BMI 21.44+2.53 23.06+3.65 <0.001
LS, kPa 7.22+1.41 8.34+2.37 <0.001

Data are presented as the mean + standard deviation or number (percentage). ALT, alanine aminotransferase; PNALT, persistently normal ALT;
PIEALT, persistently or intermittently mildly elevated ALT; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; BMI, body mass index; LS,

liver stiffness.
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Figure 1. Association between ALT levels and LS in patients with chronic
hepatitis B (n=305). ALT levels were positively correlated with LS (r=0.34,
P<0.001). ALT, alanine aminotransferase; ULN, upper limit of normal; LS,
liver stiffness.

Results

Demographics and clinical characteristics. A total of
305 patients with CHB were included in the current
study (Table I). Of these, there were 104 patients in the
PNALT group with a mean age of 33.48+9.31 years. There
were 201 patients in the PIEALT group with a mean age of
34.03+9.18 years. There were 49 (47.1%) and 104 males (51.7%)
in the PNALT and PIEALT groups, respectively. There were
no significant differences between the sex and ages of the
patients in the two groups. However, HBV DNA viral load
in the PNALT group was significantly lower compared with
the PIEALT group (4.57+1.68 log,, vs. 5.71+1.69 log,, IU/ml;
P<0.001). BMI was significantly lower in the PNALT group
compared with the PIEALT group (21.44+2.53 vs. 23.06+3.65;
P<0.001). LS measured by TE was significantly higher in the
PIEALT group compared with the PNALT group (8.34+2.37
vs. 7.22+1.41 kPa; P<0.001).

Evaluation of the association between sex, ALT levels and LS.
ALT levels in the 305 patients were positively correlated with
the LS value (r=0.34,P<0.001; Fig. 1). The association between
sex and LS was evaluated (Fig. 2). No significant differences
in LS values were observed between male and females in the
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Figure 2. Association between sex and LS in patients with chronic hepatitis B.
LS values were compared between male and female patients with PNALT
(n=49 and n=55, respectively) and between male and female patients with
PIEALT (n=104 and n=97, respectively). ‘P<0.01 vs. female PIEALT group.
PNALT, persistently normal ALT; PIEALT, persistently or intermittently
mildly elevated ALT; ALT, alanine aminotransferase; LS, liver stiffness.

PNALT group (7.24+1.48 vs. 7.18+1.34 kPa). However, in the
PIEALT group, males exhibited a significantly higher LS value
compared with females (8.83+£2.66 vs. 7.82+1.87 kPa; P<0.01).

Analysis of predictors for liver fibrosis among patients with
PNALT and PIEALT. A total of 74 and 159 patients with LS
>6.35 kPa were identified in the PNALT and PIEALT groups,
respectively. Liver biopsy was performed in these patients.
Among the 74 patients in the PNALT group, 34 patients had a
METAVIR fibrosis score of FO, 38 patients had a METAVIR
score of F1 and 2 patients had a METAVIR score of F2.
Among the 159 patients with LS >6.35 kPa in the PIEALT
group, 39 patients had a METAVIR fibrosis score of =F2. A
total of 54.1% (40/74) and 72.3% (115/159) of patients with
PNALT or PIEALT had liver fibrosis (METAVIR score >F1),
respectively. The proportion of patients with liver fibrosis was
significantly higher in the PIEALT group compared with the
PNALT group (P<0.001; Table II).

A multivariate logistic regression analysis was performed
for predictors of liver fibrosis (Table III) and advanced liver
fibrosis (Table IV). Among patients with PNALT and PIEALT,
high ALT levels was the only strong predictor for liver fibrosis
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Table II. Proportion of patients with liver fibrosis based on the METAVIR scoring system.

Variable PNALT group PIEALT group P-value
Liver biopsy, n 74 159
Liver biopsy result, n (%) 0.001
FO 34 (45.9) 44 (27.7)
F1 38(51.4) 76 (47.8)
F2 2(2.7) 35(22.0)
F3 0(0) 3(1.9)
F4 0(0) 1 (0.6)
Liver stiffness, (kPa) 7.86x1.12 9.07+2.12 <0.001

Data are presented as the mean + standard deviation or number (percentage). ALT, alanine aminotransferase; PNALT, persistently normal ALT;
PIEALT, persistently or intermittently mildly elevated ALT.

Table III. Univariate and multivariate logistic regression analysis of predictors for liver fibrosis.

Univariate analysis Multivariate analysis

Variable OR 95% CI P-value OR 95% CI P-value
Sex 0.57 0.33-0.99 0.043 0.57 0.32-1.01 0.052
Age (years) 0.74 0.97-1.03 0.739

ALT levels 241 1.33-4.38 0.004 2.69 1.39-5.18 0.002
HBV DNA 1.12 0.97-1.31 0.134

BMI 1.04 0.95-1.13 0.392

AST levels 1.17 0.49-2.75 0.724

HBeAg status 0.63 0.36-1.10 0.105

OR, odds ratio; CI, confidence intervals; ALT, alanine aminotransferase; HBV, hepatitis B virus; AST, aspartate aminotransferase; BMI, body
mass index; HBeAg, hepatitis B e antigen.

Table I'V. Univariate and multivariate logistic regression analysis of predictors for advanced liver fibrosis.

Univariate analysis Multivariate analysis

Variable OR 95% CI P-value OR 95% CI P-value
Sex 0.37 0.18-0.77 0.008 0.34 0.15-0.75 0.007
Age (years) 1.01 0.98-1.05 0.532

ALT levels 2.89 1.42-5.88 0.003 237 1.09-5.15 0.029
HBV DNA 1.35 1.09-1.66 0.004 1.39 1.11-1.75 0.005
BMI 1.06 0.96-1.18 0.237

AST levels 341 1.28-9.09 0014 2.07 0.68-6.28 0.200
HBeAg status 0.86 0.44-1.69 0.670

OR, odds ratio; CI, confidence intervals; ALT, alanine aminotransferase; HBV, hepatitis B virus; AST, aspartate aminotransferase; BMI, body
mass index; HBeAg, hepatitis B e antigen.

with an odds ratio (OR) of 2.69 (P=0.002) (Table IIT). However, Patients were further stratified according to HBeAg status
male sex (P=0.007), high ALT levels (P=0.029) and high for regression analysis (Table V). Among patients that were
HBYV DNA load (P=0.005) were all independent predictors for ~HBeAg positive, AST levels (P=0.049), sex (P=0.009) and
advanced liver fibrosis (Table IV). HBYV DNA viral load (P=0.041) were independent predictors
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Table V. Univariate and multivariate logistic regression analysis of predictors for advanced liver fibrosis in patients with positive
or negative HBeAg status.

A, HBeAg positive patients (n=138)

Univariate analysis Multivariate analysis

Variables OR 95% CI P-value OR 95% CI P-value
Sex 0.22 0.07-0.72 0.012 0.18 0.05-0.66 0.009
Age (years) 1.02 0.97-1.08 0477
ALT level 1.11 0.41-2.99 0.846
HBV DNA 1.29 0.97-1.72 0.083 1.44 1.02-2.03 0.041
BMI 1.06 0.92-1.23 0417
AST levels 6.55 1.44-29.84 0.015 5.31 1.01-27.97 0.049
B, HBeAg negative patients (n=167)

Univariate analysis Multivariate analysis
Variables OR 95% CI P-value OR 95% CI P-value
Sex 0.55 0.21-1.42 0.217
Age (years) 1.01 0.95-1.06 0.893
ALT levels 791 2.61-24.05 <0.001 542 1.74-16.910 0.004
HBV DNA 141 1.05-1.89 0.021 142 1.00-2.01 0.05
BMI 1.07 0.92-1.23 0.378
AST levels 2.06 0.55-7.71 0.284

OR, odds ratio; CI, confidence intervals; ALT, alanine aminotransferase; HBV, hepatitis B virus; AST, aspartate aminotransferase; BMI, body
mass index; HBeAg, hepatitis B e antigen.

for advanced liver fibrosis. Among patients that were HBeAg 1.09

negative, ALT levels (P=0.004) and HBV DNA (P=0.050)

were independent predictors for advanced liver fibrosis. 0.81

Evaluation of suitable cut-off value of ALT levels and HBV ”g 0.6+

DNA load as predictors. AUROC was used to examine the E

use of ALT levels and HBV DNA load as indicators for 2 0.4

advanced liver fibrosis (METAVIR score F2-F4; Fig. 3). The — ALT
AUROC was 0.65 (P=0.003) when using ALT levels to predict 0.21 — HBV DNA
advanced liver fibrosis. When an ALT level =0.88 ULN was —— Formulation
set as a positive indicator for advanced liver fibrosis, sensitivity 0.0 . T 1

and specificity were 87.8 and 47.4%, respectively. The AUROC 0.0 0.2 0.4 0.6 0.8 1.0
was 0.64 when HBV DNA load was set as an indicator for 1-Specificity

advanced liver fibrosis (P=0.004). If an HBV DNA value >=4.99
log,, IU/ml was set as positive for advanced liver fibrosis, the
sensitivity and specificity were 78.0 and 49.5%, respectively.

Figure 3. Analysis of AUROC for ALT levels, HBV DNA viral load and
formulation score as indicators for advanced liver fibrosis. The AUROC
for ALT was 0.65 (P=0.003), for HBV DNA viral load was 0.64 (P=0.004)

When ALT, HBV DNA load and sex were
combined, a formulation was obtained as follows:
-2.632 + (0.93 x ALT) + (0.258 x DNA)-(0.995 x sex) (male=I,
female=2). The formulation score was well correlated with
LS (r=0.33, P<0.001, data not shown). The AUROC was
0.72 (P<0.001) when using the formulation score to predict
advanced liver fibrosis. When the formulation score was set
at >-2.22, the sensitivity and specificity to predict advanced
hepatic fibrosis were 61.5 and 70.7%, respectively (Fig. 3).

and for the formulation score was 0.72 (P<0.001). AUROC, area under the
receiving operator characteristic curve; HBV, hepatitis B virus; ALT, alanine
aminotransferase.

Discussion

The results of the present study demonstrate that normal ALT
levels do not always indicate the absence of advanced liver
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fibrosis, although ALT and HBV DNA levels are independent
predictors of hepatic fibrosis in patients with CHB (16). The
present data indicated that 54.1% (40/74) and 72.3% (115/159) of
patients with chronic HBV infection with PNALT or PIEALT
have liver fibrosis, respectively. These results are notable as
clinical guidelines recommend that patients with liver fibrosis
should not undergo treatment; consequently, these patients are
often ignored. ALT levels are commonly used to assess liver
inflammation and elevation of ALT is regarded as an indicator
for anti-HBV treatment (5). However serum ALT levels may
vary due to BMI, sex and metabolism disorder (8,17,18).
Therefore, ALT levels are an imperfect marker of the severity
of liver diseases. According to the results of the present study,
normal ALT levels do not indicate the absence of liver fibrosis
in patients with HBV infection. A combined analysis of ALT
levels, sex and serum HBV DNA load may more effectively
identify high-risk patients with HBV infection. To the best of
our knowledge, the study is the first to construct a formulation
to identify advanced hepatic fibrosis among this population.
However, the use of this formulation alone is not sufficient for
clinical use. It would be more practical to combine Fibroscan
with the formulation score to screen for liver fibrosis in patients
with CHB.

Chronic HBV infection exacerbates liver fibrosis in
patients. Wang et al (19) reported that interleukin (IL)-17
expression increased in HBV-associated diseases, including
CHB and post-hepatitis B liver cirrhosis. Furthermore, there
was a positive correlation between IL-17 expression and the
grade of liver fibrosis. Bai ef al (20) reported that HBV Dane
particles, x protein and c protein may induce hepatic stel-
late cell proliferation via the platelet-derived growth factor
(PDGF)-B/PDGF receptor-3 signaling pathway, which serves
a key function in liver fibrosis caused by HBV infection.

In order to determine the antiviral treatment trigger point
and improve survival rates, it is important to be able to rapidly
identify patients with CHB at risk of developing fibrosis.
Fagone er al (21) performed a meta-analysis of two datasets
from two different rodent species and identified 254 and 132
genes that were significantly upregulated and downregulated,
respectively. These biomarkers may provide novel pharmaco-
logical targets and be useful in assessing the progression of
CHB. Combined antiviral treatment and novel therapeutic
approaches may be effective at preventing end-stage liver
diseases, such as liver cirrhosis (22).

Another potential diagnostic method of assessing liver
fibrosis may be the analysis of circulating microRNAs
(miRNAs). miRNAs are short RNA sequences ~22 nucleo-
tides long that post-transcriptionally regulate gene expression.
Zhang et al (23) reported that a number of miRNAs were differ-
entially expressed in patients with CHB and liver fibrosis. The
miRNAs identified were involved in 100 signal transduction
pathways, the majority of which affected liver fibrosis via the
transforming growth factor-f/Smad, Wnt, mitogen-activated
protein kinase, Janus kinase/signal transducers and activa-
tors of transcription and vascular endothelial growth factor
pathways. A study conducted by Lambrecht et al (24) reported
that miRNA-200b and miRNA-122 were significantly
upregulated during early liver fibrosis and that miRNA-192,
-92a and -150 were significantly downregulated in patients
with HBV. Zheng ef al (25) identified that levels of serum
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miR-125a-5p correlated with liver fibrosis and suggested that
serum miR-125a-5p may be used as a non-invasive biomarker
to monitor the progression of liver disease.

Previous studies have demonstrated that advanced
liver fibrosis is a precursor to end-stage liver diseases,
including HCC (26). Chronic HBV infection with serum
HBeAg-negative and serum HBV DNA-positive is commonly
encountered in clinical practice. A proportion of patients with
PNALT or PIEALT will develop advanced liver fibrosis (27)
and it has been suggested that such patients should be closely
monitored with TE or liver biopsy (28). Although liver biopsy
is still regarded as the gold standard for assessing liver fibrosis,
the invasive nature of the procedure results in complications
arising in 0.5% of cases and the mortality rate of liver biopsy
is ~0.05%. Sampling error and inter-observer variability may
also lead to the understaging of cirrhosis (5). Therefore, it is
important to develop novel non-invasive methods for fibrosis
detection. Fibroscan is a non-invasive and reliable method of
examining the degree of hepatic fibrosis. Since its detection
range is 100 times greater than that of a liver biopsy, Fibroscan
may more accurately reflect the degree of liver fibrosis (29).
However, the diagnostic accuracy of Fibroscan may be affected
by a number of factors, including elevated ALT levels and high
BMI values (29). In addition, due to the difficulty of operation,
cost and lack of skilled operators, Fibroscan is not yet widely
used to determine LS. In the present study, the progression of
liver fibrosis in patients with PNALT or PIEALT was evalu-
ated according to sex, HBV DNA viral load and ALT levels.
It was indicated that male patients with ALT in normal high
levels (0.5 ULN=<ALT level<ULN) and high HBV DNA viral
load are at a higher risk of developing advanced liver fibrosis,
suggesting that liver biopsy should be considered for such
patients.

In the present study, the proportion of patients with
liver fibrosis in the PIEALT group was significantly higher
compared with the PNALT group. ALT may be released
into the circulation when hepatocytes are damaged. ALT
fluctuations in the PIEALT group indicate that inflammation
of the liver in these patients is more severe compared with
the PNALT group. Repeated inflammatory activity in the
liver will result in a more severe degree of liver fibrosis (28).
A previous study with long-term follow-up indicated that
patients with elevated ALT have a higher mortality rate (30).
According to the present study, liver disease may progress in
patients with PNALT, particularly those with normal-high
ALT levels. A new ALT ULN value (male, 30 U/l, female,
19 U/1) has been proposed (31). Lin ef al (32) reported that
HBeAg-negative patients with high-normal ALT and elevated
HBYV DNA levels were more likely to experience adverse
long-term outcomes. High-normal ALT was considered to be
associated with liver injury and the revised ULN of ALT may
be more suitable than the previous ULN (40 U/1) for screening
patients with CHB to determine disease progression. The use
of antiviral treatment and liver biopsy remains controversial
for patients with CHB that have ALT levels below the current
definition of ALT as <2x ULN but higher than the new ULN
definition.

In the present study, being male was identified as one of
the independent indicators of advanced liver fibrosis. Similar
results have been observed in the healthy population (33).



One hypothesis is that ovarian hormones may reduce expres-
sion of types I and III procollagen and inhibit deposition of
hepatic collagen proteins, thereby inhibiting development of
fibrosis (34). According to the results of the current study,
sex should be taken into account when diagnosing advanced
hepatic fibrosis. The current results also highlight concerns
about the current guidelines that recommend using only
ALT, HBsAg and HBV DNA levels to define different phases
of HBV infection without performing liver biopsy (5). The
current study suggests that patients with chronic HBV infec-
tion, PNALT and high HBV DNA viral load may progress to
advanced liver disease. Further investigations are required to
design a novel method of defining the progression of HBV
infection.

Recently, Lemoine et al (35) reported that the
v-glutamyl-transpeptidase to platelet ratio (GPR) was a novel
serum model able to accurately estimate advanced fibrosis and
cirrhosis among patients with CHB in West Africa. GPR has
several beneficial features, such as relatively high sensitivity
and specificity, compared with other noninvasive methods.
However, as the authors conclude, GPR requires further
evaluation in other patient populations. AST to platelet ratio
index (APRI) and GPR have previously been used to diagnose
cirrhosis in patients with CHB (8,36). However, the two param-
eters have limitations, including a low level of sensitivity and
positive predictive value, and a lack of evidence in patients
with CHB and PNALT or PIEALT. In the present study, it
was demonstrated that a combination of ALT levels, sex and
serum HBV DNA load may more effectively identify patients
with hepatitis at high risk of developing fibrosis, compared
with ALT levels or HBV DNA load alone. The formulation
has the advantage of only requiring inexpensive laboratory
tests that are available in primary care centers; therefore it
may be used to screen for liver fibrosis in resource-limited
areas.

One limitation of the current study is that the results may
be biased by the fact that all clinical data was collected from
one research center. However, the sample size of the present
study was sufficient to identify the predictors of liver fibrosis
among patients with CHB and PNALT or PIEALT. To further
validate the results, a prospective and multicenter study on a
larger scale is warranted.

In conclusion, normal ALT levels do not always indicate
the absence of hepatic fibrosis. A combination of ALT levels,
sex and serum HBV DNA load may more effectively identify
patients with CHB at high risk of developing fibrosis.
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