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Background Staging of liver fibrosis is critical in guiding the treatment of chronic hepatitis B (CHB) virus. Many efforts have been
made toward the research of noninvasive techniques, mostly focusing on hepatitis B e-antigen (HBeAg)-positive [HBeAg(+ )]
CHB patients, whereas HBeAg(+ ) and HBeA-negative [HBeAg(− )] represent different stages of hepatitis B virus infection. Thus,
in this study, we aimed to search for routinely available clinical noninvasive liver fibrosis markers and separately analysed the
markers in HBeAg(+ ) and HBeAg(− ) CHB patients.
Methods Patients with CHB who were treatment naive and who underwent a liver biopsy at our hospital from 1 January 2016 to
31 April 2017 were enrolled. Liver histology was scored using the Scheuer classification system. The area under the receiver
operator curve was used to determine the diagnostic accuracy.
Results A total of 191 patients, including 104 HBeAg(+ ) and 87 HBeAg(− ) treatment-naive CHB patients, were enrolled in this
study. Serum alkaline phosphatase (ALP) levels increased gradually in all patients and separately in HBeAg(− ) CHB patients, but
not in HBeAg(+ ) CHB patients. ALP was an independent factors predicting significant fibrosis (S≥2) in all of the patients and
separately in HBeAg(− ) patients, with area under the receiver operator curves of 0.651 and 0.717, respectively. Further, the
optimal cut-off value of ALP (>69.5 IU/l) for distinguishing HBeAg(− ) CHB patients with significant fibrosis was determined (S≥2).
Conclusion Serum ALP levels can identify significant fibrosis (S≥2) in treatment-naive HBeAg(− ) CHB patients and could
potentially reduce the need for liver biopsies and help to guide the clinical treatment of CHB. Eur J Gastroenterol Hepatol
31:817–823
Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Chronic hepatitis B (CHB) virus infection is a public health
problem worldwide. Repeated replication of the hepatitis
B virus (HBV) and host immune response lead to hepato-
cyte wound healing, followed by abnormal hyperplasia of
connective tissue, eventually leading to fibrosis and even
cirrhosis, liver failure and hepatocellular carcinoma.
Approximately one million individuals die each year of
late-stage chronic HBV infection-related liver disease [1].

Therefore, it is important to diagnose and stage liver
fibrosis before cirrhosis develops and to perform poten-
tially curative treatments in early-stage liver fibrosis.

Liver biopsy remains the gold standard for the evalua-
tion of liver fibrosis stage. However, it has several dis-
advantages, such as its invasive nature and association with
potential complications (range from mild abdominal pain to
severe hemorrhage and injury to the biliary system), sam-
pling error and its uselessness for dynamic surveillance of
liver fibrosis [2,3]. Consequently, considerable effort has
been invested in the last decades in the search for non-
invasive techniques that can replace liver biopsy in liver
fibrosis assessment. Many noninvasive models, such as the
aspartate transaminase-to-platelet ratio index (APRI) [4],
fibrosis-4 (FIB-4) [5], Fibrotest [6] and Forn et al. [7], have
been used to stage fibrosis. However, these models were
developed for chronic hepatitis C and only distinguish cir-
rhosis from no or minimal fibrosis conditions. Further, the
use of these models in the staging of the degree of liver
fibrosis in patients with CHB is also controversial [8–10]. In
recent years, some other noninvasive indicators, such as
CHI3L1 [11] and Golgi protein 73 [12], have been used
specifically for CHB; however, they might not be available
routinely and might be costly. Therefore, a robust non-
invasive indicator specifically for CHB patients on the basis
of routinely available clinical markers is urgently needed.

Hepatitis B e-antigen (HBeAg)-positive [HBeAg( + )]
and HBeAg-negative [HBeAg(− )] patients have different
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stages of natural history of HBV infection, and they have
different virus replication and biochemical conditions and
may have different outcomes [13]. Some noninvasive tests
[14–16] are conventional and inexpensive, and are mainly
for HBeAg( + ) CHB patients, but not HBeAg(− ) CHB
patients. Those noninvasive parameters that are applicable
for HBeAg( + ) CHB might not be suitable for HBeAg(− )
CHB patients. Therefore, it is important to differentiate
HBeAg( + ) and HBeAg(− ) CHB when searching for and
verifying noninvasive fibrosis markers. Thus, in the present
study, we aimed to search for routinely available clinical
noninvasive liver fibrosis markers and to analyse the
markers in HBeAg( + ) and HBeAg(− ) patients separately.

Patients and methods

Patients

Patients with CHB who were treatment naive and who
underwent liver biopsy at the First Affiliated Hospital,
College of Medicine, Zhejiang University, from 1 January
2016 to 31 April 2017 were enrolled. Also, 337 healthy
controls were enrolled in this study. All of the patients had
been hepatitis B virus surface antigen (HBsAg)-positive for at
least 6 months before study entry. The exclusion criteria were
as follows: (a) causes of liver disease other than HBV; (b)
antiviral therapy with nucleoside (acid) or interferon; (c)
coinfection with hepatitis A, C or E or HIV; (d) co-existence
of alcoholic liver disease, nonalcoholic fatty liver disease or
autoimmune liver diseases; (e) compensated or decom-
pensated liver cirrhosis or hepatocellular carcinoma; (f)
immunosuppressive treatment; and (g) relevant patient
laboratory and clinical data that were incomplete. The
demographic, clinical and laboratory data were reviewed by
a trained team of physicians and were entered in duplicate
into a computerized system. This study was approved by the
Medical Ethics Committee of the First Affiliated Hospital,
College of Medicine, Zhejiang University, which conformed
to the ethical guidelines of the Helsinki Declaration.
Informed consent was obtained from the enrolled patients.

Liver biopsies and the staging of fibrosis

The staging of liver fibrosis was determined by liver
biopsies. The process of percutaneous liver biopsies is as
follows: ultrasound was performed to select the best
puncture point (usually located in the right liver; the rea-
son may as follows: the right liver is relatively large and
close to the right abdominal wall and there is no organ
around the right liver. It is least likely to damage other
organs), which was marked, and local anaesthesia of the
skin, disinfection and liver biopsy were performed at the
previously marked site using an 18 G biopsy needle. The
liver biopsy specimens were fixed in 4% buffered formalin
and embedded in paraffin and were then stained with
haematoxylin and eosin. Liver tissue obtained by biopsy
containing at least six portal tracts was used in analyses.
Liver fibrosis stages (S≥ 2) were scored using the Scheuer
classification [17]: no fibrosis (S0); portal fibrosis (S1);
septum formation (S2); architectural distortion (S3); and
cirrhosis, probable or definite (S4). “Significant fibrosis”
was defined as a Scheuer score equal to or greater than 2
(S≥ 2). “Insignificant fibrosis” was defined as a Scheuer
fibrosis score less than or equal to 1 (S≤ 1).

Statistical analysis

Statistical analyses were carried out using SPSS software
(version 19.0; SPSS Inc., Chicago, Illinois, USA). The results
were expressed as the mean±SD, medians with interquartile
ranges (p25–p75) and numbers (percentages). The means for
continuous variables were compared using Student’s t-test or
one-way analysis of variance for normally distributed data
and the Mann–Whitney test for non-normally distributed
data. The categorical variables were analysed by performing
the χ2-test or Fisher’s exact test. Independently predicting
indicators of fibrosis stage of CHB patients were analysed
using univariate analysis and multivariate (binary) logistic
regression analysis. Receiver operating characteristic (ROC)
curves and areas under the receiver operating characteristic
curves (AUROC) were calculated to evaluate alkaline phos-
phatase (ALP) for liver fibrosis stages. All P-values were
based on a two-tailed test of significance (P<0.05).

Results

Patients characteristics

A total of 191 patients were enrolled in this study: 104
patients were HBeAg( + ) and 87 were HBeAg(− ). The
characteristics of the patients are presented in Table 1.
There were some differences between HBeAg( + ) and
HBeAg(− ) patients. The levels of aspartate amino-
transferase (AST), γ-glutamyl transpeptidase (GGT), pla-
telets (PLTs), HBsAg and HBeAg were higher in HBeAg
( + ) patients than in HBeAg(− ) patients (P<0.05). ALP, α-
foetoprotein (AFP) and hepatitis B virus core antibody
(HBcAb) were higher in HBeAg(− ) patients (P< 0.05).

Associations between histological fibrosis stage and
clinical and laboratory data

In all 191 patients, patients with significant fibrosis had
higher levels of AST, ALP, GGT, AFP and HBcAb
(P<0.05) and lower levels of PLT and HBeAg than in
patients with insignificant fibrosis. However, the above
significant predicting indicators were then analysed by
multivariate (binary) logistic regression. We found that
only ALP was an independent factor for significant fibrosis
in CHB patients (P=0.035) (Table 2).

In HBeAg(− ) patients, univariate analysis showed that
alanine aminotransferase, ALP, GGT, activated partial
thrombin time and HBsAg levels were associated with sig-
nificant fibrosis (P<0.05). However, subsequent multiple
logistic regression analysis indicated that only ALP was
associated with significant fibrosis (P=0.007) (Table 3).

In HBeAg( + ) patients, univariate analysis showed that
age, AST, ALP, cholinesterase, red blood cells, PLT, pro-
thrombin time, AFP, HBV DNA, HBeAg and HBcAb
levels were associated with significant fibrosis (P<0.05).
However, subsequent multiple logistic regression analysis
indicated that age and HBeAg were associated with sig-
nificant fibrosis (P=0.015 and 0.033) (Table 4).

Correlations between serum alkaline phosphatase levels
and liver fibrosis stages in chronic hepatitis B patients

In healthy controls, the mean level of serum ALP was
59.97 ±14.533 U/l. In all of the CHB patients, the mean
levels of serum ALP in different fibrosis stages were as
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follows: S0–S1, 67.44 ±16.080 U/l; S2, 78.34 ±21.907 U/l;
and S3–S4: 78.39 ±24.0349 U/l. The mean levels of ALP in
healthy controls were significantly lower than those for
stages S0 – S1, S2 and S3 – S4 of the CHB patients.
(P= 0.000, 0.000, and 0.000). In CHB patients, with the
aggravation of fibrosis stages, the level of ALP increased
gradually, and the difference among the three fibrosis

stages was significant (P= 0.000). The mean levels of ALP
in stages S0–S1 were significantly lower than those for
stages S2 and S3–S4 (P= 0.000 and 0.003), whereas there
was no significant difference between stages S2 and S3–S4
(0.991) (Table 5 and Fig. 1).

In the HBeAg(− ) patients, the mean levels of serum
ALP in different fibrosis stages were as follows: S0–S1,

Table 1. Clinical characteristics of the study population

Variables Total (n=191) HBeAg-positive (n=104) HBeAg-negative (n=87) P

Age (years) 39.26 ±9.864 38.47 ±9.885 41.05 ±9.664 0.097
Sex (male/female) 124/67 72/32 52/35 0.172
Albumin (g/l) 47.90 (44.70–61.90) 47.90 (44.80–63.58) 47.80 (44.40–53.10) 0.161
Globulin (g/l) 27.30 (24.50–34.30) 27.45 (24.80–39.25) 27.20 (24.10–32.60) 0.692
ALT (U/l) 34.00 (21.00–54.00) 40.00 (26.00–61.50) 26.00 (18.00–44.00) 0.084
AST (U/l) 27.30 (21.00–37.00) 29.00 (24.00–38.75) 25.00 (20.00–31.00) 0.012
ALP (U/l) 70.76 ±18.914 67.44 ± 16.080 78.36 ±22.566 0.001
ChE (U/l) 8046.01 ±1868.171 8116.50 ±1621.133 7884.38 ±2347.191 0.495
TB (U/l) 12.00 (9.00–17.00) 11.00 (8.25–16.00) 13.00 (9.00–19.00) 0.545
DB (U/l) 4.00 (3.00–6.00) 4.00 (3.00–5.00) 4.00 (3.00–6.00) 0.271
GGT (U/l) 22.00 (14.00–33.00) 22.50 (14.00–31.75) 20.00 (13.00–36.00) 0.002
WBCs (×109/l) 5.48 ±1.396 5.44 ±1.417 5.57 ±1.355 0.538
RBCs (g/l) 4.91 (4.49–4.87) 4.90 (4.63–4.87) 4.92 (4.34–4.89) 0.463
Haemoglobin (g/l) 149.00 (137.00–158.00) 149.00 (139.00–157.00) 149.00 (135.00–160.00) 0.858
PLT (×109/l) 185.29 ±52.896 192.98 ± 51.955 167.66 ±51.198 0.002
INR 1.02 ±0.081 1.02 ± 0.069 1.03 ±0.103 0.470
Fib (g/l) 2.19 ±0.478 2.17 ±0.477 2.22 ± 0.480 0.469
APTT (s) 28.93 ±3.906 29.06 ± 3.765 28.62 ±4.230 0.490
TT (s) 18.60 (17.90–19.50) 18.8 (18.1–19.58) 18.20 (17.60–19.30) 0.671
PT (s) 11.68 ±0.858 11.64 ±0.758 11.76 ±1.056 0.387
AFP (ng/ml) 2.60 (1.70–3.60) 2.50 (1.73–4.05) 2.60 (1.60–3.40) 0.011
HBV DNA (IU/ml) 5.08E5 (5.81E3−8.29E7) 5.96E7 (1.85E6−1.94E8) 9.35E3 (1.0E3−1.48E5) 0.209
HBsAg (IU/ml) 3.68E3 (1.16E3−2.90E4) 2.31E4 (3.56E3−5.76E4) 1.39E3 (3.89E2−3.29E3) 0.162
HBcAb (S/CO) 0.55 (0.05–274.39) 258.46 (14.26–420.03) 0.05 (0.04–0.06) 0.047
HBeAg (PEIU/ml) 11.33 (9.99–12.04) 10.99 (9.06–11.60) 11.78 (10.86–12.42) 0.005

AFP, α-foetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thrombin time; AST, aspartate aminotransferase; ChE, cholines-
terase; DB, direct bilirubin; Fib, fibrinogen; GGT, γ-glutamyl transpeptadase; HBcAb, hepatitis B virus core antibody; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B
virus surface antigen; INR, international normalized ratio; PLT, platelets; PT, prothrombin time; RBC, red blood cell; TB, total bilirubin; TT, thrombin time; WBC, white
blood cell.

Table 2. Multiple logistic regression analysis of factors associated with significant fibrosis in chronic hepatitis B patients

Multivariate

Variables S0–S1 (n=133) S2–S4 (n=58) P OR (95% CI) P

Age (years) 29.03 ±18.718 32.64 ±18.870 0.223 – –

Albumin (g/l) 48.20 (44.95–63.05) 47.30 (44.18–51.58) 0.161 – –

Globulin (g/l) 27.40 (24.40–38.30) 26.90 (24.88–32.78) 0.692 – –

ALT (U/l) 31.00 (19.50–54.00) 40.00 (24.00–56.00) 0.084 – –

AST (U/l) 26.00 (20.00–34.00) 28.00 (23.75–41.00) 0.012 1.001 (0.991–1.011) 0.807
ALP (U/l) 67.44 ±16.080 78.36 ±22.566 0.001 1.022 (1.002–1.043) 0.035
ChE (U/l) 8116.50 ±1621.133 7884.38 ±2347.191 0.495 – –

TB (U/l) 12.00 (9.00–16.50) 12.50 (9.00–18.25) 0.545 – –

DB (U/l) 4.00 (3.00–5.00) 4.00 (3.00–6.00) 0.271 – –

GGT (U/l) 19.00 (13.00–29.50) 26.50 (17.00–44.50) 0.002 1.007 (0.989–1.024) 0.461
WBCs (×109/l) 5.44 ±1.417 5.57 ±1.355 0.538 – –

RBCs (g/l) 4.89 (4.51–5.24) 4.86 (4.44–5.14) 0.454 – –

Haemoglobin (g/l) 149.00 (137.50–158.50) 149.00 (136.75–156.25) 0.858 – –

PLT (×109/l) 192.98 ±51.955 167.66 ±51.198 0.002 0.995 (0.988–1.002) 0.177
INR 1.02 ±0.069 1.03 ±0.103 0.470 – –

Fib (g/l) 2.17 ±0.477 2.22 ±0.480 0.469 – –

APTT (s) 29.06 ±3.77 28.62 ±4.230 0.469 – –

TT (s) 18.60 (17.70–19.40) 18.60 (17.90–19.63) 0.671 – –

PT (s) 11.64 ±0.758 11.76 ±1.056 0.387 – –

AFP (ng/ml) 2.40 (1.70–3.35) 3.20 (1.88–5.33) 0.011 1.001 (0.991–1.011) 0.130
HBV DNA (IU/ml) 1.12E6 (5.02E3–1.41E8) 4.30E5 (1.13E4–1.29E7) 0.209 – –

HBsAg (IU/ml) 4065.31 (644.42–40674.52) 3329.94 (1577.37–6310.14) 0.162 – –

HBcAb (S/CO) 2.96 (0.05–346.10) 0.25 (0.05–72.97) 0.047 0.998 (0.995–1.000) 0.079
HBeAg (PEIU/ml) 11.1 (9.28–11.98) 11.51 (10.97–12.21) 0.005 1.239 (0.986–1.556) 0.066

AFP, α-foetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thrombin time; AST, aspartate aminotransferase; ChE, cholines-
terase; CI, confidence interval; DB, direct bilirubin; Fib, fibrinogen; GGT, γ-glutamyl transpeptadase; HBcAb, hepatitis B virus core antibody; HBeAg, hepatitis B virus e
antigen; HBsAg, hepatitis B virus surface antigen; INR, international normalized ratio; OR, odds ratio; PLT, platelets; PT, prothrombin time; RBC, red blood cell; TB, total
bilirubin; TT, thrombin time; WBC, white blood cell.
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65.00 ±17.209 U/l; S2, 79.80 ± 18.525 U/l; and S3–S4,
80.53 ±25.556 U/l. The mean levels of ALP in healthy
controls were significantly lower than those for the three
stages of the HBeAg(− ) CHB patients (P=0.024, 0.000,

and 0.000). In the HBeAg(− ) patients, with the aggrava-
tion of fibrosis stages, the level of ALP increased gradually
and the difference among the three fibrosis stages was
significant (P= 0.000). The mean levels of ALP in stages

Table 3. Multiple logistic regression analysis of factors associated with significant fibrosis in hepatitis B virus e-antigen negative chronic hepatitis B
patients

Multivariate

Variables S0–S1 (n=57) S2–S4 (n=30) P OR (95% CI) P

Age (years) 34.49 ± 19.654 31.63 ± 19.247 0.518 – –

Albumin (g/l) 48.20 (44.30–53.60) 47.60 (44.43–51.43) 0.649 – –

Globulin (g/l) 27.10 (24.05–33.10) 27.35 (24.88–32.78) 0.636 – –

ALT (U/l) 23.00 (17.50–23.00) 38.5 (22.25–46.00) 0.018 0.999 (0.991–1.007) 0.831
AST (U/l) 23.00 (19.00–30.50) 27.00 (21.75–38.50) 0.118 – –

ALP (U/l) 65.00 ± 17.209 80.17 ± 21.934 0.001 1.039 (1.011–1.068) 0.007
ChE (U/l) 7927.61 ± 1441.200 8397.73 ± 2748.715 0.387 – –

TB (U/l) 15.02 ± 7.981 14.90 ± 5.821 0.943 – –

DB (U/l) 4.00 (3.00–6.00) 4.50 (3.00–6.00) 0.975 – –

GGT (U/l) 16.00 (12.00–29.00) 29.00 (17.75–54.50) 0.006 1.009 (0.985–1.034) 0.453
WBCs (×109/l) 5.36 ± 1.431 5.89 ± 1.577 0.116 – –

RBCs (g/l) 4.83 (4.30–5.18) 4.98 (4.51–5.34) 0.144 – –

Haemoglobin (g/l) 145.05 ± 16.800 149.50 ± 18.493 0.260 – –

PLT (×109/l) 174.14 ± 53.711 158.20 ± 35.899 0.148 – –

INR 1.03 ± 0.067 1.01 ± 0.070 0.159 – –

Fib (g/l) 2.15 ± 0.493 2.27 ± 0.491 0.288 – –

APTT (s) 29.33 ± 4.270 27.87 ± 2.517 0.049 0.908 (0.787–1.048) 0.188
TT (s) 18.48 ± 1.498 18.50 ± 1.551 0.939 – –

PT (s) 11.78 ± 0.740 11.57 ± 0.758 0.226 – –

AFP (ng/ml) 2.50 (1.50–3.35) 2.70 (2.00–3.53) 0.138 – –

HBV DNA (IU/ml) 5.81E3 (1.00E3−1.13E5) 1.5E4 (1.27E3−2.76E5) 0.281 – –

HBsAg (IU/ml) 685.38 (386.22–2641.87) 2381.53 (672.65–4034.66) 0.060 1.000 (1.000–1.000) 0.343
HBcAb (S/CO) 11.43 ± 2.065 11.84 ± 1.278 0.330 – –

HBeAg (PEIU/ml) 0.05 (0.04–0.06) 0.05 (0.04–0.06) 0.531 – –

AFP, α-foetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thrombin time; AST, aspartate aminotransferase; ChE, cholines-
terase; CI, confidence interval; DB, direct bilirubin; Fib, fibrinogen; GGT, γ-glutamyl transpeptadase; HBcAb, hepatitis B virus core antibody; HBeAg, hepatitis B virus e
antigen; HBsAg, hepatitis B virus surface antigen; INR, international normalized ratio; OR, odds ratio; PLT, platelets; PT, prothrombin time; RBC, red blood cell; TB, total
bilirubin; TT, thrombin time; WBC, white blood cell.

Table 4. Multiple logistic regression analysis of factors associated with significant fibrosis in hepatitis B virus e antigen positive chronic hepatitis B
patients

Multivariate

Variables S0–S1 (n=76) S2–S4 (n=28) P OR (95% CI) P

Age (years) 24.93 ± 16.986 33.71 ±18.750 0.025 1.050 (1.010–1.092) 0.015
Albumin (g/l) 48.30 (45.05–63.80) 47.00 (42.45–60.55) 0.131 – –

Globulin (g/l) 28.05 (24.80–40.70) 26.60 (24.55–33.58) 0.408 – –

ALT (U/l) 39.50 (26.00–59.50) 42.50 (24.50–63.75) 0.528 – –

AST (U/l) 27.50 (22.25–37.00) 37.00 (27.00–47.25) 0.008 1.020 (0.983–1.059) 0.292
ALP (U/l) 69.28 ± 15.033 76.43 ±23.469 0.070 0.994 (0.956–1.033) 0.750
ChE 8258.16 ± 1739.853 7334.26 ±1705.614 0.018 1.000 (1.000–1.000) 0.840
TB (U/l) 12.68 ± 5.852 13.79 ±8.408 0.527 – –

DB (U/l) 4.00 (3.00–5.00) 4.00 (3.00–5.75) 0.207 – –

GGT (U/l) 19.50 (14.00–29.75) 25.50 (14.00–39.50) 0.113 – –

WBCs (×109) 5.50 ± 1.412 5.24 ±0.987 0.370 – –

RBCs (×1012) 4.97 ± 0.433 4.72 ±0.379 0.007 0.261 (0.057–1.208) 0.086
Haemoglobin (g/l) 150.00 (143.00–159.00) 145.00 (136.25–152.00) 0.078 – –

PLT (×109) 207.11 ± 46.095 177.79 ±62.800 0.011 0.995 (0.984–1.007) 0.440
INR 1.01 ± 0.069 1.05 ±0.126 0.104 – –

Fib 2.18 ± 0.468 2.17 ±0.472 0.935 – –

APTT 28.86 ± 3.354 29.41 ±5.450 0.622 – –

TT 18.70 (18.00–19.48) 19.00 (18.13–19.75) 0.381 – –

PT 11.54 ± 0.760 11.96 ±1.287 0.044 1.130 (0.578–2.208) 0.720
AFP 2.35 (1.73–3.38) 3.50 (1.58–6.23) 0.043 1.143 (0.940–1.390) 0.181
HBV DNA (IU/ml) 8.60E7 (3.1E6−2.74E8) 1.03E7 (6.81E5−7.54E7) 0.020 1.000 (1.000–1.000) 0.628
HBsAg (IU/ml) 36289.87 (5629.33–73463.71) 5451.59 (2526.51–16804.32) 0.061 – –

HBeAg 271.33 ± 182.73 131.08 ±153.797 0.000 0.996 (0.993–1.000) 0.033
HBcAb 9.64 ± 2.729 11.36 ±1.176 0.000 1.340 (0.990–1.814) 0.058

AFP, α-foetoprotein; ALP, alkaline phosphatase; ChE, cholinesterase; ALT, alanine aminotransferase; APTT, activated partial thrombin time; AST, aspartate amino-
transferase; CI, confidence interval; DB, direct bilirubin; Fib, fibrinogen; GGT, γ-glutamyl transpeptadase; HBcAb, hepatitis B virus core antibody; HBeAg, hepatitis B virus
e antigen; HBsAg, hepatitis B virus surface antigen; INR, international normalized ratio; OR, odds ratio; PLT, platelets; PT, prothrombin time; RBC, red blood cell; TB, total
bilirubin; TT, thrombin time; WBC, white blood cell.
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S0-1 were significantly lower than those in stages S2 and
S3–S4 (P=0.001 and 0.001), whereas there was no
significant difference between stages S2 and S3–S4
(P= 0.897) (Table 5 and Fig. 2).

In the HBeAg( + ) CHB patients, the mean levels of
serum ALP in different fibrosis stages were as follows:
S0–S1, 69.28 ±15.033 U/l; S2, 77.25 ±24.557 U/l; S3–S4,
and 74.38 ± 21.928 U/l. However, in the HBeAg( + ) CHB
patients, the difference among the three stages was not
significant, and there were no differences between stages
S0–S1 and S2 or S3–S4 (Table 5). In contrast, the mean
levels of ALP in healthy controls were significantly lower
than those for the three stages of the HBeAg( + ) CHB
patients (P= 0.000, 0.000, and 0.009).

Area under the receiver operator curves of serum alkaline
phosphatase levels associated with significant fibrosis

The ROC curves of serum ALP levels for predicting sig-
nificant fibrosis in all of the CHB patients are shown in
Fig. 3. The AUROC was 0.651, and the 95% confidence
interval ranged from 0.566 to 0.736. The ROC curves of

serum ALP levels for predicting significant fibrosis in
HBeAg(− ) CHB patients are shown in Fig. 4. The AUROC
was 0.717 and the 95% confidence interval ranged from
0.601 to 0.833. Further, the optimal cut-off was 69.5I U/l,
with a sensitivity of 73.3% and a specificity of 66.7%. The
AUROCs of APRI and FIB-4 were 0.580 and 0.500 in
HBeAg(− ) CHB patients. The AUROCs of APRI and FIB-
4 were 0.601 and 0.658 in all of the CHB patients.

Discussion

According to CHB guidelines [13,18,19], patients should
be considered for antivirus therapy when they have mod-
erate to severe fibrosis (S≥2). Therefore, it is important to
stage significant (S≥2) and insignificant (S≤1) fibrosis in
CHB patients. Liver biopsy is the gold standard for staging
fibrosis. However, its limitations prevent its wide appli-
cation. Thus, there is an urgent need for research on
noninvasive procedures or tests to stage liver fibrosis.

HBeAg( + ) and HBeAg(− ) stages represent different
stages of HBV infection, with different virological, ser-
ological and biochemical levels [13]. In the HBeAg( + )
phase, an inactive stage presents mild liver injury with no
or mild fibrosis, whereas the active stage presents sig-
nificant liver injury with progressive fibrosis. In the HBeAg
(− ) stage, the inactive stage shows repaired liver injury
with regressive fibrosis, whereas the active stage involves
significant liver re-injury with progressive re-fibrosis [20].
In this study, we found that HBeAg( + ) patients had higher
HBsAg, HBeAg, AST and GGT levels, whereas HBeAg(− )
patients had higher HBcAb, ALP and AFP levels.
Therefore, it is important to differentiate HBeAg( + ) and
HBeAg(− ) CHB when searching for and verifying non-
invasive fibrosis markers.

Table 5. Correlation between serum alkaline phosphatase levels and
liver fibrosis stages in chronic hepatitis B patients

S0–S1 S2 S3–S4 P

Total (n=191) 133 35 23
67.44 ±16.080 78.34 ±21.907a 78.39 ±24.034a 0.000

HBeAg-positive
(n=104)

76 20 8

69.28 ±15.033 77.25 ±24.557 74.38 ±21.928 0.181
HBeAg-negative
(n=87)

57 15 15

65.00 ±17.209 79.80 ±18.525a 80.53 ±25.556a 0.000

HBeAg, hepatitis B virus e antigen.
aCompared with S0–S1, P<0.05.
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Fig. 1. Correlation between serum alkaline phosphatase levels and liver
fibrosis stages in healthy controls and chronic hepatitis B patients.
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Fig. 2. Correlation between serum alkaline phosphatase levels and liver
fibrosis stages in healthy controls and hepatitis B e-antigen negative chronic
hepatitis B patients.
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Here, we analysed the relationship between clinical and
laboratory data and histological fibrosis in CHB patients.
We found that AST, ALP, GGT, AFP, HBcAb, PLT and
HBeAg were related to significant fibrosis. Surprisingly,
only ALP was an independent factor for significant fibrosis
by multiple logistic regression analysis in CHB patients.
Then, we differentiated the HBeAg( + ) and HBeAg(− )
patients. ALP was also the only independent factor for
significant fibrosis in HBeAg(− ) patients. In HBeAg( + )
patients, ALP was one of the factors for significant fibrosis
in univariate analysis; however, subsequent multiple
logistic regression analysis indicated that age and HBeAg
were associated with significant fibrosis, similar to pre-
vious studies [5,21,22]. Age was an important predictor
because the progression of fibrosis is time dependent in
CHB. In HBeAg( + ) patients, significant fibrosis patients
had lower HBeAg levels. The specific mechanism is
unknown. However, this might occur because, from high
levels of HBeAg to low levels of HBeAg, immune clearance

is improved, injury and healing are more obvious, and the
fibrosis is more aggravated.

ALP is a group of enzymes that catalyse the hydrolysis
of monoesters of phosphoric acid, mainly distributed in the
microvilli of the sinusoidal side of the liver cells and the
capillary bile duct side. ALP is released into the intestine
through bile. A large amount of ALP can be induced when
the bile is released obstructively and the pressure of the bile
capillaries is high. Then, ALP enters the blood through the
lymphatic and hepatic sinuses, resulting in an increase in
serum ALP.

In this study, we found that, the levels of ALP in healthy
controls were significantly lower than those for the CHB
patients. Also, with the aggravation of liver fibrosis, ALP
increased gradually in all of the patients and separately in
HBeAg(− ) CHB patients, but not in HBeAg( + ) CHB
patients. Compared with insignificant fibrosis patients,
significant (S2–S4) and advanced (S3, S4) fibrosis patients
had higher ALP levels. Also, compared with APRI or FIB-
4, serum ALP levels was better to indicating significant
fibrosis. ALP was an independent factor for significant
fibrosis in all of the patients and HBeAg(− ) CHB patients.
The AUROC value of serum ALP levels for significant
fibrosis in all of the patients was 0.651, but it was more
suitable for HBeAg(− ) patients, with an AUROC value of
0.717. ALP is generally used for the diagnosis of choles-
tasis. It is generally believed that ALP is not sensitive to
hepatocyte damage and fibrosis. However, in this study,
we found that ALP can also predict fibrosis, which was
also reported in schistosomiasis liver disease by Chen ZP
[23] and in chronic hepatitis C by Ahmad et al. [24].

The present study showed that serum ALP levels could
play an important role in predicting significant fibrosis in
CHB patients, especially in HBeAg(− ) patients. The
interpretation could be as follows: hepatic fibrosis is a
wound repair response characterized by the accumulation
of extracellular matrix after liver injury. If the damage is
acute or self-limiting, the change is transient and the liver
structure returns to its normal composition. However, if
the damage persists, chronic inflammation and accumula-
tion of extracellular matrix will persist, leading to pro-
gressive replacement of the liver parenchyma by scar tissue
– a process that can lead to significant or advanced
fibrosis, even cirrhosis, and result in adverse consequences
and high mortality [1]. Liver injury because of CHB is
usually the result of the host’s anti-HBV immune activa-
tion, which is chronic and persistent, resulting in hepato-
cyte injury, and accumulation of extracellular matrix, and
proliferation of fibrous connective tissue. With the aggra-
vation of fibrosis, hepatocyte destruction will worsen
gradually, the pressure of the bile capillaries will also
increase further and entry of ALP into the blood will
increase further, resulting in an increase in serum ALP.

This work has a number of limitations. First, the study
included only 191 cases and 87 HBeAg(− ) cases. Second,
this was a retrospective study. Third, the study lacked
known serum fibrosis markers, including hyaluronic acid,
type III procollagen, laminin and type IV collagen, and
because of incomplete data, we could not compare these
data with ALP. We will address these drawbacks in our
future studies.
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Fig. 3. Receiver operating characteristic curves of alkaline phosphatase
levels used to distinguish significant fibrosis in chronic hepatitis B patients.
AUROC, areas under the receiver operating characteristic curves; CI, con-
fidence interval.
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Fig. 4. Receiver operating characteristic curves of alkaline phosphatase
levels used to distinguish significant fibrosis in hepatitis B e-antigen negative
chronic hepatitis B patients. AUROC, areas under the receiver operating
characteristic curves; CI, confidence interval.
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Conclusion

This study suggests that serum ALP levels were higher in
treatment-naive CHB patients with significant fibrosis (S≥2)
than in patients with no or mild fibrosis (S<2), especially in
HBeAg(− ) patients. Further, the optimal cut-off value of ALP
(>69.5 IU/l) for distinguishing HBeAg(− ) CHB patients with
significant fibrosis was determined (S≥2). The use of this
predictive score for serum ALP could potentially reduce the
need for liver biopsies and help to guide the clinical man-
agement of treatment-naive HBeAg(− ) CHB patients.
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