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Abstract
Background The accurate evaluation of liver fibrosis is crucial for the treatment and follow up of chronic hepatitis B (CHB) 
patients.
Aim We examined the efficiency of serum Mac-2 Binding Protein Glycosylation isomer (M2BPGi) in diagnosing liver 
fibrosis stages in CHB patients.
Methods A cross-sectional study was conducted on 177 adult CHB patients visiting the University Medical Center Ho Chi 
Minh City, Vietnam between October 2019 and December 2021. M2BPGi, ARFI, APRI, and FIB-4 were tested against 
FibroScan® for sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). The optimal 
M2BPGi cut-off values were identified based on the area under the receiver operating characteristic (AUROC) curve.
Results There was a strong agreement between M2BPGi and FibroScan® (r = 0.77, P < 0.001). The optimal M2BPGi cut-off 
index (C.O.I) for detecting significant fibrosis (F ≥ 2) was 0.79 with an AUROC of 0.77, 67.3% sensitivity, 70% specific-
ity, 60.6% NPV, and 75.3% PPV. Compared with APRI (61%) and FIB-4 (47%), M2BPGi had the greatest sensitivity for 
diagnosing F ≥ 2. M2BPGi combined with APRI yielded highest diagnosis performance for F ≥ 2 with an AUROC of 0.87. 
The optimal cut-off index of M2BPGi for diagnosing cirrhosis (F4) was 1.3 with an AUROC of 0.91, 88% sensitivity, 87.4% 
specificity, 97% NPV, and 61% PPV. The AUROC of M2BPGi for diagnosing F4 was comparable to that of ARFI (0.93).
Conclusions With cut-off values of 0.79 C.O.I and 1.3 C.O.I, M2BPGi could be an effective method for diagnosing significant 
fibrosis and cirrhosis in CHB patients, respectively.

Graphical Abstract

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-023-08143-5&domain=pdf
https://orcid.org/0000-0003-2436-6712
http://orcid.org/0000-0002-7703-0932


4408 Digestive Diseases and Sciences (2023) 68:4407–4417

1 3

Keywords Chronic hepatitis B · Liver fibrosis · Cirrhosis · Mac-2 binding protein glycosylation isomer · M2BPGi · 
Biomarkers

Abbreviations
ALT  Alanin aminotransferase
ALP  Alkaline phosphatase
AOR  Adjusted odds ratio
APRI  The aspartate transaminase to platelet 

ratio index
ARFI  Acoustic radiation force impulse
AST  Aspartate aminotranferase
AUROC  The area under the receiver operating 

characteristic
BMI  Body mass index
CHB  Chronic hepatitis B
CHC  Chronic hepatitis C
C.O.I  Cut off index
CI  Confident interval
FIB-4  The fibrosis index based on four factors
FS  Fibroscan
Hb  Hemoglobin
HbsAg  Hepatitis B surface antigen
HBV  Hepatitis B virus
HCC  Hepatocellular carcinoma
HCV  Hepatitis C virus
M2BP  Mac-2-binding protein
M2BPGi  Mac-2-binding protein glycosylation 

isomer
NAs  Nucleos(t)ide analogues
NPV  Negative predictive value
PLT  Platelet
PPV  Positive predictive value
Sens  Sensitivity
Spec  Specificity
SWV  Shear-wave velocity
UMC  University Medical Center
WBC  White blood cell
WFA  Wisteria floribunda agglutinin
WFA+-M2BP  Wisteria floribunda agglutinin-positive 

Mac-2-binding protein

Introduction

Despite the availability of effective vaccination, hepa-
titis B infection (HBV) remains a global public health 
threat [1]. It is estimated that 316 million people live 
with chronic hepatitis B (CHB) and 550,000 related 
deaths worldwide [2]. Treatment of HBV infection 
including effective management of CHB remains one of 

the important strategies to achieve the common goal of 
viral hepatitis elimination by 2030 [1]. It has been well 
documented that monitoring the severity of liver fibrosis 
is essential for timely treatment with antiviral therapy 
and screening of HBV associated complications [3, 4]. 
Although liver biopsy is considered as the gold stand-
ard for assessing fibrosis, it has been rarely utilized in 
clinical practice because of its invasiveness and related-
concerns of sampling error and inter-observer variability 
[5]. To address this issue, non-invasive tests to assess 
liver fibrosis have been developed and can be divided into 
two groups including serum indices and imaging methods 
[6]. Regarding imaging techniques, transient elastogra-
phy is the most validated imaging method that can be 
used as a reference method for liver stiffness assessment 
in chronic liver diseases [7, 8]. However, significant 
drawbacks have prevented it from being widely used and 
include its availability and expense as well as its lim-
ited utility in those with severe obesity or ascites [8]. 
Regarding biomarkers of liver fibrosis, direct markers of 
extracellular matrix turnover (e.g., Fibrotest®, FibroSpect 
ll®, and Enhanced Liver Fibrosis score®) and indirect 
markers (e.g., the aspartate transaminase to platelet ratio 
index (APRI) and the fibrosis index based on four factors 
(FIB-4)) have been used [6]. Given that some biomark-
ers such as APRI are simple, low-cost, and reproducible, 
they are recommended in the low-resource settings, even 
though their accuracy is moderate [9]. Recently, Mac-
2-binding protein glycosylation isomer (M2BPGi) has 
been investigated as a potential biomarker for evaluating 
liver fibrosis in patients with viral hepatitis [10]. Mac-
2-binding protein (M2BP) is a secretory glycoprotein 
which contains seven N-glycans per monomer [11]. In 
serum, 10–16 monomers of M2BP combine together to 
form a "doughnut-shaped" polymer that presents 70–112 
N-glycans [12]. Although the exact mechanism remains 
unknown, modifications of M2BP occur in response to 
the changes in N-glycosylation as liver fibrosis progesses 
[10]. Wisteria floribunda agglutinin (WFA), a specific 
lectin that binds the GalNAc residue of N-glycans and 
O-glycans as well as the clustered LacNAc structure, can 
accurately capture the altered N-glycans of M2BP [13]. 
Therefore, this specific glycoprotein has been named as 
Wisteria floribunda agglutinin-positive Mac-2-binding 
protein  (WFA+-M2BP) or M2BPGi [11]. Several studies 
have been conducted to appraise the ability to assess liver 
fibrosis of M2BPGi in various chronic liver diseases, 
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including non-alcoholic fatty liver disease [14], primary 
biliary cholangitis [15], and autoimmune hepatitis [16]. It 
has been suggested that the cut-off levels of M2BPGi vary 
depending on the etiologies of chronic liver disease. [17]

In Vietnam, a recent study has demonstrated that 
M2BPGi can be a good indicator of early liver disease 
in patients with different etiologies [18]. However, more 
in-depth information on the utility of this biomarker in 
patients with CHB is scare, although Vietnam is a hyper-
endemic area of this disease [2]. This study aimed to 
investigate the role of M2BPGi in diagnosing significant 
fibrosis and cirrhosis in Vietnamese patients with CHB by 
comparing its sensitivity (Sens), specificity (Spec), posi-
tive predictive value (PPV), and negative predictive value 
(NPV) with those of the transient elastography as the ref-
erence standard. The comparison between M2BPGi and 
other common markers of liver fibrosis including APRI, 
FIB-4, and Acoustic Radiation Force Impulse (ARFI) was 
also performed in this study.

Methods

Study Design and Selection of Study Participants

A cross-sectional study was conducted at the Liver Clinic 
of University Medical Center (UMC) in Ho Chi Minh City 
in Vietnam between 1st October 2019 and 31st Decem-
ber 2021. The study was approved by the UMC’s Ethics 
Committee (approval number 36/GCN-HĐĐĐ) and was 
performed in accordance with the ethical principles of the 
Declaration of Helsinki. Written informed consent was 
obtained from all study participants. All patients receiving 
treatment at this clinic were selected based on pre-defined 
inclusion and exclusion criteria and invited to participate 
in the study. Inclusion criteria included patients aged 
18 years or older, diagnosed with CHB infection (hepa-
titis B surface antigen (HBsAg) positive for > 6 months 
detected by electrochemiluminescence immunoassay), 
and had not received antiviral treatment. Exclusion crite-
ria included (i) jaundice, ascites, hepatocellular carcinoma 
(HCC), pregnancy, hepatitis B flare, chronic hepatitis C 
(CHC) infection, excessive alcohol use (consumption 
of > 3 drinks/day for men and > 2 drinks/day for women 
for > 5  years) [19], moderate-to-severe steatohepatitis 
(Controlled Attenuation Parameter measured by Fibro-
Scan® S ≥ S2) [20], (ii) serum alanine aminotransferase 
(ALT) and aspartate transaminase (AST) levels ≥ 2 × the 
upper limit of normal [ULN] (based on the local labora-
tory reference, the ULN of ALT and AST is 40 IU/L for 
both men and women), and (iii) refusal to participate in 
the study.

Sample Size and Data Collection

The total sample size was calculated using the formulas for 
sensitivity and specificity of a diagnostic test [21]. Accord-
ing to a study conducted by Feng et al., the sensitivity of 
M2BPGi in detecting liver fibrosis stage (F) ≥ 2, and the 
specificity of M2BPGi in diagnosing F4 were 0.67 and 0.82, 
respectively. [22] According to another study conducted by 
Xiao et al., the rates of F ≥ 2 and F4 in CHB patients were 
36% and 18%, respectively. [23] Therefore, with the Zα 
value of 1.96 and a type I error of 0.05, the minimum total 
sample size was 150.

A questionnaire was used to collect study participants’ 
information including demography (age, gender, and body 
mass index (BMI), laboratory tests, and imaging tests. Labo-
ratory tests included biochemistry (M2BPGi, routine blood 
tests (white blood cell (WBC), hemoglobin (Hb), platelet 
(PLT) count, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT)), and viral tests (HBV surface anti-
gen (HBsAg) and hepatitis C antibody (anti-HCV)). Imaging 
tests include (FibroScan and ARFI).

FibroScan

FibroScan (Echosens, Paris, France) was used in this study 
as the gold standard to diagnose liver fibrosis. A FibroScan 
(FS) session was regarded as successful, and liver stiffness 
measurements were considered reliable when the obtained 
shots satisfied the following criteria: (1) at least 10 shots 
obtained in the FS session were valid; (2) the ratio of the 
number of valid shots to the total number of shots obtained 
in the session was greater than 60%; and (3) the interquartile 
range divided by the median FS value was less than 30% 
[24]. For each session, the median value of the valid meas-
urements was used as the representative [25]. Fibrosis stages 
were categorized based on the METAVIR classification [26]. 
The FS cut-off values used to categorize fibrosis stages 
included < 7 kPa (F0–1, no-mild liver fibrosis), 7 ≤ 9.5 kPa 
(F2, moderate liver fibrosis), 9.5 ≤ 11 kPa (F3, severe liver 
fibrosis), ≥ 11 kPa (F4, liver cirrhosis) [27]. Based on the 
results of FS measurement, patients were classified into three 
groups including group 1 (patients with F0 or F1), group 2 
(patients with F2 or F3), and group 3 (patients with F4).

Acoustic Radiation Force Impulse (ARFI)

ARFI imaging was performed using ACUSON Juniper 
Ultrasound System (Siemens Medical Solutions, Erlangen, 
Germany) with the Virtual Touch Tissue Quantification 
mode and an abdominal curved transducer. Measurements 
taken at 2 cm depth from the liver capsule were standard-
ized for measuring shear-wave velocity (SWV). For each 
ARFI session, measurements obtained from each patient 
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were regarded as reliable when there were at least ten valid 
measurements, and the ratio of the interquartile range value 
to the median (IQR/M) < 30% [28]. The median value of 
all valid measurements was considered the representative 
ARFI-SWV result.

Laboratory Testing

Blood samples for laboratory testing were taken at the time 
patients underwent FibroScan and ARFI. Laboratory tests 
were performed in compliance with the automated proce-
dures of the clinical laboratories. Calculations of APRI and 
FIB-4 index for liver fibrosis were also performed. [29, 30]

M2BPGi

Serum M2BPGi levels were measured based on a lectin-
antibody sandwich immunoassay using a fully automatic 
HISCL-5000 Immunoanalyzer (Sysmex Corporation, 
Hyogo, Japan) [10]. Glycosylated M2BP was captured 
by WFA immobilized on magnetic beads. Subsequently, 
the bound product was assayed with an antihuman M2BP 
monoclonal antibody linked to alkaline phosphatase 
(ALP–αM2BP). The measured values of M2BPGi conju-
gated to WFA were indexed with the obtained values [31]. 
The positive control used in this process was as a calibration 
solution preliminarily standardized to yield a C.O.I value 
of 1.0. [10]

Statistical Analysis

Data were analyzed by using GraphPad Prism 8.0.2 soft-
ware. Continuous variables were expressed as median 
(interquartile range) or mean ± 1 standard deviation (SD) 
and were compared using Mann–Whitney U test and 

Kruskal–Wallis test. Categorical variables were presented 
as an absolute count and percentage and were compared 
using Fisher's exact test. Pearson’s correlation coefficient 
was used to examine the association between M2BPGi and 
other liver fibrosis markers including APRI, FIB-4, ARFI 
against the reference test—FS. To evaluate the diagnostic 
performance of M2BPGi and other markers as well as to 
identify the best cut-off values for predicting significant 
fibrosis (F ≥ 2) and cirrhosis (F4), the receiver operating 
characteristic (ROC) curves were developed, and AUROC, 
sensitivity (Sens), specificity (Spec), PPV, and NPV were 
calculated. The optimal cut-off values were computed 
based on the Youden’s index that maximized the sum of 
sensitivity and specificity [32]. A regression model was 
developed to examine the association between the use of 
M2BPGi, APRI and F ≥ 2. The significance level was set 
at P ≤ 0.05.

Results

Baseline Characteristics of Study Participants

Among 200 hundred cases who were eligible for the study, 
13 were excluded due to HBV/HCV co-infection and 
excessive alcohol use and other 10 were excluded due to 
moderate-to-severe steatohepatitis. Hence, a total of 177 
study participants completed the study (Fig. 1).

The median age was 48 years old and majority of them 
were male (68.9%). The median M2BPGi level was 0.83 
C.O.I (Table 1). Among these 177 patients, the distribution 
of liver fibrosis stages in the case group included F0–F1 
(69/177, 39%), F2–3 (75/177, 42.4%), and F4 (33/177, 
18.6%).

Fig. 1  Flowchart of study par-
ticipants. CHB chronic hepatitis 
B, HBV hepatitis B virus, HCV 
hepatitis C virus

CHB: chronic hepatitis B; HBV: hepatitis B virus; HCV: hepatitis C virus

CHB patients 
(n=200) 

CHB patients 
(n=187) 

Excluded

8 patients with HBV/HCV 
coinfection 

5 patients with excessive 
alcohol use

CHB patients (n=177) 
were enrolled in the 

study 

Excluded

10 patients with 
moderate to severe 
steatohepatitis
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Correlation Between M2BPGi Levels and Liver 
Fibrosis Stages

The median serum M2BPGi levels increased progressively 
with advanced stages: F0–1 (0.66 C.O.I.), F2–3 (0.865 
C.O.I.), and F4 (2.25 C.O.I.) (Fig. 2). There was a sta-
tistically significant difference in serum M2BPGi levels 

between each group with F0–1 and F2–3 (P = 0.041), F2–3 
and F4 (P < 0.0001).

Correlation Between Fibroscan and Four Liver 
Fibrosis Markers Including M2BPGi, ARFI, APRI, 
and FIB‑4

Among four markers, M2BPGi had the highest correlation 
coefficient (r = 0.77), followed by ARFI (r = 0.71) (Fig. 3). 
APRI and FIB-4 had moderate correlation (r = 0.57 and 
r = 0.65, respectively).

Model for the Prediction of Significant Fibrosis 
(F ≥ 2)

A regression model was developed based on the following 
formula:

The regression model showed that both M2BPGi 
(Adjusted odds ratio (AOR) 19.58, 95% CI 5.17–86.34, 
P < 0.0001) and APRI (AOR 176, 95% CI 12.45–2,791, 
P < 0.0001) were statistically significant predictors of F ≥ 2 
(Table 2).

Diagnostic Accuracy of APRI, FIB‑4, ARFI, 
and M2BPGi Alone or in Combination with APRI 
for Significant Liver Fibrosis and Cirrhosis

Regarding the diagnosis of F ≥ 2, a combination of M2BPGi 
and APRI yielded the highest accuracy performance with the 
AUROC of 0.87, followed by ARFI with an AUROC of 0.85, 
M2BPGi (0.77), APRI (0.77), and FIB-4 (0.71) (Fig. 4).

Regarding the diagnosis of F4, ARFI yielded the high-
est AUROC of 0.93, followed by M2BPGi (0.91), APRI 
(AUROC = 0.91), and FIB-4 (AUROC = 0.88) (Fig. 5).

From the ROC curve of using M2BPGi to predict F ≥ 2, 
the optimal cut-off of M2BPGi value was calculated as 0.79 
C.O.I with a Sens of 67.3%, Spec of 70%, PPV of 75.3%, and 
NPV of 60.6% (Table 3). The optimal cut-off of APRI was 
0.5 with a Sens of 61%, Spec of 90%, PPV of 89.2%, and 
NPV of 62.5%. The use of a combination of M2BPGi and 
APRI to predict F ≥ 2 demonstrated a sens of 72.1%, spec 
of 89.9%, PPV of 85.1%, and NPV of 69.6%. The optimal 
cut-off of FIB-4 to diagnose F ≥ 2 was 1.8 with a Sens of 
46.8%, Spec of 87%, PPV of 83.2%, and NPV of 54.1%. The 
optimal cut-off of ARFI for identify F ≥ 2 was calculated as 
1.4 m/s with a Sens of 89.8%, Spec of 65.2%, PPV of 78.1%, 
and NPV of 82.3%.

Ln
( P
1 − P

)

= −4.081 + 2.975 × [M2BPGi] + 5.171

× APRI − 1.299 × [M2BPGi] × APRI

Table 1  Baseline characteristics of 177 study participants

CHB chronic hepatitis B, BMI body mass index, AST aspartate ami-
notransferase, ALT alanine transaminase, WBC white blood count, 
M2BPGi Mac-2 binding protein glycan isomer, APRI AST to plate-
let ratio index, FIB-4 Fibrosis-4 index, ARFI acoustic radiation force 
impulse
*n(%) for categorical variables, while median (interquartile range) or 
mean ± SD for continuous variables

Characteristics Statistics*
(n = 177)

Male 122 (68.9)
Age (years) 48 (39–55)
BMI 22 (20–23)
AST (U/L) 31.5 (25–41)
ALT (U/L) 28 (20–42)
WBC  (109/L) 6.66 (5.8–7.6)
Hemoglobin (g/l) 145 (134–154)
Platelet  (109/l) 206 (171–258)
M2BPGi (C.O.I) 0.83 (0.59–1.3)
APRI 0.39 (0.28–0.68)
FIB-4 1.34 (0.91–2.2)
FibroScan (kPa) 7.8 (6.1–12)
ARFI (m/s) 1.5 (1.3–1.7)
 F0–1 69
 F2–3 75
 F4 33

Fig. 2  Distribution of M2BPGi levels between different fibrosis 
stages among 177 study participants



4412 Digestive Diseases and Sciences (2023) 68:4407–4417

1 3

From the ROC curve of using M2BPGi to predict F4, 
the optimal cut-off of M2BPGi value was calculated as 1.3 
C.O.I with a Sens of 88%, Spec of 87.4%, PPV of 61%, and 
NPV of 97% (Table 3). The optimal cut-off APRI was 0.7 
with a Sens of 75%, Spec of 88%, PPV of 58%, and NPV 
of 94.1%. The optimal cut-off FIB-4 was 1.8 with a Sens of 
46.8%, Spec of 87%, PPV of 83.2%, and NPV of 54.1%. The 
optimal cut-off of ARFI was calculated as 1.6 m/s with a 
Sens of 94%, Spec of 81.2%, PPV of 52%, and NPV of 98%.

Fig. 3  Correlation between 
Fibroscan and four liver fibrosis 
markers including a M2BPGi, b 
ARFI, c APRI, and d FIB-4

Table 2  Binary logistic regression analysis for predictors of signifi-
cant fibrosis (F ≥ 2) amongst 177 patients

M2BPGi Mac-2 binding protein glycan isomer, APRI the aspartate to 
platelet ratio index, AOR adjusted odds ratio, CI confidence interval

Liver fibrosis markers P AOR (95% CI)

M2BPGi < 0.0001 19.58 (5.17–86.34)
APRI < 0.0001 176.0 (12.45–2791)

Fig. 4  ROC curves compar-
ing significant fibrosis (F ≥ 2) 
diagnostic abilities of M2BPGi, 
APRI, FIB-4, ARFI, and a com-
bination of M2BPGi and APRI
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Discussion

Liver fibrosis evaluation, especially detecting early fibrosis 
stages such as significant fibrosis, is paramount in manag-
ing patients with CHB [3, 4]. It has been suggested that 
an ideal non-invasive fibrosis marker should be accurate, 
reproducible, accessible, safe, and non-operator depend-
ent [8]. All currently used non-invasive markers such 
as FibroTest®, APRI, FIB-4 have their own limitations 
including combined indices containing many variables 

which are prone to confounding [24]. In addition, elastog-
raphy methods like FibroScan and ARFI may be incorrect 
in patients whose ALT levels are higher than five times 
the upper limit of normal [24]. Recently, there is evidence 
that M2BPGi appears to overcome these barriers because 
it requires only a single molecule measurement to estimate 
liver fibrosis and therefore, reducing the possibility of 
false positive or false negative results [31]. Furthermore, 
M2BPGi is measured using a fully automated HSCL-2000i 
Immunoanalyzer, which produces results in only 17 min, 

Fig. 5  ROC curves comparing 
cirrhosis (F4) diagnostic abili-
ties of M2BPGi, APRI, FIB-4 
and ARFI

Table 3  Significant fibrosis 
(F ≥ 2) and cirrhosis (F4) 
diagnostic values of M2BPGi, 
APRI, FIB-4 and ARFI

M2BPGi Mac-2 binding protein glycan isomer, APRI AST to platelet ratio index, FIB-4 Fibrosis-4 index, 
ARFI acoustic radiation force impulse, AUC  area under the curve, Sens sensitivity, Spec specificity, PPV 
positive predictive value, NPV negative predictive value

Markers Cut-off Sens (%) Spec (%) PPV (%) NPV (%) Likeli-
hood 
ratio

AUC 
(95% CI)

Significant fibrosis (F ≥ 2)
 M2BPGi & APRI 72.1 89.9 85.1 69.6 7.1 0.87

(0.82–0.92)
 M2BPGi 0.79 67.3 70 75.3 60.6 2.2 0.77

(0.71–0.84)
 APRI 0.5 61 90 89.2 62.5 6.0 0.77

(0.70–0.84)
 FIB-4 1.8 46.8 87 83.2 54.1 3.6 0.71

(0.64–0.79)
 ARFI 1.4 89.8 65.2 78.1 82.3 2.6 0.85

(0.79–0.90)
Cirrhosis (F4)
 M2BPGi 1.3 88 87.4 61 97 7.0 0.91

(0.85–0.97)
 APRI 0.7 75 88 58 94.1 6.3 0.91

(0.86–0.96)
 FIB-4 2.1 75 83.1 49.3 93.8 4.4 0.88

(0.82–0.94)
 ARFI 1.6 94 81.2 52 98 5.0 0.93

(0.88–0.97)
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demonstrating its considerably rapid turnaround time [10, 
33]. M2BPGi has been shown to be a reliable marker in 
fibrosis staging in liver diseases with different etiologies 
such as nonalcoholic fatty liver disease and CHC [33–35]. 
Studies have also been conducted worldwide to examine 
the role of this biomarker in CHB. A study in West Africa 
found a significant association between M2BPGi and both 
CHB associated cirrhosis and hepatocellular carcinoma 
[36]. In Asia, studies in Hong Kong found that M2BPGi 
is a reliable marker for diagnosing F ≥ 2, F ≥ 3 and F4 in 
CHB patients treated with nucleos(t)ide analogues (NAs) 
[31], as well as there is an association between high lev-
els of M2BPGi and increased risk of persistent advanced 
fibrosis [37]. Another study in Taiwan documented that 
M2BPGi is a strong and independent short-term predictor 
of HCC in CHB patients [38]. The findings of our study 
further demonstrated that M2BPGi is a useful biomarker 
for liver fibrosis assessment in Vietnamese patients with 
CHB.

Our study found a statistically significant difference in 
the M2BPGi levels between different stages of CHB-associ-
ated liver fibrosis including F0–1 vs F2–3 vs F4 group. Our 
finding is supported by previous studies about M2BPGi in 
patients with CHB and other etiologies, such as CHC, auto-
immune hepatitis, and non-alcoholic fatty liver disease [14, 
16, 39–41]. It should be noted that from the clinical point of 
view, distinguishing between F0 and F1 as well as between 
F2 and F3 is not necessary, provided that there is no dif-
ference in management [3, 4]. It is interesting to note that 
the median M2BPGi levels in F4 group were significantly 
higher than those of other groups which may indicate that 
this biomarker has a great potential in diagnosing cirrhosis. 
Given the high cost and non-availability in small healthcare 
settings of FibroScan [42], the World Health Organization 
recommends that APRI should be a preferred non-invasive 
tool to detect significant fibrosis in developing countries [9]. 
However, a study conducted by Zou et al. found that the 
WFA+ -M2BP levels show a better correlation with Fibro-
Scan (r = 0.77) than APRI (0.57) [40]. Concurring with this 
study, we found a strong correlation between M2BPGi and 
FibroScan. This suggests that M2BPGi can be a reliable 
alternative for Fibroscan in developing countries. In light of 
this, we strongly believe that M2BPGi is a reliable marker 
that can be used to assist in staging liver fibrosis, especially 
in low-resource settings.

Regarding the ability to detect significant fibrosis, our 
study found that M2BPGi had a moderate level of accu-
racy with an AUROC of 0.77 which was similar to that of 
APRI and FIB-4 (AUROC 0.77 and 0.71, respectively), 
while ARFI had the highest level of accuracy with an 
AUROC of 0.85. These findings concur with results of a 
recent meta-analysis that included nine studies conducted 
on 1,499 patients with significant fibrosis due to HBV [22]. 

This meta-analysis has found a comparable pooled AUROC 
of M2BPGi which is 0.72 (95% confident interval (CI) 
0.68–0.76) [22]. Although the cut-off level found in this 
study is slightly lower than our result (0.97 vs 0.79), the 
sensitivity and specificity are nearly identical (0.67 and 0.68 
vs 0.67 and 0.7) [22]. It should be noted that, in contrast to 
our study, almost all studies included in the meta-analysis 
used liver biopsy as a reference, which may have influenced 
the findings. Since the performance of M2BPGi in detecting 
significant fibrosis is not better than that of APRI or FIB-4, 
it has been suggested that studies should be conducted to 
examine the performance of M2BPGi in combination with 
other fibrosis markers, such as ARFI, APRI or FIB-4, in 
order to improve diagnostic accuracy for significant fibro-
sis. [31] Indeed, given that timely diagnosis of significant 
fibrosis remains a challenge, necessitating the concurrent 
use of two or more markers rather than using a single marker 
has been suggested to increase accuracy [43]. It has been 
reported that a combination of M2BPGi and FibroScan helps 
increase both specificity and sensitivity of these markers 
in diagnosing significant fibrosis [40]. Our study has fur-
ther found that M2BPGi combined with APRI also yields 
an optimal AUROC which is comparable to that of ARFI 
(0.87 vs 0.85).

In our study, M2BPGi had a considerably high AUROC 
value in identifying cirrhosis which is comparable to that 
of ARFI (0.93 vs 0.91). Our result is considerably distinct 
from a meta-analysis of M2BPGi as a diagnostic marker of 
liver fibrosis by Feng et al. (pooled AUROC: 0.81, 95% CI 
0.77–0.86) [22]. Similarly, Wei et al. also reported a lower 
AUROC value of 0.811 (95% CI 0.735–0.860) regarding the 
use of M2BPGi as a potential diagnostic tool of cirrhosis in 
Chinese patients with CHB [44]. Despite using Fibroscan 
as a standard, the proportion of people with liver fibrosis 
in Wei's study considerably differs from ours, which could 
partially explain the discrepancy between the AUROC values 
documented in the two studies. Simultaneously, compared 
with the study conducted by Feng et al., we found compa-
rable optimal cut-off points of M2BPGi values (1.3 vs 1.43 
C.O.I) together with their specific values (88% vs 82%) [22]. 
We also found a high NPV of 97% with our cut-off points of 
M2BPGi values. In view of our results, cirrhosis can be ruled 
out when serum M2BPGi values are less than 1.3 C.O.I.

This study has some clear limitations. Firstly, FibroScan 
was used as the reference method in our study instead of 
liver biopsy to evaluate the degree of liver fibrosis. The dif-
ferent diagnosis performance between FibroScan and liver 
biopsy may influence our results [45]. Secondly, our case 
group included CHB patients with normal or nearly normal 
ALT levels which may limit the generalizability of the study 
findings. Nevertheless, the strict inclusion criteria for cases 
with CHB and the selection of controls without any common 
hepatitis diseases (CHB, CHC, alcohol liver diseases, and 
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non-alcohol fatty liver disease) would help the quantifica-
tion of an association between M2BPGi values and fibrosis 
stages in our study reliable and specific to patients with CHB 
in Vietnam and comparable settings.

In conclusion, given the high level of agreement between 
M2BPGi and FibroScan, M2BPGi could be a reliable alter-
native to assess liver fibrosis in patients with CHB, espe-
cially in low-resource settings. The M2BPGi cut-off values 
of 0.79 C.O.I and 1.3 C.O.I are suggested to diagnose sig-
nificant fibrosis and liver cirrhosis, respectively. M2BPGi 
combined with APRI can improve the accuracy in detecting 
significant fibrosis. Future studies are needed to evaluate the 
role of M2BPGi in monitoring fibrosis in patients with dif-
ferent ALT levels as well as response to antiviral treatment 
and HCC progression among patients with CHB.
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