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Abstract
Aims. The relationship between hepatitis B core-related antigen (HBcrAg) and hepatitis B virus (HBV) DNA
has already been adequately researched in patients with chronic hepatitis B (CHB) infection, but there are
only a few researches yet on the correlations between HBcrAg and HBV DNA in treatment-naïve patients
with hepatitis B cirrhosis. Here we explore the correlation between HBcrAg and HBV DNA in this
population.

Methods. Available data and samples of 98 untreated patients with hepatitis B cirrhosis between October
2018 and October 2019 were analysed. Statistical analyses included baseline characteristics, univariate
analysis, strati�cation analysis, three different analytical models, and a generalized additive model.

Results. After adjusting for all recorded confounders (sex, age, diagnosis of primary hepatic carcinoma,
total bilirubin TBIL , hepatitis B surface antigen (HBsAg), hepatitis B e antigen(HBeAg), Child–Pugh
class, family history of HBV infection, family history of hepatocellular carcinoma(HCC), alcohol-related
liver disease (ALD), and diabetes mellitus), a linear relationship was detected between HBcrAg and HBV
DNA (β=0.59, 95%CI=0.34–0.84, P<0.0001). The variational trend of HBcrAg and HBV DNA in each
strati�ed variable (sex, age, HBeAg, family history of HBV infection, family history of HCC, diabetes
mellitus, diagnosis of primary hepatic carcinoma, Child–Pugh class, and ALD) were consistent.

Conclusion. There was a linear and positive correlation between HBcrAg and HBV DNA in treatment-naïve
patients with hepatitis B cirrhosis.

Introduction
Hepatitis B virus (HBV) infection is a major global problem; in 2010, about 248 million people were
chronically infected with HBV worldwide [1]. Around 8–20% of patients with chronic hepatitis B (CHB)
develop cirrhosis within �ve years, with about 10–17% develop hepatocellular carcinoma (HCC) within
the same time frame [2]. The use of powerful anti-HBV agents can decrease the rate of HCC, but not
prevent the incidence of HCC, primarily because intrahepatic covalently closed circular DNA (cccDNA) is
not wholly removed from the liver cell nuclei[3-5]. Because testing for intrahepatic cccDNA involves an
invasive procedure, and it is challenging to implement in routine clinical practice. Non-invasive serological
markers can be used as alternative markers for viral replication activity in the liver, including serum HBV
DNA levels and serum hepatitis B surface antigen (HBsAg) titers[6-9]. Hepatitis B virus core-related
antigen (HBcrAg), a serological marker, has been widely con�rmed to be associated with serum HBV DNA
and intrahepatic cccDNA in patients with CHB[10-16]. Few studies have been conducted on the
correlation between serum HBcrAg and HBV DNA in treatment-naïve patients with hepatitis B cirrhosis.
Understanding this correlation could facilitate further development of HBcrAg as a noninvasive marker
for serological monitoring in patients with treatment-naïve hepatitis B cirrhosis. The predictive models of
the progression of hepatitis B cirrhosis have been hotspots in recent years. HBcrAg and HBV DNA had
already been used as predictors of the progression of hepatitis B cirrhosis. However, the precondition of
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establishing a reliable predictive model is to make the correlation between predictors clear. Here, we
explore the relationship between serum HBcrAg and serum HBV DNA in treatment-naïve patients with
cirrhosis.

Materials And Methods
Participant selection

This is a retrospective study including only treatment-naïve patients with hepatitis B cirrhosis who were
hospitalized at our hospital from October 2018 to October 2019. Participants with hepatitis C or human
immunode�ciency virus co-infection and those missing virological data were excluded from our analyses,
as were those without surplus serum samples for HBcrAg measurement or whose serum samples did not
stored at -20℃ until analysis. However, patients with alcohol-related liver disease (ALD) or diabetes
mellitus were not excluded. Detailed information on patient acquisition procedures presented in Figure 1.

Ethics approval statement

This project was performed in concordance with the Declaration of Helsinki. Retrospective testing of
stored clinical surplus samples was approved by the medical ethics committee of our hospital on
September 1st, 2018. Informed consent was obtained from each patient. All data was analysed
anonymously.

HBV serological markers

HBsAg and HBeAg quanti�cation 

HBsAg levels were quanti�ed by the Abbott ARCHITECT i4000SR chemiluminescent microparticle
immunoassay (Abbott Diagnostics.; Abbott Park, IL, USA), with a detection range from 0.05 to 250.00
IU/mL. Samples that had a concentration of more than 250.00 IU/mL were diluted and retested. HBeAg
levels were detected using commercially available enzyme immunoassay kits (Abbott Diagnostics.;
Abbott Park, IL, USA).

HBV-DNA quanti�cation

Serum HBV-DNA was quanti�ed using real-time PCR HBV assay, performed on Anadas9850 (Amplly
Engineering co. Ltd.; Xiamen, CN), a fully automated nucleic acid extraction and real-time PCR system.
The limit of detection (LOD) was ~20.00 IU/mL. Quanti�ed samples with a concentration of more than
5.00×108 IU/mL were diluted and retested, while samples with a concentration less than 20.00 IU/mL
were regarded as undetectable.

HBcrAg quanti�cation 
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Surplus serum samples were stored at -20°C and tested using a fully automatic chemiluminescent
enzyme immunoassay system (CLIA; Lumipulse G1200, Fujirebio.; Tokyo, Japan), according to the
manufacturer’s instructions. The assay provided a linear range of 3.00–7.00 log10 U/mL. However, the
machine could detect levels lower than 3.00 log U/mL down to 2.00 log U/mL in HBcrAg-positive
samples. HBcrAg levels below 2.00 log U/mL were treated as 2.00 log U/mL for statistical analysis.
Samples with HBcrAg levels >7.00 log10 U/mL were diluted with the serum of healthy controls and
retested to quantify HBcrAg levels.  

Diagnosis of liver cirrhosis and primary liver cancer 

Cirrhosis diagnosed according to the Chinese Guidelines on the Management of Liver Cirrhosis (2019
version) released by the Chinese Society of Hepatology, Chinese Medical Association. The diagnosis of
all the patients accorded to the guidelines for the diagnosis and treatment of primary hepatic
carcinoma (2019 version) released by the National Health Commission and Hospital Administration of
the People's Republic of China.

Statistical analysis

Measured levels of serum HBcrAg, HBsAg and HBV DNA were log10 transformed. Statistical analyses
conducted in �ve steps. Patients divided into two groups according to HBeAg levels. First, we analyzed
the baseline characteristics of patients according the Succeeding principles: (1) continuous variables
were expressed as means ± standard deviation (normal distribution) or medians (quartiles) (skewed
distribution), and categorical variables were expressed as a frequency and/or as percentages; (2) one-
way ANOVA, Kruskal–Wallis H test, and chi-square test were used to determine the signi�cance of any
discrepancy between the means and proportions of the groups. Second, a univariate linear regression
model was used to evaluate the associations between HBcrAg and HBV DNA. Third, we showed the
results of unadjusted, minimally adjusted analyses and fully adjusted analyses. When covariants added
to this model, and the matched odds ratio changed by ≥10.00%, the covariants were adjusted. Fourth,
given that HBcrAg was a continuous variable, generalized additive models were used to identify whether
the relationship with HBV DNA was linear or non-linear. Fifth, strati�ed linear regression models were used
in subgroup analyses. Likelihood ratio tests were used to inspect the modi�cations and interactions of
subgroups. All data were analyzed using the statistical packages R version 3.4.3 (R Foundation for
Statistical Computing.; Vienna, Austria) and EmpowerStats (X&Y Solutions, Inc.; Boston, MA, USA).
P<0.05 (two-sided) was considered to indicate statistical signi�cance. 

Results
Baseline characteristics

In this study, we analyzed 98 eligible treatment-naïve participants diagnosed with hepatitis B cirrhosis. All
enrolled patients had positive HBV DNA status. The average age of all participants was 56.28±10.14
years, and 81.63% were male. The mean of serum HBV DNA and serum HBcrAg levels were 4.94±1.55
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log10U/mL and 5.67±1.51 log10U/mL after log10 transformation, respectively. Patients were divided into
two groups according to HBeAg status in order to clarify the correlation between serum HBcrAg and HBV
DNA. Baseline characteristics of the participants are presented in Table 1. There were no notable
distinctions in sex, age , PLT, ALT, AST, TBIL, ALB, INR, HBV DNA, HBsAg, Child–Pugh class, diagnosis of
primary hepatic carcinoma, family history of HBV infection, family history of HCC, ALD, and diabetes
mellitus among HBeAg positive and negative groups. There were signi�cant statistical differences in
HBcrAg and family history of HBV infection among HBeAg positive and negative groups. 

Univariate analysis

The univariate analysis results are presented in Table 2. Our data showed continuous variables, HBcrAg,
and HBsAg were positively correlated with HBV DNA levels. Whereas age, sex, ALT,PLT, ALB, AST, TBIL,
INR, HBV DNA, Child–Pugh class, diagnosis of primary hepatic carcinoma, family history of HBV
infection, family history of HCC, ALD, and diabetes mellitus were not correlated with HBV DNA levels in
treatment-naïve patients diagnosed with hepatitis B cirrhosis. 

Analysis of the correlation between HBcrAg and HBV DNA levels

To clarify the correlation between serum HBcrAg and HBV DNA and its trend, participants were partitioned
into three groups according to the value of HBcrAg, as follows: T1 (2.00–5.21 log10 U/mL), T2 (5.22–6.34
log10 U/mL), and T3 (6.35–9.12 log10 U/mL). The association between HBcrAg and HBV DNA was
evaluated by a univariate linear regression model. The adjusted and non-adjusted models are shown in
Table 3. In the crude model, HBcrAg was positively correlated with HBV DNA (β=0.53; 95% con�dence
interval [CI] = 0.35–0.70; P<0.0001), and the results using the preliminary adjusted model (adjusted only
for age and sex) did not differ substantively (β=0.53; 95% CI=0.36–0.71; P<0.0001) Compared to the non-
adjusted model. We also detected a clear association between HBcrAg and HBV DNA by using the
adjusted model  (β=0.59; 95%CI=0.34–0.84; P<0.0001), which adjusted for sex, age, diagnosis of
primary hepatic carcinoma, TBIL, HBsAg, HBeAg, Child–Pugh class, family history of HCC, family history
of HBV infection, ALD, and diabetes mellitus. In addition, we handled HBcrAg as a categorical variable
(tripartition) for sensitivity analysis, and concluded that the variational trend was consistent between
HBcrAg and HBV DNA across the three models, and the p for trend was <0.0001.

Analyses of linear relationships

Given that HBcrAg was a continuous variable, we analyzed was there a linear or non-linear relationship
between HBcrAg and HBV DNA. Our data concluded that the correlation between HBcrAg and HBV DNA
was linear, by adjustment for sex, age, diagnosis of HCC, TBIL, HBsAg, HBeAg, Child–Pugh class, family
history of HBV infection, family history of HCC, ALD, and diabetes mellitus (Fig. 2). Using a linear
regression model, we calculated that the effect size, 95% CI, and P value were 0.59, 0.34–0.84, and
<0.0001, respectively (Table 4).

Subgroup analyses and interactions among parameters
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The variational trends and signi�cance of HBcrAg and HBV DNA in each strati�ed variable were
consistent (including sex, age, HBeAg, family history of HBV infection and HCC, diagnosis of HCC, ALD,
diabetes mellitus, and Child–Pugh class). Just as shown in Table 5, tests for interactions were not
distinct for sex, age, HBeAg, family history of HBV infection, family history of HCC, diagnosis of HCC,
ALD, diabetes mellitus, and Child–Pugh class (P-values for interaction are 0.42, 0.87, 0.06, 0.30, 0.85,
0.63, 0.81, 0.68, and 0.44, respectively). 

Discussion
HBcrAg, containing of three viral proteins (hepatitis B e antigen, HBV core antigen, and a small core-
related protein [p22cr]), is a novel serological marker of HBV replication[17], and it is superior to existing
viral markers and its levels correlate well with intrahepatic cccDNA[10-16]. In the beginning report of
HBcrAg, Kimura et al. showed the level of HBcrAg varied with HBV DNA levels and suggested that HBcrAg
analysis is a simple way to monitor patients with CHB [17]. In our study, we focused on the correlation
between HBcrAg and HBV DNA in patients with hepatitis B cirrhosis. 

Single-factor analysis presented that HBcrAg associated with HBV DNA signi�cantly (β=0.53,
95%CI=0.35–0.70, p<0.0001)in our study, which showed the effect size weaker than Loggi et al. reported,
in which HBcrAg is closely related to HBV DNA in treatment-naïve patients with HBeAg negative[18]. The
relationship between HBcrAg and HBV DNA in our study was weak to the latest research from a
population of treatment-naïve patients with CHB that also found a tight correlation between HBcrAg and
HBV DNA, regardless of HBeAg status and HBV genotype [19]. The likely reasons for these differences
among studies may be because all subjects in our study were patients with cirrhosis, in whom more injury
and repair occurred than in those with chronic infection and chronic hepatitis. As a result, the HBV DNA
level decline with time was more pronounced in cirrhosis than CHB. However, genome-free HBV virions,
which contained HBcAg, were reported to exist in Dane particles and p22cr [20], in which could assemble
into Dane-like particles without HBV DNA [21]. Thus, the decline of HBcrAg level with time was tardive
compared with that of HBV DNA.

The relationship between HBcrAg and HBV DNA may also be in�uenced by other viral serology
parameters, liver function, family medical history of HBV infection or HCC, and other factors; therefore,
adjusting confounders is important to lucubrate the accurate relationship between HBcrAg and HBV DNA.
The result of multivariate logistic regression showed that HBcrAg correlated with HBV DNA levels clearly
in either an unadjusted model or a fully adjusted model. Our results showed that a stable relationship
between HBcrAg and HBV DNA was not affected by liver function, family history of HCC or HBV infection,
and other serological virus markers. Testoni et al. found that HBcrAg levels correlated with serological
HBV DNA levels in HBeAg positive and HBeAg nagtive patients with chronic hepatitis, but not in those
with HBeAg (-) chronic infection[22]. We identi�ed a stable correlation between HBcrAg and HBV DNA
in treatment-naïve participants diagnosed with hepatitis B cirrhosis, regardless of HBeAg status. Previous
studies also demonstrated that HBcrAg directly re�ects serological HBV DNA levels in CHB, in spite of
HBeAgstatus[10, 12, 23-24].
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Using HBcrAg as a continuous variable, we investigated whether it had a linear or non-linear relationship
with HBV DNA level. After adjusting for all potential confounders, we identi�ed a linear relationship
between HBcrAg and HBV DNA under a generalized additive model (β=0.59, P<0.0001).The linear
correlation was independent of liver in�ammation and other viral serological markers. The linear
correlation was also well-established in patients with CHB[23]. Studies in Asia, and Europe concluded a
close correlation of serological HBcrAg and serological HBV DNA levels in treatment-naïve patients with
CHB [10, 14, 25-26].

Subgroup analyses are crucial for scienti�c research[27], but most studies to date have only
strati�ed according to HBeAg positive or negative status for subgroup analyses[25,28- 30],and no
interaction tests had conducted, preventing the exploration of the actual correlation
between serological HBcrAg and serological HBV DNA. In this study, we used age, sex, HBeAg, family
history of hepatitis B and HCC, diagnosis of HCC, ALD, diabetes mellitus, and Child–Pugh class as
stratifying variables. The variational trends and signi�cance of serological HBcrAg and serological HBV
DNA in each strati�ed variable are consistent, indicating that the correlation between serological HBcrAg
and serological HBV DNA was stable. No signi�cant interaction effect on the relationship between
serological HBcrAg and serological HBV DNA was identi�ed, con�rming the sound relationship between
these two parameters. This was consistent with the research by Rokuhara et al., who also identi�ed a
linear correlation between serological HBcrAg and serological HBV DNA in CHB patients [23].The strong
correlation between HBcrAg and HBV DNA reinforces the reliability of HBcrAg as an indicator of viral
replication, consistent with previous �ndings in Asian populations [29]. Furthermore, the relationship
between these parameters is also re�ected in its utility for the judgment of the HBV DNA
threshold. Yusuke et al. evaluated the accuracy of serological HBcrAg levels for diagnosis of three
clinically signi�cant HBV DNA thresholds. They showed that serum HBcrAg had high values for area
under the receiver operating characteristic curve, sensitivity, and speci�city [19]. As a serum marker,
HBcrAg may preferably stratify the risk of patients who are intending to the cessation of NA [31]. HBcrAg
is now proposed as a novel marker for treatment response monitoring and as an endpoint for clinical
trials of anti-HBV agents aimed at a functional cure of HBV infection [12, 31, 32].

Our study has good qualities. Firstly, we used both a generalized linear model to evaluate the linear
correlation between HBcrAg and HBV DNA and a generalized additive model to clarify whether there is a
nonlinear relationship between these parameters. Secondly, this was an observational study, which
included ineluctable potential confounders, therefore, we used rigorous statistical adjustment to reduce
residual confounding. Although a previous resaech reported a linear association between HBcrAg and
HBV DNA in CHB [23], the linear relationship in our study was shown to remain, even after adjustment for
all potential confounders that were not adjusted in previous researches. Thirdly, the use of effect modi�er
factor analysis con�rms the relationship between HBcrAg and HBV DNA; no interacting variables were
found on the subgroup analysis.

This study also has some limitations. Firstly, this was an analytical cross-sectional study, which did not
dynamically observe the corrlation between serological HBcrAg and serological HBV DNA. Secondly, as
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only Chinese participents were contained in the study and genotyping was not considered a strati�ed
variable, the applicability of our conclusion to other ethnic groups is unknown. Thirdly, because of the
limited availability of tissue from participants with cirrhosis, we could not investigate the correlation
between HBcrAg and intrahepatic cccDNA in this population.

Conclusions
In summary, we identi�ed a positive linear correlation between HBcrAg and HBV DNA in treatment-naïve
patients with hepatitis B cirrhosis. We showed that the correlation is not affected by sex, age, diagnosis
of HCC, TBIL, HBsAg, HBeAg, Child–Pugh class, family history of hepatitis B and HCC, ALD, and diabetes
mellitus. This study provides clinical data supporting the application of HBcrAg as a partial substitute for
serological monitoring of HBV DNA in patients with hepatitis B cirrhosis. Making the correlation between
HBcrAg and HBV DNA clear can help to establish a more reliable predictive model for the progression of
hepatitis B cirrhosis patients.
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Table 1.Baseline characteristics of participants according to HBeAg level (N=98)
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Characteristics HBeAg (log10 U/mL) P-value

  negative positive

No. of participants 49 49  

Age, mean±SD (years) 56.69±8.20 55.86±11.83 0.69

Sex, n (%)     1.00

Male 40 (81.63%) 40 (81.63%)  

Female 9 (18.37%) 9 (18.37%)  

PLT ×109/L, median (Q1–Q3) 85.00 (61.00–132.00) 84.00 (61.00–123.00) 0.29

ALT U/L, median (Q1–Q3) 35.00 (26.00–70.00) 38.00 (28.00–115.00) 0.81

AST U/L, median (Q1–Q3) 60.00 (40.00–102.00) 63.00 (44.00–162.00) 0.50

TBIL µmol/L, median (Q1–Q3) 21.90 (13.80–44.60) 35.20 (19.60–63.70) 0.84

ALB g/L, mean±SD 33.37±6.43 33.83±5.80 0.72

INR, mean±SD 1.34±0.49 1.40±0.41 0.53

HBV DNA log10 IU/mL, mean±SD 4.66±1.42 5.22±1.64 0.10

HBcrAg log10 U/mL, mean±SD 4.80±1.43 6.54±1.03 <0.001

HBsAg log10 U/mL, mean±SD 2.85±0.91 3.21±0.89 0.05

Child–Pugh class, n (%)     0.09

A 24 (48.98%) 14 (28.57%)  

B 14 (28.57%) 23 (46.94%)  

C 11 (22.45%) 12 (24.49%)  

Family history of HBV infection, n (%)     0.04

No 32 (65.31%) 41 (83.67%)  

Yes 17 (34.69%) 8 (16.33%)  

Family history of HCC, n (%)     0.29

No 43 (87.76%) 46 (93.88%)  

Yes 6 (12.24%) 3 (6.12%)  

ALD     0.29

No 29 (59.18%) 34 (69.39%)  

Yes 20 (40.82%) 15 (30.61%)  

Diabetes mellitus, n (%)     1.00

No 40 (81.63%) 40 (81.63%)    

Yes 9 (18.37%) 9 (18.37%)  

Diagnosis of primary hepatic carcinoma     0.11

No 20 (40.82%) 28 (57.14%) -

Yes 29 (59.18%) 21 (42.86%)  

Note 1: Data are presented as: mean ± SD, n (%), median (Q1–Q3), andn (%).
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Abbreviations: HBeAg, hepatitis B e-antigen; PLT, platelet;ALT, alanine aminotransferase; AST,
aspartate aminotransferase; TBIL, total bilirubin; ALB, albumin; INR, International Normalized
Ratio; HBV DNA, hepatitis B virus deoxyribonucleic acid; HBcrAg, hepatitis B core-related
antigen; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma;ALD, alcoholic
liver disease.  
 
Table 2.Univariate analysis of HBV DNA (log10 IU/mL)



Page 14/20

Covariates Statistics β (95% CI) P-value

Age (years) 56.28±10.14 0.02 (-0.03, 0.03) 0.92

Sex    

Male 80 (81.63%) Reference  

Female 18 (18.37%) -0.06 (-0.86, 0.74) 0.88

PLT×109/L, median (Q1– Q3) 84.00 (24.00–301.00) 0.003 (-0.003, 0.008) 0.32

ALT U/L, median (Q1–Q3) 37.00 (8.00–4356.00) -0.0001 (-0.0007, 0.0005) 0.70

AST U/L, median (Q1–Q3) 61.50 (6.00–2784.00) -0.0003 (-0.0011, 0.0005) 0.42

TBIL (mol/L) 28.40 (5.50–336.30) -0.004 (-0.008, 0.001) 0.09

ALB (g/L) 33.60±6.09 -0.01 (-0.07, 0.04) 0.58

INR 1.37±0.45 -0.20 (-0.89, 0.49) 0.57

HBcrAg (log10 U/mL) 5.67±1.51 0.53 (0.35, 0.70) <0.0001

HBsAg (IU/mL) 3.03±0.91 0.49 (0.16, 0.82) 0.01

HBeAg    

Negative 49 (50.00%) Reference  

Positive 49 (50.00%) 0.57 (-0.04, 1.18) 0.07

Diagnosis of HCC    

No 48 (48.98%) Reference  

Yes 50 (51.02%) -0.54 (-1.14, 0.07) 0.09

Child–Pugh class    

A 38 (38.78%) Reference  

B 37 (37.76%) -0.08 (-0.78, 0.61) 0.81

C 23 (23.47%) -0.80 (-1.60, -0.01) 0.05

Family history of hepatitis B    

No 73 (74.49%) Reference  

Yes 25 (25.51%) 0.18 (-0.52, 0.89) 0.61

Family history of HCC    

No 89 (90.82%) Reference  

Yes 9 (9.18%) -0.67 (-1.73, 0.40) 0.22

ALD    

No 63 (64.29%) Reference  

Yes 35 (35.71%) -0.25 (-0.89, 0.40) 0.45

Diabetes Mellitus    

No 80 (81.63%) Reference  

Yes 18 (18.37%) -0.58 (-1.37, 0.21) 0.15

ote: In univariate analysis of PLT, and TBIL, values for β and 95%CI were small; therefore, they
e displayed to three decimal places and AST/ALT, to four decimal places. 
Abbreviations: HBV DNA, hepatitis B virus deoxyribonucleic acid; CI, confidence interval; PLT,
platelet;ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin;
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ALB, albumin; INR, International Normalized Ratio; HBcrAg, hepatitis B core-related antigen;
HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e-antigen; HCC, hepatocellular
carcinoma;ALD, alcohol-related liver disease.
 
Table3. Relationship between HBcrAg and HBV DNA (log10 IU/mL) in different models

Variable Crude Model   Model   Model 

β (95%

CI)

P-value   β (95%

CI)

P-value   β (95%

CI)

P-value

HBcrAg

(log10 IU/ml)

0.53 (0.35,

0.70)

<0.0001   0.53 (0.36,

0.71)

<0.0001   0.59 (0.34,

0.84)

<0.0001

HBcrAg

(tripartite) 

              

T1(2.00-5.21) Reference     Reference     Reference  

T2(5.22-6.34) 0.68(-0.01,

1.36)

0.0557   0.70 (0.00,

1.39)

0.05   0.55 (-0.26,

1.36)

0.19

T3(6.35-9.12) 1.65 (0.97,

2.33)

<0.0001   1.69 (1.00,

2.38)

<0.0001   1.77 (0.89,

2.64)

<0.001

P for trend <0.0001     <0.0001     <0.001  

Model I was adjusted for sex, age. 
 Model II was adjusted for sex, age, diagnosis of primary hepatic carcinoma, TBIL, HBsAg,
HBeAg, Child–Pugh class, family history of HBV infection, family history of HCC, ALD, diabetes
mellitus.
Abbreviations: HBcrAg, hepatitis B core-related antigen;  HBVDNA, hepatitis B virus
deoxyribonucleic acid;  CI, confidence interval;  HCC, hepatocellular carcinoma; TBIL, total
bilirubin; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e-antigen; ALD, alcohol-
related liver disease.
 
Table 4.The relationship between HBcrAg (log10 IU/mL) and HBV DNA (log10 IU/mL) is linear

(Piece-wise Linear Regression).
Effect size (β) 95 CI P value

0.59 (0.34, 0.84) <0.0001

A nonlinear relationship between them was detected after adjusting for sex, age, diagnosis of
primary hepatic carcinoma, TBIL, HBsAg, HBeAg, Child–Pugh, family history of HBV infection,
family history of HCC, ALD, diabetes mellitus.
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Abbreviations:  HBcrAg, hepatitis B core-related antigen;  HBVDNA, hepatitis B virus
deoxyribonucleic acid;
CI, confidence interval; HCC, hepatocellular carcinoma; TBIL, total bilirubin; HBsAg, hepatitis
B surface antigen; HBeAg, hepatitis B e-antigen; ALD, alcohol-related liver disease.
 
Table5. Effect size of HBcrAg (log10 U/mL) on HBV DNA (log10 U/mL) in pre-specified and

exploratory subgroups
Characteristic No. of participants, n β (95% CI) P -value P for interaction

Sex       0.42

 Male 80 0.48(0.27, 0.70) <0.0001  

 Female 18 0.40(-0.14, .94) 0.18  

Age (years) *       0.87

 25–51 31 0.69(0.20, 1.17) 0.01  

 52–61 34 0.51(0.19, 0.83) 0.01  

 62–79 33 0.25(-0.09, .59) 0.17  

HBeAg       0.06

 Negative 49 0.41(0.15, 0.66) <0.01  

 Positive 49 1.00(0.57, 1.43) <0.0001  

Family history of HBV infection       0.29

  No 73 0.56(0.32, 0.80) <0.0001  

  Yes 25 0.33(-0.11, 0.77) 0.17  

Family history of HCC       0.85

No 89 0.53(0.33, 0.73) <0.0001  

Yes 9 - -  

Diagnosis of HCC       0.63

No 48 0.55(0.23, 0.86) <0.01  

Yes 50 0.32(0.06, 0.57) 0.02  

ALD       0.81

 No 63 0.49(0.24, 0.75) <0.001  

 Yes 35 0.48(0.03, 0.92) 0.05  

Diabetes mellitus       0.68

   No 80 0.47(0.23, 0.72) <0.001  

   Yes 18 0.61(0.12, 1.10) 0.04  

Child–Pugh class       0.43

A 38 0.65(0.28, 1.02) <0.001  

B 37 0.49(0.15, 0.83) 0.01  

C 23 0.34(-0.14, .81) 0.19  

Note 1*: When age is a stratified variable, age is not adjusted.
Adjusted for age, PLT, ALT, AST, TBIL, ALB, INR, HBsAg.
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Abbreviations: HBcrAg, hepatitis B core-related antigen; HBVDNA, hepatitis B virus
deoxyribonucleic acid;
CI, confidence interval;HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; ALD,
alcoholic liver disease; PLT, platelet;ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TBIL, total bilirubin; ALB, albumin; INR, International Normalized Ratio;
HBsAg, hepatitis B surface antigen.

Abbreviations
HBV, hepatitis B virus; HBcrAg, hepatitis B virus core-related antigen, HBeAg, hepatitis B e antigen; HBsAg,
hepatitis B surface antigen; HBV DNA, hepatitis B virus deoxyribonucleic acid; CHB, chronic hepatitis B;
HCC, hepatocellular carcinoma; PLT, platelets; TBIL, total bilirubin; ALB, albumin; INR, International
Normalized Ratio; ALD, alcohol-related liver disease; cccDNA, covalently closed circular DNA; NAs,
nucleoside analogues.

Figures
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Figure 1

The acquisition process of patients with surplus serum samples included in this retrospective study.
Abbreviations: HBV DNA, hepatitis B virus deoxyribonucleic acid, PBC, primary biliary cirrhosis; AIH,
autoimmune hepatitis; HCV, hepatitis C virus; HIV, Human Immunode�ciency Virus, HBcrAg, hepatitis B
core-related antigen.
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Figure 2

A linear association was found between HBcrAg(log10 IU/mL) and HBV DNA (log10 IU/mL) (P < 0.01)
using a generalized additive model (GAM). Note1: Solid red line: linear �t between variables. Blue bands:
95% of con�dence interval for the �t. Note2: Adjusted for sex, age, diagnosis of primary hepatic
carcinoma, TBIL, HBsAg, HBeAg, Child-Pugh class, family history of hepatitis B, family history of HCC,
ALD, diabetes. Abbreviations: CI, con�dence interval; HBcrAg, hepatitis B core-related antigen; HBV DNA,
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HBeAg, hepatitis B e-antigen; hepatitis B virus deoxyribonucleic acid; HCC, hepatocellular carcinoma;
HBsAg, hepatitis B surface antigen; ALD, alcoholic liver disease.


