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BACKGROUND & AIMS: The overlap between chronic hepatitis B (CHB) and metabolic dysfunction-associated steatotic 
liver disease (MASLD) has been growing. This study aimed to explore the impact of CHB and its 
clinical phases on liver fibrosis/cirrhosis in patients with MASLD.

METHODS: We enrolled patients with MASLD who underwent vibration-controlled transient elastography 
(VCTE) or liver biopsy at 19 centers in China between 2004 and 2025. Logistic regression 
analyses were conducted to examine the association between CHB and liver fibrosis/cirrhosis. 
Propensity score matching was used to adjust for potential confounders.

RESULTS: A total of 6682 patients with MASLD were included, comprising 3979 VCTE-based cases (351 
with concurrent CHB) and 2703 biopsy-proven cases (1811 with concurrent CHB). In the VCTE 
cohort, patients with MASLD and CHB had higher proportions of significant fibrosis (50.1% vs 
33.5%), advanced fibrosis (25.4% vs 10.8%), and cirrhosis (15.7% vs 5.4%) (all P < .001), with 
similar findings in the biopsy cohort. Multivariate analyses showed that concurrent CHB 
independently increased the risks of fibrosis/cirrhosis in both cohorts (odds ratios [ORs]: 
VCTE cohort: 1.98–3.73; biopsy cohort: 1.98–3.37; all P < .001). Under the 2018 American 
Association for the Study of Liver Diseases criteria, hepatitis B e-antigen-positive immune-
active CHB had the highest odds of significant fibrosis, advanced fibrosis, and cirrhosis (OR, 
3.27–11.18; P ≤ .001), with elevated odds also observed in gray-zone CHB (OR, 3.05–6.95; 
P ≤ .001); associations remained similar after propensity score matching and application of the 
2025 European Association for the Study of the Liver classification.

CONCLUSIONS: Concurrent CHB increased liver fibrosis/cirrhosis risk in MASLD not only in the immune-active 
phase but also in the gray-zone phase. Patients with MASLD and concomitant active/gray-zone 
CHB may warrant enhanced noninvasive monitoring and individualized management to 
mitigate fibrotic progression.

Keywords: Advanced Fibrosis; Chronic Hepatitis B; Cirrhosis; Metabolic Dysfunction-Associated Steatotic Liver Disease; 
Significant Fibrosis.

M etabolic dysfunction-associated steatotic liver 
disease (MASLD) affects more than 30% of the 

global population, with its prevalence steadily 
increasing due to rising rates of obesity and diabetes. 1–4 

Its more severe form, metabolic dysfunction-associated 
steatohepatitis (MASH), can progress to liver fibrosis, 
cirrhosis, and hepatocellular carcinoma (HCC), driving 
rising rates of liver-related mortality. 5 The newly 
released guidelines for MASLD have revised the

diagnostic framework by allowing the coexistence of 
steatotic liver disease with other liver conditions, 
including viral hepatitis. 6

With a global prevalence of 3.2% in 2022, 7 

individuals with positive hepatitis B surface antigen 
(HBsAg) account for 257.5 million, 7 primarily in the 
Asia-Pacific region, potentially leading to an estimated 
1.1095 million deaths due to chronic hepatitis B (CHB) 
by 2030. 8 Both CHB and MASLD are predominant
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contributors to chronic liver injury, leading to progres-
sion of liver fibrosis and other liver-related adverse 
outcomes. 8–10 A meta-analysis of 54 studies involving 
28,648 patients reported that the pooled prevalence of 
hepatitis steatosis (HS) in CHB was 32.8%. 11 Our pre-
vious meta-analysis found an even higher prevalence of 
CHB combined with hepatic steatosis in Asia, at 36.5%. 12 

However, the impact of this combination on disease 
progression remains inconclusive.

Research on CHB with concurrent hepatic steatosis 
has primarily focused on the impact of HS on the clinical 
course of CHB. Studies have reported that patients with 
CHB combined with persistent HS had a higher rate of 
liver fibrosis progression than those without HS. 13 

Moreover, patients with CHB with concurrent nonalco-
holic steatohepatitis exhibited more advanced fibrosis 
and a shorter time to liver-related outcomes such as 
HCC or death compared with those with CHB alone. 14 

However, the impact of concurrent CHB, including its 
different clinical phases, on patients with MASLD re-
mains unclear. Understanding this relationship is crucial 
for identifying high-risk populations and improving 
clinical management strategies.

Therefore, this multicenter, biopsy-confirmed cohort 
study aims to explore the impact of chronic hepatitis B 
virus (HBV) infection and its clinical phases on liver 
fibrosis/cirrhosis in patients with MASLD.

Materials and Methods

Study Population

This multicenter, retrospective study conducted 
under the guidance of the metabolic dysfunction-
associated fatty liver disease comorbid with chronic 
hepatitis B (MetCHB) Consortium and included pa-
tients with MASLD from 19 medical centers across 
China between 2004 and 2025, who were diagnosed 
by vibration-controlled transient elastography (VCTE) 
or confirmed by liver biopsy. Details of the partici-
pating hospitals are provided in the Supplementary 
Materials and Methods. The study protocol was con-
ducted in accordance with the principles of the 
Declaration of Helsinki and approved by the ethics 
committee of each participating hospital. Written 
informed consent was obtained from all patients prior 
to liver biopsy.

Definitions

MASLD was defined as the presence of steatotic liver 
disease (hepatic steatosis identified by VCTE or biopsy) 
and at least one cardiometabolic risk factor, as detailed 
in the Supplementary Materials and Methods. 6,15 CHB 
was defined as positive HBsAg for at least 6 months. 16 

The clinical phases of CHB were defined according to the 
2018 American Association for the Study of Liver

Diseases (AASLD) 17 and 2025 European Association for 
the Study of the Liver (EASL) guidelines. 18

Inclusion and Exclusion Criteria

Patients aged 18 years or older who had MASLD, 
with or without concurrent CHB, were included in the 
study. Patients were excluded if they met any of the 
following criteria: (1) daily alcohol consumption 
exceeding 2 drink units (20 g) for women or 3 drink 
units (30 g) for men; (2) secondary causes of steatohe-
patitis; (3) presence of any other baseline chronic liver 
diseases; or (4) a lack of liver biopsy results and/or any 
other important clinical data.

Clinical and Laboratory Data

Clinical, laboratory, VCTE, and liver biopsy data were 
collected at enrollment. Further details are provided in 
the Supplementary Materials and Methods.

Assessment of Steatosis and Fibrosis

For the VCTE cohort, liver steatosis grades were 
defined by controlled attenuation parameter (CAP) 
values: ≥275 dB/m for ≥S1, ≥290 dB/m for ≥S2, and
≥310 dB/m for S3. 19 Fibrosis stages were defined 
as ≥F2 at a liver stiffness measurement (LSM) ≥8 kPa,
≥F3 at LSM ≥12 kPa, and F4 at LSM ≥15 kPa. 20,21

For the biopsy cohort, hepatic steatosis was graded 
according to Brunt’s criteria on a 0 to 3 scale, 22 corre-
sponding to no steatosis, ≤33%, 33% to 66%, and 
>66% steatosis, respectively. Significant fibrosis,

What You Need to Know

Background
The coexistence of chronic hepatitis B (CHB) and 
metabolic dysfunction-associated steatotic liver 
disease (MASLD) is becoming more common, but 
the impact of CHB on liver fibrosis/cirrhosis in pa-
tients with MASLD remains unclear.

Findings
Concurrent CHB was associated with increased risks 
of significant fibrosis, advanced fibrosis, and 
cirrhosis in patients with MASLD, not only in the 
immune-active phase but also in the gray-zone 
phase.

Implications for patient care
Patients with MASLD and concomitant active/gray-
zone CHB should receive closer noninvasive moni-
toring and personalized management to prevent 
fibrosis progression and improve long-term 
outcomes.
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advanced fibrosis, and cirrhosis were defined as stages 
F2, F3, and F4, respectively. 22,23 Pathological evaluations 
were independently performed by 2 board-certified 
pathologists from the respective centers, who were 
blinded to the clinical data. Discrepancies were resolved 
through discussion to reach a consensus. Interobserver 
agreement was assessed using the Kappa statistic. 
Kappa values exceeding 0.60 indicated good 
agreement. 24,25

Statistical Analysis

Continuous variables were presented as median 
(interquartile range [IQR]) for non-normally distributed 
data or mean (standard deviation [SD]) for normally 
distributed data, and comparisons between 2 groups 
using the Mann-Whitney U test or Student’s t-test, 
respectively. Categorical data were described as fre-
quencies and percentages and were compared using the
χ 2 test. Univariate and multivariate logistic regression 
analyses were conducted to evaluate the association 
between CHB and fibrosis/cirrhosis in patients with 
MASLD. Model 1 was adjusted for gender, age, and 
steatosis. Model 2 further adjusted 5 cardiometabolic 
risk factors, including body mass index (BMI), fasting 
plasma glucose (FPG), hypertension, triglyceride (TG), 
and high-density lipoprotein cholesterol (HDL-c). Model
3 included additional adjustments for alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
hemoglobin (Hb), and total bilirubin (TBIL). Propensity 
score matching (PSM) was used to minimize potential

confounding, using an 8:1 matching protocol for the 
VCTE cohort and a 1:1 matching protocol for the biopsy 
cohort, based on gender, age, steatosis, 5 car-
diometabolic risk factors, ALT, AST, Hb, and TBIL. The 
quality of matching was evaluated using absolute stan-
dardized mean differences (SMDs). 26 Statistical signifi-
cance was defined as P < .05, and all analyses were 
conducted using R software (version 4.4.1).

Results

Patient Characteristics

A total of 10,437 participants were enrolled in this 
study. In the VCTE cohort (n = 5952), 3979 were 
included in the final analysis (3628 with MASLD only 
and 351 with MASLD concurrent with CHB). After 8:1 
PSM between MASLD-only and treatment-naïve CHB 
groups, 1922 and 267 matched patients were retained, 
respectively (Figure 1). In the liver biopsy cohort 
(n = 4485), 892 MASLD only and 1811 MASLD con-
current with CHB patients (including 930 treatment-
naïve) were analyzed. Following 1:1 matching, 481 pa-
tients were included in each group (Figure 1).

The baseline characteristics of patients with MASLD 
with and without CHB are summarized in 
Supplementary Table 1. Patients with concurrent CHB 
exhibited a more benign cardiometabolic profile. In the 
VCTE cohort, the CHB group had a significantly higher 
proportions of significant fibrosis (50.1% vs 33.5%),

Figure 1. Flow diagram of study population.
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advanced fibrosis (25.4% vs 10.8%), and cirrhosis 
(15.7% vs 5.4%) (all P < .001) (Supplementary 
Figure 1). Similar trends were observed in the biopsy 
cohort (Supplementary Figure 2). When restricting the 
analysis to treatment-naïve CHB, baseline characteristics 
of the VCTE cohort and the liver biopsy cohort are 
provided in Supplementary Table 2 and Table 1, 
respectively. Among liver biopsy cohort, before PSM, 
those with treatment-naïve CHB had a lower prevalence 
of steatosis grades 2 (21.8% vs 32.4%) and 3 (6.8% vs 
26.1%) but a higher inflammation grade ≥2 (60.3% vs 
53.1%) compared with the MASLD-only group. They 
also had a lower prevalence of hypertension (11.2% vs 
46.3%), lower BMI (25.42 vs 26.91 kg/m 2 ), TGs (1.44 vs 
1.90 mmol/L), and FPG (5.19 vs 5.52 mmol/L), but 
higher HDL-c (1.14 vs 1.10 mmol/L) (all P < .05) 
(Table 1). Before and after PSM, the treatment-naïve 
CHB group exhibited significantly higher proportions of 
significant fibrosis (before PSM: 50.9% vs 37.3%; after 
PSM: 48.9% vs 28.5%), advanced fibrosis (before PSM: 
28.4% vs 12.7%; after PSM: 28.7% vs 10.4%), and 
cirrhosis (before PSM: 12.7% vs 3.9%; after PSM: 13.3% 
vs 2.9%) in the liver biopsy cohort (all P < .001) 
(Figure 2). Similar trends were observed in the VCTE 
cohort (Supplementary Figure 3).

The Impact of Concurrent CHB on Significant 
Fibrosis, Advanced Fibrosis, and Cirrhosis in 
Patients With MASLD

In the VCTE cohort, univariable and multivariable 
logistic regression analyses evaluated the association 
between concurrent CHB and significant fibrosis, 
advanced fibrosis, and cirrhosis in patients with MASLD 
(Supplementary Tables 3 and 4, Supplementary 
Figure 4). Concurrent CHB was independently associ-
ated with higher risks of significant fibrosis, advanced 
fibrosis, and cirrhosis (odds ratios (ORs) range, 
1.98–3.73; all P < .001). Similar results were observed 
in the liver biopsy cohort, with adjusted ORs of 1.98 to 
2.31 for significant fibrosis, 2.37 to 2.78 for advanced 
fibrosis, and 2.95 to 3.37 for cirrhosis (Supplementary 
Tables 5 and 6, Supplementary Figure 5).

Among patients with MASLD, those with concurrent 
treatment-naïve CHB were further analyzed to assess 
the association with liver fibrosis and cirrhosis. In the 
VCTE cohort, univariate logistic regression revealed that 
patients with MASLD and concurrent treatment-naïve 
CHB exhibited significantly elevated odds of significant 
fibrosis, advanced fibrosis, and cirrhosis, both before 
and after PSM (OR range, 1.79–2.62 all P < .001) 
(Supplementary Tables 7 and 8). Consistent findings 
were observed in the liver biopsy cohort 
(Supplementary Table 9 and Table 2). In multivariate 
logistic regression analyses after PSM, concurrent 
treatment-naïve CHB was independently associated with 
a higher risk of fibrosis across both the VCTE and liver

biopsy cohorts, with adjusted ORs ranging from 1.91 to 
2.88 for significant fibrosis, 2.27 to 4.36 for advanced 
fibrosis, and 2.35 to 6.84 for cirrhosis (all P < .001) 
(Figure 3, Supplementary Figure 6, and Supplementary 
Tables 10 and 11).

Impact of CHB Clinical Phases on Significant 
Fibrosis, Advanced Fibrosis, and Cirrhosis in 
MASLD

Based on the 2018 AASLD guidelines, all treatment-
naïve patients with CHB were categorized into 5 phases: 
immune-tolerant CHB (n = 43), inactive CHB (n = 114), 
HBeAg-negative immune-active CHB (n = 65), HBeAg-
positive immune-active CHB (n = 128), and gray-zone 
CHB (n = 451) (Table 1).

Before PSM, univariate logistic regression analysis 
indicated that gray-zone CHB, HBeAg-negative immune-
active CHB, and HBeAg-positive immune-active CHB 
were all significantly associated with an increased risk 
of significant fibrosis, advanced fibrosis, and cirrhosis 
(OR range, 1.86–4.81; all P ≤ .001) (Supplementary 
Table 9). After PSM, these associations remained 
robust (OR range, 2.47–6.29; all P < .05) (Table 2). In 
multivariate logistic regression analyses, compared with 
patients with MASLD only, those with gray-zone CHB 
had 2.85- to 7.36-fold higher risks for significant 
fibrosis, advanced fibrosis, and cirrhosis before and after 
PSM (all P < .001). Patients with HBeAg-negative im-
mune-active CHB showed 2.68- to 6.06-fold higher risks, 
whereas those with HBeAg-positive immune-active CHB 
exhibited 3.03- to 14.15-fold higher risks of these out-
comes (all P < .05) (Figure 4 and Supplementary 
Table 12).

The 2025 EASL classification confirmed findings 
highly consistent with those derived from the 2018 
AASLD CHB stratification guidelines. Gray-zone CHB, 
HBeAg-negative CHB, and HBeAg-positive CHB, were all 
significantly associated with increased risks of signifi-
cant fibrosis, advanced fibrosis, and cirrhosis in both 
univariate and multivariate analyses (Supplementary 
Figure 7, Supplementary Tables 10 and 13).

Discussion

This study demonstrated that concurrent CHB was 
associated with a markedly increased risk of significant 
fibrosis, advanced fibrosis, and cirrhosis among patients 
with MASLD, compared with those with MASLD-only. 
Furthermore, based on both the 2018 AASLD and 
2025 EASL classifications, the elevated fibrosis risk was 
observed not only in patients with CHB in the immune-
active phase but also in those in the gray-zone phase. 
Specifically, gray-zone patients exhibited a 2.85-fold 
higher risk of significant fibrosis, a 4.35-fold higher 
risk of advanced fibrosis, and a 7.36-fold higher risk of 
cirrhosis.
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Table
 

1. Baseline Characteristics of Patients With MASLD 
With

 
and

 
Without Concurrent Treatment-Naïve CHB 

in
 
the
 
Liver Biopsy Cohort

Before
 
PSM

 
After 1:1 PSM

Characteristics Total (N 
=
 
1822)

MASLD
 
only

 
(n
 
=
 
892)

MASLD
 
with

treatment-naïve
CHB

 
(n
 
=
 
930) P

 
value

 
SMD

 
Characteristics Total (N 

=
 
962)

MASLD
 
only

 
(n
 
=
 
481)

MASLD
 
with

 
treatment-naïve

 
CHB

 
(n
 
=
 
481) P

 
value SMD

Male
 
(n
 
=
 
1822) 1251

 
(68.7) 525

 
(58.9) 726

 
(78.1) <.001 0.422 Male

 
(n
 
=
 
962) 672

 
(69.9) 338

 
(70.3) 334

 
(69.4) .833 0.018

Age, y (n =
 
1822) 41.00

 
(33.00–50.00) 43.50

 
(33.00–54.00) 40.00

 
(33.00–48.00) <.001 0.212 Age, y (n =

 
962) 41.00

 
(33.00–50.00) 40.00

 
(31.00–51.00) 41.00

 
(34.0–49.00) .703 0.006

Steatosis grade (n =
 
1822) Steatosis grade (n =

 
962)

Grade
 
1 1034

 
(56.8) 370

 
(41.5) 664

 
(71.4) <.001 0.692 Grade

 
1 522

 
(54.3) 255

 
(53.0) 267

 
(55.5) .664 0.058

Grade
 
2 492

 
(27.0) 289

 
(32.4) 203

 
(21.8) Grade

 
2 315

 
(32.7) 164

 
(34.1) 151

 
(31.4)

Grade
 
3 296

 
(16.2) 233

 
(26.1) 63

 
(6.8) Grade

 
3 125

 
(13.0) 62

 
(12.9) 63

 
(13.1)

Inflammation
 
grade

 
≥2
 

(n
 
=
 
1822)

1035
 
(56.8) 474

 
(53.1) 561

 
(60.3) .002 0.145 Inflammation

 
grade

 
≥2
 

(n
 
=
 
962)

528
 
(54.9) 234

 
(48.6) 294

 
(61.1) <.001 0.253

BMI, kg/m
 

2
 (n

 
=
 
1822) 26.04

(24.12–28.40)
26.91

(24.60–29.71)
25.42

(23.88–27.32)
<.001 0.446 BMI, kg/m

 

2
 (n

 
=
 
962) 26.08

(24.07–28.40)
26.06

(23.88–28.70)
26.17

(24.28–28.03)
.901 0.028

Hypertension
 
(n
 
=
 
1822) 517

 
(28.4) 413

 
(46.3) 104

 
(11.2) <.001 0.842 Hypertension

 
(n
 
=
 
962) 212

 
(22.0) 111

 
( 23.1) 101

 
(21.0) .484 0.050

FPG, mmol/L
 
(n
 
=
 
1822) 5.30

 
(4.85–5.96) 5.52

 
(4.96–6.36) 5.19 (4.75–5.70) <.001 0.339 FPG, mmol/L

 
(n
 
=
 
962) 5.28

 
(4.84–5.86) 5.29

 
(4.88–5.97) 5.25

 
(4.82–5.73) .077 0.051

TG, mmol/L
 
(n
 
=
 
1822) 1.66

 
(1.12–2.76) 1.90

 
(1.29–2.96) 1.44

(0.98–2.39)
<.001 0.255 TG, mmol/L

 
(n
 
=
 
962) 1.70

 
(1.16–2.89) 1.83

 
(1.24–2.90) 1.57

 
(1.09–2.88) .005 0.037

HDL-c, mmol/L 
(n
 
=
 
1822)

1.12
 
(0.94–1.30) 1.10

 
(0.93–1.28) 1.14

 
(0.95–1.32) .023 0.075 HDL-c, mmol/L

 
(n
 
=
 
962) 1.10

 
(0.93–1.29) 1.09

 
(0.91–1.27) 1.12

 
(0.93–1.32) .077 0.065

ALT, U/L
 
(n
 
=
 
1,822) 53.00

(32.00–97.00)
66.00

(35.00–120.00)
46.00

(30.00–76.00)
<.001 0.077 ALT, U/L

 
(n
 
=
 
962) 55.00

 
(32.92–95.00) 63.30

(35.00–111.60)
48.00

 
(30.00–79.00) <.001 0.004

AST, U/L
 
(n
 
=
 
1822) 36.00

(25.42–57.00)
42.45

(27.00–67.03)
33.00

(25.00–48.00)
<.001 0.062 AST, U/L

 
(n
 
=
 
962) 36.00

 
(25.92–56.53) 40.00

(26.00–63.00)
34.00

 
(25.30–50.00) .013 0.027

Hb, g/L (n =
 
1822) 150.00

(137.25–160.00)
148.00

(135.00–159.00)
152.00

(141.00–160.00)
<.001 0.207 Hb, g/L (n =

 
962) 151.00

(138.00–160.00)
150.00

(138.00–160.00)
151.00

(138.00–160.00)
.805 <0.001

TBIL, μmol/L
 
(n
 
=
 
1822) 14.30

(11.00–18.90)
14.40

(11.00–19.22)
14.20

(11.10–18.67)
.612 0.044 TBIL, μmol/L

 
(n
 
=
 
962) 14.40

(11.10–19.17)
14.60

(11.30–19.90)
14.20

(11.00–18.40)
.200 0.031

Phases of chronic HBV 
infection

 
according

 
to
 
the
 
2018

 
AASLD

 
guideline

 
(n
 
=
 
801) Phases of chronic HBV 

infection
 
according

 
to
 
the
 
2018

 
AASLD

 
guideline

 
(n
 
=
 
405)

Immune-tolerant CHB 43
 
(5.4) NA 43

 
(5.4) NA NA Immune-tolerant CHB 23

 
(5.7) NA 23

 
(5.7) NA NA

Inactive
 
CHB 114

 
(14.2) NA 114

 
(14.2) Inactive

 
CHB 50

 
(12.3) NA 50

 
(12.3)
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CHB induces immune dysregulation through multiple 
mechanisms, contributing to the development of liver 
fibrosis and cirrhosis. 27 Immune cells such as CD4 + and 
CD8+T lymphocytes, natural killer cells, and mono-
cytes/macrophages mediate hepatic inflammation, 
which in turn activates hepatic stellate cells and drives 
fibrogenesis. 28–31 Growing evidence also indicates that 
MASLD can affect long-term outcomes in patients with 
CHB; for instance, severe steatosis is associated with 
more severe fibrosis in both treatment-naïve and 
antiviral-treated patients with CHB. 32 Interestingly, pa-
tients with MASLD and concomitant CHB may exhibit a 
more favorable cardiometabolic profile. This observa-
tion might be partly explained by the fact that liver 
injury in MASLD-only patients is primarily driven by 
metabolic dysfunction, whereas in those with both CHB 
and MASLD, hepatic injury arises from dual etiologies, 
and the viral component may partly mask or attenuate 
the contribution of metabolic abnormalities. Neverthe-
less, this hypothesis remains speculative and requires 
validation in future mechanistic and prospective studies. 
Emerging evidence suggests that in individuals with 
MASLD, concurrent CHB may further exacerbate fibro-
genesis through distinct mechanisms. For instance, 
global DNA hypomethylation observed in patients with 
both conditions was associated with enhanced activa-
tion of fibrotic pathways. 33,34 Moreover, in the context of 
pre-existing metabolic inflammation, HBV-induced im-
mune dysregulation may amplify immune imbalance, 
thereby promoting liver fibrogenic responses. 35,36 Sup-
porting this synergistic effect, a biopsy-based study in 
Taiwan reported a 3.55-fold increased risk of advanced 
fibrosis in patients with MASLD or cryptogenic cirrhosis 
who were also infected with HBV. 37

Previous studies have shown that the severity of liver 
fibrosis in patients with CHB varies substantially across 
clinical phases. 38–40 In particular, the prevalence of sig-
nificant fibrosis (50.6% vs 16.9%), advanced fibrosis 
(32.1% vs 5.4%), and cirrhosis (12.8% vs 0.0%) is 
markedly higher in immune-active than in immune-
tolerant phase patients with CHB. 38 Extending these 
observations to dual-etiology disease, our analysis 
revealed that patients with MASLD and concomitant 
CHB in the HBeAg-positive immune-active phase had the 
greatest fibrotic risk, with 3.03-, 7.22-, and 14.15-fold 
higher risks of significant fibrosis, advanced fibrosis, 
and cirrhosis, respectively, compared with MASLD-only.

Importantly, patients with CHB in the gray-zone 
phase exhibit significantly greater liver damage than 
those in the immune-tolerant phase, as evidenced by 
higher Fibrosis-4 Index (FIB-4) scores (1.08 vs 0.66) and 
a greater prevalence of fibrosis and cirrhosis. 39,41 

Furthermore, the risk of HCC in patients with gray-zone 
CHB is 14 times higher than in patients with inactive 
CHB. 42 In our cohort, patients with MASLD and con-
current CHB in the gray-zone phase exhibited a sub-
stantially increased fibrotic burden, with 2.85-, 4.35-, 
and 7.36-fold higher risks of significant fibrosis,T
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advanced fibrosis, and cirrhosis, respectively. Despite 
their elevated risk, current clinical guidelines provide 
limited or controversial recommendations regarding 
antiviral therapy for patients with gray-zone CHB. 43

Given this high burden of fibrosis progression and HCC 
in gray-zone patients, studies are urgently needed to 
evaluate the benefits of antiviral therapy in this sub-
group and to inform future treatment recommendations.

Figure 2. Comparison of 
the distributions of signifi-
cant fibrosis, advanced 
fibrosis, and cirrhosis be-
tween MASLD patients 
with and without concur-
rent treatment-naïve CHB 
before and after pro-
pensity score matching in 
the liver biopsy cohort. (A) 
Before PSM; (B) after 
PSM.

Table 2. Univariable Logistic Regression Analysis for Significant Fibrosis, Advanced Fibrosis, and Cirrhosis in Patients With 
MASLD After PSM in the Liver Biopsy Cohort (Treatment-Naïve CHB)

Significant fibrosis Advanced fibrosis Cirrhosis

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

With and without concurrent treatment-naïve CHB
MASLD only Reference Reference Reference 
MASLD with concurrent CHB 2.40 (1.84–3.13) <.001 3.47 (2.44–4.94) <.001 5.12 (2.83–9.26) <.001

Phases of chronic HBV infection according to the 2018 AASLD guideline
MASLD only Reference Reference Reference
Immune-tolerant CHB 0.89 (0.34–2.30) .803 1.29 (0.37–4.51) .687 1.52 (0.19–12.06) .694
Inactive CHB 1.29 (0.70–2.40) .414 2.15 (1.02–4.57) .045 2.13 (0.59–7.68) .248
Immune-active CHB (HBeAg-negative) 3.48 (1.66–7.29) .001 4.74 (2.15–10.47) <.001 4.94 (1.52–16.03) .008
Immune-active CHB (HBeAg- positive) 2.94 (1.73–5.02) <.001 4.96 (2.75–8.95) <.001 6.29 (2.66–14.87) .001
Gray-zone CHB 2.47 (1.79–3.41) <.001 3.45 (2.30–5.17) <.001 5.56 (2.92–10.58) <.001

Phases of chronic HBV infection according to the 2025 EASL guideline
MASLD only Reference Reference Reference 
HBeAg-positive chronic HBV infection 0.50 (0.17–1.50) .216 0.78 (0.18–3.43) .746 0.00 (0.00-Inf) .986
HBeAg-negative chronic HBV infection 1.43 (0.84–2.46) .189 2.32 (1.20–4.48) .012 2.15 (0.69–6.74) .188
HBeAg-negative CHB 2.75 (1.63–4.61) <.001 3.67 (2.01–6.68) <.001 5.85 (2.48–13.79) <.001
HBeAg-positive CHB 5.49 (2.94–10.25) <.001 8.96 (4.81–16.70) <.001 10.26 (4.44–23.71) .001
Gray-zone CHB 2.34 (1.66–3.29) <.001 3.17 (2.06–4.88) <.001 5.07 (2.59–9.94) <.001
Male 0.65 (0.49–0.86) .003 0.58 (0.42–0.81) .001 0.53 (0.33–0.84) .008
Age 1.03 (1.02–1.04) <.001 1.04 (1.03–1.05) <.001 1.05 (1.03–1.07) <.001

Steatosis grade 
Grade 1 Reference Reference .887 Reference
Grade 2 1.35 (1.02–1.80) .037 1.03 (0.72–1.46) .386 0.81 (0.49–1.36) .431
Grade 3 1.24 (0.84–1.86) .282 1.23 (0.77–1.98) 0.50 (0.21–1.19) .117
BMI 1.00 (0.96–1.03) .880 0.99 (0.95–1.04) .816 1.03 (0.96–1.09) .406
Hypertension 1.39 (1.02–1.89) .038 1.57 (1.09–2.25) .014 1.65 (0.99–2.73) .054
FPG 1.29 (1.16–1.43) <.001 1.19 (1.08–1.32) <.001 1.22 (1.09–1.37) .001
TG 0.84 (0.77–0.92) <.001 0.78 (0.68–0.89) <.001 0.95 (0.81–1.11) .487
HDL-c 1.50 (1.00–2.23) .048 1.11 (0.70–1.75) .666 1.15 (0.61–2.20) .661
ALR 1.00 (1.00–1.00) .091 1.00 (1.00–1.00) .419 1.00 (1.00–1.00) .352
AST 1.01 (1.00–1.01) <.001 1.01 (1.00–1.01) <.001 1.00 (1.00–1.01) .223
Hb 0.99 (0.98–1.00) .007 0.99 (0.98–0.99) .002 0.99 (0.97–1.00) .019
TBIL 1.00 (0.99–1.02) .559 1.01 (1.00–1.02) .216 1.01 (1.00–1.03) .107

AASLD, American Association for the Study of Liver Diseases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CHB, 
chronic hepatitis B; CI, confidence interval; EASL, European Association for the Study of the Liver; FPG, fasting plasma glucose; Hb, hemoglobin; HBeAg, 
hepatitis B e-antigen; HBV, hepatitis B virus; MASLD, metabolic dysfunction-associated steatotic liver disease; OR, odds ratio; TBIL, total bilirubin; TG, 
triglyceride.
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Moreover, gray-zone cases are common, as demon-
strated by a cohort study from the United States in 
which over 50% of 1598 patients with CHB could not 
be classified into conventional disease phases, falling 
instead into the gray-zone phase. 40 Taken together, 
these data indicate that the gray-zone phase of CHB 
should not be regarded as a benign state but rather as 
a clinically significant phase that warrants proactive 
risk assessment and tailored management— 
particularly in patients with additional risk factors 
such as MASLD.

This study had several limitations. First, the study 
population was exclusively from China, and given 
potential differences in ethnicity, geographical region, 
health care systems, and epidemiological character-
istics, the generalizability of our findings to other 
populations may be limited. Second, given the

complex interplay between CHB and its immune 
phase and MASLD, potential unadjusted confounding 
factors may have influenced the observed associa-
tions. Moreover, as this cohort exclusively comprised 
patients with MASLD, the modifying role of MASLD in 
CHB-related fibrogenesis could not be assessed. 
Further studies including both MASLD and non-
MASLD populations are needed to delineate the 
interplay between metabolic dysfunction and HBV 
infection phases. Finally, the retrospective cross-
sectional design limited our ability to assess the 
longitudinal progression of liver fibrosis and broader 
clinical outcomes, such as cardiovascular events. 
Future prospective studies are needed to better ac-
count for potential confounders and to elucidate how 
dynamic transitions across HBV infection phases in-
fluence fibrotic progression.

Figure 3. Multivariable logistic regression analysis of the impact of concurrent treatment-naïve CHB on significant fibrosis, 
advanced fibrosis, and cirrhosis in patients with MASLD before and after PSM in the liver biopsy cohort. (A) Significant 
fibrosis before PSM; (B) advanced fibrosis before PSM; (C) cirrhosis before PSM; (D) significant fibrosis after PSM; (E) 
advanced fibrosis after PSM; (F) cirrhosis after PSM. Note: Model 1: adjusted by gender, age, and steatosis grade; Model 2: 
adjusted by gender, age, steatosis grade, BMI, hypertension, FPG, TG, HDL-c; Model 3: adjusted by gender, age, steatosis 
grade, BMI, hypertension, FPG, TG, HDL-c, ALT, AST, Hb, and TBIL.
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Conclusion

In conclusion, concurrent CHB markedly increases the 
risk of significant fibrosis, advanced fibrosis, and 
cirrhosis in patients with MASLD. Importantly, this 
elevated risk is not confined to the immune-active phase 
but extends to patients in the gray-zone phase—an often 
under-recognized subgroup. Therefore, enhanced nonin-
vasive monitoring and individualized management stra-
tegies are particularly warranted for patients with 
MASLD and concomitant active/gray-zone CHB. Future 
studies should explore the dynamic transitions between 
HBV immune phases and elucidate the molecular and 
immune mechanisms underlying CHB-MASLD comor-
bidity, to enable biomarker discovery and guide person-
alized antifibrotic therapies for high-risk populations.

Supplementary Material
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