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Patients with chronic hepatitis B exhibiting
significant inflammation and fibrosis should
pay particular attention to the status

of hepatic steatosis during antiviral therapy

Bingging Yang'", Tianyuan Yang'", Chenxue Hou?, Yue Li*" and Qi Wang'"

Abstract

Objective This study aims to explore the effects of various hepatic steatosis conditions on histological outcomes
in patients with significant inflammation and fibrosis in chronic hepatitis B (CHB) and analyze their impact on HBV
virological suppression outcomes and biochemical improvement.

Method This retrospective study included 219 chronic hepatitis B (CHB) patients receiving nucleos(t)ide analogues
therapy. Each of these patients underwent two liver biopsies. Patients were categorized into four groups based on
hepatic steatosis status: sustained non-hepatic steatosis (n=118), new-onset hepatic steatosis (n=33), sustained
hepatic steatosis (n1=37), and disappeared hepatic steatosis (1=31). We compared the liver biochemical parameters
and histological changes before and after treatment. Logistic regression analysis was performed to evaluate
characteristics associated with the improvement of significant liver inflammation (G > 2), significant fibrosis (S > 2), and
the persistence of hepatic steatosis.

Results After treatment, the sustained non-steatosis group exhibited the highest rate of improvement in baseline
significant inflammation (75.31%), while the sustained steatosis group had the lowest (42.31%, p=0.008). The
sustained steatosis group also had the highest rate of inflammation progression (15.38%, p=0.020) and was identified
as a risk factor for inadequate baseline inflammation improvement (p=0.006, OR=0.244, 95% C| 0.090-0.665). In
terms of baseline significant liver fibrosis improvement, the sustained non-hepatic steatosis group showed the
highest improvement rate (67.14%), while the sustained hepatic steatosis group had the lowest (28.00%, p=0.006).
The new-onset steatosis group had the highest rate of liver fibrosis progression (15.00%, p=0.027), and sustained
hepatic steatosis was a risk factor for poor baseline fibrosis improvement (p=0.001, OR=0.180, 95% CI 0.064-0.507).
Furthermore, the sustained hepatic steatosis group showed the smallest decrease in liver enzyme markers ALT, GGT,
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95% Cl 1.524-4.332).

biochemical abnormalities.

and ALP post-treatment, with reductions of 22.11% (p=0.023), 13.86% (p=0.003), and 1.98% (p=0.025), respectively.
Logistic regression analysis revealed that high baseline BMI and LDL-C levels were significantly associated with
persistent fatty liver, with high BMI (p=0.042, OR=1.109, 95% ClI 1.004-1.226) and high LDL-C (p <0.001, OR=2.570,

Conclusion In CHB patients with significant inflammation and fibrosis, the persistence of hepatic steatosis during
antiviral treatment may impede the improvement of inflammation and fibrosis, leading to disease progression and

Keywords Antiviral therapy, Chronic hepatitis B, Hepatic steatosis, Significant liver inflammation, Significant fibrosis

Introduction

According to the World Health Organization, approxi-
mately 257 million people worldwide are infected with
the hepatitis B virus (HBV) [1]. Meanwhile, changes in
lifestyle and dietary habits have contributed to hepatic
steatosis, which may progress to metabolic-associated
fatty liver disease (MASLD), currently the most preva-
lent chronic liver disease globally, surpassing chronic
hepatitis B (CHB) as the primary cause [2, 3]. The co-
occurrence of chronic hepatitis B (CHB) and meta-
bolic-associated steatotic liver disease (MASLD) is a
widespread phenomenon worldwide. Both diseases can
lead to liver fibrosis, cirrhosis, and even hepatocellular
carcinoma (HCC), significantly affecting patient progno-
sis [4, 5]. Several clinical and basic studies have demon-
strated a negative correlation between hepatic steatosis
and chronic HBV infection. CHB patients with hepatic
steatosis often exhibit lower HBV DNA levels and higher
rates of HBsAg clearance [6—8]. A recent study found that
individuals with chronic hepatitis B and hepatic steatosis
face a higher risk of liver-related events and mortality [9].
Currently, evidence on the impact of hepatic steatosis on
histological improvement following antiviral treatment in
CHB patients with varying degrees of histological inflam-
mation and fibrosis remains limited.

Two prospective studies found that, in CHB patients
receiving nucleos(t)ide analog antiviral therapy, hepatic
steatosis was associated with a decrease in ALT normal-
ization rate and HBV DNA clearance [10, 11]. However,
these studies relied on ultrasound, controlled attenuation
parameter (CAP), and liver stiffness measurement (LSM)
to assess the degree of steatosis and fibrosis. Therefore,
additional evidence from the gold standard of liver biopsy
is required [12]. On the other hand, previous studies have
shown that patients with significant inflammation (G = 2)
and significant fibrosis (S>2) are more likely to progress
to cirrhosis, hepatocellular carcinoma, and end-stage
liver disease. Thus, risk stratification based on the sever-
ity of liver inflammation and fibrosis is crucial for disease
prognosis [13, 14]. Currently, there is limited research on
the impact of hepatic steatosis on histological improve-
ment during antiviral treatment. A study by Sun et al.
found that new-onset and persistent NAFLD significantly

reduced the rate of fibrosis improvement during antiviral
treatment in CHB patients [15]. You et al. included 239
CHB patients who underwent paired liver biopsies before
and after antiviral treatment, and found that persistent
steatosis was associated with a reduced rate of fibrosis
resolution during antiviral treatment in CHB patients
[16]. Unfortunately, neither of these studies specifically
investigated the impact of hepatic steatosis on the post-
treatment histological outcomes of CHB patients with
severe inflammation or fibrosis at baseline.

Our study retrospectively included CHB patients who
received antiviral treatment and underwent two liver
biopsies (LBx). The grading of liver inflammation and
staging of fibrosis severity were determined based on his-
tological results. This study aims to explore the effects of
various hepatic steatosis conditions on histological out-
comes in CHB patients with significant inflammation and
liver fibrosis, as well as their impact on HBV virological
suppression and biochemical improvement.

Materials and methods
Study population
This study retrospectively included chronic hepati-
tis B (CHB) patients who received antiviral treatment
at Beijing Ditan Hospital, Capital Medical University,
between January 2010 and December 2021, and under-
went two liver biopsies for pathological analysis for
various reasons. The inclusion criteria were: (1) age>18
years; (2) HBsAg positive for >6 months; (3) treatment
with nucleos(t)ide analogues (NAs), including entecavir
(ETV), tenofovir disoproxil fumarate (TDF), tenofovir
alafenamide fumarate (TAF), or telbivudine. The exclu-
sion criteria included: (1) concomitant chronic liver
diseases, such as chronic hepatitis C, autoimmune liver
disease, drug-induced liver injury, hereditary metabolic
liver diseases, or unexplained liver injury or steatosis; (2)
excessive alcohol consumption: women>20-50 g/day,
men >30-60 g/day; (3) pregnancy, malignant tumors,
severe cardiopulmonary diseases, or renal insufficiency;
(4) missing clinical data; (5) use of traditional Chinese
medicines for anti-fibrosis.

The study was conducted by the ethical standards of
the Declaration of Helsinki and its later amendments,
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approved by the Institutional Review Board of Capital
Medical University at Beijing Ditan Hospital.

Clinical data collection and hepatic pathology examination
Clinical information, laboratory results, and diagnostic
results for each patient were obtained from the electronic
records of Beijing Ditan Hospital. The data collected
included age, gender, height, weight, hepatitis B surface
antigen (HBsAg), hepatitis B e-antigen (HBeAg), hepa-
titis B virus DNA (HBV DNA), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT),
total bilirubin (TBIL), direct bilirubin (DBIL), cholesterol
(CHOL), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), uric acid (UA), and fasting blood glucose (FG).

All patients underwent ultrasound-guided liver biopsy.
The biopsy specimens were fixed in 10% formalin, rou-
tinely embedded in paraffin, and sections were stained
using Hematoxylin and Eosin (H&E) and Masson’s tri-
chrome staining techniques. Experienced hepatopatholo-
gists further evaluated these sections. All liver biopsy
sections met the criteria for histological feature scoring.

The severity of hepatic steatosis was graded according
to the NAFLD Activity Score (NAS) in the Nonalcoholic
Steatohepatitis Clinical Research Network (NASH-CRN)
scoring system. Steatosis <5% was scored as 0, 5-33% as
1, 33-66% as 2, and >66% as 3 [17]. The Scheuer scoring
system was used to assess liver inflammation grading and
fibrosis staging [18]. Liver inflammation was classified
into five stages: GO, no inflammation; G1, inflammation
without necrosis; G2, focal necrosis or necrotic bod-
ies; G3, severe focal cell injury; G4, widespread bridging
necrosis; and fragmentary necrosis. Clinically significant
liver inflammation was defined as inflammation graded
G2 to G4. The liver fibrosis staging system is as follows:
S0, no fibrosis; S1, portal fibrosis without septa; S2, por-
tal fibrosis with rare septa; S3, multiple septa without cir-
rhosis; S4, cirrhosis. Clinically significant liver fibrosis
was defined as fibrosis staged S2 to S4 [19]. The screening
criteria for type 2 diabetes (T2DM), hypertension, and
obesity were based on their respective diagnostic stan-
dards [20-22].

Patients with persistently no hepatic steatosis main-
tained a steatosis score of 0 both before and after treat-
ment. New-onset hepatic steatosis patients had a
steatosis score of 0 before treatment and a score of >1
after treatment. Patients with sustained hepatic steatosis
consistently scored>1 both before and after treatment.
Patients in whom hepatic steatosis resolved had a steato-
sis score of >1 before treatment and returned to a score
of 0 after treatment.

Changes in liver inflammation after treatment were
defined as improvement (G score decrease>1), no
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change (G score remained unchanged), or progression (G
score increase>1). Changes in liver fibrosis after treat-
ment were defined as improvement (S score decrease > 1),
no change (S score remained unchanged), or progression
(S score increase > 1).

Statistical analysis

For continuous data, data that follow a normal distribu-
tion are expressed as mean + standard deviation (x+ SD),
while data that do not follow a normal distribution are
expressed as median and interquartile range [M (P25,
P75)]. Categorical variables are described by frequency
and percentage (n, %). Differences between continu-
ous variables were analyzed using the Kruskal-Wallis
test, while categorical variables were analyzed using the
x> test or Fisher’s exact test. Univariate and multivariate
logistic regression analyses were conducted to identify
factors associated with improvement in significant liver
inflammation, significant fibrosis, and the persistence of
hepatic steatosis. All statistical analyses were performed
using SPSS software version 26.0, and graphical analy-
sis was done using GraphPad Prism 9 and Origin 2022.
A two-tailed p-value<0.05 was considered statistically
significant.

Results

Clinical characteristics of patients with different hepatic
steatosis conditions

This study retrospectively included 219 patients with
chronic HBV infection. Based on liver biopsy results,
we observed changes in the distribution of hepatic ste-
atosis during follow-up. The patients were divided into
four groups based on the presence of hepatic steatosis:
sustained non-hepatic steatosis group (n=118, 53.88%),
new-onset hepatic steatosis group (n=33, 15.07%), sus-
tained hepatic steatosis group (n=37, 16.89%), and dis-
appeared hepatic steatosis group (n=31, 14.16%) (see
Fig. 1).

At baseline, the sustained non-hepatic steatosis group
had the lowest body mass index (BMI) of 22.39 kg/m?
while the sustained hepatic steatosis group had the high-
est BMI of 26.06 kg/m® (p <0.001). Furthermore, the dis-
appeared hepatic steatosis group exhibited the highest
levels of gamma-glutamyl transferase (GGT) and uric
acid (UA), with values of 38.20 U/L (p=0.02) and 339.00
pumol/L (p<0.001), respectively. The sustained hepatic
steatosis group showed the highest levels of triglycerides
(TG) and low-density lipoprotein cholesterol (LDL-C),
with values of 1.29 mmol/L (p=0.001) and 3.24 mmol/L
(p<0.001), respectively.

No significant differences were observed between the
four groups in terms of gender, age, diabetes, hyperten-
sion prevalence, HBV virological characteristics (such
as HBsAg and HBV DNA levels), and other clinical
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antiviral
therapy for more than 6 months.
(n=309)

Chronic hepatitis B patients who received

Excluded patients(n=90)

Without or have only one biopsy

Excessive alcohol consumption

Had other types of viral hepatitis or other causes of liver injury
pregnancy, malignancy, severe cardiopulmonary disorders or
renal dysfunction

Each of these patients underwent
two liver biopsies. (n=219)

Without Hepatic steatosis
pretreatment (n=151)

With Hepatic steatosis
pretreatment (n=68)

\

Sustained non
Hepatic
steatosis (n=118)

New-onset
Hepatic
steatosis (n=33)

Sustained
Hepatic
steatosis (n=37)

Disappeared
Hepatic
steatosis (n=31)

Fig. 1 Flowchart

characteristics, including liver enzymes and blood lipids
(see Table 1).

Changes in liver enzymes and blood lipids under different
hepatic steatosis conditions after HBV treatment
After antiviral treatment, liver enzyme biomarkers (ALT,
AST, TBIL, DBIL, GGT, ALP) significantly decreased in
all groups (p<0.05) (see Supplementary Fig. 1). Among
these, the sustained hepatic steatosis group showed the
smallest reductions in ALT, GGT, and ALP, with reduc-
tions of 22.11% (p=0.023), 13.86% (p=0.003), and 1.98%
(p=0.025), respectively. After treatment, there were no
significant differences in the reductions of AST, TBIL,
and DBIL between the four groups (p >0.05) (see Table 2).
After treatment, the disappeared hepatic steatosis
group exhibited significant decreases in triglycerides
(TG) and low-density lipoprotein cholesterol (LDL-
C), with reductions of 22.45% (p<0.001) and 17.48%
(p=0.002), respectively, while the new-onset hepatic
steatosis group showed significant increases in TG and
LDL-C, with increases of 19.05% (p<0.001) and 10.97%

(p=0.002), respectively. Additionally, the disappeared
hepatic steatosis group showed a significant increase in
high-density lipoprotein cholesterol (HDL-C), with an
increase of 14.16% (p = 0.012). These changes suggest that
the presence or resolution of hepatic steatosis may be
associated with the degree of change in blood lipids.

Before treatment, there were no significant differences
in glucose (GLU) levels between the subgroups (p >0.05);
after treatment, the sustained hepatic steatosis group
had the highest GLU level and the largest increase (6.10
mmol/L, p<0.001) (8.85%, p=0.039) (see Supplementary
Fig. 2 and Table 2).

Analysis of the relationship between hepatic steatosis
status and virological response after HBV treatment

After antiviral treatment, HBsAg and HBV DNA signifi-
cantly decreased in all groups compared to before treat-
ment (p<0.05) (see Supplementary Fig. 1). The rate of
undetectable HBV DNA reached 72.60% in the overall
population. After treatment, there were no significant
differences in the decrease of HBsAg and HBV DNA
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Table 1 Comparison of baseline clinical characteristics among subgroups based on different hepatic steatosis distributions

Total Sustained non- New-onset he- Sustained hepatic Disappeared he- Pvalue
(n=219) hepatic steatosis patic steatosis steatosis patic steatosis
(n=118) (n=33) (n=37) (n=31)
Male, n (%) 168(76.71) 85 (72.03) 26 (78.79) 29 (78.38) 28(90.32) 0.187
Age’, years 36.00(30.00,46.00) 37.00(30.00,47.00) 35.00(27.50,46.00)  37.00(29.00,45.00)  35.00(31.00,43.00) 0.953
BMI, kg/m2 23.39(21.05,25.89) 22.39(20.06,25.06) 23.89(21.60,26.06)  26.06(23.30,28.23)  24.39(23.05,26.73)  <0.001
T2DM’ (n, %) 19(8.68) 10(8.47) 5(15.15) 4(10.81) 0(0.00) 0.178
Hypertension*,(n, %) 34(15.53) 12(10.17) 7(21.21) 8(21.62) 7(22.58) 0.132
Obesity*, (n, %) 31(14.16) 9(7.63) 5(15.15) 10(27.03) 7(22.58) 0.012
Duration of antiviral, 82.00 (80.00,84.00) 82.50(80.00,84.00) 82.00 (80.00,83.00)  82.00 (80.00,84.00)  83.00 (80.00,85.00) 0.597
weeks
HBsAg*, log IU/ml 3.53(3.353.72) 3.53(3.37,3.74) 3.56(3.41,3.64) 3.56(3.16,3.90) 349(3.23,3.58) 0.405
HBV-DNA’ loglU/ml 6.34(5.49,7.18) 6.33(5.47,7.07) 6.27(5.58,7.30) 6.38(5.29,7.21) 6.25(5.56,7.30) 0978
HBeAg positive*, n (%) 162(73.97) 85(72.03) 28 (84.85) 26 (70.27) 23(74.19) 0471
ALT", U/L 64.00(31.80,134.80) 60.95(29.65,138.70)  77.90(33.65,187.80) 61.00(29.90,130.50) 67.00(38.90,133.00) 0.759
AST" U/L 39.00(26.90,85.80) 38.25(27.15,88.25) 39.60(25.60,117.05) 38.00(24.65,95.70)  42.80(29.60,72.20) 0.947
TBIL, pumol/L 14.30(11.40,19.60) 14.15(11.40,19.80) 1490(1078 23.45) 13.90(12.15,16.95) 14.30(10.10,19.20) 0.875
DBIL", umol/L 4.80(3.40,6.30) 4.90(3.40,6.27) 10(3.70,7.10) 4.80(3.45,5.90) 4.30(3.00,6.30) 0.600
GGT", U/L 30.50(23.50,53.00) 25.95(20.88,48.00) 26. 67(21 .20,53.15)  38.00(27.85,63.10)  38.20(31.10,60.30) 0.020
ALP", U/L 83.40(67.20,89.50) 82.20(68.55,83.85) 83. 40(69 20,111.90) 83 40(57 50,84.15)  83.40(77.90,113.00) 0.073
TG", mmol/L 1.13(0.81, 1.45) 0.91(0.74, 1.44) 04(0.84,1.19) 29(1.13,1.51) 1.14(0.94, 1.89) 0.001
CHOL", mmol/L 4.40(3.90, 5.34) 4.28(3.92,5.13) 4.71(340,5 43) 4, 67(3 91, 5. 52) 458(4.02,5.54) 0.544
LDL-C", mmol/L 2.66(2.31,3.24) 2.37(2.12,2.76) 2. 42(1 .76, 3.69) 3. 24(3 07,3.72) 2.91(2.76,4.30) <0.001
HDL-C", mmol/L 1.13(0.95, 1.34) 1.18(0.98,1.42) .13(0.86, 1.33) 14(0.98,1.35) 1.02(0.94,1.19) 0.089
UA", umol/L 307.00(272.10,365.40)  291.00(258.80,342.50) 30700(282‘50, 33490(31 5.70, 339.00(298.60, <0.001
361.90) 429.20) 387.50)

FG" mmol/L 5.48(5.11, 6.06) 5.37(5.10,5.92) 5.71(5.22,6.32) 5.44(5.13,5.88) 5.62(5.11,5.96) 0.284
NAS” 0.00(0.00,1.00) 0.00(0.00,0.00) 0.00(0.00,0.00) 1.00(1.00,2.00) 1.00(1.00,2.00) <0.001

P<0.05 was shown in bold. *

is used to represent at baseline. Non-normal distribution was expressed as midth (IQR), and normal distribution was expressed as

mean +SD. The comparison among the four groups was performed using non-parametric tests. Abbreviation: BMI, body mass index; T2DM, Type 2 diabetes mellitus;
HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GGT, glutamine transpeptidase; ALP, alkaline phosphatase; TBIL, total bilirubin; DBIL, direct bilirubin; TG, triglyceride; CHOL, cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; FG, fasting glucose; NAS, Non-alcoholic fatty liver disease activity score

between the groups (p>0.05), indicating that hepatic
steatosis in CHB patients does not directly affect the
virological response to antiviral treatment (see Supple-
mentary Fig. 1 and Table 2).

The relationship between hepatic steatosis and
improvement of hepatitis severity after HBV treatment
After antiviral treatment, hepatitis severity significantly
improved in all groups compared to before treatment
(p<0.05) (see Fig. 2A). We compared the changes in hep-
atitis severity after treatment in patients with significant
inflammation (G>=2) at baseline. In terms of improve-
ment, the sustained non-hepatic steatosis group showed
the highest rate of improvement (75.31%), while the
sustained hepatic steatosis group had the lowest rate of
improvement (42.31%, p=0.008). Furthermore, the sus-
tained hepatic steatosis group had the highest rate of sig-
nificant inflammation progression (15.38%, p =0.020) (see
Fig. 3A). Further analysis revealed that among patients
with a>2-point improvement in inflammation after
treatment, the sustained non-hepatic steatosis group

had the highest proportion (44.00%), while the sustained
hepatic steatosis group and new-onset hepatic steatosis
group had the lowest proportion (16.67%, p=0.047) (see
Supplementary Tables 1 and Fig. 4A). Univariate logistic
regression analysis indicated that improvement in sig-
nificant inflammation was associated with baseline ALT,
GGT, degree of liver inflammation, new-onset hepatic
steatosis during treatment, and sustained hepatic steato-
sis (p<0.1). In multivariate analysis, the results showed
that sustained hepatic steatosis was associated with dif-
ficulty in achieving significant improvement in hepatitis
(p=0.006, OR =0.244, 95% CI 0.090—-0.665) (see Table 3).

The relationship between hepatic steatosis and
improvement of liver fibrosis after HBV treatment

After antiviral treatment, liver fibrosis significantly
improved in all groups compared to before treatment
(p<0.05) (see Fig. 2B). We compared the changes in
liver fibrosis in patients with significant fibrosis at base-
line. In terms of improvement of significant liver fibrosis,
the sustained non-hepatic steatosis group showed the
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Table 3 Predictive factors for improvement of significant inflammation after antiviral therapy

Variable Univariate analysis Multivariate analysis
OR (95% Cl) Pvalue OR (95% Cl) Pvalue

Gender 1.300 (0.598-2.825) 0.508

Age“, years 0.992 (0.961-1.024) 0.634

BMI", kg/m? 0.961 (0.881-1.049) 0.375

Duration of antiviral, weeks 0.915 (0.803-1.043) 0.184

HBsAg", loglU/ml 1.270 (0.659-2.446) 0476

HBV-DNA’, loglU/ml 0.957 (0.744-1.232) 0.735

ALT", U/L 1.003 (1.000-1.005) 0.073

AST", U/L 1.002 (0.999-1.005) 0.298

TBIL, pmol/L 1.010 (0.957-1.065) 0.720

DBIL", umol/L 1.048 (0.899-1.223) 0.546

ALP" U/L 0.999 (0.989-1.008) 0.796

GGT", U/L 1.006 (0.999-1.012) 0.088

ATG (post-pre)/ pre, % 0.996(0.989-1.002) 0.209

A CHOL(post-pre)/ pre, % 0.992(0.979-1.005) 0.216

A LDL-C(post-pre)/ pre, % 0.992(0.981-1.004) 0.208

A HDL-C(post—pre)/ pre, % 1.000(0.992-1.009) 0.962

A UA(post-pre)/ pre, % 1.003(0.992-1.015) 0.564

A FG(post-pre)/ pre, % 1.016(0.997-1.037) 0.105

liver inflammation score” 4.055 (2.085-7.884) <0.001 4.066(2.056-8.039) <0.001
liver fibrosis score” 1.095 (0.770-1.558) 0613

NAS" 0.884(0.578-1.352) 0.569

Hepatic steatosis status change
Sustained non-hepatic steatosis

1 (Reference)

- 1 (Reference) -

New-onset hepatic steatosis 0.328(0.123-0.871) 0.025
Sustained hepatic steatosis 0.240(0.095-0.608) 0.003 0.244(0.090-0.665) 0.006
Disappeared hepatic steatosis 0.656(0.244-1.760) 0402

Note: P<0.05 was shown in bold. “indicated at baseline; Ais used to represent the difference before and after treatment; Logistic regression analysis was used to
identify factors associated with Significant Inflammation, calculating odds ratios (ORs), 95% confidence intervals (95% Cls) and pvalues
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Table 4 Predictive factors for improvement of significant fibrosis after antiviral therapy
Variable Univariate analysis Multivariate analysis
OR (95% Cl) Pvalue OR (95% Cl) Pvalue
Gender 1.038 (0.464-2.325) 0.927
Age’, years 3(0.981-1.046) 0440
BMI", kg/m? 0.997 (0.915-1.085) 0.941
Duration of antiviral, weeks 0.949 (0.829-1.086) 0.446
HBsAg", loglU/ml 1.073 (0.606-1.899) 0810
HBV-DNA®, loglU/ml 0.932(0.718-1.211) 0.600
ALT" U/L 1.001(0.998-1.004) 0441
AST", U/L 1.001 (0.998-1.004) 0613
TBIL", pmol/L 0.987 (0.934-1.042) 0.637
DBIL, umol/L 0.933 (0.795-1.096) 0401
ALP", U/L 0.996 (0.985-1.006) 0.390
GGT, U/L 1.000 (0.995-1.006) 0.853
ATG (post-pre)/ pre, % 0.998 (0.991-1.005) 0.550
A CHOL(post—pre)/ pre, % 0.993 (0.980-1.007) 0313
A LDL-C(post-pre)/ pre, % 1.003 (0.990-1.016) 0.679
A HDL-C(post-pre)/ pre, % 0.997 (0.989-1.004) 0.386
A UA(post-pre)/ pre, % 6 (1.002-1.029) 0.021
A FG(post-pre)/ pre, % 0.999 (0.981-1.018) 0.938
liver inflammation score” 1.583 (0.983-2.549) 0.059
liver fibrosis score” 1.763(1.077-2.888) 0.024 1.858(1.105-3.123) 0.019
NAS" 0.923 (0.601-1.418) 0.714
Hepatic steatosis status change
Sustained non-hepatic steatosis 1 (Reference) - 1 (Reference) -
New-onset hepatic steatosis 0.400(0.145-1.102) 0.076
Sustained hepatic steatosis 0.190(0.070-0.520) 0.001 0.180(0.064-0.507) 0.001
Disappeared hepatic steatosis 0.734(0.264-2.044) 0.554

Note: “indicated at baseline; Ais used to represent the difference before and after treatment; Logistic regression analysis was used to identify factors associated with
Significant fibrosis, calculating odds ratios (ORs), 95% confidence intervals (95% Cls) and p values

highest improvement rate (67.14%), while the sustained
hepatic steatosis group showed the lowest improvement
rate (28.00%, p=0.006). Among patients with significant
fibrosis, the sustained non-hepatic steatosis group had
the lowest rate of fibrosis progression (1.43%), while the
new-onset hepatic steatosis group had the highest pro-
gression rate (15.00%, p=0.027) (see Fig. 3B). Among
patients with cirrhosis (S=4) at baseline, no signifi-
cant differences were observed in liver fibrosis changes
between the subgroups (p>0.05) (see Supplementary
Table 2).

Univariate logistic regression analysis showed that
improvement of significant liver fibrosis was associated
with baseline liver inflammation activity, severity of liver
fibrosis, changes in uric acid during treatment, new-
onset hepatic steatosis, and sustained hepatic steatosis
(p<0.1). Multivariate logistic regression analysis indi-
cated that sustained hepatic steatosis during treatment
was associated with difficulty in improving liver fibrosis
(»=0.001, OR =0.180, 95% CI 0.064—0.507) (see Table 4).

Baseline abnormal BMI and LDL-C levels as independent
risk factors for persistent hepatic steatosis in CHB patients
Univariate logistic regression analysis showed that the
incidence of sustained hepatic steatosis in CHB patients
before and after treatment was associated with baseline
BMI, TG, LDL-C, and uric acid (UA) levels (p<0.10).
Multivariate logistic regression analysis revealed that
baseline high BMI and LDL-C levels were indepen-
dently associated with sustained hepatic steatosis in CHB
patients before and after treatment, specifically: high
BMI (p=0.042, OR=1.109, 95% CI 1.004—1.226) and high
LDL-C (p<0.001, OR=2.570, 95% CI 1.524-4.332) (see
Supplementary Table 3).

Discussion

The impact of steatohepatitis on the long-term prognosis
of chronic hepatitis B (CHB) patients has been the sub-
ject of several studies. Van Kleef et al. assessed steato-
hepatitis via ultrasound and found that it was associated
with overall mortality and cancer risk in CHB patients,
highlighting the potential impact of steatohepatitis on
patient prognosis [9]. Additionally, Rugivarodom et al.
pointed out that steatohepatitis is closely related to the
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progression of liver fibrosis in CHB patients, providing
further evidence that steatohepatitis may exacerbate liver
damage via metabolic pathways, leading to worse clinical
outcomes [23].

The study also indicates that patients with chronic
hepatitis B (CHB) combined with non-alcoholic fatty
liver disease (NAFLD) demonstrate more severe lobular
and portal inflammation, hepatocellular ballooning, and
fibrosis. Compared to patients who are only infected with
HBYV, they are more likely to develop significant inflam-
mation and more advanced liver fibrosis [24—26]. How-
ever, there is still insufficient research on the impact of
hepatic steatosis on histological changes after treatment
in CHB patients with different levels of hepatic histo-
logical inflammation and fibrosis. Liver biopsy is a com-
monly used method to assess liver lesions in chronic
hepatitis B patients, especially liver fibrosis and cirrho-
sis. For patients receiving nucleos(t)ide analog therapy,
liver biopsy helps monitor treatment efficacy and adjust
the treatment plan [27]. Although non-invasive methods,
such as liver elastography, are becoming more widely
used, liver biopsy remains an irreplaceable tool in cer-
tain cases [12]. Therefore, studying the impact of hepatic
steatosis on significant histological changes in the liver,
especially in CHB patients with varying degrees of hepa-
titis and fibrosis, is critical for assessing clinical outcomes
after treatment.

Our study divided patients into four groups based on
changes in hepatic steatosis observed in liver biopsy
results: sustained non-hepatic steatosis group, new-onset
hepatic steatosis group, sustained hepatic steatosis group,
and disappeared hepatic steatosis group. The results
showed that, after antiviral treatment, in patients with
significant liver fibrosis (S=2) at baseline, the changes
in liver fibrosis were closely associated with the pres-
ence and progression of hepatic steatosis. The sustained
hepatic steatosis group had the lowest rate of liver fibro-
sis improvement, while the sustained non-hepatic ste-
atosis group had the highest improvement rate. The
new-onset hepatic steatosis group had the highest rate
of liver fibrosis progression, while the sustained non-
hepatic steatosis group had the lowest progression rate.
Multivariate logistic regression analysis confirmed that
sustained hepatic steatosis is an independent risk factor
for liver fibrosis improvement during antiviral treatment
in patients with baseline significant fibrosis. Therefore,
we recommend that CHB patients with significant liver
fibrosis should actively treat hepatic steatosis to delay
liver disease progression [28]. Furthermore, although
there were no significant differences in the liver fibrosis
improvement rate among groups in patients with cirrho-
sis (§=4) at baseline, this may be related to the shorter
follow-up period. Future studies should further explore
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the impact of hepatic steatosis on the long-term progno-
sis of cirrhosis patients.

Currently, both domestic and international guidelines
recommend guiding antiviral treatment in CHB patients
based on the extent of liver damage, emphasizing that
treatment should be initiated when significant inflamma-
tion or fibrosis is present [12, 29, 30]. Our study further
indicates that patients with significant inflammation and
liver fibrosis should particularly focus on hepatic steato-
sis during antiviral treatment.

Our findings show that after antiviral treatment, in
patients with significant inflammation (G >2) at baseline,
liver inflammation changes were strongly associated with
hepatic steatosis. The sustained hepatic steatosis group
had the lowest rate of hepatitis improvement, while the
sustained non-hepatic steatosis group had the high-
est improvement rate. The new-onset hepatic steatosis
group had the highest rate of hepatitis progression, while
the sustained non-hepatic steatosis group had the low-
est progression rate. Importantly, among patients with
at least a 2-point improvement in liver inflammation, the
sustained hepatic steatosis group had the lowest propor-
tion, while the sustained non-hepatic steatosis group and
new-onset hepatic steatosis group had higher propor-
tions. Multivariate logistic regression analysis confirmed
that sustained hepatic steatosis is an independent risk
factor for inflammation improvement during antiviral
treatment in patients with baseline significant hepatitis.

These results suggest that sustained hepatic steato-
sis is an important risk factor for difficulty in achiev-
ing improvement in inflammation and may hinder the
improvement of liver inflammation during antiviral
treatment. Therefore, for CHB patients receiving anti-
viral treatment, a comprehensive assessment should be
performed to determine if abnormal liver enzymes are
associated with concurrent hepatic steatosis, in order to
effectively address unresolved hepatitis issues.

Previous studies have shown that approximately 25%
of chronic hepatitis B (CHB) patients with abnormal
liver enzymes have non-alcoholic fatty liver disease
(NAFLD) [31]. We found that after antiviral treatment,
the sustained hepatic steatosis group showed the small-
est reduction in liver enzyme markers (ALT, ALP, and
GGT), indicating that hepatic steatosis may hinder the
normalization of liver enzymes in CHB patients, thereby
affecting the improvement of liver function during antivi-
ral treatment. Therefore, managing and treating hepatic
steatosis is crucial for improving liver function in CHB
patients.

According to the latest guidelines from the American
Association for the Study of Liver Diseases and the Euro-
pean Association for the Study of the Liver, the goal of
antiviral treatment for CHB patients is to achieve serum
HBV DNA levels below the detection limit as early as
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possible and to maintain normalization of ALT levels
[12, 29]. However, the effect of hepatic steatosis on the
antiviral response in CHB patients remains a subject of
debate [32, 33]. Our study did not observe a correlation
between hepatic steatosis and virological response, which
is consistent with the findings of Li et al. [34]. Neverthe-
less, hepatic steatosis may influence treatment outcomes
in CHB patients; therefore, for patients with concurrent
hepatic steatosis, antiviral therapy should be intensified,
and virological response should be monitored regularly.

Hepatic steatosis is frequently associated with meta-
bolic abnormalities [35, 36]. Multivariate logistic regres-
sion analysis showed that the persistent presence of
hepatic steatosis was significantly associated with higher
BMI and LDL-C levels before treatment. This suggests
that addressing the metabolic imbalance in patients with
hepatic steatosis is urgent. Therefore, for patients with
CHB and hepatic steatosis, lifestyle modifications should
be prioritized, aiming to improve cardiovascular meta-
bolic health and overall well-being. Weight reduction can
improve blood pressure, blood glucose, and blood lipid
levels, reduce the risk of cardiovascular diseases, and
provide additional benefits [37, 38].

Our study has the following limitations. First, it is a
retrospective, single-center study, which may introduce
some bias. Future studies should include a larger sample
size and a multi-center, prospective design to validate
these findings. Second, the study lacks long-term fol-
low-up on clinical outcomes. Future research should
implement longer follow-up periods and collect detailed
information on patients’ lifestyles to comprehensively
assess the antiviral response, clinical outcomes, and fac-
tors associated with hepatic steatosis in CHB patients.

Conclusion

First, our study found that during antiviral treatment of
CHB patients with significant inflammation and fibrosis,
sustained hepatic steatosis may make the improvement
of inflammation and fibrosis difficult and could even lead
to the progression of hepatitis and liver fibrosis. Second,
patients with sustained hepatic steatosis are more likely
to exhibit biochemical abnormalities after treatment,
including lesser reductions in liver enzyme markers such
as ALT, ALP, and GGT, as well as increased levels of lip-
ids, uric acid, and fasting glucose.

Abbreviations

CHB Chronic hepatitis B

MASLD Metabolic dysfunction-associated steatotic liver disease
HBV Hepatitis B virus

NAFLD Nonalcoholic fatty liver disease

HCC Hepatocellular carcinoma

CAP Controlled attenuation parameter

LSM Liver stiffness measurement

LBx Liver biopsies

HBsAg Hepatitis B surface antigen

NAs Nucleos(t)ide analogues
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HBeAg Hepatitis B e antigen

HBV DNA  Hepatitis B virus DNA

WBC White blood cells

PLT Blood platelet count

AST Aspartate transaminase

ALT Alanine aminotransferase
ALP Alkaline phosphatase

GGT Gamma-glutamyl transferase
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