
Frontiers in Medicine 01 frontiersin.org

Effect of fatty liver disease on liver 
function and fibrosis in patients 
with chronic hepatitis B: a 
cross-sectional study
Xiaohui Fang 1,2†, Yuhang Yin 1,3†, Haonan Zhao 1,2†, Cai’e Wang 1,2†, 
Hui Li 1,2, Yiyang Shang 1,2, Jiayu Li 4, Yue Gao 5, 
Nahum Méndez-Sánchez 6* and Xingshun Qi 1,2,3*
1 Department of Gastroenterology, The General Hospital of Northern Theater Command (Teaching 
Hospital of Shenyang Pharmaceutical University), Shenyang, China, 2 Department of Life Sciences and 
Biopharmaceutics, Shenyang Pharmaceutical University, Shenyang, China, 3 Postgraduate College, 
China Medical University, Shenyang, China, 4 Department of Laboratory Medicine, The General 
Hospital of Northern Theater Command, Shenyang, China, 5 Department of Ultrasound, The General 
Hospital of Northern Theater Command, Shenyang, China, 6 Liver Research Unit, Medica Sur Clinic 
and Foundation, National Autonomous University of Mexico, Mexico City, Mexico

Purpose: Chronic hepatitis B (CHB) and fatty liver disease (FLD) are common 
chronic liver diseases, both of which can progress to advanced liver diseases 
with poor outcome. However, it remains controversial whether the presence of 
FLD aggravates the disease severity of CHB patients.

Patients and methods: All consecutive outpatients who were diagnosed with 
CHB at our department between March 1, 2021 and September 30, 2023 were 
retrospectively screened. They were divided into FLD and non-FLD groups. Liver 
function parameters and non-invasive indicators of liver fibrosis, including liver 
stiffness measurement (LSM) value, fibrosis-4 index (FIB-4) score, and aspartate 
aminotransferase to platelet ratio index (APRI) score, were compared between 
the two groups. Subgroups analyses were performed in HBeAg-positive, HBeAb-
positive, HBV DNA  >  10  IU/mL, mild FLD, and moderate/severe FLD patients.

Results: Overall, 201 CHB patients were included, of whom 76 (37.81%) had FLD. 
In the overall analyses, CHB patients with FLD had a significantly higher alanine 
aminotransferase (ALT) (47.04  ±  53.28 vs. 32.95  ±  35.10, p  =  0.003) than those 
without FLD, but there was no significant difference in the LSM value (7.79  ±  5.16 
vs. 8.19  ±  4.99, p  =  0.508), FIB-4 score (1.13  ±  0.75 vs. 1.28  ±  0.99, p  =  0.679), and 
APRI score (0.41  ±  0.46 vs. 0.36  ±  0.47, p  =  0.535) between CHB patients with and 
without FLD. The above-mentioned statistical results in all subgroup analyses 
were nearly consistent with those in the overall analyses.

Conclusion: FLD may intensify abnormal liver function reflected by increased 
ALT level in CHB patients, but not influence the progression of liver fibrosis.
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1 Introduction

Chronic hepatitis B (CHB) is a chronic liver disease caused by 
long-term infection with hepatitis B virus (HBV), affecting an 
estimated 316 million people, which poses a significant global health 
challenge (1). In CHB patients, fibrosis can be secondary to persistent 
inflammation with subsequent scar formation (2). Approximately 
20% of them will progress from fibrosis to cirrhosis and hepatocellular 
carcinoma (HCC), in spite of widespread use of HBV vaccines and 
effective antiviral therapy in recent years (3, 4).

Fatty liver disease (FLD), a condition characterized by excessive 
fat accumulation in the liver, is mainly divided into alcohol-related 
and metabolic dysfunction-associated fatty liver disease (MAFLD) (5, 
6). MAFLD is closely related to overweight/obesity, type 2 diabetes, 
and metabolic dysregulation, and it is the prominent cause of FLD 
and becomes the most common cause of chronic liver diseases in 
some regions (7–9). According to the recent findings from a large 
National Health and Nutrition Examination Surveys (NHANES) 
study, the estimated prevalence of MAFLD among the American 
adults significantly increased from 22% to 36% during the past three 
decades (10). Lifestyle modifications are the only approved 
interventions for the treatment of FLD (11). Once MAFLD patients 
developed fibrosis, the risk of liver-related mortality would 
be significantly increased (12).

Generally, CHB and FLD are common chronic liver diseases, both 
of which can progress to advanced liver diseases with poor prognosis. 
The coexistence of FLD with CHB is also common, especially in Asia 
(13, 14). Recently, some studies have shown that concomitant FLD 
may exacerbate the progression of CHB with a higher incidence of 
liver fibrosis and abnormal liver function, increasing the risk of 
cirrhosis, HCC, and death (13, 15, 16). However, others suggested that 
FLD might be beneficial to the disease course of CHB by decreasing 
the levels of HBV DNA and HBsAg, and compromising the 
development of liver fibrosis (17, 18). Considering this controversy in 
this topic, a retrospective study has been performed to explore the 
impact of FLD on liver function and fibrosis in patients with CHB.

2 Methods

2.1 Study design

We retrospectively reviewed the medical records of 201 
outpatients with CHB who were treated by one physician (XQ) at the 
Department of Gastroenterology of the General Hospital of Northern 
Theater Command between March 1, 2021 and September 30, 2023. 
This study has been approved by the Medical Ethical Committee of 
the General Hospital of Northern Theater Command with an approval 
number [NO. Y (2024) 082]. It was performed according to the 1975 
Declaration of Helsinki. Patients’ written informed consents were 
waived by the Medical Ethical Committee of our hospital due to the 
retrospective nature of this study.

Exclusion criteria were as follows: (i) repeated visits of the same 
patient; (ii) patients diagnosed with liver cirrhosis; (iii) patients 
diagnosed with HCC; and (iv) absence of imaging examinations, such 
as ultrasound, computed tomography (CT), or magnetic resonance 
imaging (MRI).

2.2 Laboratory test

Total bilirubin [(TBIL, reference range: 0–21 μmol/L, reagent 
CH0101003), direct bilirubin (DBIL, reference range: 0–8 μmol/L, 
reagent CH0101004), alanine aminotransferase (ALT, reference 
range: 7–40 U/L, reagent AUZ2390), aspartate aminotransferase 
(AST, reference range: 13–35 U/L, reagent AUZ2197), alkaline 
phosphatase (AKP, reference range: 50–135 U/L, reagent 
AUZ1959), gamma-glutamyl transferase (GGT, reference range: 
7–45 U/L, reagent GS9051G), total bile acid (TBA, reference range: 
0–10 μmol/L, reagent CH0101005)] were analyzed with reagents 
from Mike Laboratories (Mike, Sichuan, China) on a AUS800 
automatic biochemical analyzer (Beckman Coulter, Suzhou, 
China); platelet count [PLT, reference range: 125–350 (×109/L), 
reagent DS] were analyzed with reagents from Mindray 
Laboratories (Mindray, Shenzhen, China) on a BC-6800PLUS 
instrument (Mindray, Shenzhen, China); and alpha-fetoprotein 
(AFP, reference range: 0–7 ng/mL, reagent 105-002524-00) were 
analyzed with reagents from Mindray Laboratories (Mindray, 
Shenzhen, China) on a CL-6000i instrument (Mindray, Shenzhen, 
China) at the Department of Laboratory Medicine. Virological 
indicators [hepatitis B surface antigen (HBsAg, reagent 
IM4403001), hepatitis B surface antibody (HBsAb, reagent 
IM4403002), hepatitis B e antigen (HBeAg, reagent IM4403003), 
hepatitis B e antibody (HBeAb, reagent IM4403004), hepatitis B 
core antibody (HBcAb, reagent IM4403005)] were analyzed with 
reagents from Mike Laboratories (Mike, Sichuan, China) on a 
i3000B instrument (Mike, Sichuan, China) at the Department of 
Laboratory Medicine. Hepatitis B virus deoxyribonucleic acid 
(HBV DNA, reagent 20230403B) was analyzed with reagents from 
Northeast Pharmaceutical (Northeast Pharmaceutical, Shanghai, 
China) on a Gentier 9EB instrument (Northeast Pharmaceutical, 
Shanghai, China) by real-time fluorescence quantitative 
polymerase chain reaction at the Department of 
Laboratory Medicine.

2.3 Imaging

Hepatobiliary imaging examination (ultrasound, CT, or MRI) 
was performed at the Department of Ultrasound and Department of 
Radiology, when the patients should be fasting. The liver stiffness 
measurement (LSM) and controlled attenuation parameter (CAP) 
value were measured by the Hepatus 6 CS liver ultrasound diagnostic 
instrument (Mindray, Shenzhen, China) at the Department of 
Gastroenterology, when the patients should be fasting for at least 
2 h (19).

2.4 Scores

Body mass index (BMI), fibrosis-4 index for liver fibrosis (FIB-4), 
and aspartate aminotransferase to platelet ratio index (APRI) were 
also calculated.

2 2BMI = weight (kg) / height m( )
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( ) ( )
( ) ( )9 1/2

FIB 4 score age yr AST U / L /

PLT 10 / L ALT U / L

− = ×

 × ×  

( ) ( )
( ) ( )9

APRI score [AST U / L / upper limit of normal ULN

of AST U / L 100] / PLT 10 / L

=

× ×

2.5 Diagnosis and group

CHB was diagnosed with positive HBsAg for a duration of more 
than 6 months, and antiviral therapy is recommended when HBV 
DNA level is positive (i.e., HBV DNA level is more than 10 IU/mL at 
our hospital) in CHB patients without cirrhosis according to the 
recommendations of current Chinese guideline on the prevention and 
treatment of chronic hepatitis B (20). Notably, HBV DNA screening 
should be further conducted when HBsAg is positive.

FLD was diagnosed under hepatobiliary ultrasound, CT, and/or 
MRI according to the recommendations of Chinese guideline on 
diagnosis and treatment for FLD (5). FLD was classified as mild 
(240–265 db/m), moderate (265–295 db/m), and severe (above 
295 db/m) according to the CAP value. CHB patients were divided 
into FLD and non-FLD groups.

2.6 Statistical analyses

All statistical analyses were performed by using SPSS version 25.0 
statistical software (IBM Corp, Armonk, NY, USA). Continuous 
variables were expressed as mean ± standard deviation and median 
(range), and compared by the independent sample t-tests for normal 
distribution, and those without normal distribution by nonparametric 
Mann–Whitney U tests. The Chi-square test was used for categorical 
variables to analyze the difference between groups. Subgroups 
analyses were performed in HBeAg-positive patients, HBeAb-
positive patients, patients with HBV DNA > 10 IU/mL, and patients 
with mild and moderate/severe FLD. A two-tailed p < 0.05 was 
considered statistically significant.

3 Results

3.1 Patient selection

A total of 201 CHB patients were included (Figure 1), of whom 76 
(37.81%) had FLD. Patient characteristics are summarized in Table 1.

3.2 Overall analysis

CHB patients with FLD had significantly higher BMI (26.34 ± 6.04 
vs. 23.45 ± 3.33, p = 0.001), ALT (47.04 ± 53.28 vs. 32.95 ± 35.10, 
p = 0.003), and GGT (40.06 ± 46.31 vs. 28.65 ± 44.90, p = 0.000) than 
those without FLD, but there was no significant difference in the 
proportions of HBsAg-positive >250 IU/mL (80.26% vs. 73.60%, 
p = 0.283), HBeAg-positive (28.00% vs. 30.33%, p = 0.728), HBeAb-
positive (69.33% vs. 60.66%, p = 0.218), HBcAb-positive (100.00% vs. 
96.72%, p = 0.287), and HBV DNA > 10 IU/mL (56.94% vs. 55.74%, 

p = 0.870), AST (33.39 ± 26.70 vs. 29.75 ± 22.30, p = 0.091), AFP 
(2.75 ± 1.49 vs. 8.16 ± 33.70, p = 0.741), LSM value (7.79 ± 5.16 vs. 
8.19 ± 4.99, p = 0.508), FIB-4 score (1.13 ± 0.75 vs. 1.28 ± 0.99, 
p = 0.679), and APRI score (0.41 ± 0.46 vs. 0.36 ± 0.47, p = 0.535) 
between CHB patients with and without FLD (Table 1).

3.3 Subgroup analyses

3.3.1 HBeAg-positive patients
In HBeAg-positive patients, the proportion of male (80.95% vs. 

45.95%, p = 0.005) was significantly higher in CHB with FLD than 
those without FLD, but age (37.43 ± 7.41 vs. 41.19 ± 12.35, p = 0.153), 
BMI (24.49 ± 3.25 vs. 22.83 ± 3.32, p = 0.108), ALT (79.03 ± 85.33 vs. 
53.61 ± 50.29, p = 0.394), AST (45.70 ± 41.28 vs. 43.71 ± 33.51, 
p = 0.973), GGT (34.44 ± 21.16 vs. 40.63 ± 68.66, p = 0.170), AFP 
(2.48 ± 1.29 vs. 21.51 ± 62.19, p = 0.135), LSM value (10.01 ± 7.61 vs. 
9.52 ± 5.81, p = 0.899), FIB-4 score (0.86 ± 0.41 vs. 1.54 ± 1.57, 
p = 0.223), and APRI score (0.61 ± 0.73 vs. 0.62 ± 0.84, p = 0.530) were 
not significantly different between them (Table 2).

3.3.2 HBeAb-positive patients
In HBeAb-positive patients, BMI (27.12 ± 6.96 vs. 23.80 ± 3.58, 

p = 0.009), ALT (33.03 ± 22.87 vs. 24.35 ± 21.76, p = 0.004), AST 
(28.37 ± 16.91 vs. 23.91 ± 11.14, p = 0.039), and GGT (40.70 ± 53.26 vs. 
23.25 ± 29.63, p = 0.002) were significantly higher in CHB patients with 
FLD than those without FLD, but the proportion of male (44.23% vs. 
48.65%, p = 0.625), age (47.02 ± 10.04 vs. 48.82 ± 12.49, p = 0.553), AFP 
(2.81 ± 1.56 vs. 3.00 ± 3.35, p = 0.189), LSM value (6.78 ± 3.32 vs. 
7.19 ± 4.25, p = 0.622), FIB-4 score (1.21 ± 0.81 vs. 1.21 ± 0.73, 
p = 0.996), and APRI score (0.36 ± 0.36 vs. 0.29 ± 0.21, p = 0.296) were 
not significantly different between them (Table 3).

3.3.3 HBV DNA  >  10  IU/mL patients
In HBV DNA > 10 IU/mL patients, BMI (25.22 ± 3.54 vs. 

23.10 ± 3.43, p = 0.009), ALT (62.47 ± 66.30 vs. 40.63 ± 43.99, 
p = 0.004), AST (41.02 ± 33.09 vs. 34.75 ± 28.33, p = 0.026), and GGT 
(38.13 ± 27.99 vs. 30.57 ± 51.87, p = 0.004) were significantly higher in 
CHB patients with FLD than those without FLD, but DBIL 

FIGURE 1

Flowchart of patients’ screening and grouping. CHB, chronic 
hepatitis B; FLD, fatty liver disease; HCC, hepatocellular carcinoma.
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(3.04 ± 1.12 vs. 4.08 ± 3.73, p = 0.036) was significantly lower in CHB 
with FLD than those without FLD. The proportion of male (60.98% 
vs. 45.59%, p = 0.119), age (41.73 ± 9.77 vs. 45.51 ± 14.08, p = 0.283), 
AFP (2.63 ± 1.27 vs. 12.55 ± 46.20, p = 0.936), LSM value (8.74 ± 6.80 
vs. 8.01 ± 5.05, p = 0.883), FIB-4 score (1.26 ± 0.98 vs. 1.34 ± 1.18, 
p = 0.995), and APRI score (0.56 ± 0.61 vs. 0.43 ± 0.61, p = 0.189) were 
not significantly different between them (Table 4).

3.3.4 Mild FLD
In CHB patients, BMI (25.53 ± 3.78 vs. 23.45 ± 3.33, p = 0.005), 

and GGT (30.36 ± 25.07 vs. 28.65 ± 44.90, p = 0.049) were significantly 
higher in CHB patients with mild FLD than those without FLD, but 
the proportions of male (57.14% vs. 46.40%, p = 0.261), HBsAg-
positive >250 IU/mL (80.00% vs. 73.60%, p = 0.440), HBeAg-positive 
(31.43% vs. 30.33%, p = 0.901), HBeAb-positive (65.71% vs. 60.66%, 
p = 0.587), HBcAb-positive (100.00% vs. 96.72%, p = 0.576), and HBV 
DNA > 10 IU/mL (54.55% vs. 55.74%, p = 0.903), age (44.60 ± 11.36 
vs. 46.66 ± 12.83, p = 0.390), ALT (43.56 ± 52.54 vs. 32.95 ± 35.10, 
p = 0.101), AST (31.69 ± 26.24 vs. 29.75 ± 22.30, p = 0.229), AFP 

(2.90 ± 1.91 vs. 8.16 ± 33.70, p = 0.989), LSM value (8.27 ± 5.88 vs. 
8.19 ± 4.99, p = 0.803), FIB-4 score (1.13 ± 0.43 vs. 1.28 ± 0.99, 
p = 0.854), and APRI score (0.40 ± 0.48 vs. 0.36 ± 0.47, p = 0.676) were 
not significantly different between them (Table 5).

3.3.5 Moderate/severe FLD
In CHB patients, the proportions of male (53.85% vs. 46.40%, 

p = 0.609), HBsAg-positive >250 IU/mL (76.92% vs. 73.60%, 
p = 1.000), HBeAg-positive (30.77% vs. 30.33%, p = 1.000), 
HBeAb-positive (61.54% vs. 60.66%, p = 0.951), HBcAb-positive 
(100.00% vs. 96.72%, p = 1.000), and HBV DNA > 10 IU/mL 
(53.85% vs. 55.74%, p = 0.896), age (42.15 ± 11.16 vs. 46.66 ± 12.83, 
p = 0.225), ALT (37.06 ± 25.24 vs. 32.95 ± 35.10, p = 0.136), AST 
(25.81 ± 7.74 vs. 29.75 ± 22.30, p = 0.612), GGT (31.57 ± 20.28 vs. 
28.65 ± 44.90, p = 0.200), AFP (2.47 ± 0.80 vs. 8.16 ± 33.70, 
p = 0.859), LSM value (6.50 ± 1.91 vs. 8.19 ± 4.99, p = 0.294), FIB-4 
score (0.79 ± 0.41 vs. 1.28 ± 0.99, p = 0.066), and APRI score 
(0.23 ± 0.05 vs. 0.36 ± 0.47, p = 0.322) were not significantly 
different between them (Table 6).

TABLE 1 Baseline characteristics of CHB patients with versus without FLD.

Variables CHB with FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 76 42.00 (24.00–67.00); 44.14 ± 10.18 125 48.00 (18.00–79.00); 46.66 ± 12.83 0.126

Male (%) 76 43 (56.58%) 125 58 (46.40%) 0.162

BMI (kg/m2) 57 25.39 (15.24–59.88); 26.34 ± 6.04 97 22.89 (17.58–39.45); 23.45 ± 3.33 0.001

Laboratory parameters

HBsAg >250 IU/mL (%) 76 61 (80.26%) 125 92 (73.60%) 0.283

HBsAg positive (%) 76 76 (100.00%) 125 125 (100.00%) 1.000

HBsAb positive (%) 75 3 (4.00%) 122 2 (1.64%) 0.578

HBeAg positive (%) 75 21 (28.00%) 122 37 (30.33%) 0.728

HBeAb positive (%) 75 52 (69.33%) 122 74 (60.66%) 0.218

HBcAb positive (%) 75 75 (100.00%) 122 118 (96.72%) 0.287

HBV DNA >10 IU/mL (%) 72 41 (56.94%) 122 68 (55.74%) 0.870

TBIL (μmol/L) 74 13.00 (3.60–38.30); 13.27 ± 5.80 122 11.85 (3.80–59.20); 13.20 ± 6.89 0.593

DBIL (μmol/L) 74 2.90 (1.20–19.66); 3.47 ± 2.55 122 2.95 (1.30–29.90); 3.71 ± 2.98 0.338

ALT (U/L) 74 28.69 (6.61–319.26); 47.04 ± 53.28 122 21.88 (6.44–260.50); 32.95 ± 35.10 0.003

AST (U/L) 74 24.66 (12.17–160.62); 33.39 ± 26.70 122 22.58 (13.08–155.58); 29.75 ± 22.30 0.091

AKP (U/L) 74 76.85 (18.81–120.41); 77.02 ± 20.06 122 77.23 (41.75–213.33); 79.49 ± 25.82 0.482

GGT (U/L) 74 24.77 (10.36–294.95); 40.06 ± 46.31 122 18.38 (7.74–430.38); 28.65 ± 44.90 0.000

TBA (μmol/L) 74 5.30 (0.40–22.30); 5.79 ± 3.77 122 5.70 (1.50–176.00); 8.30 ± 15.97 0.065

AFP (ng/mL) 67 2.40 (0.91–9.47); 2.75 ± 1.49 107 2.19 (0.73–274.45); 8.16 ± 33.70 0.741

LSM (KPa) 48 6.25 (3.90–35.80); 7.79 ± 5.16 72 6.45 (3.30–28.30); 8.19 ± 4.99 0.508

CAP (db/m) 48 258.35 (240.30–360.00); 265.08 ± 25.16 72 211.30 (143.80–240.00); 208.71 ± 21.67 0.000

FIB-4 score 46 1.05 (0.32–5.10); 1.13 ± 0.75 78 1.02 (0.35–7.27); 1.28 ± 0.99 0.679

APRI score 46 0.26 (0.12–2.21); 0.41 ± 0.46 78 0.24 (0.10–3.52); 0.36 ± 0.47 0.535

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBV DNA, hepatitis B virus 
deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBcAb, hepatitis B core antibody; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness 
measurement; CAP, controlled attenuation parameter; FIB-4, gibrosis-4 index; FLD, fatty liver disease; APRI, aspartate aminotransferase to platelet ratio index. Bold values mean there were 
significant differences between the two groups.
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TABLE 2 Subgroups analyses of HBeAg-positive patients with versus without FLD.

Variables CHB with FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 21 38.00 (24.00–59.00); 37.43 ± 7.41 37 40.00 (18.00–71.00); 41.19 ± 12.35 0.153

Male (%) 21 17 (80.95%) 37 16 (45.95%) 0.005

BMI (kg/m2) 17 24.07 (18.42–30.86); 24.49 ± 3.25 28 22.79 (17.58–33.36); 22.83 ± 3.32 0.108

Laboratory parameters

TBIL (μmol/L) 20 15.70 (6.30–25.20); 14.51 ± 5.42 37 11.60 (3.80–59.20); 14.05 ± 9.79 0.846

DBIL (μmol/L) 20 3.05 (1.60–5.80); 3.15 ± 1.23 37 3.10 (1.30–29.00); 4.52 ± 4.90 0.224

ALT (U/L) 20 45.03 (16.55–319.26); 79.03 ± 85.33 37 41.86 (9.13–260.50); 53.61 ± 50.29 0.394

AST (U/L) 20 27.94 (13.16–160.62); 45.70 ± 41.28 37 31.28 (16.23–155.58); 43.71 ± 33.51 0.973

AKP (U/L) 20 70.19 (44.52–116.53); 72.88 ± 18.20 37 88.13 (43.90–213.33); 87.59 ± 31.63 0.061

GGT (U/L) 20 32.14 (11.60–111.74); 34.44 ± 21.16 37 22.00 (7.74–430.38); 40.63 ± 68.66 0.170

TBA (μmol/L) 20 6.05 (0.40–22.30); 7.67 ± 5.36 37 7.10 (2.70–176.00); 13.27 ± 28.12 0.332

AFP (ng/mL) 17 2.12 (1.01–6.73); 2.48 ± 1.29 30 2.47 (1.27–274.45); 21.51 ± 62.19 0.135

LSM (KPa) 15 7.60 (4.60–35.80); 10.01 ± 7.61 21 7.30 (4.40–28.30); 9.52 ± 5.81 0.899

CAP (db/m) 15 250.80 (240.30–337.00); 259.88 ± 24.43 21 214.60 (165.10–240.00); 210.64 ± 20.76 0.000

FIB-4 score 9 0.72 (0.32–1.58); 0.86 ± 0.41 19 0.99 (0.45–7.27); 1.54 ± 1.57 0.223

APRI score 9 0.26 (0.12–2.21); 0.61 ± 0.73 19 0.36 (0.14–3.52); 0.62 ± 0.84 0.530

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness measurement; CAP, controlled attenuation parameter; FIB-4, 
fibrosis-4 index; FLD, fatty liver disease; APRI, aspartate aminotransferase to platelet ratio index; HBeAg, hepatitis B e antigen. Bold values mean there were significant differences between the 
two groups.

TABLE 3 Subgroups analyses of HBeAb-positive patients with versus without FLD.

Variables CHB with FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 52 46.50 (25.00–67.00); 47.02 ± 10.04 74 48.00 (29.00–79.00); 48.82 ± 12.49 0.553

Male (%) 52 23 (44.23%) 74 36 (48.65%) 0.625

BMI (kg/m2) 38 26.69 (15.24–59.88); 27.12 ± 6.96 58 23.18 (19.03–39.45); 23.80 ± 3.58 0.009

Laboratory parameters

TBIL (μmol/L) 51 11.70 (3.60–38.30); 12.90 ± 6.05 74 12.15 (3.80–31.20); 12.92 ± 5.16 0.987

DBIL (μmol/L) 51 2.80 (1.20–19.66); 3.63 ± 2.96 74 2.95 (1.30–8.90); 3.37 ± 1.41 0.427

ALT (U/L) 51 23.80 (6.61–115.85); 33.03 ± 22.87 74 19.16 (6.44–171.39); 24.35 ± 21.76 0.004

AST (U/L) 51 23.94 (12.17–108.90); 28.37 ± 16.91 74 21.72 (13.08–90.82); 23.91 ± 11.14 0.039

AKP (U/L) 51 78.03 (18.81–120.41); 78.05 ± 20.98 74 70.94 (41.75–161.37); 75.03 ± 23.12 0.457

GGT (U/L) 51 21.23 (10.36–294.95); 40.70 ± 53.26 74 16.64 (8.20–232.29); 23.25 ± 29.63 0.002

TBA (μmol/L) 51 5.00 (1.10–16.80); 5.10 ± 2.80 74 5.10 (1.50–19.00); 5.83 ± 3.29 0.325

AFP (ng/mL) 49 2.50 (0.91–9.47); 2.81 ± 1.56 68 2.06 (0.73–23.43); 3.00 ± 3.35 0.189

LSM (KPa) 31 5.70 (3.90–21.70); 6.78 ± 3.32 43 6.20 (3.30–25.40); 7.19 ± 4.25 0.622

CAP (db/m) 31 259.90 (243.90–360.00); 267.25 ± 25.91 43 208.00 (143.80–240.00); 204.91 ± 22.38 0.000

FIB-4 score 36 1.07 (0.39–5.10); 1.21 ± 0.81 53 1.05 (0.37–3.44); 1.21 ± 0.73 0.996

APRI score 36 0.27 (0.13–2.21); 0.36 ± 0.36 53 0.22 (0.10–1.38); 0.29 ± 0.21 0.296

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness measurement; CAP, controlled attenuation parameter; FIB-4, 
fibrosis-4 index; FLD, fatty liver disease; APRI, aspartate aminotransferase to platelet ratio index; HBeAb, hepatitis B e antibody. Bold values mean there were significant differences between 
the two groups.
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4 Discussion

The first finding of our study should be that approximately 38% of 
CHB patients had FLD, which is close to the reported prevalence in 
three previous studies performed in China (36.5–41.8%), but a bit 
higher than the reported prevalence worldwide (34.9%) (13, 14, 21, 
22). Despite so, a majority (35/48) of our patients who had measured 
CAP values had mild FLD, which is also consistent with previous 
studies (21, 22).

ALT, an enzyme mainly located in the cytoplasm of 
hepatocytes, is responsible for catalyzing the conversion of 
α-amino alanine to pyruvic acid (23). When liver tissue is 
damaged, ALT will leak into the systemic circulation from 
hepatocyte, causing an increase of ALT level in serum (23). 
Traditionally, ALT level is one of the important parameters for 
initiating antiviral therapy in HBsAg-positive patients (24, 25). It 
has been reported that increased ALT levels can be attributed to 
FLD in one fourth of the CHB patients (26). Our study also 
demonstrated that CHB patients with FLD had significantly 
higher ALT levels than those without, which was consistent with 
previous studies (15, 27, 28). Therefore, FLD might worsen liver 
damage in CHB patients.

Liver fibrosis, which refers to excessive accumulation of 
extracellular matrix proteins in the liver, is the consequence of 
chronic injury and inflammation of hepatocyte due to various 
pathogenic factors, such as HBV, hepatitis C virus, and other 
causes (29). As well known, liver biopsy is the gold standard for 

the assessment of liver fibrosis. However, it is often unacceptable 
due to its invasiveness and poor reproducibility (30). Thus, 
non-invasive methods for assessment of liver fibrosis have been 
frequently employed in clinical practice (31, 32). Several 
commonly used indicators have been recommended for the 
assessment of liver fibrosis by the European Association for the 
Study of the Liver (EASL) guidelines (33). Among them, LSM, 
FIB-4, and APRI are clinically significant markers for liver 
fibrosis among MAFLD patients (34–37). Our study demonstrated 
that the severity of liver fibrosis reflected by LSM, FIB-4, and 
APRI was not significantly influenced by the presence of FLD at 
both HBeAg-positive and HBeAb-positive stages, which was also 
supported by previous studies (38–41). This could be   
attributed to the fact that the majority of these patients from 
previous studies and ours had only mild FLD, which might hardly 
affect the development and progression of liver fibrosis (21, 
22, 29).

The strength of our study is that all patients were treated by 
the same physician, potentially minimizing the heterogeneity in 
diagnosis and treatment selection among practitioners. However, 
our study also has some limitations. First, due to a relatively small 
sample size, the statistical results should be cautiously interpreted. 
Second, because our study population were outpatients and the 
nature of our study was retrospective, some information was not 
collected, such as history of alcohol abuse and metabolic variables 
(i.e., glucose, uric acid, and lipids). Thus, it was not possible to 
distinguish whether FLD was related to metabolic disorders in 

TABLE 4 Subgroups analyses of HBV DNA  >  10  IU/mL patients with versus without FLD.

Variables CHB with FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 41 40.00 (24.00–62.00); 41.73 ± 9.77 68 42.00 (18.00–79.00); 45.51 ± 14.08 0.283

Male (%) 41 25 (60.98%) 68 31 (45.59%) 0.119

BMI (kg/m2) 30 25.66 (18.42–31.35); 25.22 ± 3.54 52 22.89 (17.58–39.45); 23.10 ± 3.43 0.009

Laboratory parameters

TBIL (μmol/L) 41 13.20 (5.60–25.20); 12.98 ± 4.81 67 12.00 (5.20–59.20); 13.97 ± 7.96 0.473

DBIL (μmol/L) 41 2.90 (1.60–5.80); 3.04 ± 1.12 67 3.10 (1.30–29.90); 4.08 ± 3.73 0.036

ALT (U/L) 41 37.66 (8.46–319.26); 62.47 ± 66.30 67 24.10 (9.13–260.50); 40.63 ± 43.99 0.004

AST (U/L) 41 26.64 (13.16–160.62); 41.02 ± 33.09 67 23.59 (14.59–155.58); 34.75 ± 28.33 0.026

AKP (U/L) 41 75.82 (44.52–117.54); 77.90 ± 19.29 67 72.62 (45.19–213.33); 79.54 ± 29.45 0.630

GGT (U/L) 41 31.67 (10.66–113.13); 38.13 ± 27.99 67 18.83 (9.56–430.38); 30.57 ± 51.87 0.004

TBA (μmol/L) 41 5.60 (0.40–22.30); 6.51 ± 4.21 67 5.90 (1.90–176.00); 9.66 ± 21.16 0.478

AFP (ng/mL) 36 2.29 (1.01–6.73); 2.63 ± 1.27 56 2.24 (0.73–274.45); 12.55 ± 46.20 0.936

LSM (KPa) 25 6.60 (3.90–35.80); 8.74 ± 6.80 38 6.65 (3.30–28.30); 8.01 ± 5.05 0.883

CAP (db/m) 25 253.20 (240.30–337.00); 261.57 ± 22.42 38 211.30 (143.80–240.00); 208.27 ± 22.92 0.000

FIB-4 score 22 1.06 (0.32–5.10); 1.26 ± 0.98 42 1.04 (0.35–7.27); 1.34 ± 1.18 0.955

APRI score 22 0.29 (0.12–2.21); 0.56 ± 0.61 42 0.26 (0.12–3.52); 0.43 ± 0.61 0.189

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; FLD, fatty liver disease; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness measurement; CAP, controlled 
attenuation parameter; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase to platelet ratio index; HBV DNA, hepatitis B virus deoxyribonucleic acid. Bold values mean there were 
significant differences between the two groups.
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our patients. Third, due to the cross-sectional design of our 
study, the follow-up outcome was not evaluated.

5 Conclusion

FLD is common in CHB patients, and can intensify liver damage, 
particularly ALT level, but may not influence the progression of liver 
fibrosis. Large-scale cohort studies are imperative to further investigate 
the impact of FLD on virological markers and long-term outcome in 
CHB patients.
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TABLE 5 Subgroup analyses of CHB patients with mild FLD versus without FLD.

Variables CHB with mild FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 35 42.00 (24.00–67.00); 44.60 ± 11.36 125 48.00 (18.00–79.00); 46.66 ± 12.83 0.390

Male (%) 35 20 (57.14%) 125 58 (46.40%) 0.261

BMI (kg/m2) 29 24.93 (18.42–35.16); 25.53 ± 3.78 97 22.89 (17.58–39.45); 23.45 ± 3.33 0.005

Laboratory parameters

HBsAg >250 IU/mL (%) 35 28 (80.00%) 125 92 (73.60%) 0.440

HBsAg positive (%) 35 35 (100.00%) 125 125 (100.00%) 1.000

HBsAb positive (%) 35 1 (2.86%) 122 2 (1.64%) 0.533

HBeAg positive (%) 35 11 (31.43%) 122 37 (30.33%) 0.901

HBeAb positive (%) 35 23 (65.71%) 122 74 (60.66%) 0.587

HBcAb positive (%) 35 35 (100.00%) 122 118 (96.72%) 0.576

HBV DNA >10 IU/mL (%) 33 18 (54.55%) 122 68 (55.74%) 0.903

TBIL (μmol/L) 33 11.30 (5.60–38.30); 13.03 ± 6.46 122 11.85 (3.80–59.20); 13.20 ± 6.89 0.908

DBIL (μmol/L) 33 2.80 (1.60–19.66); 3.75 ± 3.45 122 2.95 (1.30–29.90); 3.71 ± 2.98 0.346

ALT (U/L) 33 23.79 (11.43–269.30); 43.56 ± 52.54 122 21.88 (6.44–260.50); 32.95 ± 35.10 0.101

AST (U/L) 33 23.94 (13.16–160.62); 31.69 ± 26.24 122 22.58 (13.08–155.58); 29.75 ± 22.30 0.229

AKP (U/L) 33 74.34 (18.81–119.56); 75.13 ± 21.57 122 77.23 (41.75–213.33); 79.49 ± 25.82 0.375

GGT (U/L) 33 21.23 (11.60–111.74); 30.36 ± 25.07 122 18.38 (7.74–430.38); 28.65 ± 44.90 0.049

TBA (μmol/L) 33 5.00 (1.30–18.20); 5.64 ± 3.64 122 5.70 (1.50–176.00); 8.30 ± 15.97 0.085

AFP (ng/mL) 28 2.54 (0.91–9.47); 2.90 ± 1.91 107 2.19 (0.73–274.45); 8.16 ± 33.70 0.989

LSM (KPa) 35 6.60 (3.90–35.80); 8.27 ± 5.88 72 6.45 (3.30–28.30); 8.19 ± 4.99 0.803

CAP (db/m) 35 252.80 (240.30–264.60); 253.01 ± 6.90 72 211.30 (143.80–240.00); 208.71 ± 21.67 0.000

FIB-4 score 17 1.09 (0.45–2.14); 1.13 ± 0.43 78 1.02 (0.35–7.27); 1.28 ± 0.99 0.854

APRI score 17 0.29 (0.12–2.21); 0.40 ± 0.48 78 0.24 (0.10–3.52); 0.36 ± 0.47 0.676

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBV DNA, hepatitis B virus 
deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBcAb, hepatitis B core antibody; FLD, fatty liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness 
measurement; CAP, controlled attenuation parameter; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase to platelet ratio index. Bold values mean there were significant differences 
between the two groups.
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TABLE 6 Subgroup analyses of CHB patients with moderate/severe FLD versus without FLD.

Variables CHB with moderate/severe FLD CHB without FLD p Value

No. Pts Median (range), Mean  ±  SD or 
Frequency (percentage)

No. Pts Median (range), Mean  ±  SD 
or Frequency (percentage)

Demographics

Age (years) 13 39.00 (31.00–64.00); 42.15 ± 11.16 125 48.00 (18.00–79.00); 46.66 ± 12.83 0.225

Male (%) 13 7 (53.85%) 125 58 (46.40%) 0.609

BMI (kg/m2) 12 26.54 (15.24–59.88); 29.08 ± 11.04 97 22.89 (17.58–39.45); 23.45 ± 3.33 0.106

Laboratory parameters

HBsAg >250 IU/mL (%) 13 10 (76.92%) 125 92 (73.60%) 1.000

HBsAg positive (%) 13 13 (100.00%) 125 125 (100.00%) 1.000

HBsAb positive (%) 13 1 (7.69%) 122 2 (1.64%) 0.264

HBeAg positive (%) 13 4 (30.77%) 122 37 (30.33%) 1.000

HBeAb positive (%) 13 8 (61.54%) 122 74 (60.66%) 0.951

HBcAb positive (%) 13 13 (100.00%) 122 118 (96.72%) 1.000

HBV DNA >10 IU/mL (%) 13 7 (53.85%) 122 68 (55.74%) 0.896

TBIL (μmol/L) 13 13.90 (5.80–25.20); 15.32 ± 5.18 122 11.85 (3.80–59.20); 13.20 ± 6.89 0.082

DBIL (μmol/L) 13 3.10 (1.80–6.40); 3.33 ± 1.15 122 2.95 (1.30–29.90); 3.71 ± 2.98 0.797

ALT (U/L) 13 32.75 (8.46–101.68); 37.06 ± 25.24 122 21.88 (6.44–260.50); 32.95 ± 35.10 0.136

AST (U/L) 13 22.00 (19.02–43.72); 25.81 ± 7.74 122 22.58 (13.08–155.58); 29.75 ± 22.30 0.612

AKP (U/L) 13 68.00 (44.52–108.28); 70.05 ± 18.47 122 77.23 (41.75–213.33); 79.49 ± 25.82 0.202

GGT (U/L) 13 24.91 (10.36–68.10); 31.57 ± 20.28 122 18.38 (7.74–430.38); 28.65 ± 44.90 0.200

TBA (μmol/L) 13 5.10 (1.10–22.30); 5.66 ± 5.42 122 5.70 (1.50–176.00); 8.30 ± 15.97 0.091

AFP (ng/mL) 13 2.40 (1.28–4.35); 2.47 ± 0.80 107 2.19 (0.73–274.45); 8.16 ± 33.70 0.859

LSM (KPa) 13 6.20 (4.20–10.90); 6.50 ± 1.91 72 6.45 (3.30–28.30); 8.19 ± 4.99 0.294

CAP (db/m) 13 285.00 (269.00–360.00); 297.58 ± 27.83 72 211.30 (143.80–240.00); 208.71 ± 21.67 0.000

FIB-4 score 9 0.71 (0.32–1.56); 0.79 ± 0.41 78 1.02 (0.35–7.27); 1.28 ± 0.99 0.066

APRI score 9 0.22 (0.17–0.31); 0.23 ± 0.05 78 0.24 (0.10–3.52); 0.36 ± 0.47 0.322

No. Pts, number of patients; CHB, chronic hepatitis B; BMI, body mass index; HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBV DNA, hepatitis B virus 
deoxyribonucleic acid; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBcAb, hepatitis B core antibody; FLD, fatty liver disease; TBIL, total bilirubin; DBIL, direct bilirubin; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; AKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBA, total bile acid; AFP, alpha-fetoprotein; LSM, liver stiffness 
measurement; CAP, controlled attenuation parameter; FIB-4, fibrosis-4 index; APRI, aspartate aminotransferase to platelet ratio index. Bold values mean there were significant differences 
between the two groups.
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