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Abstract
Objective Chronic hepatitis B (CHB) and metabolic dysfunction-associated fatty liver disease (MAFLD) are the leading 
causes of hepatocellular carcinoma (HCC). We aim to explore the impact of concurrent MAFLD on the risk of HCC in CHB.
Methods Patients with CHB were consecutively recruited from 2006 to 2021. MAFLD was defined by steatosis and either 
obesity, diabetes mellitus, or other metabolic abnormalities. The cumulative incidence of HCC and associated factors were 
compared between the MAFLD and non-MAFLD groups.
Results 10,546 treatment-naïve CHB patients were included with a median follow-up of 5.1 years. CHB patients with 
MAFLD (n = 2212) had fewer hepatitis B e antigen (HBeAg)-positivity, lower HBV DNA levels, and Fibrosis-4 index 
compared with the non-MAFLD group (n = 8334). MAFLD was independently associated with a 58% reduced risk of HCC 
(adjusted hazard ratio [aHR] 0.42, 95% confidence interval [CI] 0.25–0.68, p < 0.001). Furthermore, steatosis and metabolic 
dysfunction had distinct effects on HCC. Steatosis was protective against HCC (aHR 0.45, 95% CI 0.30–0.67, p < 0.001), 
while a greater burden of metabolic dysfunction increased the risk (aHR 1.40 per dysfunction increase, 95% CI 1.19–1.66, 
p < 0.001). The protective effect of MAFLD was further confirmed in analysis with inverse probability of treatment weight-
ing (IPTW), patients who had undergone antiviral therapy, those with probable MAFLD, and after multiple imputation for 
missing data.
Conclusions Concurrent hepatic steatosis is independently associated with a lower risk of HCC, whereas the increasing 
burden of metabolic dysfunction aggravates the risk of HCC in untreated CHB patients.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is an emerg-
ing chronic liver disease with growing clinical signifi-
cance. The prevalence of NAFLD is estimated to affect 
nearly a third of people in Asia [1, 2] and worldwide [3]. 
NAFLD contributes to the development of hepatocellular 
carcinoma (HCC), especially in those with cirrhosis [4]. 
Because metabolic dysfunction is the fundamental patho-
genesis of NAFLD, metabolic dysfunction-associated fatty 
liver disease (MAFLD) has been proposed and widely 
accepted to simplify the diagnostic criteria and avoid 
excluding patients with other concomitant liver diseases, 
such as chronic hepatitis B (CHB) [5]. In clinical practice, 
MAFLD can select those with greater liver disease sever-
ity than the criteria of NAFLD [6–8].

In an endemic area of chronic hepatitis B (CHB), the 
co-existence of HBV infection and hepatic steatosis is fre-
quently observed [9]. Nevertheless, There are still contro-
versies about the impact of hepatic steatosis on chronic 
HBV infection [10, 11]. A population-based study reported 
negative associations between hepatic steatosis and HBV 
infection [12]. Another study enrolling 1915 patients of 
CHB showed hepatic steatosis was associated with a lower 
degree of inflammation and fibrosis in liver histology 
compared with those without steatosis [13]. In addition, 
a higher degree of steatosis was associated with a lower 
risk of HCC occurrence [14, 15]. Recently, a meta-analysis 
disclosed that about 30% of patients with CHB had hepatic 
steatosis, which was inversely associated with viral activ-
ity but not hepatic fibrosis [16]. In contrast, other studies 
demonstrated higher risks of advanced fibrosis, HCC, and 
other adverse liver outcomes in patients of CHB with the 
coexistence of fatty liver disease [17–19].

Considering the increasing prevalence of MAFLD 
in patients of CHB, we thus investigated the impact of 
MAFLD on CHB patients for the development of HCC.

Patients and methods

Study population

From January 2006 to April 2021, patients aged 20 or 
older with chronic liver diseases were retrospectively 

screened from the Integrated Medical Database of the 
National Taiwan University Hospital (NTUH), a tertiary 
center in Taiwan. The database included all diagnoses, 
laboratory data, imaging studies, and prescription records 
in NTUH, as well as the nationwide death registry; its 
quality has been validated by systemic data mining and 
statistical analysis with clinical interpretation [20].

CHB patients should have at least twice CHB diagnoses 
on different dates of the emergency department or outpatient 
clinic visits or once from the discharge diagnosis of hospi-
talization. All these patients also had a positive hepatitis B 
surface antigen (HBsAg) or detectable serum HBV DNA 
level for confirmation.

This study was approved by the Institutional Review 
Board of NTUH (202104086RIND) and conformed to the 
ethical principles for medical research involving human sub-
jects of the Declaration of Helsinki updated in 2013. The 
informed consent was waived because this is a retrospective 
study conducted by a review of medical records only.

Definition of MAFLD in CHB patients

MAFLD was defined according to the proposed criteria 
[5]. First, patients should have hepatic steatosis, which was 
investigated by abdominal ultrasonography with the pres-
ence of fatty liver, defined as increased echogenicity com-
pared with renal cortex or spleen along with beam attenua-
tion [21]. The accuracy of ultrasonography for the detection 
of steatosis in NTUH reached ninety percent among CHB 
patients receiving liver biopsy in our biopsy cohort [7, 9]. 
Second, they should have one of the three following clinical 
criteria, namely (a) overweight/obesity (BMI ≥ 23 kg/m2); 
(b) type 2 diabetes mellitus (DM) or receiving specific hypo-
glycemic drug treatment; (c) ≥ 2 metabolic abnormalities: 
hypertension or receiving specific anti-hypertensive drug 
treatment, plasma triglycerides ≥ 150 mg/dl, HDL-choles-
terol < 40 mg/dl for male and < 50 mg/dl for female, pre-
diabetes (fasting glucose levels 100 to 125 mg/dl or HbA1c 
5.7% to 6.4%), plasma high-sensitivity C-reactive protein 
level > 2 mg/l, and Homeostatic Model Assessment-Insulin 
Resistance ≥ 2.5 [5]. Patients were screened for MAFLD 
and classified into two groups (MAFLD and non-MAFLD 
groups).

Patients fulfilling MAFLD criteria with intermittent fatty 
liver by serial abdominal ultrasonography were designated 
as the probable MAFLD group for sensitivity analysis. 
Those receiving anti-HBV therapy (including nucleos(t)
ide analogue [NA] or interferon) before HCC develop-
ment would be included for sensitivity analysis as well. We 
excluded patients with co-existing HCV, HIV infection, with 
other malignancies or metastatic tumors at baseline. Patients 
with prior HCC and HCC developed within 1 year were 
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excluded to avoid a small undiagnosed HCC at baseline. 
HCC surveillance was performed by abdominal ultrasonog-
raphy and/or serum alpha-fetoprotein (AFP) measurement 
every 3–12 months in CHB patients according to the current 
guidelines [22–24].

Data collection

The baseline demographics, laboratory data, and abdominal 
ultrasonography [25] were collected. To evaluate the influ-
ence of metabolic dysfunction, the fulfilled criteria of meta-
bolic dysfunction, namely (a) BMI ≥ 23 kg/m2, (b) DM, and 
(c) ≥ 2 metabolic risk abnormalities, were calculated cumu-
latively as the burden of metabolic dysfunction.

Definition of clinical outcome

HCC diagnosis was based on either pathology or two typical 
dynamic imaging studies with AFP ≥ 200 ng/ml before 2010, 
and one typical dynamic imaging study after 2010 according 
to the American Association for the Study of Liver Dis-
eases (AASLD) guidelines [26]. The study endpoint was 
the occurrence of HCC. Patients were censored at the time 
of HCC or their last clinical visits.

Statistical analysis

The continuous variables were expressed by median (inter-
quarter range [IQR]) and compared by the Mann–Whitney 
U test. The categorical data were expressed in numbers (per-
centage) and compared by Chi-square test. The cumulative 
incidence of HCC was calculated by the Kaplan–Meier 
method. Factors associated with HCC occurrence were 
included in the univariable Cox regression model, and those 
with p < 0.05 were further included in the multivariable Cox 
regression model. Patients with missing data were omitted 
in the original analysis and were additionally managed by 
multiple imputation via multivariate imputation by chained 
equation (MICE) package in R as the sensitivity analysis 
[27]. In addition, stabilized inverse probability of treat-
ment weighting (IPTW) method was performed to balance 
the baseline characteristics between the two groups [28]; a 
logistic regression analysis with MAFLD as the dependent 
variable and associated factors (including age, sex, HBeAg, 
HBV DNA level, cirrhosis, and FIB-4 index) as independent 
variables was performed to calculate the predicted probabil-
ity of MAFLD, and the inverse of predicted probability was 
used as the weight with balanced baseline characteristics 
between the two groups. The statistical comparison was 
performed by R (Version 4.1.0, R Foundation for Statistical 
Computing, Vienna, Austria), and a two-tailed p value < 0.05 
were defined as statistically significant.

Results

128,417 patients with chronic liver disease were screened, 
and 35,100 patients with confirmed CHB were identified. 
After exclusion, 10,546 patients were included in the final 
analysis. Of these patients, 2212 (21%) had concurrent 
MAFLD, while the other 8334 were in the non-MAFLD 
group (Supplementary Fig. 1).

Baseline demographics and laboratory data

Compared with the non-MAFLD group, CHB patients with 
MAFLD were significantly older, male-predominant, and 
had higher BMI, more DM, more hypertension, and less 
cirrhosis. After a median follow-up of 5.1 years, 23 (1.0%) 
and 161 (1.9%) patients developed HCC in the MAFLD and 
non-MAFLD groups, respectively (Table 1). The number 
of deaths before HCC development was 54 (2.4%) and 453 
(5.4%) in the MAFLD and non-MAFLD groups. Regarding 
the viral factors, CHB patients with MAFLD had a lower 
proportion of hepatitis B e antigen (HBeAg) positivity and 
lower median HBV DNA levels than non-MAFLD patients. 
The details of other laboratory data are shown in Table 1.

Factors associated with HCC occurrence

The 3-, 5-, and 10-year cumulative incidence of HCC was 
0.8%, 1.0%, and 1.5% in the MAFLD group, and 1.1%, 1.9%, 
and 3.3% in the non-MAFLD group (Fig. 1). In the uni-
variable analysis, age ≥ 50 years, male sex, BMI ≥ 23 kg/m2, 
DM, hypertension, alcoholic liver disease, HBeAg positiv-
ity, higher aspartate aminotransferase (AST), AFP ≥ 20 ng/
ml, and FIB-4 index ≥ 1.45 were associated with HCC 
occurrence, whereas the presence of MAFLD was inversely 
associated with HCC occurrence (Table 2).

In the multivariable Cox regression model, the levels of 
AST, which were already used in the calculation of FIB-
4, were not included. Age ≥ 50 versus < 50 years (adjusted 
HR [aHR] 1.80, 95% CI 1.16–2.80, p = 0.009), male sex 
(aHR 3.19, 95% CI 2.13–4.79, p < 0.001), BMI ≥ 23 ver-
sus < 23 kg/m2 (aHR 1.53, 95% CI 1.07–2.18, p = 0.019), 
HBeAg positivity (aHR 2.71, 95% CI 1.75–4.18 p < 0.001), 
FIB-4 index ≥ 1.45 versus < 1.45 (aHR 3.52, 95% CI 
2.33–5.34, p < 0.001), and AFP ≥ 20 versus < 20  ng/ml 
(aHR 2.60, 95% CI 1.51–4.45, p < 0.001) were associated 
with HCC occurrence, while the presence of MAFLD 
had a reduced risk of HCC (aHR 0.42, 95% CI 0.25–0.68, 
p < 0.001, Table 2).

Because high HBV viral load is associated with increased 
HCC risk, it was adjusted with different cut-off values in 
another multivariable Cox regression model. Increasing 
HBV DNA level was an independent risk predictor for 
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HCC in these CHB patients (HBV DNA ≥ 200000 ver-
sus < 200000 IU/ml: aHR 1.47, 95% CI 1.01–2.14, p = 0.046, 
Supplementary Table 1). The presence of MAFLD was 

associated with a reduced risk of HCC occurrence (aHR 
0.44, 95% CI 0.27–0.72, p = 0.001, Supplementary 
Table 1). Additionally, the FIB-4 index was replaced by 

Table 1  Baseline characteristics and laboratory data of patients with chronic hepatitis B (N = 10,546)

The data are expressed as median (IQR) or number (%) accordingly
CHB chronic hepatitis B, MAFLD metabolic dysfunction-associated fatty liver disease, BMI Body Mass Index, HCC hepatocellular carcinoma, 
HBeAg hepatitis B e antigen, HBV hepatitis B virus, ALT alanine aminotransferase, AST aspartate aminotransferase, AFP Alpha-Fetoprotein, TG 
triglyceride, HDL High-density lipoprotein, FIB-4 Fibrosis-4

Characteristics Sample number CHB p value

without MAFLD (n = 8334) with MAFLD (n = 2212)

Age, years 10,546 47 (37–57) 52 (44–60)  < 0.001
Male sex 10,546 3880 (47) 1505 (68)  < 0.001
DM 10,546 407 (4.9) 451 (20.4)  < 0.001
Hypertension 10,546 1244 (14.9) 802 (36.3)  < 0.001
Alcoholic liver disease 10,546 44 (0.5) 11 (0.5) 0.859
Cirrhosis 10,546 283 (3.4) 18 (0.8)  < 0.001
BMI, kg/m2 7893 21.9 (20.1–24.0) 26.4 (24.4–28.8)  < 0.001
HBeAg positivity 8093 882 (13.7) 111 (6.7)  < 0.001
HBV DNA, IU/ml 4929 2290 (115–100,000) 565 (28–12,100)  < 0.001
ALT, U/L 10,508 22 (16–35) 32 (22–50)  < 0.001
AST, U/L 10,430 24 (19–31) 26 (21–34)  < 0.001
AFP, ng/ml 10,054 2.67 (2.00–3.88) 2.71 (2.06–3.77) 0.120
Platelet, k/uL 8854 213 (175–254) 228 (194–268)  < 0.001
FIB-4 index 8765 1.13 (0.76–1.75) 1.06 (0.77–1.49)  < 0.001
Glucose, mg/dl 6630 89 (84–96) 98 (90–111)  < 0.001
TG, mg/dl 6534 80 (61–108) 136 (100–182)  < 0.001
HDL, mg/dl 4340 55 (45–66) 42 (37–49)  < 0.001
Follow-up duration, years 10,546 5.2 (2.2–8.9) 4.7 (2.0–8.1)  < 0.001
HCC occurrence 10,546 161 (1.9) 23 (1.0) 0.004

Fig. 1  Cumulative incidence of 
HCC in untreated CHB patients 
with versus without MAFLD. 
Those with MAFLD had lower 
risks of HCC occurrence 
(HR 0.59, 95% CI 0.38–0.92, 
p = 0.019). HCC hepatocel-
lular carcinoma, CHB chronic 
hepatitis B, MAFLD metabolic 
dysfunction-associated fatty 
liver disease, HR hazard ratio, 
CI confidence interval
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the sonographic cirrhosis in another model, and MAFLD 
remained associated with a lower risk of HCC (aHR 0.45, 
95% CI 0.28–0.74, p = 0.002, Supplementary Table 2).

Subgroup analyses of the association 
between MAFLD and HCC occurrence

After adjustment for age, sex, BMI, DM, hypertension, 
HBeAg, and FIB-4 index, MAFLD was consistently associ-
ated with a lower risk of HCC occurrence in patient sub-
groups regardless of age, sex, presence of DM, levels of 
alanine aminotransferase (ALT) and HBV viral load. In 
addition, concurrent MAFLD decreased risks of HCC in 
patients with BMI ≥ 23 kg/m2, HBeAg negativity, absence 
of cirrhosis, FIB-4 < 1.45, as well as FIB-4 between 1.45 
and 3.25 (Table 3).

The association of steatosis and metabolic 
dysfunction on HCC occurrence

Steatosis and metabolic dysfunction were two critical com-
ponents of MAFLD. There were 1225, 736, and 251 patients 
with 1, 2, and 3 categories of metabolic dysfunction in the 
MAFLD group, and 5730, 2028, 425, and 151 patients with 
0, 1, 2, and 3 categories in the non-MAFLD group. Steato-
sis was independently protective against HCC occurrence 
(aHR 0.45, 95% CI 0.30–0.67, p < 0.001, Table 4), whereas 
metabolic dysfunction increased the risk (aHR 1.40 per 1 
dysfunction increase, 95% CI 1.19–1.66, p < 0.001, Table 4). 

Of the metabolic risk factors considered (DM, overweight, 
and hypertension), DM exhibited the most significant impact 
on the HCC risk (aHR 1.57, 1.02–2.39, p = 0.039, Supple-
mentary Table 3).

After stratification by MAFLD, the dose-dependent asso-
ciation of metabolic dysfunction and risk of HCC remained 
significant for those without MAFLD (aHR 1.33 per 1 dys-
function increase, 95% CI 1.11–1.60, p = 0.002); while it 
was marginally significant for those with MAFLD (aHR 1.71 
per 1 dysfunction increase, 95% CI 0.99–2.97, p = 0.055). 
The cumulative incidence of HCC in patients with concur-
rent MAFLD and variable burden of metabolic dysfunction 
is shown in Fig. 2.

Balancing baseline characteristics by IPTW method

To balance the baseline viral factors and hepatic fibrosis 
between the MAFLD and non-MAFLD groups, stabilized 
IPTW method was used. The FIB-4 index, HBV DNA levels, 
the proportion of cirrhosis (4.9% versus 4.7%), and HBeAg 
positivity (13.9% versus 14.6%) were well-balanced between 
the two groups after IPTW (all p > 0.05) as shown in Sup-
plementary Table 4. In the multivariable analysis, concur-
rent MAFLD remained an independent factor associated 
with fewer HCC occurrence (aHR 0.50, 95% CI 0.26–0.96, 
p = 0.037) after adjustment for age, sex, BMI, DM, hyperten-
sion, alcoholic liver disease, HBeAg, HBV DNA, AFP and 
FIB-4 levels (Supplementary Table 5).

Table 2  Factors associated with HCC occurrence (N = 10,546)

HCC hepatocellular carcinoma, CI confidence interval, BMI Body Mass Index, MAFLD metabolic dysfunction-associated fatty liver disease, 
HBeAg hepatitis B e antigen, HBV hepatitis B virus, ALT alanine aminotransferase, AST aspartate aminotransferase, AFP Alpha-Fetoprotein, 
FIB-4 Fibrosis-4

HCC occurrence Univariable analysis Multivariable analysis

Variables Hazard Ratio 95% CI p value Hazard Ratio 95% CI p value

Age (≥ 50 versus < 50 years) 3.05 2.22–4.19  < 0.001 1.80 1.16–2.80 0.009
Sex (male versus female) 3.99 2.77–5.75  < 0.001 3.19 2.13–4.79  < 0.001
BMI (≥ 23 versus < 23 kg/m2) 1.41 1.05–1.90 0.022 1.53 1.07–2.18 0.019
Diabetes mellitus 2.68 1.83–3.92  < 0.001 1.22 0.75–1.99 0.414
Hypertension 1.88 1.37–2.58  < 0.001 1.35 0.91–2.00 0.134
Alcoholic liver disease 6.22 2.31–16.77  < 0.001 0.50 0.07–3.65 0.497
MAFLD 0.59 0.38–0.92 0.019 0.42 0.25–0.68  < 0.001
HBeAg positivity 2.11 1.45–3.06  < 0.001 2.71 1.75–4.18  < 0.001
HBV DNA (≥ 2000 versus < 2000 IU/ml) 1.30 0.95–1.78 0.101 1.01 0.73–1.42 0.932
ALT (per U/L increase) 1.001 1.000–1.002 0.136
AST (per U/L increase) 1.002 1.001–1.003 0.003
AFP (≥ 20 versus < 20 ng/ml) 6.10 3.79–9.81  < 0.001 2.60 1.51–4.45  < 0.001
FIB-4 (≥ 1.45 versus < 1.45) 6.54 4.70–9.09  < 0.001 3.52 2.33–5.34  < 0.001
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Sensitivity analysis of the association 
between MAFLD and HCC occurrence

The 6661 patients with probable MAFLD (intermittent 
presence of fatty liver) were used for the sensitivity analy-
sis; after the exclusion by the remaining exclusion criteria, 
3583 were finally included, and an intermediate risk of 
HCC occurrence was found as compared to MAFLD and 
non-MAFLD groups (aHR 0.38 as compared with the non-
MAFLD group, Supplementary Table 6). In addition, the 
5065 patients receiving anti-HBV therapy in the exclusion 
criteria were enrolled, and finally, 4029 were analyzed for 

HCC risk (Supplementary Fig. 2). Those with MAFLD had 
a significantly lower risk of HCC occurrence than those 
without MAFLD (aHR 0.34, Supplementary Table 7).

Furthermore, multiple imputation was performed for 
missing data in the original cohort (N = 10,546), and 
MAFLD remained an independent factor associated with a 
lower risk of HCC occurrence (aHR 0.34, 95% CI 0.21–0.55, 
p < 0.001, Supplementary Table 8).

Discussion

Both CHB and fatty liver disease have been recognized as 
the major etiologies of chronic liver disease, leading to a 
significant number of adverse liver outcomes, including the 
development of HCC. In this study, we found that MAFLD, 
especially steatosis with only mild metabolic dysfunction, 
was a favorable prognostic factor against HCC occurrence, 
whereas a higher burden of metabolic dysfunction aggra-
vated the risk in CHB patients.

Our data showed that CHB patients with MAFLD had 
lower HBV viral activity than those without MAFLD, sug-
gesting a possibly inverse correlation between MAFLD and 
HBV replication. A negative association was also found in 
terms of hepatic steatosis; those with concurrent steatosis 
had a lower proportion of HBeAg positivity (9% versus 14%, 
p < 0.001) and a lower median level of HBV DNA (794 ver-
sus 2390 IU/ml, p < 0.001) than those without steatosis in 
this study. Similar findings have also been demonstrated in 
previous reports. The HBV viral load was lower in those 
with steatosis (evaluated by controlled attenuation parameter 
[CAP]) than in controls with a dose-dependent effect [29]. 
The proportions of serum HBeAg positivity, HBV viremia, 
intrahepatic HBsAg and hepatitis B core antigen (HBcAg) 
positive staining on liver tissue were reduced in patients 
with steatosis [30]. Another study found that higher levels 

Table 3  Subgroup analysis of the association of MAFLD with HCC 
occurrence in patients with chronic hepatitis B using multivariable 
Cox regression models

The analysis was adjusted for age, sex, BMI, DM, hypertension, 
HBeAg, and FIB-4 in each subgroup
MAFLD metabolic dysfunction-associated fatty liver disease, HCC 
hepatocellular carcinoma, HR hazard ratio, CI confidence interval, 
BMI Body Mass Index, HBeAg hepatitis B e antigen, HBV hepatitis B 
virus, FIB-4 Fibrosis-4

Subgroups Number Adjusted HR (with 
vs. without MAFLD)

95% CI p value

Age (years)
  < 50 5665 0.35 0.13–0.94 0.038
  ≥ 50 4881 0.43 0.25–0.75 0.003

Sex
 Female 5161 0.08 0.01–0.66 0.019
 Male 5385 0.48 0.29–0.80 0.005

BMI (kg/m2)
 < 23 4043 0.62 0.15–2.60 0.517
  ≥ 23 3850 0.38 0.23–0.64  < 0.001

DM
 Yes 858 0.37 0.15–0.88 0.025
 No 9688 0.41 0.23–0.73 0.003

Cirrhosis
 Yes 301 0.38 0.08–1.86 0.234
 No 10245 0.50 0.30–0.84 0.009

HBeAg
 Positive 993 0.37 0.10–1.33 0.127
 Negative 7100 0.44 0.26–0.73 0.002

HBV DNA (IU/ml)
  < 20000 3335 0.51 0.28–0.92 0.024
  ≥ 20000 1594 0.22 0.08–0.63 0.005

ALT (U/L)
  ≤ 41 8211 0.50 0.26–0.96 0.036
  > 41 2297 0.28 0.14–0.59  < 0.001

FIB-4
  < 1.45 5874 0.29 0.12–0.70 0.006
 1.45–3.25 2259 0.39 0.18–0.85 0.018
  > 3.25 632 1.01 0.43–2.38 0.986

Table 4  The effect of metabolic dysfunction and steatosis on the risk 
of HCC occurrence

HCC hepatocellular carcinoma, CI confidence interval, HBeAg hepa-
titis B e antigen, AFP Alpha-Fetoprotein, FIB-4 Fibrosis-4

HCC occurrence Multivariable analysis

Variables Hazard ratio 95% CI p value

Age (≥ 50 versus < 50 years) 1.60 1.07–2.38 0.021
Sex (male versus female) 3.96 2.70–5.82  < 0.001
Burden of metabolic dysfunc-

tion (per 1-point increase)
1.40 1.19–1.66  < 0.001

HBeAg positivity 3.14 2.12–4.63  < 0.001
Steatosis 0.45 0.30–0.67  < 0.001
AFP (≥ 20 versus < 20 ng/ml) 2.90 1.75–4.81  < 0.001
FIB-4 (≥ 1.45 versus < 1.45) 4.42 2.98–6.56  < 0.001
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of past viral load trajectories decreased the risk of steatosis, 
whereas the functional cure of HBV infection was associ-
ated with a 1.41-fold risk [31]. Furthermore, a meta-analysis 
demonstrated a negative association between hepatic steato-
sis and HBV viral activity [16]. The mechanisms have been 
investigated. Hepatic steatosis induced by high-fat diets 
reduced the serum HBeAg, HBsAg, HBcAg, and HBV DNA 
levels in the mouse model [32]. Steatosis inhibited HBsAg 
and HBV DNA secretion via the induction of endoplasmic 
reticulum stress in hepatocytes [33]. In a prospective study, 
adiponectin levels, an adipokine reducing hepatic steatosis, 
were increased in those with higher HBV DNA levels [34]. 
In HepG2-hepatitis B virus-stable cells, the viral replica-
tion was upregulated by adiponectin and downregulated by 
knock-down adiponectin levels [35].

Hepatic fibrosis has been found to be positively associ-
ated with the degree of hepatic steatosis based on CAP [36, 
37]. Liver fibrosis is associated with nonalcoholic steatohep-
atitis (NASH) [18], or the existence of MAFLD by histology 
[19] in CHB patients. On the contrary, a recent meta-anal-
ysis did not find a significant association between steatosis 
and fibrosis [16]. In our study, we found that patients with 
MAFLD had a lower FIB-4 index and a lower prevalence of 
cirrhosis than those without MAFLD. One of the plausible 
explanations for the discrepancy between our current and 
previous results may be the different patient populations. 

Prior studies analyzed CHB patients who received liver 
biopsies so that they might have more advanced liver dis-
ease. In fact, MAFLD is a disease with a broad spectrum, 
from simple steatosis to steatohepatitis and cirrhosis [38]. 
Our cohort possibly includes more patients with early-stage 
MAFLD when they merely had steatosis but not yet devel-
oped fibrosis. As steatosis progresses to steatohepatitis, more 
patients may begin to have advanced fibrosis or even cir-
rhosis. Finally, “burnt-out NASH” occurs in patients with 
advanced fibrosis, and their hepatic fat gradually reduces at 
that stage as a natural course of NAFLD [39]. As a result, 
those with burnt-out NASH at enrollment might be classi-
fied as non-MAFLD group and showed a higher degree of 
fibrosis as well as subsequent higher HCC risks.

Viral factors have been considered the most important 
risk factors in HBV-related HCC, consistently demonstrated 
in our patients with underlying MAFLD. For example, the 
HBeAg positivity had an increased risk of HCC, and HBV 
DNA ≥ 200,000 IU/ml independently increased a 1.5-fold 
risk of HCC in this study. Similarly, the annual incidence 
of HCC in concurrent MAFLD-CHB patients of this cohort 
was 0.20%, which was much higher than those in patients 
with only fatty liver disease (0.021%) and those without liver 
disease (0.002%) [40].

Metabolic dysfunction is considered a risk factor for 
HCC development, such as overweight, obesity, and DM 

Fig. 2  Cumulative incidence of 
HCC in untreated CHB patients 
with concurrent MAFLD. 
Those with a greater burden of 
metabolic dysfunction had a 
higher risk of HCC (HR 1.86 
per 1-point increase, 95% CI 
1.08–3.19, p = 0.025). HCC 
hepatocellular carcinoma, CHB 
chronic hepatitis B, MAFLD 
metabolic dysfunction-asso-
ciated fatty liver disease, HR 
hazard ratio, CI confidence 
interval
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[41–43]. A study using a biopsy-proven CHB cohort found 
MAFLD an independent risk factor of HCC occurrence 
[19]. We demonstrated that the accumulation of metabolic 
dysfunction independently increased the risk of HCC in a 
dose-dependent manner, suggesting that this could be used 
to stratify HCC risks in the CHB population. For example, 
those with severe metabolic dysfunction (fulfilling 2 or 3 
factors) should have a more intensive monitoring strategy 
than those without metabolic dysfunction risk factor [11]. 
Furthermore, whether correcting metabolic dysfunction 
could reduce the risk of HCC in CHB patients warrants fur-
ther investigation.

However, our study found MAFLD was associated with 
a reduced risk of HCC occurrence especially in those with 
mild metabolic dysfunction, which might be due to the pres-
ence of steatosis. According to a prospective population-
based cohort study enrolling 2903 male CHB patients in 
Taiwan, the presence of fatty liver on ultrasonography was 
associated with a lower risk of HCC (HR 0.24) [41]; in the 
subsequent study of the same cohort, PNPLA3-148 M vari-
ant was the risk factor for HCC despite the protective effect 
of steatosis [44]. Another cohort study also found fatty liver 
as an independent protective factor for HCC in those with 
antiviral treatment (HR 0.21) [45]. In recent studies, the 
greater baseline levels of steatosis defined by higher CAP 
were similarly associated with lower risks of HCC occur-
rence in CHB patients [14, 15]. Our data confirmed steato-
sis was independently associated with a lower risk of HCC 
occurrence. We also find that MAFLD was no longer a pro-
tective factor in those with advanced fibrosis (FIB-4 > 3.25), 
suggesting that the protective role of MAFLD was only 
observed in subjects without advanced fibrosis, probably 
because the hepatic carcinogenesis facilitated by the late-
stage steatohepatitis offset the potential effect of steatosis. 
On the other hand, simple steatosis seems not to adversely 
affect liver outcomes in non-viral liver diseases, includ-
ing primary biliary cholangitis and autoimmune hepatitis 
[46, 47]. Despite the potential protective effect of steato-
sis against HCC in CHB, this study does not advocate for 
MAFLD being considered a favorable factor in clinical prac-
tice, since steatosis and the co-existing adverse metabolic 
factors are highly correlated and difficult to treat separately. 
In addition, metabolic dysfunction factors are associated 
with the presence of NASH, which increases the incidence 
of liver-related outcomes [18]. Moreover, MAFLD’s sys-
temic adverse impacts like cardiovascular and cancer risks 
undermine its permissiveness in CHB patients [38]. Instead, 
our findings underscore the importance of investigating the 
mechanisms underlying the protective effect of steatosis in 
CHB, as this may offer opportunities to identify potential 
therapeutic targets for HBV cure in the future.

The strength of this study is the large sample size with 
detailed clinical information. However, there are some 

limitations as well. First, this is a retrospective study in 
which missing data could not be avoided, although multi-
ple imputation was performed in the sensitivity analysis. 
Second, the fatty liver was defined qualitatively rather than 
quantitatively based on ultrasonography rather than histol-
ogy, and the presence of NASH was hard to identify and 
analyze; however, we chose those with persistent MAFLD 
in the study to reduce the classification bias; additionally, we 
further examined the accuracy of ultrasonography for detec-
tion of steatosis as described in the method. Third, those 
with burnt-out NASH and cirrhosis at enrollment could be 
classified as non-MAFLD group and were possibly associ-
ated with a higher risk of HCC. Fourth, the study included 
Asians only, and the results need to be validated in Western 
populations.

In conclusion, concurrent hepatic steatosis is indepen-
dently associated with a lower risk of HCC occurrence in 
untreated CHB patients; however, a higher burden of meta-
bolic dysfunction increases the risk of HCC. Future stud-
ies are needed to clarify the molecular interaction between 
MAFLD and HBV.
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