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Background: Metabolic dysfunction-associated fatty liver disease (MAFLD) is a novel proposed concept that is being recognized 
worldwide. Both chronic hepatitis B (CHB) and MAFLD have been independently attributed to an increased risk of disease 
development to cirrhosis. However, it is still unclear whether MAFLD is associated with an increased risk of cirrhosis in CHB 
patients.
Aim: This study aimed to analyze the impact of MAFLD on the risk of cirrhosis in CHB patients.
Methods: In this retrospective cohort study, consecutive CHB patients with or without MAFLD were enrolled from January 1st, 2007, 
to May 1st, 2020, in Guangdong Provincial Hospital of Chinese Medicine. Inverse probability treatment weighting (IPTW) was 
performed to balance the covariates across groups. The weighted Kaplan–Meier analysis and Cox regression analysis were used to 
compare both groups for the risk of cirrhosis.
Results: A total of 1223 CHB patients were included in this study during the median follow-up of 5.25 years; of these patients, 355 
were CHB-MAFLD patients. After IPTW, the weighted Kaplan–Meier analysis showed that the weighted cumulative incidence of 
cirrhosis was significantly higher in patients with MAFLD than that in patients without MAFLD (12.6% versus 7.1%, P=0.015). In the 
weighted multivariate Cox analysis, coexisting MAFLD was related to an increased risk of cirrhosis [adjusted weighted hazard ratio 
(HR) 1.790; P =0.020]. Age (>40 years, adjusted weighted HR, 1.950; P=0.015), diabetes mellitus (adjusted weighted HR, 1.883; 
P=0.041), non-antiviral treatment (adjusted weighted HR, 2.037; P=0.013), and baseline serum HBV DNA levels (>2.4 log10 IU/mL, 
adjusted weighted HR, 1.756; P=0.045) were significant risk factors for cirrhosis.
Conclusion: We found that MAFLD was associated with a higher risk of cirrhosis in CHB patients.
Keywords: chronic hepatitis B, metabolic dysfunction-associated fatty liver disease, hepatic steatosis, cirrhosis

Introduction
Chronic hepatitis B (CHB) has become a global health problem, and almost 240 million to 350 million individuals have 
chronic hepatitis B virus (HBV) infection globally.1 Although the long-term prognosis for CHB patients has been 
improved by using antiviral treatment, chronic HBV infection is still the most common primary etiologies for cirrhosis, 
hepatic decompensation, and hepatocellular carcinoma (HCC).2,3 The WHO’s 2015 Global Health Estimates (GHE) 
dataset showed that hepatitis B infection accounted for 27.8% to 69.2% of all deaths due to cirrhosis and other chronic 
liver diseases in the Asia-Pacific region, and this value was 63% in China.4
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Metabolic dysfunction-associated fatty liver disease (MAFLD) has been proposed recently and is defined as hepatic 
steatosis (HS) combined with obesity, diabetes, and/or evidence of other metabolic abnormalities.5–7 The prevalence of 
MAFLD is approximately 30%, as the proportion of overweight, metabolic syndrome, diabetes, and dyslipidemia are 
gradually growing.8–12 The interaction between CHB and MAFLD has become a focus of recent research. A recent study 
revealed that MAFLD was a significant risk factor for fibrosis and moderate-to-severe liver activity in HBeAg-negative 
CHB patients.13 Previous studies found that hepatic steatosis and metabolic syndrome were independently associated 
with fibrosis progression and hepatic malignancies in CHB patients.14–16 Nevertheless, other researchers observed 
a significant correlation between hepatic steatosis and a lower risk of cirrhosis and HCC in CHB patients.17,18 Hence, 
the role of MAFLD in the prognosis of CHB to cirrhosis or the development of HCC is unclear. Whether the co-existence 
of MAFLD contributes to the risk of cirrhosis in CHB patients has never been reported.

Therefore, this current retrospective cohort study aimed to evaluate the influence of radiologically-confirmed MAFLD 
on the risk of cirrhosis in CHB patients using inverse probability treatment weighting (IPTW) to rigorously adjust for 
possible confounding factors.

Patients and Methods
Study Design and Patient Population
This retrospective cohort study enrolled consecutive CHB patients with or without MAFLD from January 1st, 2007 to 
May 1st, 2020 in Guangdong Provincial Hospital of Chinese Medicine. The inclusion criteria were as follows: (1) older 
than 18 years old; (2) evidence of serum HBsAg positivity for at least 6 months;19 and (3) undergoing periodic abdominal 
image examination, such as ultrasonography, magnetic resonance (MR), or computed tomography (CT). The exclusion 
criteria were as follows: (1) history of malignant disease, including HCC; (2) a follow-up time of fewer than 6 months; 
(3) diagnosed with cirrhosis within 6 months from the index date; and (4) missing more than 10% of relevant clinical 
information.

This study was approved by the Ethics Committee of Guangdong Provincial Hospital of Chinese Medicine (approval 
number: YE2021-200-01). Written informed consent was waived due to the retrospective nature of our study. All data 
was anonymized to maintain confidentiality.

Exposure Definition
The exposure of interest was MAFLD, and the comparator group was CHB patients without MAFLD. We defined CHB- 
MAFLD patients as subjects who were newly diagnosed with MAFLD during the follow-up period or those who already 
had MAFLD. According to the international expert consensus statement,6 MAFLD diagnoses were established radi-
ologically by evidence of HS combined with overweight (BMI ≥ 23 kg/m2), diabetes mellitus (DM), or a combination of 
at least two of the following metabolic risk factors: (1) blood pressure ≥ 130/85 mmHg or receiving drug treatment for 
hypertension; (2) plasma triglycerides ≥ 1.7 mmol/L or receiving lipid-lowering drugs treatment; (3) plasma high-density 
lipoprotein cholesterol (HDL-C) < 1.0 mmol/L in men or < 1.3 mmol/L in women or lipid-lowering drug treatment; (4) 
prediabetes defined as fasting blood glucose 5.6–6.9 mmol/L; (5) waist circumference ≥ 90 cm in men or ≥ 80 cm in 
women; (6) homeostatic model assessment of insulin resistance (HOMA-IR) ≥ 2.5; or (7) plasma C-reactive protein level 
> 2 mg/L. Data for the last three criteria were unavailable.

Imaging diagnoses of HS were established as follows: an increased liver parenchyma echogenicity and decreased 
definition of liver structures, such as vessel walls, based on an ultrasound; hepatic attenuation divided by splenic 
attenuation ≤ 1.0, based on CT; and proton-density fat fraction values ≥ 5%, based on MR.20

End-Point
The end-point of this retrospective study was the occurrence of cirrhosis. According to the 2018 clinical practice Chinese 
guidelines, cirrhosis diagnoses were established radiologically with a nodularity of the liver surface, coarse echo pattern 
of the liver parenchyma, splenomegaly, hepatomegaly, ascites, or thrombus of the portal vein using ultrasonography, CT, 
or MR.21
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Data Collection
Clinical and Laboratory Data
Clinical and laboratory data were obtained through a retrospective review of outpatient case notes and inpatient case 
notes. Baseline clinical data were collected at the index date, and these data included age, sex, alcohol intake habit, body 
mass index (BMI), duration of antiviral treatment, past medical history (diabetes mellitus and hypertension), HBV DNA 
levels, hepatitis B e antigen (HBeAg), and blood chemistry parameters. The following blood chemistry parameters were 
recorded: alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, total bilirubin, alkaline phospha-
tase (ALP), gamma-glutamyl transferase (GGT), uric acid (UA), fasting glucose, triglycerides (TGs), total cholesterol 
(TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C).

The calculation of BMI was based on height and weight. The definition of overweight was BMI ≥ 23 kg/m2, 
according to the demarcation points for determining overweight in Asian populations.22

Imaging Data
Imaging data such as abdominal ultrasonography, CT and MR of the enrolled patients were obtained from medical 
records. Our researchers recorded relevant clinical information every 6 months.

Follow-Up
The index date was defined as the time of the patient’s first visit to the department of hepatology, Guangdong Provincial 
Hospital of Chinese Medicine. We defined the follow-up duration as the period between the index date and the date of 
cirrhosis diagnosis or the last visit (May 1st, 2020). The enrolled patients were assessed every 6 months during the 
follow-up time.

Statistical Analysis
Continuous variables are expressed as a median and interquartile range (IQR) and were compared by a non-parametric 
test (Mann–Whitney). The categorical parameters of the two groups were analyzed by the chi-squared test.

IPTW was applied to minimize the influence of potential confounding variables associated with CHB. The calculation 
of propensity scores was performed by fitting a logistic regression model. Variables with P<0.05 via univariable analysis 
remained in the model, and these variables included age, sex, albumin, ALT, GGT, HBV DNA, and HBeAg. Each patient 
was weighted by the inverse probability (1/propensity score for CHB patients with MAFLD and 1/ [1−propensity score] 
for CHB patients without MAFLD). A stabilized IPTW was calculated by truncation at the 5th and 95th percentiles.23 

After IPTW, the balance of the measured variables between groups was re-evaluated. Then, the cumulative incidence of 
cirrhosis was compared using the weighted Kaplan-Meier analysis. The differences between the two groups were 
assessed using the Log rank test. The weighted hazard ratio (weighted HR; CHB-MAFLD vs CHB) and 95% confidence 
interval between the two groups were calculated using a weighted Cox proportional hazards regression model.

Results were considered statistically significant when P<0.05 on two sides. Statistical analyses were performed using 
SPSS, version 25.0 (IBM SPSS Inc., Armonk, New York, USA), and R Statistical Software, version 4.0.3 (R Foundation 
for Statistical Computing, 2020).

Results
Baseline Characteristics of the Study Population
A total of 1223 CHB patients were enrolled in this study, including 355 patients with MAFLD and 868 patients without 
MAFLD (Figure 1). Of these CHB-MAFLD patients, 85.64% presented with BMI ≥ 23 kg/m2, 11.83% presented with 
BMI < 23 kg/m2 plus metabolic dysfunction, and 2.53% presented with BMI < 23 kg/m2 plus DM (Figure 2A). In the 
CHB-MAFLD group, 82.53% of patients had at least one metabolic risk factor (Figure 2B). The median follow-up for the 
entire cohort was 5.25 years (IQR 2.91–7.25 years). Table 1 shows the baseline characteristics of enrolled patients before 
and after IPTW.
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Before IPTW, patients in the CHB-MAFLD group were significantly older and had a higher BMI. This group also had 
substantially higher proportions of males and patients that consumed alcohol than those in the CHB group. In addition, 
patients in the CHB-MAFLD group had significantly more metabolic risk factors, including higher levels of serum 

Figure 1 Flowchart of the study cohorts.

Figure 2 Metabolic characteristics of patients in the CHB-MAFLD group. In the CHB-MAFLD group, the proportions of patients with BMI ≥ 23 kg/m2, with BMI < 23 kg/m2 

and metabolic dysfunctions, with BMI < 23 kg/m2 and DM were 85.64%, 11.83%, and 2.53%, respectively (A), while 82.53% of these CHB-MAFLD patients had at least one 
metabolic risk factor (B).

https://doi.org/10.2147/DMSO.S369824                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 2314

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


glucose, TGs, and HDL-C, than those in the CHB group (all P<0.001). Patients in the CHB-MAFLD group had lower 
HBV DNA levels and a higher proportion of HBeAg-positive patients at baseline (P<0.001 and P=0.015, respectively).

The parameters of age, sex, albumin levels, ALT levels, GGT levels, HBV DNA levels, and HBeAg levels were 
similar in the two groups after IPTW (Table 1). A total of 2154 CHB patients were included in the IPTW analysis; there 
were 1078 patients with MAFLD and 1076 patients without MAFLD (Figure 1). The median duration of follow-up was 
not significantly different between the CHB-MAFLD group and the CHB group (5.41 vs 5.33 years, P = 0.501).

Cirrhosis Risk Assessment Between the CHB-MAFLD and CHB Groups After IPTW
During a median follow-up time of 5.42 years (IQR 3.08–7.33 years), the weighted cumulative incidence of cirrhosis in 
the entire cohort was 9.8% after IPTW. Figure 3 shows the weighted cumulative incidence of cirrhosis per year in the two 
groups. The weighted Kaplan–Meier analysis (Figure 4) indicated that the cumulative incidence of cirrhosis in the CHB- 
MAFLD group was significantly higher than that in the CHB group (12.6% and 7.1%, respectively, P=0.015).

Table 1 Baseline Characteristics of Patients Before and After IPTW

Variables Before IPTW P values After IPTW P values

CHB-MAFLD Group CHB Group CHB-MAFLD Group CHB Group
(n=355) (n=868) (n=1078) (n=1076)

Clinical characteristics  
(No.[%])

Follow-up duration 

(median [IQR]), (years)

5.33 (2.88–7.33) 5.21 (2.92–7.17) 0.620 5.41 (3.08–7.41) 5.33 (3.08–7.33) 0.501

Age (median [IQR]), 

(years)

41.00 (36.00–50.00) 39.00 (31.00–48.00) <0.001 41.00 (35.00–49.00) 40.00 (33.00–52.00) 0.515

Sex <0.001 0.206

Male 300 (84.5) 554 (63.8) 794 (73.7) 818 (76.0)

Female 55 (15.5) 314 (36.2) 284 (26.3) 258 (24.0)

Alcohol intake habit 30 (8.4) 29 (3.3) <0.001 80 (7.4) 46 (4.3) 0.003

BMI (median [IQR]),  

(kg/m2)

25.06 (23.63–26.84) 21.12 (19.47–23.03) <0.001 24.95 (23.46–26.57) 21.49 (19.58–23.44) <0.001

Antiviral treatment status 0.856 0.074

No 161 (45.4) 387 (44.6) 488 (45.3) 445 (41.4)

Yes 194 (54.6) 481 (55.4) 590 (54.7) 631 (58.6)

Diabetes mellitus 43 (12.1) 27 (3.1) <0.001 122 (11.3) 54 (5.0) <0.001

Hypertension 50 (14.1) 45 (5.2) <0.001 147 (13.6) 72 (6.7) <0.001

Laboratory data  
(median [IQR])

Albumin (g/L) 45.80 (42.90–48.35) 45.40 (42.50–47.90) 0.039 45.30 (42.80–48.00) 45.50 (42.45–48.10) 0.412

Total bilirubin (umol/L) 12.20 (9.40–15.95) 12.50 (9.50–16.40) 0.590 12.40 (9.50–17.15) 13.12 (10.00–17.00) 0.457

ALP (U/L) 72.00 (59.00–84.00) 69.00 (57.00–84.00) 0.096 71.00 (58.00–84.00) 71.00 (59.00–85.00) 0.699

ALT (U/L) 37.00 (24.00–58.00) 33.00 (21.00–59.00) 0.040 36.00 (24.00–58.00) 33.00 (22.00–58.00) 0.308

GGT (U/L) 32.00 (22.50–48.50) 23.00 (15.00–39.00) <0.001 27.00 (19.00–45.00) 26.00 (17.00–42.00) 0.344

AST (U/L) 27.00 (21.00–36.00) 28.00 (21.00–44.00) 0.051 27.00 (21.00–37.65) 27.00 (21.00–42.00) 0.087

Glucose (mmol/L) 5.31 (4.87–5.74) 4.92 (4.64–5.30) <0.001 5.26 (4.84–5.76) 5.04 (4.70–5.42) <0.001

UA (umol/L) 386.50 (326.00–450.00) 341.00 (281.00–396.00) <0.001 381.00 (321.00–441.00) 346.00 (291.00–401.79) <0.001

TG (mmol/L) 5.31 (4.88–5.76) 4.97 (4.65–5.31) <0.001 1.19 (0.88–1.72) 0.96 (0.74–1.27) <0.001

TC (mmol/L) 1.28 (0.92–1.79) 0.91 (0.71–1.24) <0.001 4.84 (4.21–5.50) 4.57 (3.96–5.24) <0.001

HDL-C (mmol/L) 4.90 (4.18–5.54) 4.56 (3.96–5.22) <0.001 1.10 (0.96–1.31) 1.24 (1.03–1.49) <0.001

LDL-C (mmol/L) 1.07 (0.94–1.28) 1.31 (1.10–1.56) <0.001 3.24 (2.70–3.77) 2.94 (2.35–3.51) <0.001

HBV DNA (log10 IU/mL) 4.45 (2.40–6.47) 5.42 (3.04–7.31) <0.001 4.74 (2.75–6.68) 4.71 (2.40–6.77) 0.107

HBeAg (positive),(No.[%]) 130 (36.6) 189 (21.8) 0.015 348 (32.3) 316 (29.3) 0.140

Abbreviations: IPTW, inverse probability treatment weighting; IQR, Interquartile range; CHB, chronic hepatitis B; MAFLD, metabolic dysfunction-associated fatty liver disease; 
BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; UA, uric acid; TG, triglyceride; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen.
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Figure 3 Cumulative incidence of cirrhosis per year after IPTW. The different weighted cumulative incidence of cirrhosis per year between the CHB-MAFLD group and the 
CHB group after IPTW.

Figure 4 Cumulative incidence of cirrhosis after IPTW. The cumulative incidence of cirrhosis in the CHB-MAFLD group was significantly higher than that in the CHB group 
(12.6% and 7.1%, respectively, P=0.015).
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We further performed a cirrhosis risk assessment that was stratified by antiviral treatment status. Similar outcomes 
were observed in patients with and without antiviral treatment. Untreated CHB-MAFLD patients had a significantly 
higher cumulative incidence of cirrhosis (14.8% vs 8.2%, P=0.009) than untreated CHB patients (Figure 5A). Among the 
patients with antiviral treatment, the weighted cumulative incidence of cirrhosis was also significantly higher in the CHB- 
MAFLD group compared to the CHB group (10.9% vs 6.3%, P=0.012, Figure 5B).

Weighted Univariate and Multivariate Cox Analysis of Risk Factors for Cirrhosis in 
CHB Patients After IPTW
The weighted univariate Cox regression analysis identified age, antiviral treatment status (untreated), DM, coexisting 
MAFLD, baseline serum GGT, and HBV DNA levels as significant risk factors associated with cirrhosis (Table 2). 
Coexisting MAFLD was still associated with a higher cirrhosis risk after adjusting for alcohol use and other variables in 
the weighted multivariate Cox proportional hazards regression analysis [adjusted weighted hazard ratio (HR) 1.790; 
95% confidence interval (95% CI), 1.095–2.926; P=0.020]. Moreover, age (>40 years, adjusted weighted HR, 1.950; 
95% CI, 1.141–3.332; P=0.015), antiviral treatment status (untreated, adjusted weighted HR, 2.037; 95% CI, 1.164– 
3.567; P=0.013), DM (adjusted weighted HR, 1.883; 95% CI, 1.026–3.456; P=0.041), baseline serum GGT levels 
(adjusted weighted HR, 1.004; 95% CI, 1.001–1.007; P=0.005) and HBV DNA levels (>2.4 log10 IU/mL, adjusted 
weighted HR, 1.756; 95% CI, 1.013–3.042; P=0.045) were revealed to be independent risk factors of cirrhosis in CHB 
patients.

Then, we conducted the weighted Cox analysis according to whether antiviral treatment was carried out. As shown 
in Figure 6A, the association between MAFLD and an increased risk of cirrhosis remained for both untreated patients 
(adjusted weighted HR, 1.988; 95% CI, 1.029–3.879; P=0.041) and treated patients (adjusted weighted HR, 1.917; 
95% CI, 1.021–3.600; P=0.043). In order to exclude the influence of alcohol consumption on the results, we re- 
analyzed the data after excluding patients who consumed alcohol. Figure 6B indicated that MAFLD was still a risk 
factor for cirrhosis (adjusted weighted HR, 1.647; 95% CI, 1.041–2.964; P=0.034), regardless of whether the patient 
underwent antiviral therapy or did not undergo antiviral therapy (without antiviral treatment, adjusted weighted HR, 

Figure 5 Cumulative incidence of cirrhosis after IPTW, by antiviral treatment status. 
Notes: (A) Patients without antiviral treatment. (B) Patients with antiviral treatment. The weighted cumulative incidence of cirrhosis was significantly higher in the CHB- 
MAFLD group compared to the CHB group, whether in patients without antiviral treatment (A) or in patients with antiviral treatment (B).
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1.873; 95% CI, 1.016–3.858; P=0.045; with antiviral treatment, adjusted weighted HR, 1.849; 95% CI, 1.018–3.594; 
P=0.044).

Discussion
In the present study, a total of 1223 CHB patients were included. Among them, 355 patients had MAFLD, and these 
patients had a median follow-up time of 5.25 years. We found that the weighted cumulative incidence of cirrhosis in the 

Table 2 Weighted Univariate and Multivariate Cox Analysis of Risk Factors Related to Cirrhosis After 
IPTW

Univariate Analysis Multivariate Analysis

Weighted  
HR (95% CI)

P values Adjusted Weighted  
HR (95% CI)

P values

Age (years)

≤40 1 [Reference] 1 [Reference]

>40 1.864 (1.094–3.176) 0.022 1.950 (1.141–3.332) 0.015
Male 1.028 (0.333–3.174) 0.434

Alcohol intake habit

No 1 [Reference] 0.112 1 [Reference]
Yes 2.029 (0.849–4.852) 1.854 (0.779–4.414) 0.163

BMI (kg/m2) 1.108 (1.003–1.224) 0.957

Antiviral treatment status
>5 years 1 [Reference] 1 [Reference]

≤5 years 1.522 (0.785–2.951) 0.213 1.581 (0.792–3.156) 0.194

Untreated 2.032 (1.176–3.509) 0.011 2.037 (1.164–3.567) 0.013
Diabetes mellitus

No 1 [Reference] 1 [Reference]

Yes 1.434 (1.262–4.696) 0.008 1.883 (1.026–3.456) 0.041
Hypertension

No 1 [Reference]

Yes 2.298 (0.943–5.656) 0.130
MAFLD

No 1 [Reference] 1 [Reference]

Yes 1.774 (1.113–2.827) 0.016 1.790 (1.095–2.926) 0.020
Albumin (g/dL) 0.964 (0.905–1.028) 0.256

Total bilirubin (umol/L) 1.003 (0.998–1.009) 0.193
ALP (U/L) 1.005 (0.995–1.009) 0.108

ALT (U/L) 0.998 (0.994–1.003) 0.494

AST (U/L) 0.999 (0.993–1.005) 0.640
GGT (U/L) 1.007 (1.004–1.011) <0.001 1.004 (1.001–1.007) 0.005
UA (umol/L) 0.998 (0.995–1.001) 0.117

Glucose (mg/dL) 0.998 (0.992–1.004) 0.480
TG (mg/dL) 0.775 (0.408–1.472) 0.437

TC (mmol/L) 0.716 (0.530–1.067) 0.329

HDL-C (mg/dL) 0.725 (0.325–1.618) 0.432
LDL-C (mg/dL) 0.711 (0.525–1.062) 0.271

HBV DNA (log10 IU/mL)

≤2.4 1 [Reference] 1 [Reference]
>2.4 1.767 (1.021–3.059) 0.042 1.756 (1.013–3.042) 0.045
HBeAg (positive) 1.181 (0.496–2.841) 0.692

Note: Bold font indicates P<0.05. 
Abbreviations: IPTW, inverse probability treatment weighting; HR, hazard ratio; CI, confidence interval; CHB, chronic hepatitis B; 
MAFLD, metabolic dysfunction-associated fatty liver disease; BMI, body mass index; ALP, alkaline phosphatase; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL- 
C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen.
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CHB-MAFLD group was significantly higher than that in the only-CHB group after further IPTW analysis. Concurrent 
radiologically-confirmed MAFLD was associated with an increased risk of cirrhosis in CHB patients. These results were 
consistent in patients with or without antiviral therapy. To the best of our knowledge, this is the first study to report the 
correlation between MAFLD and the risk of cirrhosis in CHB patients.

We found that most CHB-MAFLD patients (85.64%) were presented with BMI ≥ 23 kg/m2. A recent Korean study 
suggested that a higher BMI was positively associated with the risk of fibrosis progression in patients with nonalcoholic 
fatty liver disease (NAFLD).24 In addition, the majority (82.53%) of patients in the CHB-MAFLD group had at least one 
metabolic dysfunction characteristic, and low HDL-C levels and prediabetes were the most common characteristic. Wong 
et al observed that the risk of advanced fibrosis associated with metabolic comorbidities was significantly increased in 
nonalcoholic steatohepatitis patients.25 Therefore, CHB-MAFLD individuals might require metabolic-specific interven-
tions and should maintain a normal healthy weight.

Patients in the CHB-MAFLD group had a higher proportion of HBeAg-positive patients but lower HBV DNA levels 
compared to patients in the CHB group in our study. The reason for this result may be related to metabolic dysfunction. 
A Chinese study indicated that patients with metabolic syndrome had HBeAg seroclearance later than those with normal 
metabolic features. Similar findings were also observed in patients with one or two metabolic risk factors.26 The lower 
HBV DNA levels in CHB-MAFLD patients might be associated with delayed HBeAg seroclearance.

Although previous studies have validated that NAFLD was associated with cirrhosis, the role of NAFLD in the 
prognosis of CHB to cirrhosis is controversial.27 Whether MAFLD influences the risk of cirrhosis in CHB patients 
remains unclear. In our study, the weighted Kaplan–Meier analysis indicated that CHB patients with MAFLD had 
a statistically higher cumulative incidence of cirrhosis than CHB patients without MAFLD (12.6% and 7.1%, respec-
tively, P=0.015). This association remained consistent in patients with or without antiviral treatment, further confirming 
the impact of MAFLD on the risk of cirrhosis occurrence in CHB patients. A study carried out by Seto et al in 
Hong Kong also demonstrated a similar result. They found that the prevalence of severe fibrosis was higher in patients 
with severe HS than in patients without HS (21.4% and 11.9%, respectively; P<0.001).27 However, a retrospective cohort 
study performed by Natarajan et al demonstrated that the 5-year cumulative incidence rate of cirrhosis was not 
significantly different in patients with normal ALT with or without evidence of HS (4.0 per 1000 patients vs 4.1 per 
1000 patients, P=0.19). The reasons for this difference might be due to differences in the baseline characteristics in the 
HS group and non-HS group in this study.28

Our study found that concurrent MAFLD was a risk factor for cirrhosis in CHB patients (adjusted weighted HR, 1.79; 
95% CI, 1.10–2.93). Consistent with our present study, a Chinese study found that MAFLD increased the risk of 
significant fibrosis (F≥2) in treatment-naïve CHB patients [odds ratio (OR) 1.84; 95% CI, 1.19–2.87].13 Similar results 
were found in some previous studies on the association between HS and the risk of HBV-related cirrhosis. A cohort of 
Malaysian CHB patients who received transient elastography indicated that persistent HS was a significant risk factor for 

Figure 6 Subgroup analysis of cirrhosis risk after IPTW, by antiviral treatment status. 
Notes: (A) All patients. (B) Patients with alcohol consumption are excluded. MAFLD was associated with an increased risk of cirrhosis in CHB patients receiving or not 
receiving antiviral therapy, whether in all patients (A) or in patients without alcohol use (B).
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advanced fibrosis (OR, 1.95; 95% CI, 1.25–3.06).29 Another study reported that the risk of cirrhosis was significantly 
difference between patients with and without severe HS (OR, 2.38; 95% CI, 1.23–4.60).15 In summary, concurrent 
MAFLD increases the risk of cirrhosis in CHB patients. This suggests that these patients should receive more attention 
and better management of MAFLD. However, other researchers present inconsistent opinions. Li et al reported that fatty 
liver disease was significantly associated with a lower risk of cirrhosis in antiviral-treated CHB patients (HR, 0.19; 95% 
CI, 0.12–0.33).18 This discrepancy might be due to the heterogeneity of the patient populations. Li et al concentrated on 
fatty liver patients from communities, while our study focused on MAFLD patients at a tertiary hospital. A recent study 
showed that MAFLD better identifies patients with significant hepatic fibrosis than NAFLD.30 How MAFLD affects the 
liver is intricate, and the specific mechanisms of action remain to be explored and confirmed in further experimental 
studies.

Age, DM, no antiviral treatment, the baseline serum GGT levels, and HBV DNA levels were also identified as 
significant risk factors for cirrhosis in CHB patients. However, the weighted HR value of baseline serum GGT levels was 
close to 1, indicating a negligible effect on the risk of cirrhosis. Our outcomes also support prior reports. A multicenter 
study found that age and antiviral treatment status/duration significantly correlated with an increased cirrhosis risk.31 

Recent studies have shown that DM and HBV DNA levels were significantly correlated with advanced fibrosis.32,33 The 
above findings suggest that CHB patients with or without MAFLD should receive antiviral treatment as early as possible 
while continuing to monitor changes in HBV DNA and blood glucose levels to prevent the progression to cirrhosis.

The strength of this study is that, as far as we know, our study is the first to evaluate the impact of MAFLD on the risk 
of liver cirrhosis in CHB patients. MAFLD is a new and recently introduced concept, and its prevalence will continue to 
increase in the coming decades.34 The elucidation of the association between MAFLD and cirrhosis risk among CHB 
patients is of clinical importance.

However, the present study has a few limitations. First, our study was a retrospective study, which may lead to bias 
and confounding factors. To minimize confounding factors between the CHB and CHB-MAFLD groups, we used IPTW 
to balance the baseline characteristics related to CHB. We further carried out a subgroup analysis to determine the 
consistency of the results. Second, we did not use liver biopsy for diagnosing HS and cirrhosis. Our study cohort 
included HBV-infected patients undergoing non-invasive radiology (including ultrasound, MR, and CT for diagnosis). 
Although liver biopsy is the gold standard for the diagnosis these conditions, non-invasive diagnostic tools are safer, 
better tolerated, easily accepted by patients, and largely repeatable as needed. Third, our cohort did not account for the 
potential contribution of insulin resistance to the outcomes. There is a close relationship between insulin resistance and 
advanced fibrosis.35 However, insulin measurements are not part of the routine examination of CHB patients, and thus, 
this data was absent.

Conclusion
MAFLD is common in CHB patients. The presence of radiologically-proven MAFLD is an independent risk factor for 
cirrhosis in CHB patients, and it increases the risk of cirrhosis nearly two-fold. These findings are consistent in both 
patients who underwent antiviral therapy and those who did not. These findings suggest that CHB-MAFLD patients 
should be given extra clinical attention, and MAFLD should be treated aggressively. The role of MAFLD in the natural 
course of cirrhosis and therapeutic response in CHB patients needs to be further confirmed in prospective longitudinal 
clinical studies with larger patient populations.
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