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Abstract
Background: Chronic Hepatitis B virus infection (CHB) and non-alcoholic fatty liver disease (NAFLD) are
both independent risk factors for hepatocellular carcinoma (HCC). Current literature suggests the
concomitance of CHB and NAFLD do not increase the risk of HCC. The risk of HCC in patients with
concomitant CHB and metabolic associated fatty liver disease (MAFLD) is unclear.
Methods: CHB patients who underwent liver biopsy from 2005 to 2015 were retrospectively recruited and
followed up till March 2020. Cox hazard ratio analysis was used to investigate the risk of HCC.
Results: A total of 529 patients were included. MAFLD was diagnosed in 184 (34.78%) and NAFLD in 250
(47.26%) patients. The median follow-up duration was 6.33 years. In the entire cohort, 9 (1.7%) patients
developed HCC. The prevalence of MAFLD was significantly higher in HCC group than non-HCC group
(77.8% vs. 34.04%, p=0.010), while of the prevalence of NAFLD was not statistically significant (46.73%
vs. 77.78%, p=0.092). The presence of MAFLD (HR=6.434; 95%CI: 1.252-33.060) was an independent risk
factor for HCC in CHB patients while NAFLD was not. Significantly higher rate of HCC was found in
patients with metabolic conditions than those without (2.83% vs. 0.41%, P=0.043), but not in the
comparison between steatosis and non-steatosis (2.77% vs. 0.72%, P=0.094).
Conclusion: Presence of MAFLD is independently associated with the risk of HCC development in
patients with CHB. Between MAFLD and NAFLD, MAFLD will serve these patients better for risk
stratification as far as development of HCC is concerned.

Lay Summary
The main finding of our study is that MAFLD (HR=6.434; 95%CI: 1.252-33.060) was an independent risk
factor for HCC in HBV population while NAFLD was not.
The presence of steatosis alone was not associated with increased HCC incidence when compared to
patients without steatosis (2.77% vs. 0.72%, P=0.092).
A significantly higher rate of HCC was found in patients with metabolic conditions than without (2.83%
vs. 0.41%, P=0.043).

1. Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignancies and is associated with
substantial cancer-related mortality in the world[1]. The most important etiological risk factors for HCC
development include chronic viral infections, i.e. chronic hepatitis B virus (CHB) and chronic hepatitis C
virus (CHC), nonalcoholic fatty liver disease (NAFLD) and alcoholic liver disease[2]. Despite the recent
great strides in the management of HCC with advent of chemotherapeutic agents, the 5-year transplant
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free survival of these patients remains dismal[3–5]. Thus, control of etiological risk factor and periodic
surveillance is of utmost clinical importance for the prevention and management of HCC[6, 7].
CHB is a major global public health problem which is worse in Asian countries. Although with the use of
effective preventive vaccine and well-tolerated viral suppression regimens, the prevalence of CHB are on
decline, currently there are still 248 million individuals with active CHB infection globally[8]. NAFLD is
another common chronic liver disease affecting over 25% of the world's population[9]. Both CHB and
NAFLD are reported to be independently associated with the development of HCC[10–13]. For this reason,
it is reasonable to believe that the presence of hepatic steatosis which is central to the diagnosis of
NAFLD will lead to accelerated development of HCC in CHB patients. However, studies focusing on the
same question showed that presence of NAFLD did not increase the risk of HCC in patients with CHB[14,
15]. Further studies demonstrated that hepatic steatosis was actually associated with lower risk of
cirrhosis and HCC and higher rate of HBsAg seroclearance in patients with CHB [16, 17]. On the other
hand, metabolic risk factor specifically diabetes mellitus (DM) in patients with CHB is known to be
associated with increased risk of HCC.
Metabolic dysfunction associated fatty liver disease (MAFLD) is a novel concept that looks at hepatic
steatosis in the light of metabolic syndrome and derangements[18]. MAFLD does not require the
exclusion of other liver diseases, but the presence of metabolic disorder is necessary for the diagnosis,
which is different from NAFLD[19]. Several recently published studies have reported that this new
definition of fatty liver disease identifies a greater number of patients at risk of adverse outcomes than
the traditional NAFLD definition[20–22]. However, it is not yet known whether the presence of
concomitant MAFLD plays any role in hepatocarcinogenesis in patients with CHB. With this question in
mind, we designed this study to look at the influence of concomitant MAFLD or NAFLD on HCC
development in patients with CHB. The specific aim of our study is to compare the HCC incidence rates
between biopsy-proven NAFLD and MAFLD in patients with CHB.

2. Methods
2.1. Study population
The study cohort includes all patients with CHB who underwent liver biopsy at the First Affiliated Hospital
of Fujian Medical University from May 2005 to July 2015 for diagnostic purposes. We excluded patients
with diagnosis of HCC at the time of liver biopsy and patients with follow-up duration of less than 6
months. This study population did not include any excessive alcoholic user as those would have been
advised to be abstinence from alcohol rather than to undergo biopsy for diagnosis.
This retrospective study protocol was approved by the ethics committee of the First Affiliated Hospital of
Fujian Medical University and was conducted in accordance with the Declaration of Helsinki.
2.2. Diagnostic criteria and definition of groups
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2.2.1. MAFLD
MAFLD was diagnosed based on a biopsy-proven hepatic steatosis in the presence of any one of the
following three metabolic conditions: diabetes mellitus, overweight /obesity, or metabolic
dysregulation[23].
2.2.2. NAFLD
NAFLD was defined by the presence and pattern of fat accumulation (steatosis) on liver biopsy, and by
the exclusion significant alcohol consumption of ³30g/d for male and ³20g/d for female or other known
cause of liver disease[24]. In this study, the HBV infection was considered as the concomitant liver
disease but not the exclusion criterion for the diagnosis of NAFLD.
2.2.3. CHB
CHB was defined as seropositivity of HBsAg for more than 6 months.[25].
2.2.4. HCC
HCC was diagnosed based on compatible imaging characteristic on a dynamic imaging modality or by
pathological evaluation according to the existing diagnostic definitions[26,27].
2.2.5. Cirrhosis
Cirrhosis was defined as fibrosis stage 4 on histology or clinical comprehensive assessment of portal
hypertension, splenomegaly, thrombocytopenia, esophageal and gastric varix, and ascites[28].
2.3. Demographic variables
The following demographic variables were obtained from the original database: age, sex, body mass
index (BMI), and the history of diabetes mellitus. BMI was calculated as weight (in kilograms) divided by
the square of height (in meters).
2.4. Laboratory parameters
Laboratory measurement studied included alpha fetoprotein (AFP), total bilirubin (TBIL), aspartate
aminotransferase (AST), alanine transaminase (ALT), γ-glutamyl transferase (GGT), total cholesterol (TC),
total triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), very low density lipoprotein cholesterol (VLDL-C), fasting plasma glucose (FPG), HBsAg,
hepatitis e surface antigen (HBeAg), hepatitis B virus deoxyribonucleic acid (HBV-DNA). All biochemical
assessments were performed by standard laboratory methods.
2.5. Histologic evaluation
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All patients underwent ultrasonography guided percutaneous liver biopsy using a 16-gauge hepatic
needle. The liver specimens were immediately immersed in formalin, embedded with paraffin, and stained
with hematoxylin and eosin, as well as Masson’s trichrome. A biopsy tissue with the minimum length of
15 mm and at least 6 portal areas was regard as a sufficient tissue[29]. The histopathological
examination was carried by two experienced independent pathologists. Fatty liver was defined as the
presence of steatosis in at least 5% hepatocytes. Mild steatosis (S1) was defined if 5%-33% of examined
liver surface area was involved with steatosis, moderate steatosis (S2) if 34% - 66%, and severe steatosis
(S3) if > 66% [30]. Moderate to severe steatosis was defined as steatosis grade ≥2. The stages of liver
inflammation were graded from 0 to 4 points (0=no inflammation; 1=portal inflammation; 2=mild
piecemeal necrosis; 3=moderate piecemeal necrosis; 4=severe piecemeal necrosis)[31,32]. Significant
inflammation was classified inflammation grade ≥2[33]. Liver fibrosis was scored from 0 to 4 (0=no
fibrosis; 1=perisinusoidal or portal/periportal only; 2=perisinusoidal and periportal; 3=bridging fibrosis;
4=cirrhosis)[31,32]. Liver cirrhosis was defined as fibrosis score ≥4 or with clear evidence of cirrhosis in
images.
2.6. Statistical analysis
Continuous variables are expressed as means ± standard deviation or median (interquartile- range).
Categorical variables are expressed as percentages. The Student t-test (for normally distributed
variables), Mann-Whitney U-test (for non-normally distributed variables) and Chi-squared test or Fisher
exact test (for categorical variables) were used to investigate the differences between the groups.
Survival analysis was carried according to the Kaplan - Meier method with log-rank test to compare the
HCC incidence in different groups. A univariate cox regression analysis was performed to evaluate the
prognostic factors. The indicators with approaching statistical significance (p <0.10) in univariate
analysis were included into multivariate regression analysis. All tests were two-tailed and results with a p
value less than 0.05 were considered statistically significant. All analysis was conducted using SPSS
16.0 or R 3.6.2 (https://www.r-project.org/).

3. Results
3.1. Baseline characteristics of the study population
A total of 529 patients who fulfilled the predefined study criteria were identified from the digital clinical
history records (Figure 1). The baseline characteristics are listed in Table 1. The cohort was
predominantly male; 427 (80.72%). The mean age was 37.99 ± 10.44 years, and mean BMI of 23.03 ±
3.17 Kg/m2. A total of 51 (9.64%) patients had diabetes mellitus. Based on the standard diagnostic
criteria, MAFLD was identified in 184 (34.78%), while NAFLD in 250 (47.26%) patients. The median
follow-up duration was 6.33 years (interquartile range: 4.41- 8.17 years). Significant inflammation
(METAVIR grade ≥2) was found in 433 (81.85%) patients, moderate to severe steatosis (grade ≥2) in 102
(19.28%) patients, and cirrhosis (fibrosis grade ≥4) in 144 (27.22%) patients. After biopsy, a total of 463
(87.52%) patients received oral nucleoside/nucleotide analogue (NA) treatment for CHB due to the
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presence of significant inflammation (grade≥2) or advanced liver fibrosis (scores ≥2). The prevalent
antiviral drug was entecavir during the study period as it was covered by the Chinese medical insurance,
with 418 (90.3%) received entecavir and 45 (9.7%) receiving with others such as adefovir or telbivudine.
Over the course of follow-up, 9 (1.7%) patients were detected to have developed HCC.
3.2. Comparison between MAFLD and NAFLD group
The comparison of variables in patients diagnosed with NAFLD and MAFLD are illustrated in Table 2.
Patients with MAFLD had higher BMI (25.61 ± 2.61 Kg/m2 vs. 24.36 ± 3.13 Kg/m2, P<0.05), and lower
HDL-C level (1.14 ± 0.34 mmol/L vs. 1.23 ± 0.37 mmol/L, P<0.05). There was no difference in other
studied parameters including age, gender, quantitative HBsAg, HBVDNA, serum albumin, ALT, AST, ALP
and GGT between the two groups (P> 0.05). The results of liver histopathological analysis showed no
significant difference between the groups (P>0.05).
3.3. Comparison between HCC and Non-HCC group
Nine (1.7%) patients developed HCC during the follow-up. The incidence of HCC was 3.8% in MAFLD
group and 2.8% in NAFLD group. The characteristics of HCC group and non-HCC patients are compared
in Table 1. No significantly difference was found in age, gender, blood lipid profile (TG, TC, HDL-C, LDL-C,
VLDL-C, etc.), blood glucose, blood pressure, diabetes, liver function and liver histology. The prevalence of
MAFLD was 34.04% in non-HCC group and 77.78% in HCC group (p=0.010), while the NAFLD was found
in nearly half of non-HCC cases (46.73%) and 77.78% in HCC group, this difference however did not reach
statistical significance (p=0.092). The Kaplan-Meier analysis further demonstrated a significantly higher
10-year cumulative incidence of HCC in MAFLD group compared with the non-MAFLD group (10.90% vs.
0.60%, P=0.023, Figure 2A). In contrast, the 10-year cumulative incidence of HCC did not significantly
differ between NAFLD and non-NAFLD groups (7.90% vs. 0.70%, P=0.191, Figure 2B).
3.4. Univariate and multivariate analysis for the risk of HCC in HBV infected population
A univariate Cox proportional hazards regression analysis for overall survival was performed, showing
FPG, cirrhosis and MAFLD were associated with higher incidence of HCC ( P<0.10 for all) and were finally
included into multivariate regression analysis (Table 3). The results of multivariate analysis showed that
cirrhosis (HR=4.688; 95%CI: 1.166-18.848, P=0.030) and co-existence of MAFLD (HR=6.434; 95%CI:
1.252-33.060, P=0.026) were independent risk factors for HCC whereas NAFLD was not.
3.5. Comparison of hepatic steatosis and metabolic conditions
As MAFLD definition requires the presence of metabolic conditions (MC), which differs from NAFLD, to
further evaluate the impact hepatic steatosis or MC may have on the incidence of HCC in CHB patients,
we classified patients by the presence of MC or steatosis. The results of this comparison between
different groups thus created (with or without MC and with or without steatosis) are shown in Table 4.
Compared with patients without MC or steatosis, patients with MC or steatosis tended to be older, more
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likely to be male and had higher levels of metabolic related parameters including BMI, TG, LDL-C, HDL-C,
VLDL-C, and glucose levels (P<0.05 for all). MC positive group or steatosis positive group had
significantly lower level of the quantitative HBsAg and HBVDNA when compared to the MC negative or
steatosis negative group. The liver histopathological examination showed that steatosis positive group
had a lower grade of inflammation and lesser prevalence of cirrhosis (≥F4) than steatosis negative
group. But the comparison between MC positive and MC negative groups did not find such difference.
There was significantly higher incidence of HCC in MC positive group than MC negative group (2.83% vs.
0.41%, P=0.043), while no statistical difference was found between cases with and without steatosis
(2.77% vs. 0.72%, P=0.094).

4. Discussion
In this long follow-up study of a biopsy proven cohort of patients with CHB, we report the incidence of
HCC and the influence concomitant MAFLD or NAFLD could have on the development of HCC. The results
of our study demonstrate that the 10-year accumulative incidence of HCC is significantly higher in CHB
patients with concomitant MAFLD, but not NAFLD. Further analysis of the data showed that hepatic
steatosis alone did not significantly increase the risk of development of HCC in the CHB patients. It may
actually be the metabolic derangements rather than the hepatic steatosis that accelerates the progression
of HCC. Compared to the old definition for fatty liver disease (NAFLD), the new one (MAFLD) that requires
the presence of metabolic disorder helps to identify higher rate of patients at risk of future HCC
development at least in CHB population.
This to our knowledge is the first study which compared the influence of MAFLD and NAFLD on HCC
development in patients with CHB, however ours is not the only study focusing on the association
between liver steatosis and HCC in CHB patients. Different from previous studies, we compared the two
contrasting definitions for classifying patients with fatty liver disease. The results of our study are
supported by some previous studies[14, 15], which did not find any higher risk of HCC in patients with
concurrent NAFLD and CHB. However, our study found that the risk of HCC is increased by the presence
of concomitant MAFLD. This interesting difference in the added risk of HCC between concomitant NAFLD
and MAFLD is related to the higher proportion of metabolic disorder in MAFLD. As shown in previous
studies which adjusted for both metabolic disorder and steatosis in multivariate analysis, the burden of
metabolic risk factor is the major determinant for HCC development in CHB with fatty liver disease[14,
34]. The oncogenic potential of metabolic risk factors is well-accepted and is shown by many studies[35,
36]. The increased growth-promoting effect of insulin resistance and insulin-like growth factors[37, 38] as
well as lipo-toxicity and pro-inflammatory adipokine secretion in obesity have been shown to be involved
in this carcinogenic process[39]. Once the metabolic disorders were added into fatty liver, creating a new
umbrella term and definition for MAFLD, the risk of future development of HCC in these patients are
significantly increased.
Our study also shows that the presence of simple steatosis in absence of any metabolic risk factors is
not an independent factor for future development of HCC in CHB patients. In-fact some of the previous
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studies have similar observations that steatosis alone has no impact on the development of HCC in these
patients[16, 40]. The likely explanation of this observation is the complex interplay among HBV DNA level,
HBsAg levels and hepatic steatosis. While higher HBV DNA and HBsAg levels are known to increase the
risk of HCC[41, 42], increasing steatosis is independently associated with lower serum HBV DNA [43] and
quantitive HBsAg levels[40]. Recent scientific literature even suggested that liver steatosis could in fact
reduce the burden of liver fibrosis in patients with CHB and that steatosis increased the chance of cure
from hepatitis B virus[44, 45]. The hypothesis behind this positive impact of hepatic steatosis in patients
with CHB is that, the presence of fat within the hepatocytes is associated with abnormal lipid metabolism
and may alter HBsAg cytoplasmic distribution[40]. This may in turn induce hepatocyte apoptosis leading
to inhibition of viral replication and eventual loss of HBsAg expression[46] and subsequent
seroclearance[47, 48].
The strength of our study is that, liver biopsy is used for the diagnosis of steatosis as well as the
inflammation and cirrhosis, which is considered the gold-standard for the evaluation of fibrosis and
inflammation. The sample size of this study is large with a long follow-up duration. However, the results
of our study must be interpreted in the light of some limitations. First, the study cohort is from a single
center with high prevalence of HBV and low BMI. Although a common occurrence in Asian[49, 50], this
may limit the generality of the conclusions of our study in the western cohorts. However, at the very least
the results of our study are applicable to a subset of MAFLD namely “HBV-MAFLD”, which is the most
important subtype of MAFLD in clinical practice in Asia. Second, compared with our previous populationbased study[21], this study only included highly selected patients who underwent liver biopsy, which may
have created inadvertent selection bias. Last, because of the wide-spread use of antiviral agents against
HBV, the HCC risk is extremely low in our cohort which is what is expected in CHB patients on NA[51]. The
incidence of HCC may be too low to investigate multiple factors predicting HCC and could potentially lead
to reduced power of statistical analysis. Also, patients untreated for CHB may carry a different risk of
HCC development in presence of concomitant MAFLD.
To conclude, in patients with CHB who have concomitant fatty liver disease the MAFLD definition helps to
identify more patients at risk of developing HCC while NAFLD definition does not.
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Tables
Table 1 Comparison between HCC and Non-HCC
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Variables

Total

Non-HCC

HCC

P

N

529

520

9

Age (years)

37.99 ± 10.44

37.94 ± 10.43

41.11 ± 11.04

0.416

Male, n (%)

427 (80.72)

419 (80.58)

8 (88.89)

1.000

Follow-up period (years)

6.33 (4.41,
8.17)

6.33 (4.41,
8.17)

6.98 (2.16,
9.17)

0.611

BMI (Kg/m2)

23.03 ± 3.17

23 ± 3.15

24.77 ± 3.85

0.206

Diabetes, n (%)

51 (9.64)

49 (9.42)

2 (22.22)

0.212

HBsAg (Log10 IU/ml)

3.37 ± 0.95

3.38 ± 0.95

2.96 ± 0.60

0.097

HBeAg positive, n (%)

281 (57.23)

277 (57.35)

4 (50.00)

0.729

HBVDNA (Log10 IU/ml)

5.44 ± 1.87

5.45 ± 1.88

4.95 ± 1.09

0.211

AFP (μg/L)

3.84 (2.46,
9.05)

3.82 (2.44,
8.39)

18.97 (8.37,
28.57)

0.005

TBIL (μmolL)

15.3 (11.05,
20.85)

15.25 (11.03,
20.7)

15.5 (13.4,
22.1)

0.788

ALT (U/L)

68 (41, 178.5)

69 (41.3, 182)

57 (31, 65)

0.147

AST (U/L)

49 (31.75, 104)

49 (32, 104)

33 (30, 72)

0.245

GGT (U/L)

48 (26, 92.5)

48 (26, 93)

53 (30, 91)

0.424

TC (mmol/L)

4.62 ± 1.17

4.62 ± 1.18

4.77 ± 0.92

0.646

TG (mmol/L)

1.22 ± 0.68

1.22 ± 0.68

1.31 ± 0.54

0.619

LDL-C (mmol/L)

2.69 ± 1.00

2.68 ± 1.01

3.06 ± 0.49

0.068

HDL-C (mmol/L)

1.29 ± 0.41

1.29 ± 0.41

1.32 ± 0.34

0.769

VLDL-C (mmol/L)

0.40 ± 0.29

0.4 ± 0.29

0.36 ± 0.21

0.559

FPG (mmol/L)

5.07 ± 1.13

5.05 ± 1.09

5.90 ± 2.42

0.323

Significant inflammation (G≥2, n
(%))

433 (81.85)

425 (81.73)

8 (88.89)

1.000

Moderate to severe steatosis
(S≥2, n (%))

102 (19.28)

100 (19.23)

2 (22.22)

0.687

Cirrhosis, n (%)

144 (27.22)

139 (26.73)

5 (55.56)

0.067

MAFLD, n (%)

184 (34.78)

177 (34.04)

7 (77.78)

0.010

Pathology
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NAFLD, n (%)

250 (47.26)

243 (46.73)

7 (77.78)

0.092

Categorical values are shown as n (%). Continuous variables are shown as mean ± standard deviation or
median [interquartile range].
Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease;
HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis e surface antigen;
HBVDNA, hepatitis B virus deoxyribonucleic acid; AFP, alpha fetoprotein; TBIL, total bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; TC, total cholesterol;
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
VLDL-C, very low density lipoprotein cholesterol; FPG, fasting plasma glucose.

Table 2 Comparison between MAFLD and NAFLD
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Variables

MAFLD

NAFLD

P

N

184

250

Age (years)

40.17 ± 9.49

39.48 ± 10.08

0.465

Male, n (%)

162 (88.04)

214 (85.60)

0.551

Follow-up period (years)

6.94 (4.96, 9.05)

6.97 (4.92, 9.10)

0.834

BMI (Kg/m2)

25.61 ± 2.61

24.36 ± 3.13

< 0.001

Diabetes, n (%)

42 (22.83)

42 (16.80)

0.148

HBsAg (Log10 IU/ml)

3.17 ± 0.93

3.17 ± 0.95

0.982

HBeAg positive, n (%)

85 (53.12)

117 (53.92)

0.962

HBVDNA (Log10 IU/ml)

5.12 ± 2.03

5.21 ± 2.06

0.642

AFP (μg/L)

3.64 (2.5, 7.78)

3.64 (2.42, 7.62)

0.696

TBIL (μmolL)

14.2 (10.2, 18.9)

14.4 (10.3, 18.8)

0.977

ALT (U/L)

63 (43, 140.25)

65 (43, 133)

0.97

AST (U/L)

42 (30, 80.25)

43 (31, 79)

0.869

GGT (U/L)

72.85 ± 66.70

69.21 ± 62.67

0.566

TC (mmol/L)

4.8 ± 1.28

4.79 ± 1.17

0.956

TG (mmol/L)

1.57 ± 0.88

1.44 ± 0.82

0.102

LDL-C (mmol/L)

2.96 ± 1.10

2.9 ± 1.04

0.583

HDL-C (mmol/L)

1.14 ± 0.34

1.23 ± 0.37

0.010

VLDL-C (mmol/L)

0.5 ± 0.37

0.44 ± 0.33

0.154

FPG (mmol/L)

5.4 ± 1.51

5.23 ± 1.34

0.241

Significant inflammation (G≥2, n (%))

140 (76.09)

192 (76.80)

0.953

Moderate to severe steatosis (S≥2, n (%))

81 (44.02)

100 (40.00)

0.459

Cirrhosis, n (%)

36 (19.57)

57 (22.80)

0.488

Pathology

Categorical values are shown as n (%). Continuous variables are shown as mean ± standard deviation or
median [interquartile range].
Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease;
HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis e surface antigen;
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HBVDNA, hepatitis B virus deoxyribonucleic acid; AFP, alpha fetoprotein; TBIL, total bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; TC, total cholesterol;
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
VLDL-C, very low density lipoprotein cholesterol; FPG, fasting plasma glucose.

Table 3 Univariate and multivariate Cox analysis of the factors associated with HCC development
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Characteristics

HCC development
Univariate analysis

Multivariate analysis

Hazard ratio (95%
CI)

Pvalue

Age (years)

1.024 (0.964–
1.088)

0.440

Male, n (%)

1.632 (0.203–
13.116)

0.645

BMI (Kg/m2)

1.122 (0.939–
1.340)

0.204

Diabetes, n (%)

2.772 (0.575–
13.365)

0.204

HBsAg (Log10 IU/ml)

0.790 (0.383–
1.629)

0.523

HBeAg positive

0.782 (0.195–
3.131)

0.728

HBVDNA (Log10 IU/ml)

0.867 (0.609–
1.234)

0.429

AFP (μg/L)

1.001 (0.996–
1.005)

0.808

TBIL (μmolL)

0.995 (0.961–
1.031)

0.782

ALT (U/L)

0.991 (0.978–
1.004)

0.173

AST (U/L)

0.990 (0.974–
1.007)

0.251

GGT (U/L)

1.001 (0.993–1.01)

0.733

TC (mmol/L)

1.140 (0.722–
1.799)

0.574

TG (mmol/L)

1.179 (0.5–2.785)

0.707

LDL-C (mmol/L)

1.313 (0.838–
2.056)

0.234

HDL-C (mmol/L)

1.468 (0.277–
7.793)

0.652

VLDL-C (mmol/L)

1.345 (0.106–
17.029)

0.819

FPG (mmol/L)

1.355 (1.054–
1.743)

0.018
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Hazard ratio (95%
CI)

Pvalue

1.158 (0.880–
1.522)

0.295

Pathology
Significant inflammation (G≥2, n
(%))

1.603 (0.200–
12.833)

0.657

Moderate to severe steatosis (S≥2, n
(%))

1.057 (0.219–
5.099)

0.945

Cirrhosis, n (%)

3.407 (0.914–
12.707)

0.068

4.688 (1.16618.848)

0.030

MAFLD, n (%)

5.223 (1.073–
25.418)

0.041

6.434 (1.252–
33.060)

0.026

NAFLD, n (%)

2.783 (0.565–
13.707)

0.208

Categorical values are shown as n (%). Continuous variables are shown as mean ± standard deviation or
median [interquartile range].
Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease;
HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis e surface antigen;
HBVDNA, hepatitis B virus deoxyribonucleic acid; AFP, alpha fetoprotein; TBIL, total bilirubin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; TC, total cholesterol;
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
VLDL-C, very low density lipoprotein cholesterol; FPG, fasting plasma glucose.

Table 4 Comparison of hepatic steatosis and metabolic conditions
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Variables

MC
negative

MC positive

N

246

283

Age (years)

35.28 ±
10.59

40.35 ±
9.72

Male, n (%)

188
(76.42)

Follow-up period (years)

Steatosis
negative

Steatosis
positive

276

253

<
0.001

36.62 ±
10.57

39.48 ±
10.1

0.002

239 (84.45)

0.026

211
(76.45)

216
(85.38)

0.013

5.96
(4.24,
8.21)

6.57 (4.68,
8.12)

0.203

5.84 (4.23,
7.56)

6.97 (4.93,
9.08)

<
0.001

BMI (Kg/m2)

20.53 ±
1.7

25.2 ± 2.48

<
0.001

21.8 ±
2.69

24.36 ±
3.12

<
0.001

Diabetes, n (%)

0 (0)

51 (18.02)

<
0.001

9 (3.26)

42 (16.6)

<
0.001

HBsAg (Log10 IU/ml)

3.51 ±
0.95

3.24 ± 0.93

0.002

3.53 ±
0.92

3.17 ±
0.94

<
0.001

HBeAg positive, n (%)

138
(58.72)

143 (55.86)

0.583

163
(59.93)

118
(53.88)

0.21

HBVDNA (Log10 IU/ml)

5.7 ± 1.77

5.23 ± 1.93

0.005

5.66 ±
1.66

5.21 ±
2.05

0.008

AFP (μg/L)

3.87 (2.4,
8.32)

3.84 (2.53,
9.49)

0.482

4.29 (2.46,
12.37)

3.66 (2.44,
7.46)

0.134

TBIL (μmolL)

15.7
(11.5,
21.5)

14.65
(10.22,
20.2)

0.196

16 (11.4,
22.05)

14.4
(10.28,
18.8)

0.011

ALT (U/L)

71 (42,
187)

65 (41,
149)

0.634

78 (37.75,
224.75)

65 (43,
133)

0.355

AST (U/L)

53 (34,
119)

45 (30, 92)

0.049

57 (34,
136.25)

43 (30.75,
79.25)

<
0.001

GGT (U/L)

46 (24,
82)

51 (27,
103)

0.07

79.82 ±
89.31

69.38 ±
62.45

0.118

TC (mmol/L)

4.55 ±
1.03

4.69 ± 1.28

0.162

4.47 ±
1.17

4.79 ±
1.16

0.002

TG (mmol/L)

0.97 ±
0.39

1.43 ± 0.8

<
0.001

1.02 ±
0.43

1.44 ±
0.82

<
0.001

LDL-C (mmol/L)

2.53 ±
0.83

2.82 ± 1.11

0.001

2.49 ±
0.93

2.89 ±
1.04

<
0.001

HDL-C (mmol/L)

1.43 ± 0.4

1.17 ± 0.37

<
0.001

1.35 ±
0.43

1.22 ±
0.37

<
0.001
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P

P

VLDL-C (mmol/L)

0.31 ±
0.21

0.47 ± 0.33

<
0.001

0.36 ±
0.24

0.44 ±
0.33

0.003

FPG (mmol/L)

4.81 ±
0.69

5.29 ± 1.36

<
0.001

4.92 ±
0.88

5.23 ±
1.33

0.002

Significant inflammation
(G≥2, n (%))

204
(82.93)

229 (80.92)

0.628

238
(86.23)

195
(77.08)

0.009

Moderate to severe
steatosis (S≥2, n (%))

21 (8.54)

81 (28.62)

<
0.001

0 (0)

102
(40.32)

<
0.001

Cirrhosis, n (%)

69
(28.05)

75 (26.5)

0.764

87 (31.52)

57 (22.53)

0.026

MAFLD, n (%)

0 (0)

184 (65.02)

<
0.001

0 (0)

184
(72.73)

<
0.001

NAFLD, n (%)

68
(27.64)

182 (64.31)

<
0.001

0 (0)

250
(98.81)

<
0.001

HCC, n (%)

1 (0.41)

8 (2.83)

0.042

2 (0.72)

7 (2.77)

0.094

Pathology

Categorical values are shown as n (%). Continuous variables are shown as mean ± standard deviation or
median [interquartile range].
Abbreviations: MAFLD, metabolic associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease;
MC, metabolic conditions; HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; HBeAg,
hepatitis e surface antigen; HBVDNA, hepatitis B virus deoxyribonucleic acid; AFP, alpha fetoprotein; TBIL,
total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl
transpeptidase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; VLDL-C, very low density lipoprotein cholesterol; FPG, fasting plasma
glucose.

Figures

Page 21/23

Figure 1
The flow chart.
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Figure 2
Cumulative incidence of HCC grouped by MAFLD and NAFLD according to the Kaplan-Meier method.
Figure 2A: grouped by MAFLD; Figure 2B: grouped by NAFLD.
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