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ARTICLE INFO ABSTRACT
Keywords: Hepatitis B virus (HBV) infection is still one kind of the infectious diseases that seriously threaten
Nonalcoholic fatty liver disease human health. Nonalcoholic fatty liver disease (NAFLD) has become the most common chronic

HBV infection

Antiviral efficacy

Liver fibrosis
Hepatocellular carcinoma

liver disease worldwide. HBV infection complicated with NAFLD is increasingly common. This
review mainly describes the interaction between HBV infection and NAFLD, the interaction be-
tween steatosis and antiviral drugs, and the prognosis of HBV infection complicated with NAFLD.
Most studies suggest that HBV infection may reduce the incidence of NAFLD. NAFLD can promote
the spontaneous clearance of hepatitis B surface antigen (HBsAg), but whether it affects antiviral
efficacy has been reported inconsistently. HBV infection combined with NAFLD can promote the
progression of liver fibrosis, especially in patients with severe steatosis. The outcome of HBV
infection combined with NAFLD predisposing to the progression of HCC remains controversial.

1. Introduction

At present, there are about 250 million chronic hepatitis B virus (HBV) infected people worldwide, especially in Africa and East
Asia, with a prevalence of more than 8% [1]. It is worth noting that chronic HBV infection is the main cause of liver cirrhosis and liver
cancer in China, and HBV-related liver disease deaths (308,000 deaths per year) [2]. Although with the application of hepatitis B
vaccine, nucleotide analogues (NA) and interferon, the number of HBV infected patients has dropped significantly, but due to the
existence of covalently closed circular DNA, HBV cannot be completely eliminated, functional cure is currently the highest treatment
goal that can be achieved [3,4,5]. A recent study in the United States showed that NAFLD is the only liver disease with an increasing
prevalence over the past 30 years [6]. Another study showed that the prevalence of NAFLD in Asia is similar to that in Western
countries [7]. Nonalcoholic fatty liver disease (NAFLD), with a global prevalence of 25.24%, has become the most common chronic
liver disease. There is no approved drug [8]. The proportion of nonalcoholic steatohepatitis (NASH) patients with inflammatory
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activity in NAFLD population can reach 59.10%, which is a high risk group for developing liver cirrhosis and liver cancer [8]. Paik et al.
study revealed that globally from 2012 to 2017, viral hepatitis was the most common cause of death from liver disease, and NAFLD was
the most rapidly growing contributor to liver mortality and morbidity [9].

It was noticed that patients with co-morbidities of CHB and NAFLD are not uncommon and therefore many studies on both diseases
have emerged. In a Chinese cohort study, 2393 chronic hepatitis B (CHB) patients were followed up for 4429 person-years, of whom
283 progressed to NAFLD, with an incidence rate of 63.89/1000 person-years [10]. Another large North American cohort study
showed that the incidence of CHB patients with NAFLD was 31.4% (13.1% had steatohepatitis) [11]. A meta-analysis by Zheng et al.
including 53 studies showed that the incidence of NAFLD in CHB patients was 32.83% [12].

To sum up, it can be seen that the number of patients with chronic HBV infection and NAFLD is large, and the long-term prognosis
of each disease is poor. At present, the coexistence of the two diseases is becoming more and more common. The interaction between
HBV infection and NAFLD, the interaction between steatosis and antiviral drugs, and the prognosis of HBV infection complicated with
NAFLD are not clearly concluded. We hence present a review and analysis of the above aspects with the aim of benefiting patients with
both disease co-morbidities and paying attention to screening for NAFLD and selection of antiviral drugs in patients with CHB.

2. Interaction between HBV infection and NAFLD
2.1. Effect of HBV infection on the incidence of NAFLD

Most studies suggest that HBV infection reduces the incidence of NAFLD (Table 1). In a large-scale cohort study of Korean healthy
population, 83,339 patients were divided into hepatitis B surface antigen (HBsAg)-positive group and HBsAg-negative group, screend
for NAFLD by ultrasonography annually or biennially, and followed up for 484,736.1 person-years [13]. After adjusting for con-
founders such as age, sex, follow-up time, alcohol intake, and body mass index (BMI), the prevalence of NAFLD in the HBsAg-positive
group was significantly lower than that in the HBsAg-negative group (adjusted hazard ratio [aHR] = 0.83, 95% confidence interval
[CI] 0.73-0.94) [13]. A study from Taiwan, China, also illustrated that HBsAg positivity was negatively associated with NAFLD,
especially for subjects with BMI>22.4 kg/m? and age>50 years [14].

Similarly, a cross-sectional demographic study in Hong Kong, China also suggested that HBV infection was inversely associated
with the occurrence of NAFLD (adjusted odds ratio [aOR] = 0.42, 95%CI 0.20-0.88) [15]. Yu et al. established a research cohort of
2255 middle to older-aged patients, and found that HBV-infected patients had a lower risk of new and persistent hepatic steatosis (HS)
by ultrasound examination (OR = 0.54), while HBsAg clearance increased the risk of HS by 1.41-fold (95% CI 1.12-1.79) [16]. In
addition to the negative correlation between serum HBsAg and the occurrence of NAFLD, liver biopsy results of 3212 Chinese CHB
patients showed that intrahepatic HBsAg positivity was an independent factor in reducing the risk of steatosis (aOR = 0.90, 95% CI
0.84-0.97) in multivariate analysis [17]. The results of a meta-analysis by Keikha et al. showed that HBV infection was negatively
associated with hepatic steatosis, but not significant (OR = 0.91, 95% CI 0.74-1.13) [18].

The above studies all suggest that the prevalence of NAFLD in HBsAg-positive population is lower, which may be related to the
involvement of HBV in lipid metabolism in the liver. It was found that HS was positively correlated with the level of triglyceride and
low-density lipoprotein cholesterol (LDL-C) and negatively correlated with HBV infection, suggesting that HBV may have the effect of
neutralizing lipid metabolism [19]. Results of a Korean cohort study of non-cirrhotic and non-diabetic adults (n = 62,287) with a
4.46-year follow-up showed that serum HBsAg positivity was negatively correlated with development of hypercholesterolemia, high
LDL-C triglyceride, and high non-high-density lipoprotein-cholesterol (non-HDL-C) (aHR = 0.71, 95%CI 0.64-0.79; 0.83 [0.78-0.89];
0.61 [0.54-0.70]; 0.69 [0.63-0.75]; respectively) [20]. Similarly, the annual physical examination data from Taiwan, China also
showed that the levels of triglyceride and LDL-C in HBV-infected patients were significantly lower than those in non-HBV-infected
patients (OR = 0.7, 95%CI 0.6-0.9; 0.8[0.7-0.9]) [21]. These studies suggest that HBV has a negative regulatory role in lipid
metabolism.

However, basic studies based on cell and mouse models have shown that HBV could induce complex changes in hepatic lipid
metabolism, not only increasing lipid breakdown, but also enhancing lipid production [22]. For example, HBV could activate the
expression of some key lipid and cholesterol production-related proteins, and upregulated fatty acid oxidation and bile acid synthesis.

Table 1
Effect of HBV infection on the incidence of NAFLD.
Research type Country Number of patients HBV marks HR or OR (95%CI) Reference
Cohort study Korea 83,339 HBsAg positive 0.83(0.73-0.94) Joo et al [13]
Cohort study China 2255 HBsAg positive 0.54(0.43-0.68) Yuetal [16]
Cross-sectional study China 1013 HBsAg positive 0.42(0.20-0.88) Wong et al [15]
HBeAg positive 2.89 (0.28-29.6)
HBV DNA (log IU/mL) 0.69 (0.34-1.39)
Cohort study China 33,439 HBsAg positive 0.70(0.64-0.76) Cheng et al [14]
Cross-sectional study China 3212 intrahepatic HBsAg positive 0.90(0.84-0.97) Wang et al [17]
A systematic review and meta-analysis China® 37,635 HBsAg positive 0.91(0.74-1.13) Keikha et al [18]

Abbreviations: CI, confidence interval; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HR, hazard ratio;
NAFLD, nonalcoholic fatty liver disease; OR, odds ratio.
@ USA, Turkey, South Korea, Pakistan, Israel, Italy.
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Hepatitis B virus X protein was an important regulator of hepatic steatosis, and hepatitis B virus X promoted hepatic lipid deposition
and induced steatosis and apoptosis by upregulating the gene expression of various lipogenic enzymes [23,24,25]. The relationship
between HBV and lipid metabolism is complex. More clinical and basic research is needed to determine whether consistent dyslipi-
demia exists in peripheral blood and hepatocytes during HBV infection.

2.2. Effects of NAFLD on HBV-infectioned patients

2.2.1. Effect of NAFLD on spontaneous HBsAg clearance

Most current studies suggest that HS is conducive to the spontaneous clearance of HBsAg. A study led by Chu et al. in Taiwan, China
(54 HBsAg carriers with HBsAg seroclearance and 108 HBsAg carriers with HBsAg persistence) found that moderate (OR = 3.22, P =
0.017) and severe (OR = 3.87, P = 0.041) steatosis were positively correlated with spontaneous HBsAg clearance, whereas mild
steatosis had no significant correlation with HBsAg clearance (OR = 1.76, P = 0.157) [26]. Subsequently, the research team studied
spontaneous HBsAg clearance in inactive HBsAg carriers and found that subjects with HS were significantly younger at HBsAg
clearance than those without (48.7 years vs 53.4 years, P = 0.001), but were more likely to have abnormal AST and ALT, tending to be
liver cirrhosis [27]. A large cohort study by Li et al. (6786 Asian CHB patients, not receiving antiviral therapy) found that 10-year
cumulative spontaneous HBsAg clearance was significantly higher in CHB patients combined fatty liver than in CHB patients
without fatty liver (15.91% vs 11.84%, P = 0.003) [28]. Another study showed that CHB patients with negative HBV DNA were
followed up for 3 years, steatosis was strongly correlated with spontaneous HBsAg clearance (hazard ratio[HR] = 3.25, 95%CI
1.28-8.24) [29]. A cohort study of 2385 HBsAg-positive Taiwanese civil servants (91.8% of patients not receiving antiviral therapy)
followed 35,603.1 person-years, and 628 individuals achieved HBsAg clearance, which found that HS may have promoted HBsAg
clearance (sub-distribution hazard ratio = 1.27, 95%CI 1.07-1.50) [30]. The Turkish study also showed that HS was an independent
predictor of spontaneous HBsAg seroconversion in hepatitis B e antigen (HBeAg)-negative CHB patients (OR = 2.07, P = 0.03), and
patients with mild HS were easy to achieve HBsAg seroconversion [31].

Conversely, there are studies that do not consider NAFLD to have an effect on spontaneous HBsAg clearance. A Korean study (HBV
DNA-negative CHB patients, n = 720) with 3-year follow up found no correlation between HS and spontaneous HBsAg clearance (P =
0.518) [32].

In conclusion, most studies suggest that NAFLD is a favorable factor for spontaneous clearance of HBsAg. To more deeply un-
derstand the relationship and mechanisms between HBV and NAFLD, experts have conducted studies in animal models and cells
(Table 2). Studies in HBV-immunocompetent mouse and HBV transgenic mice (high-fat diets) found that steatosis inhibited HBV
replication, but HBV replication did not affect metabolic characteristics [33,34]. To some extent, NAFLD accelerates the liver disease of
the mice carrying HBV [35]. The intrinsic mechanism may be enhanced T-cell response and TLR4-mediated innate immune response
[36,37]. It is worth noting that although patients achieved HBsAg clearance, we should pay more attention to the poor long-term
prognosis of patients, such as liver fibrosis and hepatocellular carcinoma (HCC).

2.2.2. Effect of NAFLD on antiviral efficacy in patients with CHB

Whether NAFLD affects the antiviral efficacy of CHB, including ALT normalization, HBV DNA suppression, HBeAg seroconversion,
and HBsAg clearance, is still controversial. Some studies showed that NAFLD adversely affects antiviral efficacy, and some studies
showed that NAFLD has a favorable effect on antiviral treatment, while more studies showed that NAFLD does not affect antiviral
efficacy.

A Chinese study included 213 CHB patients (30.5% patients combined with HS) treated with entecavir (ETV), with lower rates of
HBV-DNA supression (47.7% vs 58.8%, P = 0.01), HBeAg seroconversion (15.4% vs 15.5%, P = 0.28) and ALT normalization (40.0%
vs 43.9%,P = 0.11) in those with HS at 24 weeks, and it was suggested that HS was an independent factor for poor response to ETV
therapy [38]. A Korean study of 334 CHB patients (43.7% patients combined with HS) treated with ETV or tenofovir (TDF) showed a
higher cumulative incidence of HBeAg loss in the no-combined hepatic steatosis group compared to the combined hepatic steatosis
group (log-rank, P = 0.022) [39]. Another Korean multicenter retrospective study included 1282 treatment-naive CHB patients on

Table 2
Studies of HBV and NAFLD in animal models and on cells.

Models Key Finding Reference

HBV-immunocompetent mouse model (high-fat diet) = Non-alcoholic hepatic steatosis inhibited HBV replication, includind HBV DNA and  Huetal [33]
HBV-related antigens. But HBV replication did not alter lipid metabolism.

HBV genotype B transgenic mouse (high-fat diets) This model reduces the HBV viral factors but not the metabolic and histologic Zhang et al
features. [34]
HBV transgenic mice (high-fat diets) NAFLD accelerates the liver disease of the mice carrying HBV to some extent. Lu et al [35]
Patients with hepatitis B and NAFLD, mouse model of ~ Enhanced T-cell responses contribute to the inhibition of HBV replication. Patel et al
HBV and NAFLD [36]
HBV transgenic mice (high-fat diet), HepG2.2.15 cells  Saturated Fatty Acids or Lipopolysaccharide activates TLR4, in vivo and in vitro, Zhang et al
(different concentrations of Stearic Acid) which initiates the TLR4/Myeloid differentiation factor 88 signaling and the [37]

production of proinflammatory cytokines. The TLR4-mediated innate immune
response may contribute to the inhibited HBV replication.

Abbreviations: HBV, hepatitis B virus; NAFLD, nonalcoholic fatty liver disease; TLR4, Toll-Like Receptor 4.
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antiviral therapy (tenofovir alafenamide [TAF] n = 270, TDF n = 617, ETV n = 395), and the results of multivariate analysis indicated
that fatty liver was an independent factor for the reduction of ALT normalization rate (HR = 0.75, 95%CI 0.61-0.94) [40]. In addition,
89 HBeAg-positive CHB patients treated with pegylated interferon (PEG-IFN) for 48 weeks, and the rate of HBV DNA suppression at the
end of 48 weeks of treatment in patients without steatosis did not differ from that in patients with steatosis [41]. However, at 48 weeks
after drug discontinuation, the rate of HBV DNA suppression was higher in patients without steatosis than in patients with steatosis,
and multivariate analysis indicated that steatosis was an unfavorable factor for sustained viral response (OR = 0.012,P = 0.02) [41].

In contrast, some studies have shown that patients with HS are more likely to achieve HBsAg clearance. In an international
multicenter cohort study, 4769 treatment-naive CHB patients were treated with ETV or TDF with a median follow-up of 5.16 years, and
58 patients eventually achieved HBsAg clearance with an annual incidence of 0.22% and a 10-year cumulative incidence of 2.11%
[42]. Fatty liver was a baseline predictor of HBsAg clearance (adjusted subdistribution hazard ratio = 1.84, 95%CI 1.03-3.29) [42].

More studies have shown that NAFLD did not affect antiviral efficacy. In a retrospective study of 555 CHB patients (33.7% patients
combined with NAFLD) treated with lamivudine, adefovir, ETV or TDF, multivariate analysis showed that NAFLD was not indepen-
dently associated with HBV DNA suppression (HR = 1.06,P = 0.71) and ALT normalization (HR = 1.04,P = 0.86) [43]. Similarly,
another retrospective multicenter cohort study showed no effect of NAFLD on HBV DNA suppression in CHB patients treated with ETV
or TDF [44]. In addition to HS having no effect on HBV DNA suppression in CHB patients treated with NA, there are studies showing
that steatosis also has no effect on HBV DNA suppression in CHB patients treated with PEG-IFN. In a Turkish study of 140 CHB patients
(42 HBeAg-positive and 98 HBeAg-negative) receiving antiviral therapy (55.7% receiving PEG-IFN and 44.3% receiving PEF-IFN
combined with lamivudine), there was no difference in HBV DNA suppression rates between patients with or without steatosis
(36.2% vs 31.5%, P > 0.05 in HBeAg-negative group; 39.6% vs 33.3%, P > 0.05 in the HBeAg-positive group) [45]. In addition, in a
retrospective study in Taiwan, China, 196 HBeAg-positive CHB patients received NA monotherapy with a median treatment and
follow-up time of 24.3 months and 54.9 months, respectively, which showed no significant effect of hepatic steatosis on HBeAg
seroclearance (54.9% vs. 57.4%, P = 0.830) [46].

2.2.3. Effect of antiviral drugs on hepatic steatosis in CHB patients

There were relatively few studies on whether antiviral drugs aggravate steatosis in CHB patients. A cross-sectional study of HBV
infected men (untreated group, n = 30; ETV or adefovir treated for 7 years group, n = 50) and healthy men (control group, n = 30)
matched by age and BMI showed that body fat mass and visceral fat area was significantly higher in CHB men treated with ETV or
adefovir for 7 years than in the untreated group, which suggested that long-term oral administration of NAs may increase body fat mass
and visceral fat area of CHB men through virological suppression [47]. A retrospective cohort study in North America that included
348 patients with CHB (72% receiving TDF and 28% receiving ETV) was more likely to show decreases in hypercholesterolemia and
LDL-C in patients treated with TDF compared to those receiving ETV [48]. Similarly in a Korean study, CHB patients treated with TDF
showed significant decreases in hypercholesterolemia and triglyceride compared to TAF [49]. In a retrospective multicenter study,
CHB patients who switched from TDF to TAF treatment had significantly higher hypercholesterolemia, HDL-C, LDL-C, non-HDL-C, and

Table 3
Effect of hepatic steatosis on the progression of liver fibrosis in CHB patients.
Number of patients Country Treatment(proportion of Follow-up OR (95%CI) Reference
treated patients); (years)
Therapy duration(years)
Total: 330 China Naive 3 2.38 (1.23-4.60)" Mak et al. [29]
48.8% combined steatosis
Total: 1606 China NAs (55.9%); NR 3.60 (1.21-10.75) Seto et al. [58]
40.8% combined steatosis 6.3 (treatment-naive)”

1.95 (1.06-3.61)
(3-year treatment)b

Total: 459 China NAs (51.2%); 10 2.90 (0.95-8.82) Mak et al. [60]

NR 8.4 (treatment-naive)
7.80 (2.27-26.78)
(treatment)

Total: 720 Korea Naive 3 1.09 (0.64-1.85) Chang et al. [32]
44.9% combined steatosis

Total:614 Malaysia Antiviral therapy (23.8%) 3.75 1.96 (1.25-3.06) Wong et al. [63]
47.9% combined steatosis 6.7

Total: 1081 China Naive NR 0.83 (0.65-1.07) Huang et al. [61]
37.4% (24.0%) combined steatosis (steatosis)

(steatohepatitis) 2.53 (1.52-4.21)
(steatohepatitis)

Total: 256 Thailand Naive NR 1.31 (0.79-2.17) Charatcharoenwitthaya et al.
38% (18%) combined steatosis (steatosis) [62]
(steatohepatitis) 10.0 (2.08-48.5)

(steatohepatitis)

Abbreviations: CHB, chronic hepatitis B; CI, confidence interval; NAs, nucleos(t)ide analogues; NR, not reported; OR, odds ratio.
@ Persistent severe hepatic steatosis.
b Severe statosis associated with severe fibrosis.
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oxidized LDL levels and increased rates of dyslipidemia (from 33% to 39%) [50]. In addition to this, there were studies showing that
TAF may increase the weight of patients. CHB patients were converted from another NA to TAF for 12 months, and their body weight
increased significantly (p < 0.001), with 21.1% of patients gaining more than 5% weight [51]. Similarly one study showed that CHB
patients who switched from TDF to TAF had significantly higher weight and BMI after 72 weeks (p < 0.01) [52]. Paradoxically, some
studies had shown that patients treated with TAF did not elevated lipids compared to HBV-uninfected controls [53].

In conclusion, many studies have shown that TDF has a lipid-lowering effect, and TAF may cause dyslipidemia and weight gain
[54]. Dyslipidemia increases the risk of cardiovascular disease [55,56,57]. Therefore, for CHB patients using NAs, it is important to pay
attention not only to the presence of new steatosis and exacerbation of steatosis, but also to blood lipids and body weight to assess the
risk of cardiovascular disease.

3. Prognosis of HBV infection combined with NAFLD

Both HBV infection and NAFLD are common chronic liver diseases. The effect of steatosis on fibrosis has attracted attention and
therefore many such convenient studies are available (Table 3).

Untreated CHB patients with normal ALT and HBV DNA <2000 IU/ml were followed for 3 years, liver fibrosis was more pro-
nounced in patients with persistent severe hepatic steatosis (OR = 2.38, 95%CI 1.23-4.60) [29]. The results of the Seto et al. study also
confirmed a significant correlation between severe steatosis and severe liver fibrosis in CHB patients (21.4% vs. 11.9%, P < 0.01) [58].
A study in Taiwan, China, reviewed 104 liver biopsies with a histological diagnosis of NAFLD or cryptogenic cirrhosis, and the
incidence of advanced fibrosis was as high as 39.42%, with a significant correlation between liver fibrosis and HBV infection (OR =
3.55, 95%CI 1.46-8.58) [59]. A study in Hong Kong, China also found that 459 HBeAg-negative CHB patients were followed up for 10

Table 4
Effect of hepatic steatosis on the progression of HCC in CHB patients.
Number of patients Country Treatment Follow-up Cumulative incidence of HCC ~ Multivariate Cox analysis for Reference
(proportion of treated (years) with steatosis vs without HCC development; HR or OR
patients) steatosis (95%CI)

Total:826 Korea NAs (100%) 3.59 NR 1.67(1.05-2.63) Cho et al.
Cirrhosis:262 P =0.043 [68]
No
cirrhosis:564

Total:270 China NAs or PEG- I[FN 6.66 8.4% vs 1.2% 7.27(1.52-34.76) Chan et al.
Cirrhosis:74 (89.6%) P = 0.0043 [69]
No cirrhosis:
196

Total:321 Korea AVT (94.1%) 5.3 8.2% vs 1.9% 3.01(1.12-8.05) Lee et al.
Cirrhosis:64 P = 0.004 [70]
No
cirrhosis:257

Total: 2158 US and NAs (33.5%) 10.99 3.74% vs 6.18% 0.21(0.09-0.51)" Lietal. [28]
Cirrhosis:58 China P = 0.0001 1.24(0.73-2.12)"
No cirrhosis:
2100

Total: 2403 China NAs (57.1%) 3.87 2.27% vs 2.88% 0.99(0.99-1.00)° Mak et al.
Cirrhosis:371 P =0.01 [71]
No cirrhosis:
2032

Total: 2385 China NAs or IFN (8.2%) 28.10 NR 0.49 (0.36-0.66) Hsueh et al.
Cirrhosis:114 [30]
No
cirrhosis:2271

Total:720 Korea naive 3 NR 1.04(0.57-1.89) Chang et al.
Cirrhosis:NR [32]
No cirrhosis:NR

Total: 334 South NAs (100%) 3.22 NR NR Kim et al.
Cirrhosis:164 Korea P =0.216 P = 0.380° [39]
No
cirrhosis:170

Total:102 Korea NAs (100%) 3.77 NR 0.57(0.07-4.74) Lee et al.
Cirrhosis:36 P = 0.597 P = 0.602¢ [72]

No cirrhosis:66

Abbreviations: AVT, antiviral therapy; CHB, chronic hepatitis B; CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; NAs,
nucleos(t)ide analogues; NR, not reported; OR, odds ratio; PEG-IFN, pegylated interferon.

2 Treated with antiviral treatment.

b Untreated with antiviral treatment.

¢ controlled attenuation parameter value.

4 Univariable analyses.
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years, and HS was an independent factor for fibrosis progression (OR = 4.49, 95%CI 1.99-10.10) [60]. Furthermore, some studies have
shown that steatohepatitis was an independent preditor of significant fibrosis and advanced fibrosis in patients with CHB (untreated)
[61,62]. Overall, most studies demonstrated a correlation between steatosis and fibrosis [63,64,65]. Nevertheless, several studies
showed no correlation between steatosis and fibrosis [66,67]. For instance, in a retrospective study in South Korea, treatment-naive
CHB patients with normal ALT and HBV DNA <2000IU/ml were followed up for 3 years and no correlation was found between HS and
fibrosis progression (OR = 1.09, 95%CI 0.64-1.85) [32].

Whether metabolic factors combined with virologic factors play a greater role in the progression of liver fibrosis and whether only
severe steatosis leads to fibrosis progression requires a large sample of patients with both co-morbidities for long-term follow-up and
screening for fibrosis.

The occurrence of HCC in patients with HBV infection combined with NAFLD is also of significant concern (Table 4). Some studies
have shown that HS is positively correlated with the occurrence of HCC. In a Korean cohort study of 826 CHB patients (HBV DNA
<2000 IU/mL with antiviral treatment) with a median follow-up of 43.1 months, 86 patients developed HCC and NAFLD was
significantly associated with the development of HCC (aHR = 1.67, 95%CI 1.05-2.63) [68]. Comparably, a retrospective study in Hong
Kong, China included 270 CHB patients followed up for 79.9 months, 11 developed HCC, 9 of whom had combined fatty liver, and
multifactorial analysis revealed that fatty liver was an independent influential factor for HCC (HR = 7.27, 95% CI 1.52-34.76) [69].
Intriguingly, 321 CHB patients followed about 5.3 years, coexisting fatty liver (by liver biopsy) was a high risk factor for the devel-
opment of HCC (aHR = 3.01, 95% CI 1.12-8.05), however after balancing metabolic factors such as obesity, history of hypertension,
diabetes, triglyceride, HDL-C and fasting glucose, fatty liver was not significant correlation with HCC(aHR = 1.71, 95% CI 0.40-7.23)
[701.

Several additional studies implied that steatosis reduced the incidence of HCC in CHB patients receiving antiviral therapy (HR =
0.21,95% CI 0.09-0.51) [28]. The cumulative incidence of HCC was 2.88%, 1.56% and 0.71% in CHB patients with no HS,
mild-to-moderate HS and severe HS, respectively(p = 0.01) in 2403 CHB patients (57.1% receiving antiviral therapy, 46.4 months
follow-up) at Queen Mary Hospital, Hong Kong, China [71]. Patients with severe steatosis had a lower risk of developing HCC and a
higher cumulative HCC survival rate. The results of another study in Taiwan, China, suggested that HS reduced the risk of HCC
(sub-distribution hazard ratio = 0.49,95%CI 0.36-0.66) while the PNPLA3-148 M variant increased the risk of HCC [30].

Still other studies did not find HS associated with the development of HCC in CHB patients. In a retrospective Korean study of 720
treatment-naive CHB patients with normal ALT and HBV DNA <2000 IU/ml followed for 3 years, HS was not associated with the
development of HCC (OR = 1.04,95%CI 0.57-1.89) [32]. Two other Korean studies, in CHB patients receiving NA, likewise did not find
a correlation between HS and HCC development [39,72].

Whether HS is a favorable or harmful factor for HCC remains unclear. The factors such as whether receive antiviral therapy and the
presence of fibrosis, as well as metabolic and genetic factors that may be involved in the development of HCC and require attention.

4. Conclusions

HBV infection in combination with NAFLD is very common. Most current studies suggest that HBV infection reduces the incidence
of NAFLD, which may be related to the negative regulatory role of HBV in lipid metabolism. NAFLD can promote the spontaneous
clearance of HBsAg. The intrinsic mechanism may be enhanced T-cell response and TLR4-mediated innate immune response. The effect
of steatosis on antiviral efficacy has been reported inconsistently. TDF has a lipid-lowering effect, and TAF may cause dyslipidemia and

weight gain. Majority of studies demonstrated steatosis contributes to the progression of liver fibrosis. However, the outcome of HBV
infection combined with NAFLD predisposing to the progression of HCC remains controversial.
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