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Hepatitis B and concomitant hepatic steatosis
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Abstract: Hepatic steatosis is becoming more common in Asia with prevalence becoming as common as Western 

countries. Concomitant Hepatitis B and hepatic steatosis is increasingly encountered in clinical practice. The 

interaction between the two concomitant conditions at both molecular level and clinical outcome remains to be 

explored. The present review is aimed at summarizing the existing literature on the complex interaction of the two-

concomitant disease.
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Introduction

Hepatitis B is estimated to have chronically infected 240 
million people worldwide and is prevalent in the world 
affecting up to 10% in African countries (1). Hepatic 
steatosis is defined as fat deposition in the liver that exceeds 
5% of the gross total weight of the liver or more than 5% 
of hepatic cells containing fat deposits based on microscopic 
examination (2) while in the common clinical practice 
physicians determine Hepatic steatosis based on ultrasound. 
Hepatic steatosis is a common histological feature of 
chronic hepatitis C and the association has been well 
described (3). The studies for hepatic steatosis and chronic 
hepatitis B are limited.

Prevalence

The prevalence of hepatic steatosis in HBV infected patients 
greatly varies from multiple studies around the world. In a 
meta-analysis done by Machado et al. (4). which included 
17 studies worldwide showed that the overall prevalence 
of hepatic steatosis in HBV infected patients was 29.6%. 
However, consideration was made to exclude studies which 

included excessive alcohol consumption and prevalence 
was lower at 25.6%. Western countries do not seem to 
have higher prevalence of steatosis compare to Asian  
countries (5-9).

Molecular mechanisms

The molecular mechanism of hepatic steatosis induced by 
HBV infection has remained elusive.

Kang et al. (10) suggested that hepatic lipid accumulation 
may be due to the inhibition of secretion of apolipoprotein 
B by HBV X protein (HBx). Subsequently, another study 
by Kim et al. (11) showed that increased HBx expression 
mediated by sterol regulatory element binding protein 1 
(SREBP1) and peroxisome proliferator-activated receptor γ 
(PPAR γ) also increases hepatic lipid accumulation. In that 
study, they also observed frequent hepatic inflammation in 
HBx transgenic mice.

Wu et al. (12) in their study of expression of liver Fatty 
Acid Binding Protein 1 (FABP1) showed that HBx protein 
does indeed upregulate FABP1 production. The mechanism 
of this upregulation is via the interaction of HBx protein 
with liver-enriched transcription factors (HNF3β and  
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C/EBPα) and a lipid-sensor nuclear factor (PPARα) which 
in turn activates FABP1 promoter. Over expression of 
FABP1 is known to increase the rate of fatty acid uptake (13).  
Both Hensley et al. (14) and Oliveira et al. (15) showed 
that accumulation of lipids in rat liver increases oxidative 
stress in the hepatocytes. The presence of HBx protein is 
shown by Ren et al. (16) to increase oxidative stress and 
DNA damage on hepatocytes. Although still being studied 
in depth, the pathological course of Chronic Hepatitis B 
infection is likely contributed by the overall increase in 
oxidative stress by means of direct HBx protein and via the 
accumulation of lipids in hepatocytes. 

Hepatitis B status and hepatic steatosis

Although the pathogenesis of hepatic steatosis caused by 
Hepatitis B infection can be explained on the molecular 
level, the association between Hepatitis B virus and hepatic 
steatosis is poor and remains controversial. The meta-
analysis performed by Machado et al. (4) on 21 studies 
comprising of 4100 HBV infected patients showed no 
positive associations of HBV infection and hepatic steatosis. 
Moreover, seven studies from the meta analysis found 
strong negative effect of viral load on hepatic steatosis. In 
a more recent study by Enomoto et al. (17), they found 
a low frequency histological hepatic steatosis in patients 
with a high HBV-DNA level and concluded that there is 
unlikely an association between HBV infection and hepatic 
steatosis. In another large scale study in Taiwan by Cheng 
et al. (18) which recruited a total of 33,439 subjects, they 
showed an inverse relationship between prevalence of fatty 
liver and positive HBsAg status in subjects older than 50 
years and no significant association between HBV infection 
and fatty liver in subjects younger than 50 years. Although 
fatty liver was diagnosed via ultrasound and no liver biopsy 
was performed, the overwhelming statistics on these recent 
study showed that association between HBV infection and 
hepatic steatosis is not as strong as what previously thought.

This odd association may be partly due to the 
relationship of serum Adiponectin with HBV infection as 
mentioned by Wong et al. (19). Their prospective cohort 
of 266 chronic hepatitis B patients showed that there is 
a positive correlation between HBV infection and serum 
Adiponectin. Adiponectin is known to suppress fatty acid 
synthesis in the liver and also opposes synthesis and release 
of TNF-α in adipose tissue (20). However, more data would 
be needed for confirmation between the association of HBV 
infection and Adiponectin and the lack of direct correlation 

between HBV infection and hepatic steatosis. 

HBV seroconversion and hepatic steatosis

Hepatic steatosis is also noted to have a role in seroclearance 
of Hepatitis B surface Antigen (HBsAg) in chronic HBV 
infection by Chu et al. (21). In a study of 155 patients, they 
found an increased chance of HBsAg clearance compared to 
the patients without a fatty liver on ultrasound.

The proposed mechanism by the authors were either 
that of hepatic steatosis causing an alteration of HBsAg 
cytoplasmic distribution which leads to seroclearance or 
steatosis-induced apoptosis hepatocytes leading to loss 
of HBsAg. An increased in FAS receptors on the surface 
of hepatocytes with hepatic steatosis could explain the 
apoptosis of the cells (22) and this in turn could result in 
viral clearance in patient with hepatic steatosis. However, 
given that no histo-immunological study were performed 
on the selected patients, it is unlikely a conclusion of how 
the seroclearance of HBsAg occurred in hepatic steatosis 
can be obtained. 

Their study is not without any limitations. Firstly, fatty 
liver is diagnosed via ultrasound and hepatic steatosis is 
only considered present only if moderate to severe hepatic 
steatosis is seen via ultrasound. Presence of mild hepatic 
steatosis is considered under ‘no hepatic steatosis’. Secondly, 
no multivariate analysis was done to determine if hepatic 
steatosis is an independent factor for seroclearance or just a 
co-factor of other more important attributes. 

Wang et al. (23) performed a study on 3,212 patients with 
Hepatitis B infection and found that patients with hepatic 
steatosis which amount to 17.3% had statistically significant 
decreased intrahepatic HBsAg and HBcAg staining. 
Although these may not translate to seroclearance of HBsAg 
in the serum, that study does show that further study on this 
subject is warranted to conclude this association.

Hepatic steatosis, hepatitis B and virologic 
response to treatment

The data on implication of hepatic steatosis on antiviral 
therapy for chronic hepatitis B has been conflicting. 

Cindoruk et al. (24) retrospectively analysed 142 Turkish 
patients who underwent pegylated interferon alfa-2a (with 
or without addition of Lamivudine) found no difference 
in sustained virologic response between individuals with 
or without hepatic steatosis. Ateş et al. (25) also found no 
statistically significant difference in virologic response for 
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patients receiving Interferon. Although, it should be pointed 
out that their study observed a higher sustained virologic 
response in the non Hepatic Steatosis group. Another more 
recent study performed in Turkey by Ceylan et al. (26), they 
found that although serum HBV DNA levels were found to 
be lower in patients with hepatic steatosis, the presence of 
hepatic steatosis has no effect on virologic response to either 
tenofovir or entecavir at 6 or 12 months. Interestingly, they 
also found that the presence of steatohepatitis may predict 
a favourable response in the tenofovir arm at 6 months. 
But given that their study was not designed to investigate 
patients with steatohepatitis and that they had a limited 
number of patients with steatohepatitis, it is difficult to 
draw a convincing association from it. 

On the contrary, Jin et al. (27) in a prospective study of 
267 Chinese patients with Chronic Hepatitis B infection 
and started on entecavir treatment, found that Hepatic 
Steatosis is a significant independent factor associated 
with Entecavir treatment failure. The authors measured 
virologic response at week 24th, 48th and 96th and confirmed 
that Hepatic Steatosis is a risk for treatment failure in a 
multivariate analysis. They attributed this findings to the 
decreased bioavailability of Entecavir in hepatocytes due 
to lipid accumulation and reduced activity of cytochromes 
in Hepatic Steatosis on drug metabolism. The major 
shortcoming of this study is that liver biopsy was not 
performed to evaluate for Hepatic Steatosis and the 
relatively high exclusion rate for the study (54 out of 267 
patients enrolled) means a reduced external validity of the 
data presented. 

The conclusion we could gather from the presence of the 
current data suggests that there is unlikely any significant 
difference in efficacy between oral medications or interferon 
in patients with Hepatic Steatosis. 

Hepatic steatosis, hepatitis B and liver 
necroinflammation/fibrosis

Although molecularly possible to explain the pathogenesis 
of how Hepatitis B leads to lipid accumulation and the 
possibility of steatohepatitis, data currently available does not 
suggest the positive association as expected. Peng et al. (28)  
assessed a total of 153 adult with Chronic Hepatitis 
B infection with liver biopsy performed and found no 
significant correlation between stage of liver fibrosis and 
severity of hepatic steatosis. On a large scale study by Shi et 
al. (5) which involves 1,915 patients with Chronic Hepatitis 
B infection who has undergone liver biopsy, they found 

in a multivariate analysis that inflammatory grade in these 
patients was associated significantly only with viral factor 
and fibrosis stage, while the fibrosis stage was significantly 
associated with age and inflammatory grade. 

Hepatitis B and TM6SF2 variant

A recent look into the gene of Transmembrane 6 
Superfamily Member 2 (TM6SF2) rs58542926 variant could 
provide some answers needed to the issues surrounding 
Chronic Hepatitis B and Hepatic Steatosis. Although 
TM6SF2 is a gene of unknown function in chromosome 19, 
it was shown by Kozlitina et al. (29) that a non-synonymous 
single-nucleotide polymorphism (SNP) where a substitution 
of adenine for guanine encoding the nucleotide 499 leads to 
an increased in hepatic triglyceride content and a decrease 
in plasma levels of triglyceride and low density lipoprotein-
cholesterol. The detection of this variant gene led to more 
studies on the relation of it with viral hepatitis. 

A recent study by Eslam et al. (30) with the help of the 
International Liver Disease Genetics Consortium database 
on 507 Chronic Hepatitis B Chinese patients found that 
the presence of rs58542926 T allele was associated with 
presence of steatosis in patients with CHB. However, 
there was no association seen between the grade of severity 
of steatosis and the allele. Interestingly, this variant is 
associated with presence of higher HBV DNA. The authors 
postulated that promotion of hepatic steatosis by this gene 
variant may lead to HBV replication because of the role of 
HBx protein plays in lipid accumulation thus, signifying 
the importance of lipid synthesis and accumulation in the 
pathways of HBV infection. Although all the CHB patients 
studied were of Chinese origin, there is no difference in the 
minor allele frequency (MAF) of this variant as both the 
Chinese and the Caucasian ancestry documents a MAF of 
0.07 (31). A study on the relationship between HBx protein 
and TM6SF2 rs58542926 variant, however, is lacking 
currently. It is important to note that the authors also did 
not find any significant association between the rs58542926 
variant with fibrosis stage or cirrhosis. 

Hepatocellular carcinoma and concomitant 
hepatitis B and hepatic steatosis

A Recent study from Hong Kong by Chan et al. (32) 
demonstrates increased risk of developing hepatocellular 
carcinoma (HCC) among patients with Chronic Hepatitis 
B and concomitant Hepatic Steatosis. They found in their 
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study of 270 HBV infected patients that there is a hazard 
ratio of 7.27 in developing hepatocellular carcinoma if 
they have liver biopsy proven hepatic steatosis as well. 
In their study, they also found an increased risk of HCC 
development if patient have APOC3 gene polymorphism. 
However more data is required in assessing increased risk of 
developing hepatocellular carcinoma.

Conclusions

The association of hepatic steatosis and chronic hepatitis 
B infection is still under study and possible pathogenesis 
of Hepatitis B virus causing steatosis is being explored 
molecularly. Although seroclearance of hepatitis B is 
observed in patients with hepatic steatosis, there is a 
gap of knowledge of how this happen. The outcome of 
treatment with oral antiviral or interferon does not seem to 
be affected by the presence of hepatic steatosis. However, 
viral factors seems to be the factor which is affecting liver 
necroinflammation and fibrosis rather than hepatic steatosis 
per se. The recent findings of TM6SF2 rs58542926 variant 
and the association with hepatitis B virus means there is 
much more to study especially the relationship between the 
HBx protein and this variant.
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