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Abstract
Introduction. Epidemiological data indicate that one-third of the world’s population have serological markers of hepatitis 
B virus infection. Hepatic steatosis is often observed in patients with chronic liver diseases. The exact mechanisms of 
hepatic steatosis progression and the efficacy of antiviral therapy in patients with CHB and hepatic steatosis are not yet 
fully understood.   
Objective. The aim of the study was to investigate the LDLR concentration and degree of hepatic fibrosis and hepatic 
steatosis in patients with chronic hepatitis B infection during tenofovir disoproxil fumarate therapy.   
Materials and method. The study group consisted of 54 patients with CHB. The LDLR concentration, assessment of the 
degree of hepatic fibrosis, hepatic steatosis, total cholesterol, low density lipoprotein, high density lipoprotein and triglyceride 
concentrations, were assessed at the beginning of therapy, 6 months later, and 12 months after commencement of therapy. 
The control group consisted of 18 healthy individuals.  
Results. The mean LDLR concentration in the studied groups was statistically significantly lower (p<0.05) than in the controls. 
The antiviral therapy based on TDF had no influence on the LDLR concentration and HBsAg level.  
Conclusions. The results indicate a statistically significant lower(p<0.05) concentration of LDLR in patients with chronic 
hepatitis B infection. Negative correlations between HBsAg level and LDLR concentration in patients with chronic HBV, at 
all stages of the study may indicate, that HBsAg protects hepatocytes from LDL accumulation.
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INTRODUCTION

Patients with chronic hepatitis B virus infection (CHB) 
are at risk of life-threatening complications such as liver 
cirrhosis and primary hepatocellular carcinoma (HCC). 
The epidemiological data indicate that one-third of the 
world’s population have serological markers of hepatitis B 
virus (HBV) infection [1]. The accumulation of fat, mainly 
triglycerides, within liver cells results in the development of 
hepatic steatosis (HS), which is often observed in patients 
with chronic liver diseases. The percentage of HS prevalence 
among patients with CHB ranges from 14% – 67% [2]. The 
results of recently published studies indicate that hepatic 
steatosis is associated with the development of fibrosis in 
patients with hepatitis B virus infection, and also has an 
influence on a worse response to antiviral therapy in this 
group of patients [3, 4].

The presence of metabolic syndrome increases the risk 
of complications in patients with CHB [2]. Non-alcoholic 
fatty liver disease (NAFLD) is the most common cause of 
chronic liver disease associated with an increased risk of 
cirrhosis and HCC. The incidence of NAFLD in patients 

with chronic hepatitis B infection is estimated to be 
between 6% – 33%. Recently published data showed an 
inverse relationship between HBV infection and metabolic 
syndrome [5, 6]. Meta-analysis revealed that hepatitis B virus 
infection decreases the risk of NAFLD development [7, 8]. 
There are also data indicating that the X protein of hepatitis 
B virus inhibitsthe release of apolipoprotein B, which plays 
an important role in the synthesis of both very low-density 
and low-density lipoproteins [9]. The association between low 
serum concentration of total cholesterol (TC) and infection 
with HBV has been noted [10]. The exact mechanisms of 
hepatic steatosis progression and the efficacy of antiviral 
therapy in patients with CHB and hepatic steatosis are not 
fully understood [6]. It is estimated that around 67% of the 
serum cholesterol is transported to organs such as muscles or 
adipose tissue by low-density lipoprotein (LDL). The mature 
low-density lipoprotein receptor (LDLR) is a transmembrane 
protein type I which plays an important role in the cholesterol 
concentration in human cells. The plasma LDL concentration 
is upregulated by its liver receptor which is responsible for the 
binding and internalization of LDL-cholesterol. The uptake 
of LDL by hepatocytes depends on the activity of LDLR. 
Differences in plasma LDL concentration are the result of 
changes in receptor activity. The results of recently published 
data indicate that hepatitis B virus increases the expression 
of cholesterol metabolism related genes [11]. The replication 
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of HBV in the liver is considered an important risk factor for 
liver damage, and the viral load correlates with an increased 
risk with the development of cirrhosis and HCC.

The main goal of antiviral therapy for patients with CHB 
infection is to prevent progression of the disease which 
increases survival and improves the quality of life. It is also 
important to prevent HBV reactivation and transmission to 
others. Results of long-term studies show that the maximal 
and sustained suppression of viral replication to undetectable 
levels reverts liver fibrosis and necroinflammatory activity in 
most patients. Currently, two classes of antiviral drugs are 
available for the therapy of HBV. Immune modulators, such 
as interferon α and nucleoside or nucleotide analogues (NA), 
act as reverse transcriptase inhibitors of the HBV polymerase. 
Tenofovir disoproxil fumarate (TDF) is a potent antiviral 
drug with confirmed activity against the wild type, and also 
lamivudine-resistant HBV strains with good safety profile. 
According to guidelines, it is recommended as the first-line 
therapy for patients with CHB. Marcellin, et al. demonstrated 
the efficacy of TDF in reducing the severity of liver fibrosis 
and cirrhosis during therapy [12, 13]. Genotypic resistance, 
however, has not been described. The results of long-term 
therapy with TDF in HBs-Ag negative patients show that the 
rates of virological response ranged from 92% – 100%, with 
no evidence of resistance. In the study group, 75% of patients 
achieved biochemical response, defined as the normalization 
of the aminotransferases activity [14].

OBJECTIVE

The aim of the study was to investigate the LDLR concentration, 
the degree of hepatic fibrosis and hepatic steatosis in patients 
with chronic hepatitis B infection during tenofovir disoproxil 
fumarate – based antiviral therapy. The concentration was 
also assessed of total cholesterol, triglycerides, high and low 
density lipoproteins, and the qHBSAg and HBV DNA level.

MATERIALS AND METHOD

The study group consisted of 54 individuals with chronic 
hepatitis B infection, treated with tenofovir disoproxil 
fumarate in the XXXX. TDF was administered according to 
the guideline recommendations. Chronic hepatitis is defined 
as the persistence of hepatitis B surface antigen for longer 
than six months. In all subjects, HBe-antigen was negative. 
Patients with chronic hepatitis C infection and human 
immunodeficiency virus co-infection were excluded from the 
study. The control group consisted of 18 healthy volunteers: 
10 male patients and 8 females, aged 36–58 years (mean age 
46.3 years). All patients from the study group were negative 
for HBV, HCV, and HIV. The LDL-receptor concentration, 
assessment of the degree of hepatic fibrosis, hepatic steatosis, 
total cholesterol, LDL, HDL and TG concentrations were 
assessed at the beginning of therapy (Group 1), 24 weeks after 
the beginning of therapy (Group 2), and 48 weeks after the 
start of therapy (group 3). Quantification of HBsAg (qHBsAg) 
was determined 3 times, at the beginning of therapy and at 
24-week intervals.

The viral load was assessed in Group 1 and in Group 3, 
respectively, using the Cobas® Ampli Prep/ COBAS® 
TaqMan®HBV Test v 2.0 developed by Roche. The LDLR 

concentration was determined using an ELISA-kit (Shanghai 
Sunred Biological Technology Co., Ltd., Shanghai, China). 
Hepatic fibrosis was measured by applying the transient 
elastography method using the FibroScan device. The 
measurement range was 2.5–75 kPa

(Metavir fibrosis score: F0/F1 < 5% corresponding to 
180–220 dB/m, steatosis S1 5–33%: 250dB/m – 300 dB/m, 
steatosis S2 34–66%: 280 dB/m – 350 dB/m). Determination 
of HBsAg was performed using the Elecsys system 
manufactured by Roche, using an analyzer for standard 
immunochemical determinations and the Cobas e 411 
Electrochemiluminescence (ECL) Technology (Roche Polska 
Sp z. o.o, Warsaw).

The study was approved by the Bioethical Commission 
of the Medical University in Lublin, and written informed 
consent was obtained from each patient before enrolment.

Statistical analyses. The MS Office 2007, Statistica 12.0. 
software was used for compilation of the results. Consistency 
of the distribution of variables with normal distribution was 
checked using the Shapiro-Wilk test of normality. Results 
are presented using basic descriptive statistics: mean value, 
median, standard deviation, minimum and maximum values. 
Comparative analysis for the variables was performed using 
parametric and non-parametric statistical tests. Student’s 
parametric t-test was performed for normally distributed 
continuous quantitative variables by comparing the results 
from 2 groups. In the remaining cases, non-parametric 
tests were used for qualitative variables. Wilcoxon’s test 
was applied for paired samples, while the Mann-Whitney 
U Test was used to confront 2 independent samples. The 
homogeneity of variances was estimated by applying the 
Levene’s test. In order to compare the concentration of 
the tested parameters, the F-Test was applied in a one way 
analysis of variance (ANOVA).

If homogeneity was not found for dependent samples, the 
conservative F-test or Friedman’s test was applied, as well as 
multiple comparison analysis, i.e. the so-called Dunn’s post 
hoc test with Bonifferoni adjustment was used. Correlation 
tests were applied to assess simple correlation between 
individual parameters. For normally distributed continuous 
variables, the Pearson parametric correlation test was 
applied. In the remaining cases, non-parametric tests were 
applied, i.e. Spearman Rank Correlation. The correlations 
were considered statistically significant at p<0.05.

RESULTS

In the study group, the male patients accounted for 74% 
(40 patients) and the female patients accounted for 26% (14 
patients). Mean age of male patients – 47.8 years; females 
– 50.2 years. The concentration of total cholesterol, LDL, 
triglycerides, HDL-cholesterol in group 1, 2, 3 and in controls 
are presented in Table 1. The mean LDL concentration in 
Group 1 was 94.0  mg/dl (range 49.0–224  mg/dl) with an 
average value of 100.63±38.03 mg/dl. In Group 2, the mean 
LDL concentration was 96.0 mg/dl (range 60.0–202.0), with 
an average value of 102.15±33,16 mg/dl. In Group 3, the mean 
LDL concentration was 92.0 mg/dl (range 53.0 -191.0), with 
an average value of 101.81±37.1 mg/dl. In the control group, 
the mean LDL concentration was 99.5 mg/dl (range 56.0–
118.0mg/dl), with an average value of 96.43±18.0 mg/dl. The 
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mean LDLR concentration in Group 1 was 2.86 ng/ml (range 
1.42–9.3 ng/ml), with an average value of 3.46±2.03 ng/ml. 
Twenty-four weeks after the beginning of antiviral therapy 
the mean concentration of LDLR was 2.9 ng/ml (range 1.2–
10.8 ng/ml), with an average value of 3.67±2.16 ng/ml. In 
Group 3, the mean LDLR concentration was 3.0 ng/ml (range 
1.53–10,0 ng/ml) with an average value 4,02±2,54 ng/ml. In 
the controls the mean value was 26,5 ng/ml (range 15.0–34.0 
ng/ml), with an average value of 26.25±4.68 ng/ml.

Assessment of hepatic fibrosis. The assessment of hepatic 
fibrosis in Group 1 showed that the values obtained from 
elastography measurements ranged from 3.8 kPa – 18.5 kPa 
(mean value 6.3 kPa), with an average value of 7.42±3.61kPa. 
After 6 months (Group 2), the mean value was 5.9 kPa, range 
3.0–17.0 kPa, with an average value of 6.62±3.05 kPa. During 
the subsequent third measurement after 48 weeks of antiviral 
therapy, the mean fibrosis value was 4.9 kPa, range 3.5–16.8 
kPa, with an average value of 5.9±2.71 kPa (Tab. 2)

Assessment of hepatic steatosis. The assessment of hepatic 
steatosis at the beginning of antiviral therapy showed 
that the results of elastography measurements of steatosis 

ranged from 180.0–360.0 dB/m (mean value 233.0 dB/m), 
average value 244.44±50.38  dB/m. In Group 2, the mean 
value was 228.0  dB/m (range 100.0–370.0  dB/m), average 
value 235.11±56.46 dB/m. In Group 3, the mean value was 
220.0  dB/m (range 170.0–340.0  dB/m), with an average 
235,7±49,9 dB/m. HBsAg level and HBV DNA concentration 
The mean HBsAg level in Group 1 was 8156,9 IU/ml (ranged 
from 84,8–99571,0 IU/ml), average value 20133.27±26403.93 
IU/ml. In Group 2, the mean HBsAg concentration was 
8254.7 IU/ml (range 88.0–98811.8 IU/ml), average value 
16973.18±22230.22IU/ml.

At the end of the study (Group 3), the mean HBsAg 
concentration was 6723.6 IU/ml (range 75.0–100185,5 IU/
ml, average value 17626.03±24266.88 IU/ml (Tab. 2). Forty-
eight weeks after the start of the study (Group 3), HBV 
DNA concentration was reduced to a level below 6 IU/ml in 
all patients. No correlation was found between HBsAg and 
HBV DNA concentration. There were inverse Spearman’s 
correlations between HBsAg concentration and LDLR 
concentration at all stages of the study (Fig. 1–3). In the entire 
study group, beginning from the first test with p=0.000039, 
Group 2 followed with p=0.000133, and p=0.00024 at the end 
of the study. Moreover, inverse Spearman’s correlations were 
found between HBsAg concentrations and hepatic fibrosis 
at all stages of the study, in the entire study group, starting 
from the first measurement with p=000927, followed by 
Group 2 with p=0.019, and p=0.025 at the end of the study. 

Table 1. Concentration of total cholesterol, LDL, triglycerides, HDL-
cholesterol in group 1, 2, 3 and in controls

Group 1 Group 2 Group 3 Control group

x ± SD
Mean

Min. Max.
n=54

x ± SD
Mean

Min. Max.
n=54

x ± SD
Mean

Min. Max.
n=54

x ± SD
Mean

Min. Max.
n=54

Total cholesterol 
[mg/dl]

175.36±44.83
160.0

112.6–305.0

180.67±37.68
175.0

118.0–270.0

179.52±40.59
173.0

119.0–266.0

165.0±24.13
173.5

116.0–189.0

HDL [mg/dl]
55.39±15.41

55.0
34.0–90.8

55.67±11.18
54.5

40.0–87.0

55.67±11.18
54.5

40.0–87.0

60.31±12.85
58.5

41.0–80.

TG [mg/dl]
100.67±44.82

84.0
48.0–220.0

105.96±48.3
90.0

40.0–222.0

107.85±41.67
92.0

48.0–207.0

89.0±28.85
83.0

46.0–141.0

LDL [mg/dl]
100.63±38.03

94.0
49.0–224.0

102.15±33.16
96.0

60.0–202.0

101.81±37.1
92.0

53.0–191.0

96.43±18.0
99.5

56.0–118.0

LDLR [ng/ml]
3.46±2.03

2.86
1.42–9.3

3.67±2.16
2.9

1.2–10.8

4.02±2.54
3.0

1.53–10.0

26.25±4.68
26.5

15.0–34.0

Table 2. Hepatic fibrosis. hepatic steatosis (CAP), and HBsAg levels in 
the study groups

Group 1 Group 2 Group 3

x ± SD
Mean

Min. Max.
n=54

x ± SD
Mean

Min. Max.
n=54

x ± SD
Mean

Min. Max.
n=54

Fibrosis [kPa]
7.42±3.61

6.3
3.8–18.5

6.62±3.05
5.9

3.0–17.0

5.9±2.71
4.9

3.5–16.8

CAP [db/m]
244.44±50.38

233.0
180.0–360.0

235.11±56.46
228.0

100.0–370.0

235.7±49.9
220.0

170.0–340.0

HBsAg [IU/ml]
20133.27±26403.93

8156.9
84.8–99571.0

16973.18±22230.22
8254.7

88.0–98811.8

17626.03±24266.88
6723.6

75.0–100185.5

Figure 1. Sperman’s correlations between HBsAg concentrations and LDLR 
concentrations in Group 1

Figure 2. Sperman’s correlations between HBsAg concentrations and LDLR 
concentrations in Group 2
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A positive correlation was found between LDLR and fibrosis 
with p=0.0521 in Group 1 and in Group 2.

DISCUSSION

The study reports the LDLR concentration in patients with 
CHB infection during TDF-based antiviral treatment. LDLR 
plays a major role in the removal of plasma LDL from the 
liver. In the literature, there are limited data assessing the 
potential influence of LDLR concentration and liver steatosis 
during antiviral therapy with tenofovir disoproxil fumarate. 
The results of the study showed significant differences in 
the mean LDLR concentration between the study groups 
and control group (p <0.05). An almost 6 times lower 
concentration of low-density lipoprotein receptor was found 
in the study groups, compared to the controls, which may 
suggest disturbances in the liver LDL uptake in patients 
with hepatitis B infection at the beginning and during 
antiviral treatment. The lower LDLR density was correlated 
with lower LDL uptake by hepatocytes. As demonstrated 
in many studies, the receptor of low-density lipoprotein is 
important in the liver as a mediator responsible for plasma 
LDL clearance; however, the effect of lack of receptor 
(LDLR) on the metabolism of hepatic lipids has not been 
determined. The impaired function of LDLR in humans 
resulted in an increase in total cholesterol concentration 
and accumulation of plasma lipoproteins. In humans, the 
occurrence of fulminant atherosclerosis as a result of a lack 
of receptor and an increase in plasma total cholesterol, was 
also observed.

Deletion of the receptor in mice does not cause 
atherosclerosis, due to a relatively small increase in the 
concentration of total cholesterol when fed with a normal 
diet [15]. The results from studies with animal models 
indicate that in the LDLR knockout rats, the liver activates 
the compensatory mechanisms with a significant increase 
in expression of key enzymes responsible for lipogenesis 
and cholesterol synthesis. It was also shown that deletion 
of LDLR influenced the liver metabolism of free fatty acids, 
sphingolipids, and lysophosphatidylcholines in rats [16].

It should be noted that the lower concentration of 
LDLR in patients from the studied groups did not affect 

the level of total cholesterol and its fraction. There were 
no significant differences in the concentration of lipid 
fraction investigated in the studied groups compared to the 
control group. The results from the current study do not 
reveal a correlation between LDLR level and plasma lipids 
concentration. Wang, et al. observed a negative correlation 
between hepatic steatosis and intrahepatic expression of 
HBsantigen in patients infected with hepatitis B virus. The 
presence of HBs-ag in hepatocytes, confirmed by positive 
staining, was considered asan independent factor associated 
with lower risk of developing HS [17]. In Sundeep, et  al. 
found no correlation the between the level of the ‘s’ antigen 
and the degree of liver fibrosis [18]. In the current study, 
the variances were homogeneous in the Levene’s test for 
HBs-Ag levels. Results of the F-test in a one-way analysis of 
variance (F=0.12; p=0.88) showed that the reduced antigen 
levels were not statistically significant in the study groups of 
patients during tenofovir-based antiviral therapy at various 
time intervals. The negative correlation between the HBs-
Ag concentration level and LDLR at each stage of this study 
suggests the protective effect of the ‘s’ antigen on the LDL 
accumulation in the liver hepatocytes.

In order to evaluate the effectiveness of antiviral therapy, 
the viral load and the amount of HBsAg (qHBsAg) were 
assessed. The virological response during NAs therapy is 
defined as the undetectable viral load assessed by polymerase 
chain reaction (PCR) with a detection limit of 10 IU/ml. 
The results presented by Rastogi, et al. indicate that HBV 
DNA level negatively correlated with steatosis, which was 
observed in one-third of patients with hepatitis B infection 
[19]. From the results of the presented study, it appears that 
liver steatosis remained stable through the entire study 
period. No fluctuations in the degree of steatosis were found 
during TDF-based antiviral therapy. HS seems to worsen the 
prognosis of hepatic fibrosis in CHB infection [20]. Transient 
elastography (TE) equipped with a controlled attenuation 
parameter (CAP) is a technique used in assessing the degree 
of steatosis and fibrosis of the liver. In this study, a significant 
decrease in fibrosis was detected with persistent high levels 
of HBsAg. Results of the study did not show any correlation 
between fibrosis and steatosis. In the results presented by 
Yilmaz et al., no correlation was found between the viral 
load and the degree of liver steatosis [21]. Machado et  al. 
found that hepatosteatosis was a consequence of metabolic 
changes and was less frequent than in patients with chronic 
hepatitis C infection. Lesmana et  al. showed that liver 
steatosis observed in 30% of patients with chronic hepatitis 
B infection was related with central obesity [22, 23]. Data 
presented by Minakari et al. indicate that HS is not related 
to age and gender of patients nor with HBeAg, viral load, 
plasma cholesterol concentration, degree of fibrosis, or with 
liver enzymes [24].

CONCLUSIONS

The results of this study indicate a statistically significant 
lower concentration of LDLR in patients with CHB. TDF-
based therapy had no influence on LDLR concentration and 
HBs-Ag level. The negative correlations between HBs-Ag 
level and LDLR concentration at all stages of the study may 
indicate that the ‘s’ antigen protects hepatocytes from low-
density lipoprotein accumulation.

Figure 3. Sperman’s correlations between HBsAg concentrations and LDLR 
concentrations in Group 3
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Study limitations. The main limitation of the study is the 
short duration of observation (48 weeks). The tests were 
perfomed 3 times, at the beginning of antiviral therapy, and 
then at 6 months intervals. Future studies are necessary to 
confirm the preliminary results.
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