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Chronic hepatitis B virus (HBV) infection is associated with lower prevalence of hyperlipidemia (HLP).  
However, occult HBV infection (OBI) in HLP patients has not yet been explored.  OBI is defined as the 
presence of detectable HBV DNA in serum or liver tissue but undetectable HBV surface antigen in serum.  
In this study, 1,036 HLP patients and 1,134 replacement blood donor controls were recruited.  Among them, 
252 HLP patients and 255 blood donors with antibody to HBV core positive were selected and analyzed.  
HBV DNA was confirmed by nucleic acid testing assays, and nucleotide mutations were analyzed.  OBI 
was detected in 9.5% (24/252) of HLP patients and 2.4% (6/255) of blood donors, respectively (P < 0.001).  
In HLP population, 41.7% of OBI and 13.6% of non-OBI carriers were associated with daily alcohol 
consuming > 30 g/day (P < 0.01), while in control population those rates were not statistically different 
between OBI and non-OBI carriers (P > 0.05).  Viral load of OBI in HLP patients was higher than that of 
OBI in blood donors (P < 0.05), which was a positive correlation between total cholesterol and HBV viral 
load levels (r = 0.474 P = 0.019).  HBV vaccination rate was found significantly lower in OBI HLP patients 
than that in non-OBI HLP patients (P < 0.01).  Importantly, mutations were found in basic core promoter 
region of HBV among OBI HLP patients.  In conclusion, the frequency of OBI is significantly higher in HLP 
patients, especially those patients with heavy daily alcohol consumption.
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Introduction
Hyperlipidemia (HLP) affects millions of people 

worldwide, which is a major risk factor for cardiovascular 
disease, fatty liver and diabetes (Bass et al. 1993; Bittner 
2005; Milias et al. 2006), which is characterized by either 
elevated levels of serum total cholesterol, triglycerides or 
both.  The known relevant factors associated with hyperlip-
idemia are high fat diet, diabetes, high blood pressure, 
smoking, age and gender (Primatesta and Poulter 2006; 
Li-Ng et al. 2007; Estoppey et al. 2011).

Previous studies showed that chronic hepatitis B virus 
(HBV) infection was associated with lower prevalence of 
hypertriglyceridemia (Jan et al. 2006; Chen et al. 2010; 
Wong et al. 2012; Chung et al. 2014; Huang et al. 2016) or 
hypercholesterolemia (Chen et al. 2010; Liu et al. 2013).  

HBV DNA load in chronic hepatitis B patients with normal 
range of total cholesterol was lower than those with high 
level of total cholesterol (Jarčuška et al. 2014).  In contrast, 
the lower HBV viral load but higher triglyceride level were 
observed among patients with chronic HBV infection (Hsu 
et al. 2012).

In recent years, a special form of HBV infection called 
occult HBV infection (OBI) attracted attention towards 
blood transfusion and healthcare.  OBI is defined as the 
presence of detectable HBV DNA in serum or liver tissue 
but undetectable HBV surface antigen (HBsAg) in serum 
(Raimondo et al. 2008), which is a risk factor for blood 
safety and development of hepatocellular carcinoma (HCC) 
(Allain and Cox 2011; Hassan et al. 2011).  However, the 
association of occult HBV infection among certain groups 
of patients such as those with hyperlipidemia has not been 
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reported.
In this study, we carried out a case-control survey for 

OBI among hyperlipidemic patients in comparison with a 
control population of replacement blood donors.

Subjects and Methods
Criteria for enrollment of patients and control populations

According to Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol in 
Adults 2001), hyperlipidemia (HLP) is characterized as low-density 
lipoprotein (LDL)-cholesterol levels > 140 mg/dL or triglyceride (TG) 
levels > 150 mg/dL in patient’s serum.  A total of 1,273 outpatients 
were diagnosed with hyperlipidemia between April 2010 and June 
2014 in the affiliated hospital of Jiangxi University of Traditional 
Chinese Medicine, Nanchang, China.  In this study, inclusive criteria 
for selecting participants were: (1) serum LDL level > 140 mg/dL or 
TG level > 150 mg/dL; (2) ages of 40-60 years; (3) treatment naive 
patients (especially who have medication for hypercholesterolemia 
such as taking statin); (4) HBsAg negative.  All involved individuals 
were questioned for a history of medication, blood transfusion, HBV 
vaccination, smoking habit and daily alcohol drinking (Table 1).  
Patients with daily alcohol consumption > 30 g/day were examined 
separately (European Association for the Study of Liver 2012; 
Askgaard et al. 2015), patients with liver cirrhosis were recognized 
(Hashemi et al. 2015).  According to these recruitment criteria, 237 
patients were excluded (Demir et al. 2008), including 140 HBsAg+, 
12 antibodies positive to hepatitis C virus (anti-HCV+), 1 antibody 
positive to human immunodeficiency virus (anti-HIV+), 3 liver fibro-
sis, 73 diabetes mellitus and 8 patients unavailable for follow-up 
examination.  Based on detection of antibody to hepatitis B core anti-
gen (anti-HBc), 252 hyperlipidemic patients (HPL group) with or 
without antibody to hepatitis B surface antigen (anti-HBs) were 
finally enrolled in this study (Fig. 1).  In a control population, 1134 
replacement blood donors with normal range of LDL or TG were 
recruited and tested in hospital, and among them 255 individuals with 
anti-HBc+ were randomly selected as controls between April 2012 
and June 2014 (Fig. 1).  All individuals involved in this study signed 
an informed consent.  The study was approved by the Ethics 
Committee of Human Resources at the Jiangxi University of 
Traditional Chinese Medicine (No. [2010]-151).

Biochemical and serological testing
Blood samples were tested for clinical biochemistry indicators, 

including alanine transaminase (ALT, normal range < 40 IU/L), aspar-
tate transaminase (AST, normal range < 40 IU/L), γ-glutamyl trans-
peptidase (GGT, normal range < 40 IU/L).  Low-density lipoprotein 
(LDL), triglyceride (TG) and total cholesterol (TC) levels were mea-
sured automatically with the Hitachi 7180 analyzer (Hitachi Ltd., 
Tokyo, Japan).  Detection of HBsAg, anti-HBc, anti-HBs, anti-HCV 
and anti-HIV was performed with Abbott analyzer i2000SR (Abbott 
Laboratories, North Chicago, IL, USA).

HBV-DNA testing
 HBV DNA was extracted from patient sera using Virus Acid 

Extraction Kits (Hoffmann-La Roche Ltd., Mannheim, Germany).  
RNase-Free water was extracted by the same way for the following 
negative control (Takara, Dalian, China).  Detection of HBV DNA 
was performed in hospital by real-time PCR (qPCR) using the Premix 

Ex Taq™ kits according manufacturer’s instruction (Perfect Real 
Time, Takara, Dalian, China).  The detection limit of HBV-DNA lev-
els is 20 IU/mL (100 copies/mL).  HBV DNA-negative serum sam-
ples were further detected in Guangzhou blood center by nucleic acid 
testing (NAT) with the multiplex Procleix Ultrio assay (individual 
donation [ID] NAT, Novartis Diagnostics, Emeryville, CA).  HBV 
DNA positive samples were detected by confirmatory PCRs (Zheng 
et al. 2011).  HBV DNA carriers with anti-HBc+/HBsAg− were 
defined as occult HBV infection (OBI) after exclusion of HBV win-
dow period infection in both patients and blood donors (Zheng et al.  
2011).

Nested PCR technique and electrophoresis
HBV DNA was detected by nested PCR technique involving 

amplification of the HBV genome specific for the basic core promoter 
(BCP) region.  The primers and cycling conditions described as a pre-
vious report (Allain et al. 2012).  Nested PCR reactions were per-
formed by using Takara’s rTaq and La-Taq enzyme (Takara, Dalian, 
China).  10 µl 2nd-round PCR products were analyzed by electropho-
resis in 1.5% agarose gel stained with ethidium bromide.

Sequencing of HBV DNA from OBI HLP patients
BCP region amplification (295 bp) were directly sequenced 

commercially (Invitrogen, Guangzhou, China).  The genotype and 
mutation were determined by nucleotide sequence alignments with 
the DNAMAN program (Lynnon Corporation, Quebec, Canada, ver-
sion 6.0).  Mutations in HBV BCP region were identified through 
comparison with reference sequences for genotype B or C (GenBank 
accession numbers of DQ463392 and AY167089), respectively.

Statistical analysis
Statistical analyses were performed by SPSS 19.0 (SPSS Inc., 

Chicago, Illinois, USA).  Data was analyzed using parametric meth-
ods for normally distributed continuous data (t-test).  Continuous 
variables were expressed as mean ± standard deviation.  Chi-square 
test was performed to compare the variables of categories between 

Fig. 1.  Recruitment of study populations.
 HLP, Hyperlipidemia; DM, diabetes.
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two groups.  For continuous variables, the non-parametric Mann-
Whitney test was used to compare the median of viral load between 
two groups.  P value < 0.05 was considered as significant.  The 
Speraman correlation was used to access the association between two 
quantitative variables.

Results
Characteristics of population backgrounds

The information of clinical background was obtained 
individually from 252 HLP patients and 255 replacement 
blood donor controls carrying HBV serological markers 
(Table 1).  All subjects were anti-HBc positive.  No signifi-
cant difference in the risk factors of age, gender, alcohol 
drinking, smoking, blood transfusion and HBV vaccination 
was observed between HLP patients and blood donors (P = 
0.20-0.76), including the risk factor of daily alcohol con-

sumption > 30 g/day (Table 1).

Clinical examination of hyperlipidemic patients and blood 
donor controls

Individuals with anti-HBc, with/without anti-HBs and 
without HBsAg were selected from two groups of 1,036 
HLP patients and 1,134 replacement blood donor controls, 
respectively, who were tested for serum biochemical activ-
ity of hepatic enzymes, total cholesterol (TC) and HBV 
DNA (Table 2).  Levels of ALT, AST and GGT were mea-
sured in the normal ranges.  For all these markers, no statis-
tical differences were observed between HLP and control 
groups (P = 0.31-0.45).  TC levels were significantly higher 
in the HLP group than those in the control group (P < 
0.001).  HBV DNA positive samples classified as OBI were 
detected in 9.5% (24/252) HLP patients and 2.4% (6/255) 

Factors HLP (%) Blood donors (%) P value 

Individuals with anti-HBc 252 255 

Age (years) 50.1 ± 6.7 49.3 ± 8.9 0.25 

Sex (male/female) 131/121 128/127 0.69 

BMI (Kg/m2) 25 ± 1.1 18.2 ± 2.9 < 0.0001 

Daily alcohol drinking (> 30 g/day) 41 (16.3) 39 (15.3) 0.76 

Habitual smoking 83 (32.9) 98 (38.4) 0.20 

Blood transfusion  10 (4) 8 (3.1) 0.61 

HBV vaccination 121 (48) 119 (46.7) 0.76 

HLP, hyperlipidemia; HBV, hepatitis B virus; BMI, body mass index.
Age and BMI are presented as mean ± standard deviation.

Test HLP group Control group P value 

Sample numbers 252 255 

ALT (IU/L) 23 ± 15.1 24 ± 14.8 0.45 

GGT (IU/L) 25 ± 11.3 26 ± 10.8 0.31 

AST (IU/L) 21 ± 12.9 20 ± 13.7 0.39 

WBC counts (/mm3) 5,150 ± 1,130 5,266 ± 895 0.20 

Lymphocytes % 34.5 ± 8.9 35.9 ± 6.6 0.04 

TG (mg/dL) 148 ± 10.2  122 ± 11.3 < 0.0001 

TC (mg/dL) 208 ± 9.3 173 ± 15.2 < 0.001 

OBI (%) 24 (9.5%) 6 (2.4%) 0.001 

ALT, alanine transaminase; AST, aspartate transaminase; GGT, γ-glutamyl transpepti-
dase.  Levels of ALT, AST and GGT are presented as mean ± standard deviation in 
IU/L and their normal ranges are 0-40 IU/L.  TG (triglyceride) and TC (total choles-
terol) are given in mg/dL; OBI, occult hepatitis virus infection was defined as HBV 
DNA+, HBsAg− and anti-HBc+ in serum or liver tissue.

Table 2.  Biochemical and HBV detection for the recruited individuals.

Table 1.  Medical background between HLP patient and control groups.
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blood donor controls.  The frequency of OBI appeared to be 
significantly higher in HLP patients than that in replace-
ment blood donor population (P = 0.001).

Association of hyperlipidemic patients with occult HBV 
infection

Twenty-four HLP patients and six replacement blood 
donors, carrying OBI, were analyzed for association with 
the risk factors to HLP (Table 3).  Level of LDL or TG was 
measured either > 140 mg/dL or > 150 mg/dL from HLP 
patients, respectively, but both factors levels were bellow 
hyperlipidemia criteria in replacement blood donors.  TC 
level was significantly higher in OBI HLP patients than in 
OBI blood donors (P = 0.00012).

The rate of daily alcohol consumption > 30 g/day was 
41.7% (10/24) in HLP patients with OBI, which was statis-
tically higher than 13.6% (31/228) in HLP patients without 

OBI (P = 0.0016).  The rates were not statistically different 
between OBI and non-OBI blood donors (16.7% [1/6] vs.  
15.3% [38/249]) (P = 0.92).  Among 24 OBI HLP patients, 
8.3% (2/24) had received HBV vaccines, which was signifi-
cantly lower than 52.2% (119/228) in non-OBI HLP 
patients (Table 3) (P = 0.0001).

Viral load (median 1,000 HBV DNA copies/ml) of 
OBI in HLP patients ranged between 700 and 1,200 copies/
ml, which was significantly higher than that observed 
(median 800 copies/ml) in blood donor controls with OBI 
and normal range of LDL or TG level (P = 0.023).  Among 
24 OBI HLP patients, a positive correlation was observed 
between TC and HBV load levels (TC vs. HBV DNA load; 
r = 0.474, P = 0.019) (Fig. 2).

Genetic analysis in BCP region of OBIs from HLP patients
Ten out of 24 (42%) OBIs from HLP patients were 

ID Age Sex 
Alcohol 

(> 30 g/day) 

LDL/TG 
(mg/dL) 

TC 
(mg/dL) 

HBV 
vaccination 

ALT 
(IU/L) 

HBV 
VL 

HLP-1 49 F No LDL (186) 201 Yes 21 900 
HLP-2 50 F No LDL(163) 251 No 13 1,200 
HLP-3 48 M Yes TG( 201) 238 No 40 900 
HLP-4 51 F No LDL (221) 264 No 40 1,100 
HLP-5 52 M Yes LDL (189) 214 No 36 1,000 
HLP-6 46 F No LDL (197) 283 No 34 1,200 
HLP-7 40 F Yes TG (201) 244 No 21 900 
HLP-8 47 M Yes LDL (211) 273 No 40 800 
HLP-9 49 F No LDL (178) 265 No 23 1,100 
HLP-10 50 F No TG (189) 280 No 39 1,200 
HLP-11 51 F No TG (176) 269 No 12 1,200 
HLP-12 50 M Yes LDL (188) 260 No 17 1,100 
HLP-13 44 F No LDL (201) 180 Yes 33 800 
HLP-14 44 M Yes TG(178) 224 No 36 900 
HLP-15 37 F No LDL(222) 217 No 33 700 
HLP-16 45 M No LDL(167) 197 No 37 1,000 
HLP-17 38 F Yes LDL(178) 213 No 40 900 
HLP-18 67 M No TG(210) 222 No 36 900 
HLP-19 56 F No TG(188) 234 No 35 1,100 
HLP-20 77 F Yes LDL(201) 188 No 34 800 
HLP-21 55 F Yes TG(168) 262 No 35 1,000 
HLP-22 46 M No TG(167) 188 No 36 1,200 
HLP-23 65 M No LDL(229) 283 No 36 900 
HLP-24 51 M Yes TG(156) 185 No 35 800 
BD-1 52 F No TG(149) 189 No 21 800 
BD-2 49 M No TG(118) 178 No 35 700 
BD-3 50 M No TG(109) 164 No 33 900 
BD-4 44 M No LDL(122) 177 No 33 700 
BD-5 39 F Yes TG(108) 111 No 33 800 
BD-6 51 M No LDL(109) 108 Yes 26 1,000 

ID, individual identity; BD, replacement blood donor; F, female; M, male; LDL, low-density 
lipoprotein; TG, triglyceride; TC, total cholesterol; ALT is presented in IU/L; VL, viral load 
is presented in HBV DNA copies/ml.

Table 3.  Characterization of hyperlipidemic patients carrying OBI.
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analyzed for genotyping and mutations in BCP region of 
HBV (Table 4).  Five OBIs were classified as genotype B 
and 5 were classified as genotype C.  And among them 4 
had a single nucleotide (nt) mutation, 4 had two mutations 
and 2 had three mutations.  The typical mutations at nt 
1762, 1764 and 1846 in BCP region of HBV were observed 
in OBIs from the HLP patients (Table 4).

Discussion
Chronic HBV infection is associated with lower preva-

lence of hypertriglyceridemia in men and women (Jan et al. 

2006; Chen et al. 2010; Wong et al. 2012; Chung et al. 
2014; Huang et al. 2016).  In this study, however, OBI was 
detected at higher frequency in HLP patients than in 
replacement blood donor population controls (9.5% vs. 
2.4%, P < 0.001), which suggested a positive association 
between OBI and HLP.  Patients with hypercholesterolemia 
have higher total T cell counts, higher cluster of differentia-
tion CD4+ cells and more interleukin-2 (IL-2) release in 
response to PHA (Muldoon et al. 1997).  In addition, com-
pared with the healthy controls, level of IL-2 increased sig-
nificantly, while interleukin-10 (IL-10) decreased signifi-
cantly among patients with hypercholesterolemia (P < 0.05) 
(Zhang et al. 2016).  A similar situation was found with 
changes in immune system function such as the decrease of 
IL-10 in OBI patients co-infected with HIV infection com-
pared to patients with overt HBV infection (Martin et al. 
2009; Kwak and Kim 2014).  In addition to inflammatory 
parameter, a previous study found that occult HBV infec-
tion lead to a significant increase in the levels of DNA dam-
age, reactive oxygen species (ROS) and apoptosis in 
peripheral blood lymphocytes (Bhargava et al. 2010).  In 
this study, whether high frequency of OBI in HLP patients 
is due to the increase of T-cell counts and decrease of IL-10 
needs to be further investigated.

Higher frequency of OBI is found in HLP patients 
with heavy daily alcohol consumption than in HLP patients 
and blood donors without daily alcohol consumption > 30 g, 
suggesting that heavy alcohol consuming has a synergistic 
effect on the occurrence of OBI and HLP.  In the case of the 
immune system, light or moderate alcohol consumption 
was associated with reduced inflammation and improved 
response to vaccination, while chronic heavy drinking was 
associated with decreased lymphocyte counts and increased 
risk of both bacterial and viral infections (Barr et al. 2016).  
Increased alcohol consumption has been related to 
increased prevalence of seroconversion from hepatitis B e 
antigen (HBeAg) to anti-HBe and to increasing prevalence 
of alcoholic liver disease and decreasing prevalence of 
chronic hepatitis (Itoh and Shimoji 1986), which might be a 
cause for OBI occurrence following HBV infection 
(Raimondo et al. 2013).  Therefore, discontinuing heavy 
alcohol drinking should decrease the frequency of OBI 
occurrence in HLP patients and healthy individuals.

Viral load of OBI in HLP patients with LDL > 140 mg/
dL or TG > 150 mg/dL was significantly higher than that of 
OBI in replacement blood donors with a normal range of 
LDL and TG levels (P < 0.05).  In the meanwhile, a posi-
tive correlation between TC and HBV-load level in OBI 
HLP patients was observed (Fig. 2).  Among chronic HBV 
infected individuals, a study showed that patients with met-
abolic syndrome (MS) or with hypercholesterolemia or 
hypocholesterolemia carried significantly higher HBV viral 
load than those without MS or with normal range of total 
cholesterol (Jarčuška et al. 2014).  Another report indicated 
that HBV viral load was negatively proportional to serum 
TG (Jan et al. 2006).  However, whether patient’s HLP ben-

Patient ID Genotype BCP region mutation 

HLP-1 B A1760G 

HLP-4 B T1814G, T1822A, A1846T 

HLP-5 C T1841A 

HLP-9 C G1745A, T1801A, T1821A 

HLP-10 B G1742A, A1760G 

HLP-13 B A1752G, A1846T 

HLP-19 C T1821C 

HLP-20 B G1778A 

HLP-22 C C1780T, A1762T 

HLP-24 C A 1762T, G1764A 

Fig. 2.  Correlation between TC and HBV-DNA load level.
 The correlation of HBV DNA load and TC levels were 

plotted among 24 OBI HLP patients (r = 0.474, P = 
0.019).  Dots represent individual patients.  TC, total 
cholesterol; HBV, hepatitis virus.

Table 4.  Nucleotide mutations in BCP region of OBIs iden-
tified from HLP patients.

BCP, basic core promoter; HBV genotype B or C were 
defined as B or C.
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efits for maintaining a relatively high viral load of OBI still 
remains unclear.  High frequency of OBI was found from 
HLP patients with low rate of HBV vaccination, suggesting 
the efficacy of HBV vaccination plays a critical role in pre-
venting both occult and chronic HBV infections (Amponsah- 
Dacosta et al. 2015).

In our study, nucleotide mutations in the BCP region 
were detected from 10 of 24 OBI HLP patients, in which 
the meaningful mutations A1762T and G1764A were 
observed (Zheng et al. 2011; Chamni et al. 2014; Inuzuka et 
al. 2014; Yang et al. 2016).  These could potentially be 
responsible for viral persistence and failure of detection of 
HBsAg in OBI HLP patients (Chandra et al. 2009; Fang et 
al. 2009; Pinarbasi et al. 2009; Chen et al. 2012).  Some 
mutations in the BCP region are associated with not only 
immunoassay failure but also vaccine escape variants 
(Sa-Nguanmoo et al. 2012; Yimnoi et al. 2016).  As all 
known, many researchers found that the disorders in lipid 
metabolism have contributed to the understanding of lipo-
protein metabolism and the pathophysiological conse-
quences of a particular mutation (Smit and Diamant 2004).  
However, it seems that there is no evidence of BCP muta-
tion associated with the HLP patients.  Further research 
requires to define whether the correlation between HLP and 
critical mutation of OBI exists.

In summary, we show the high frequency of OBI 
occurrence in HLP patients, in particular those patients with 
heavy daily alcohol consumption.  Viral load of OBI in 
HLP patients was relatively higher than that of individuals 
without HLP.  The positive correlation between TC and 
HBV DNA level was observed among OBI HLP patients.  
BCP mutations were detected in OBIs, which might con-
tribute to occurrence of occult HBV infection in the HLP 
patients.
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