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Abstract

There are limited data regarding the relationship be-
tween chronic hepatitis B virus (HBV) infection and
metabolic factors. This article aims to highlight the link
of metabolic factors with hepatitis B surface antigen
(HBsAg) serostatus, HBV load, and HBV-related hepa-
tocellular carcinoma (HCC). Although HBsAg-positive
serostatus was positively correlated with a high risk of
metabolic syndrome in students, chronic HBV-infected
individuals have high serum adiponectin levels. The an-
drogen pathway in HBV carriers with a low body mass
index is more triggered which leads to enhanced HBV
replication. High HBV load was inversely associated
with obesity in hepatitis B e antigen (HBeAg)-seropos-
itive HBV carriers; while in HBeAg-seronegative HBV
carriers, high HBV load was inversely related to hyper-
triglyceridemia rather than obesity. For overweight and
obese HBV-infected patients, high HBV load was posi-
tively associated with serum adiponectin levels. Several
large cohort studies have revealed a positive link of dia-
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betes with incidence of HBV-related HCC. However, the
association between incidence of HCC and metabolic
factors other than diabetes is still inconclusive. More
long-term prospective studies should elucidate the as-
sociation of chronic HBV infection and its outcomes
with metabolic factors in clinical practice.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Facing the increasing burden of metabolic
syndrome and chronic hepatitis B worldwide, this re-
view tries to highlight the association of metabolic
factors with chronic hepatitis B. Intriguingly, hepatitis
B virus carriers are reported to have higher serum adi-
ponectin levels, previously linked with individuals with
low body mass index. Obesity and hypertriglyceridemia
(metabolically bad factors) are inversely associated
with high hepatitis B viral load; a crucial predictor for
primary liver cancer. In contrast, serum adiponectin
levels (a metabolically good factor) are positively relat-
ed to high hepatitis B viral load in individuals with high
body mass index.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is well-
known as a major risk factor for hepatocellular carci-
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noma (HCC)""¥. The burden of obesity and metabolic
syndrome has been increasing in recent decades"’.
Subsequently, there is growing concern regarding the as-
sociation between metabolic factors and chronic HBV
infection. This review article tries to highlight the associa-

tion of metabolic factors with hepatitis B surface antigen
(HBsAg) serostatus, HBV load, and HBV-related HCC.

METABOLIC FACTORS AND HBsAg

SEROSTATUS

Chronic-HBV-infected university freshers (4475 men and
3751 women) had a higher risk of metabolic syndrome
(OR = 1.58, 95%CI: 1.04-2.47) compared to individuals
with seroprotective titers after HBV vaccination'”, after
controlling for age, sex, body mass index (BMI), uric acid
quattiles, smoking, alcohol consumption, and physical ac-
tivity. However, another population-based cross-sectional
study (53528 participants) showed that the likelihood of
developing metabolic syndrome was lower in HBsAg-
positive (# = 5995, 12.6%) than HBsAg-negative (adjusted
OR = 0.84, 95%CI: 0.76-0.93) adults after controlling
for age and sex. High triglyceride level (= 150 mg/dL)
(adjusted OR = 0.65, 95%CI: 0.60-0.69) and high blood
pressure (adjusted OR = 0.89, 95%CI: 0.83-0.94) were
inversely associated with being HBsAg-positive. One of
the probable explanations of the inconsistency between
the above student- and population-based studies is the
different age compositions (freshers s 30-79 years) and
comparison groups (individuals with seroprotective titers
after HBV vaccination »s being HBsAg positive). It is
worth mentioning that being positive for hepatitis C virus
(HCV) antibody was positively associated with reduced
high-density lipoprotein (adjusted OR = 1.61, 95%CI:
1.37-1.88), while inversely associated with high triglycer-
ide level (adjusted OR = 0.63, 95%CI: 0.55-0.71) accord-
ing to the population-based studym. Thus, the likelihood
of developing metabolic syndrome in HCV carriers (7 =
1792, 3.8%) was similar to that in non-HCV carriers.
There have been controversial results. A hospital-
based cross-sectional study (243 men and 264 women;
mean age: 40.6 years) showed no significant relationship
between chronic HBV infection and insulin resistance
or ultrasonographic hepatic steatosis'”. Another cross-
sectional population study reported that HBV-infected
Hong Kong Chinese (# = 91) had lower intrahepatic
triglyceride content measured by proton-magnetic reso-
nance spectroscopy (P < 0.001), lower serum triglycerides
(P < 0.001), lower metabolic syndrome (11.0% »s 20.2%,
P = 0.034), and a lower risk of fatty liver (adjusted OR
= 0.42, 95%CI: 0.20-0.88) than controls (# = 922)",
The association of HBV with selected adipokines is also
under investigation. For example, adiponectin possesses
anti-inflammatory effects and is inversely associated with
BMI, type 2 diabetes and several metabolic disorders"’.
Recently, we demonstrated that HBV-infected individuals,
though heavier than healthy controls, had higher serum
adiponectin levels (P < 0.0001) and a higher proportion
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of adiponectin levels over the 75" percentile (adjusted
OR = 4.25, 95%CI: 2.36-7.66) after controlling age, sex,
BMI, and insulin resistance index'"". The link between
HBsAg serostatus and metabolic factors should be fur-
ther clarified from the perspective of HBV load.

METABOLIC FACTORS AND HEPATITIS B
VIRAL LOAD

Some animal models considered HBV a “metabolovirus”
because the gene expression of HBV and key metabolic

genes in hepatocytes was shown to be similarly regu-
lated"”. The androgen production in HBV carriers with
a low BMI (< 23 kg/m®) was more triggered and up-
regulated HBV replication, as shown in a transcriptional
animal model and a campus-based studym’m. A Taiwan-
ese community-based study including 3587 HBV-infected
participants revealed that high HBV load was inversely
associated with extreme obesity (adjusted OR = 0.17,
95%CI: 0.05-0.63) and central obesity (adjusted OR =
0.44; 95%CI: 0.25-0.78) in HBeAg-seropositive patients;
while high HBV load was inversely associated with hyper-
triglyceridemia (adjusted OR = 0.74, 95%CI: 0.61-0.89)
in HBeAg-seronegative patientsm. Liver steatosis was
neither associated with HBV load in HBeAg-seropositive
patients (adjusted OR = 1.46, 95%CI: 0.90-2.36) nor
in HBeAg-seronegative patients (adjusted OR = 0.88,
95%CI: 0.72-1.08). The above findings altogether impli-
cate that metabolically bad factors (obesity and hyper-
triglyceridemia) may cause liver damage through hepatic
steatosis and oxidative stress, independently of HBV
replication.

Although adipokines were observed to contribute to
histological liver injury of chronic HBV-infected patients
hospitalized for liver biopsym], an experimental animal
model demonstrated that HBV replication boosted the
increase in circulating adiponectin levels through acti-
vation of peroxisome proliferator-activated receptory
(PPARy) gene expression. Reciprocally, adiponectin
and PPARy agonist treatment triggered HBV replica-
tion'". Consistently, we also revealed that the logarithmic
transformation of HBV load was positively associated
with serum adiponectin levels, but only in patients with
a higher BMI (BMI = 23 kg/mz) (P = 0.018) adjusted
for age, sex, BMI, HBeAg serostatus, liver function, and
homeostasis model assessment of insulin resistance' .
In patients with a lower BMI, HBV load tended to be
up-regulated by the activated androgen production more
than the adiponectin pathwaym. More elucidation of
adiponectin pathways in HBV carriers may help develop
adjuvant treatments of HBV infection in the future.

METABOLIC FACTORS AND HBV-
RELATED HCC

The potential link between diabetes mellitus and meta-

bolic factors with HBV-related HCC has aroused increas-
[18-22]

ing concern’ ', not necessarily related to serum HBV
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load, a well-known risk factor of HCC??*

a long-term community-based cohort revealed that HBV-
related HCC risk was associated with diabetes (adjusted
OR = 2.27, 95%CI: 1.10-4.66) rather than extreme obe-
sity (adjusted OR = 1.36, 95%CI: 0.64-2.89)"". However,
the study performed no adjustment of hepatitis B viral
load or HBeAg serostatus.

The relationship between HCC and metabolic fac-
tors other than diabetes, however, is more inconclusive.
A large European cohort study of 289273 men has re-
ported an inverse link between cancer occurrence of the

. For example,

liver and intrahepatic ducts and serum total cholesterol™.

Tsan et al**”"

analyzed a National Health Insurance
claims database and found protective effects of statins on
HBV- and HCV-related HCC incidence. Notably, second-
ary data analyses using claims database in Taiwan usually
lack important confounding information including BMI,
blood pressure, liver function, cigarette or alcohol habits,
and medication adherence. Besides, clinicians may decide
to withhold or withdraw statins for patients with abnor-
mal liver function, though some human trials of statins
were shown to improve hepatic steatosis and hepatic
fibrosis™. This concern in real practice might confound
the true protective role of statins in HBV- and HCV-
related HCC incidence.

High triglyceride levels (= 150 mg/dL) wete inversely
associated with subsequent HBV-related HCC incidence
(adjusted OR = 0.60, 95%CI: 0.40-0.90)"". This finding
is consistent with the inverse association between serum
triglycerides and HBV load in HBeAg-seronegative pa-
tients'”. HBV X protein could inhibit the secretion of
apolipoprotein B, located on the surface of every triglyc-
eride-rich very-low-density lipoprotein particle[zg]. Once
HBYV actively replicates, HBV X protein increases rapidly
and impairs the production of very-low-density lipo-
protein and circulating triglycerides. However, an animal
study reported fibrate-induced anti-proliferative effects
in cultured human HCC cells™. The investigators dem-
onstrated that the protective effects were independent of
the PPARq, pathway. There are still no prospective hu-
man studies prospectively exploring fibrate use and HCC
occurrence in HBV-infected individuals.

CONCLUSION

The controversy regarding the association between the
presence of HBsAg and metabolic factors should be
further understood from the perspective of HBV load.
High HBV load was inversely associated with obesity
in HBeAg-seropositive HBV carriers; while in HBeAg-
seronegative individuals, high HBV load was inversely
related to hypertriglyceridemia. HBV replication did not
interact with obesity or hypertriglyceridemia to cause

liver damage. The activation of PR4Ry gene expression
at a high BMI and androgen pathway at a low BMI might
be associated with high HBV load. Among metabolic
factors, diabetes has been the best known risk factor of
HBV-related HCC. More better-designed long-term pro-
spective research should focus on elucidating association
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of metabolic factors with chronic HBV infection and its
relevant outcomes.
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