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ABSTRACT

Chronic hepatitis B (CHB) remains a relatively
major public health problem. Simultaneously,
an unhealthy lifestyle causes a series of meta-
bolic abnormalities, the most critical of which
are metabolic syndrome (MS) and nonalcoholic
fatty liver disease (NAFLD). Therefore, it is
increasingly common for MS and NAFLD to
coexist with CHB. MS is a cluster of metabolic
disorders, while NAFLD is always considered as
the manifestation of MS in the liver. The aim of
this article is to review recent advances to
explain the complex relationship among MS,
NAFLD, and hepatitis B virus (HBV) infection.
MS and NAFLD both have obesity and insulin
resistance as central factors and both can lead to
adverse hepatic and extrahepatic outcomes.
However, there is insufficient evidence to asso-
ciate NAFLD with all components of MS, and
genetically related NAFLD has little association
with MS. Incidences of MS and NAFLD are

inversely associated with HBV infection. How-
ever, the effect of HBV infection on the risk of
insulin resistance and dyslipidemia is not well
understood. Evidence from both clinical studies
and animal experiments suggested that hepatic
steatosis inhibits HBV replication. MS and
NAFLD may have adverse effects on CHB disease
progression and prognosis. Furthermore, in
related studies of CHB with normal alanine
aminotransferase (ALT), the roles of MS and
NAFLD should also be emphasized. In conclu-
sion, there are complicated interactions that are
not yet fully defined among MS, NAFLD, and
CHB. To control chronic liver disease effec-
tively, the relationship among the three must
be clarified.
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Key Summary Points

Metabolic syndrome and nonalcoholic
fatty liver disease both have obesity and
insulin resistance as their key factors, but
they are not completely equivalent.

Chronic hepatitis B complicated with
metabolic abnormalities or fatty liver has
become a common clinical condition.

Metabolic syndrome and nonalcoholic
fatty liver disease may promote the
progression of chronic hepatitis B disease,
while the effect of CHB on glucose and
lipid metabolism is not yet clear.

The relationships among these three
diseases in patients with normal ALT are
worth exploring.

INTRODUCTION

Chronic hepatitis B (CHB) is a chronic inflam-
matory disease of the liver caused by persistent
chronic hepatitis B virus (HBV) infection and it
is one of the main causes of liver cirrhosis, liver
failure, and hepatocellular carcinoma (HCC)
[1]. There are approximately 248 million people
with chronic HBV infection in the world, and
more than 680,000 patients die of HBV infec-
tion-related diseases every year, of which 46.0%
and 44.0% die of liver cirrhosis and HCC,
respectively [2, 3]. However, only 10% of all
patients with CHB are diagnosed, and 94 mil-
lion of them are indicated for anti-HBV treat-
ment, but only 5% of them actually receive
antiviral therapy [4]. CHB is still a major public
health problem worldwide.

It has been reported that 40–70% of patients
with CHB have persistently normal alanine
aminotransferase (ALT) levels [5, 6]. Although
most of these patients do not meet the antiviral
treatment standards recommended by current
guidelines, the disease may still progress insidi-
ously and adverse outcome events may occur.
For example, a recent study from China found

that among 327 patients with hepatitis B
envelope antigen (HBeAg)-negative CHB, 37.3%
had liver biopsy-proven necroinflammation,
and 53.2% had liver fibrosis [7]. Similarly,
another multicenter study also suggested that
approximately half of patients with CHB and
normal ALT had liver inflammation and/or
fibrosis [8]. Untreated patients with normal ALT
levels have a significantly increased risk of HCC,
liver transplantation, or death, regardless of
HBeAg status, compared with patients with CHB
receiving antiviral therapy with ALT greater
than two times the upper limit of normal [9, 10].

With the rapid development of modern soci-
ety and the economy, metabolic diseases related
to poor eating habits and lifestyles have become
increasingly prominent, leading to the rising
incidence of obesity, diabetes mellitus, hyper-
tension, and cardiovascular diseases. Metabolic
syndrome (MS) comprises any three of five fol-
lowing conditions (elevated waist circumfer-
ence, elevated serum triglyceride, reduced high-
density lipoprotein, elevated blood pressure, and
elevated fasting glucose) [11]. According to esti-
mates by the International Diabetes Federation,
approximately 25% of the world’s population
suffers fromMS, and the prevalence in China has
reached 20–35%, and it is still increasing each
year [12]. The prevalence of nonalcoholic fatty
liver disease (NAFLD), another public health
problem related to the aforementioned meta-
bolic disorders, has also risen sharply to approx-
imately 30% and has become the most common
chronic liver disease inChina [13, 14]. One study
predicted that the total number of NAFLD cases
will increase by approximately 30% from2016 to
2030. As a result of the impact of urbanization,
China will have the fastest growth, and the dis-
ease burden associated with NAFLD will also
increase [15]. Recently, the terminology of
metabolic dysfunction-associated fatty liver dis-
ease (MAFLD) has been proposed and gradually
widely accepted [16]. However, most of the cur-
rent studies still use the definition of NAFLD. So,
this review mainly discussed NAFLD.

In clinicalpractice, it isnotuncommon forMS
or NAFLD to occur in patients with CHB. As the
prevention and control of CHB disease enter a
new era, CHB with normal ALT has become a
focused issue, and the influence of MS and
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NAFLD is becoming increasingly difficult to
neglect. As a result of the intricate relationships
among the three diseases and their increasing
incidence, the health of the public is seriously
threatened and the economic burden on society
is greatly increased. In recent years, researchers
have conducted more in-depth studies on the
interactions of MS, NAFLD, and HBV infection
and their interactions with multiple organs in
their epidemiology, pathogenesis, clinical man-
ifestations, disease prevention, and therapy. This
article will review the relationships among
metabolic syndrome, hepatic steatosis, and HBV
infection. This article is based on previously
conducted studies and does not contain any new
studies with human participants or animals per-
formed by any of the authors.

METHODS

This review is based on a targeted search of the
literature databases including PubMed, Embase,
Medline, Web of Science, the Cochrane Central
Register of Controlled trials, and the Cochrane
Database of Systematic Reviews, using search
terms combining chronic hepatitis B, hepati-
tis B virus, hepatic steatosis, nonalcoholic fatty
liver disease, metabolic syndrome, and alanine
aminotransferase. Other relevant articles iden-
tified from the included article reference lists
were also included. Studies were included if
they described any association among CHB,
metabolic factors, and NAFLD. Non-English
language articles were excluded. A narrative
review was undertaken because of the hetero-
geneity of the identified papers. This review
followed the SANRA reporting recommenda-
tions for high-quality narrative reviews [17].
Statistical analyses were performed with R ver-
sion 4.1.3 using the meta and metafor packages.

RELATIONSHIP BETWEEN MS
AND NAFLD

Obesity and Insulin Resistance in NAFLD

Metabolic syndrome is a cluster of metabolic
disorders, while nonalcoholic fatty liver disease

is a pathological state in which excess fat accu-
mulates in the liver as a result of nonalcoholic
causes, including simple fatty liver, non-alco-
holic steatohepatitis (NASH), and fibrosis. Two
key components of MS, glucose and triglyc-
erides, are overproduced in fatty liver. There-
fore, the liver is a key determinant of metabolic
abnormalities, and NAFLD is considered one of
the manifestations of metabolic syndrome [18].
Obesity and insulin resistance are not only the
key components of MS but also the initiating
factors for NAFLD. Abdominal obesity and
insulin resistance cause an imbalance in free
fatty acid (FFA) transport between the periphery
and the liver, and an imbalance among FFA
synthesis, output, and catabolism, leading to
hepatic steatosis. In the context of increased
hepatic FFA, hepatocyte injury is triggered by
immune mechanisms, leading to the activation
of hepatic stellate cells and the deposition of
collagen and eventually developing into NASH
and liver fibrosis [19]. The increasing prevalence
of abdominal obesity and NAFLD is parallel, and
several conjectures about their similar underly-
ing mechanisms have been raised. Visceral fat
has a higher rate of lipolysis than subcutaneous
fat depots. Visceral fat can release large amounts
of nonesterified fatty acids to the portal vein,
leading to hepatic steatosis and directly
impacting liver metabolism, which is the so-
called portal theory. In addition, visceral fat
may also release more inflammatory cytokines
than subcutaneous adipose tissue, resulting in a
persistent low-grade inflammatory state that
promotes disease progression [20, 21].

Dyslipidemia and Hypertension in NAFLD

Patients with NAFLD often have marked dys-
lipidemia. A large cohort study in Wuhan
showed that among 3709 patients with NAFLD,
only 41.8% had normal blood lipids, and
among their multiple dyslipidemia phenotypes,
17.7% had metabolic syndrome dyslipidemia.
Dyslipidemia is strongly associated with an
increased risk of NAFLD, and this association is
independent of sex, BMI, blood pressure, fasting
glucose, and uric acid status [22]. In recent
years, a number of mechanisms have been
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proposed linking NAFLD to hypertension,
including increased stimulation of the sympa-
thetic nervous system by insulin resistance or
hyperinsulinemia, enhanced renal sodium
reabsorption by hyperinsulinemia, impaired
vasodilation stimulated by insulin, etc. [18].
However, hypertension does not always coexist
with metabolic abnormalities such as obesity,
insulin resistance, and dyslipidemia. Therefore,
whether insulin resistance plays a leading role
in the pathological process of blood pressure
elevation, or whether hypertension is a down-
stream condition due to arteriosclerosis caused
by MS and NAFLD is not yet known.

Genetic Susceptibility of NAFLD

Both disorders can be attributed, in part, to
certain acquired causes, including excessive
intake of a high-calorie diet and physical inac-
tivity. Each component of MS may be related to
hepatic fat accumulation. A large number of
studies have shown that MS and NAFLD are risk
factors for liver and extrahepatic diseases,
especially by increasing the risk of type 2 dia-
betes and cardiovascular and cerebrovascular
diseases [18]. Therefore, NAFLD is considered to
be the hepatic manifestation of MS. However,
some types of NAFLD are dominated by genetic
susceptibility, such as genetic variants of patin-
like phospholipase domain-containing pro-
tein 3 (PNPLA3), transmembrane 6 superfamily
member 2 (TM6SF2), membrane bound O-acyl-
transferase domain containing 7 (MBOAT7),
glucokinase regulatory protein (GCKR), and
hydroxysteroid 17-beta dehydrogenase 13
(HSD17B13), which are often not associated
with any other features of metabolic abnor-
malities [23–25]. Genetic variants affect NAFLD
by interacting with environmental factors and
other gene variants. For example, the effect of
the PNPLA3-I148M variant was potentiated by
obesity [26], and loss of Tm6sf2 was associated
with reduced expression of PNPLA3 [27].

All forms of NAFLD, whether related to life-
style or genetics, increase the risk of NASH,
cirrhosis, and hepatocellular carcinoma. There
are also known genes associated with obesity
and MS, but genetic susceptibility is considered

a secondary cause in these conditions with a
rapidly increasing incidence [28]. Overall, MS
and NAFLD are causally bidirectionally corre-
lated, but not exactly equivalent. Therefore, in
clinical practice, careful screening for NAFLD
and related extrahepatic diseases is necessary for
patients with MS, and vice versa.

RELATIONSHIP BETWEEN MS
AND CHB

Glucose Metabolism in CHB

According to recent studies, the prevalence of
MS in patients with CHB is approximately
12–22%, and there is a negative correlation
between MS and HBV infection. That is, the
prevalence of MS in patients with chronic HBV
infection is lower than that in patients without
HBV infection [29–31]. Patients with chronic
HBV infection have been in a state of chronic
inflammation and immune disorder for a long
time. The progression of CHB and aggravation
of liver damage may have adverse effects on the
body’s blood glucose and lipid metabolism.
Some studies suggested that HBV infection was
closely related to diabetes in Asian Americans.
The prevalence of diabetes in HBsAg-positive
patients was 58.9%, which was significantly
higher than that in HBsAg-negative patients
(33.3%). After adjustment for potential con-
founding variables, Asian Americans with HBV
infection had a 3.17-fold higher risk of devel-
oping diabetes than those without [32]. In both
patients with and without diabetes, a higher
self-monitored blood glucose was associated
with a higher HBsAg positivity rate and
increased risk of HBV infection in patients with
diabetes [33]. Male sex, age[ 55 years, and
BMI C 24 kg/m2 were risk factors for HBV
infection in patients with type 2 diabetes mel-
litus [34].

Relevant mechanistic exploration found that
HBV x (HBx) protein could directly damage the
liver insulin signaling pathway. Furthermore,
inflammatory factors released by chronic HBV
infection mediate intracellular signal transduc-
tion, resulting in phosphorylation of insulin
receptor substrate-1 serine in insulin-sensitive
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cells, such as hepatocytes, adipocytes, and
muscle cells, or inhibition of its tyrosine phos-
phorylation, which blocks insulin signal trans-
duction and thereby induces insulin resistance
[35]. Genetic factors may also play a role. For
example, type 2 diabetes mellitus was signifi-
cantly associated with genotype C HBV major
hydrophilic region (MHR) mutation [34]. How-
ever, a study proposed that HBV itself does not
promote diabetes, and this study found that the
risk of diabetes did not increase in asymp-
tomatic chronic HBV-infected patients com-
pared with non-CHB control groups through a
10-year community follow-up [36]. In view of
the currently insufficient research evidence and
the lack of relevant large-scale prospective
clinical cohort studies and systematic mecha-
nism studies, a causal relationship between HBV
infection and insulin resistance and diabetes
cannot be concluded.

Lipid Metabolism in CHB

The liver is an important organ for lipid syn-
thesis, metabolism, and transportation. Hepa-
tocytes are responsible for regulating various
components of blood lipids in the human body
and keeping them relatively constant. When
liver damage occurs in HBV-infected patients,
the gene expression of the individual changes,
especially the pathway of lipid biosynthesis
enzymes, and blood lipid levels lose their bal-
ance accordingly [37]. For example, patients
with CHB have lower levels of triglycerides,
total cholesterol, and LDL cholesterol, and
higher levels of HDL cholesterol than healthy
controls. Lower apolipoprotein B-100 was also
found in the CHB group [18, 29]. Several
observations and hypotheses exist regarding the
possible proatherosclerotic effects of HBV. A
study from Turkey showed that HBsAg carriers
had a greater mean platelet volume, which was
considered to be a new risk factor for
atherothrombosis. Therefore, the researchers
proposed that inactive HBsAg carriers had rela-
tively increased risk of platelet activation and
atherothrombosis [38]. However, the clinical
relevance of this observation is unclear. A study
from Japan exploring whether HBV infection

affects the severity of arteriosclerosis in subjects
found that there were no significant differences
in systolic blood pressure, bilateral ankle-bra-
chial index, heart-ankle pulse wave velocity, or
heart-carotid pulse wave velocity between
patients with CHB and healthy controls [39].
Chronic HBV infection did not have a statistical
effect on the evaluation of carotid intima-media
thickness, maximum common carotid intima-
media thickness, and extracranial carotid
atherosclerosis score [40]. In a 17-year follow-up
study, HBsAg seropositivity was not associated
with an increased risk of atherosclerosis-related
death or cardiovascular disease-related death
[41]. Therefore, patients with CHB do not
appear to be at increased risk of developing
atherosclerosis, and HBV infection may not be a
predictor of atherosclerosis-related death or
cardiovascular disease-related death.

Impact of MS on CHB Progression

The impact of metabolic factors on the pro-
gression and prognosis of CHB disease is
unclear. MS seems to be an independent deter-
minant of a poor prognosis in patients with
CHB treated with oral nucleoside analogues.
CHB combined with MS resulted in significantly
higher cumulative incidences of virological
breakthrough, genotypic resistance, HCC, dis-
ease progression, and overall adverse outcomes
in patients with CHB. The overall survival time
of the combined MS group was also significantly
shorter than that of the control group [42].
Wong et al. found that MS was an independent
risk factor for cirrhosis in patients with CHB,
and the odds ratio increased with the increase
in MS components [43]. This team conducted a
follow-up study and found that co-occurrence
of MS increased the progression risk of liver
fibrosis in patients with CHB, and this associa-
tion was independent of viral loads and hep-
atitis activity [44]. However, Khalili et al.
reported that MS did not directly increase the
risk of liver fibrosis in patients with CHB [31]. In
addition to its effect on liver fibrosis, metabolic
abnormalities including diabetes, obesity, and
central fat deposition are also risk factors for
HCC [45]. These factors are associated with
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HBV-related HCC progression and decreased
survival rates. Oxidative stress and lipid perox-
idation may be involved in the pathogenesis
and acceleration of liver damage [46].

In conclusion, HBV may be related to blood
glucose and blood lipid metabolism. MS may
have adverse effects on the progression and
prognosis of CHB disease. However, the existing
data cannot fully reveal the relationship
between HBV and the risks of MS, insulin
resistance, and arteriosclerosis. This needs to be
confirmed by further research. MS is also
strongly associated with elevated ALT levels.
Thus, metabolic factors may be one of the key
links in studies on patients with ALT-normal
CHB.

RELATIONSHIP BETWEEN NAFLD
AND CHB

Impact of NAFLD on CHB Progression

According to recent studies, the incidence of
hepatic steatosis in patients with CHB ranges
from 14% to 60% [47–49]. A series of clinical
studies suggested that HBV infection was inde-
pendently associated with a lower risk of fatty
liver, possibly due to altered lipid metabolism
by HBV [48, 50, 51]. Yuen et al. reported that
steatosis was associated with a lower HBV DNA
load, while severe steatosis was associated with
liver fibrosis in patients with CHB [52]. Their
subsequent prospective study also found that
hepatic steatosis increased HBsAg seroclearance
by threefold, but at the same time increased the
risk of fibrosis progression [47]. Even though
hepatic steatosis could advance HBsAg sero-
clearance by approximately 5 years compared
with non-NAFLD HBsAg carriers, the benefits of
HBsAg seroclearance did not necessarily out-
weigh the harms of steatosis such as hepatic
fibrosis and cirrhosis [53]. NAFLD also increased
the risk of HCC in patients with CHB in whom
HBV was effectively suppressed by antiviral
therapy [54]. Conversely, HBV infection was
found to be associated with a higher risk of HCC
in patients with NAFLD [55].

There are also studies that presented incon-
sistent views. Li et al. suggested that fatty liver

was significantly associated with a reduced risk
of cirrhosis and HCC in patients with CHB [56].
A Texas study showed that there was no signif-
icant difference in the risk of cirrhosis and HCC
between NAFLD and non-NAFLD subjects with
persistently normal ALT [57]. In general,
although the conclusion that the harms of
combined steatosis outweigh the benefits still
needs to be supported by further research data,
with the gradual deepening of clinical aware-
ness of the harms of steatosis, advocating the
screening and prevention of NAFLD in patients
with CHB will be an important part of the
hepatitis B control strategy.

Mechanism of NAFLD Inhibiting HBV
Replication

Animal experiments further verified the clinical
conclusion that NAFLD inhibited the replica-
tion of HBV. Zhang et al. established a rodent
model of NAFLD complicated with chronic HBV
infection by using a high-fat diet and transgenic
manipulation, which showed that steatosis
suppressed HBV virological factors [58]. Simi-
larly, another team, using a high-fat diet and
high-pressure tail vein injection of HBV plas-
mids, established an immunocompetent mouse
model of HBV infection combined with NAFLD,
in which the coexistence of NAFLD reduced
HBV DNA load and HBV antigens, but HBV
replication did not alter lipid metabolism in
mice [59]. The underlying mechanism of the
interaction between NAFLD and CHB may be
that metabolic alterations of NAFLD directly
inhibit HBV replication or indirectly enhance
antiviral responses by activating innate immu-
nity, and NAFLD-mediated apoptosis may
destroy HBV-infected host cells, thereby
inhibiting CHB progression. Genetic suscepti-
bility is also a part of the reason. For example, in
comorbid patients, PNPLA3 gene polymor-
phisms are associated with a lower HBV DNA
load [60]. HBx protein is associated with the
effect of HBV on NAFLD. HBx alters the
expression and activity of multiple metabolism-
related transcription factors and inhibits VLDL
secretion, ultimately leading to lipid accumu-
lation in hepatocytes. HBx also promotes the
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expression of adiponectin, which may improve
insulin sensitivity. Another viral protein, the
Pre-S1 domain, may also upregulate endoge-
nous cholesterol synthesis, disrupting normal
bile acid uptake [61]. In addition, patients with
CHB may pay more attention to healthy life-
styles and eating habits [62].

Impact of NAFLD on Anti-HBV Therapy

The effect of fatty liver on anti-HBV therapy
with nucleoside analogues and its mechanism
are still inconclusive. A prospective nested
case–control study, with a mean follow-up of
79.3 weeks, found that hepatic steatosis was
closely associated with entecavir treatment
failure, and metabolic factors were independent
risk factors for hepatic steatosis. The possible
explanation was that the accumulation of fat in
hepatocytes reduced the contact area between
the drug and the hepatocytes, resulting in a
decrease in the bioavailability of entecavir. On
the other hand, a decrease in the activity of
hepatic cytochrome hindered drug metabolism.
Moreover, the coexistence of insulin resistance,
obesity, and hepatic steatosis might lead to the
impairment of cellular immunity function [63].
Some studies showed that NAFLD does not
affect the long-term total virological response
rate or HBeAg seroconversion rate in entecavir-
treated patients with CHB, but it does reduce
the long-term biochemical response rate, which
is positively correlated with the steatosis sever-
ity and insulin resistance index [34]. The con-
clusion that fatty liver does not affect the
antiviral effect of pegylated interferon is more
consistent. Two studies from Turkey reported
that steatosis was not associated with viral load
or the effect of interferon antiviral therapy
[64, 65]. Shi et al. believed that hepatic steatosis
might affect the biochemical response of
patients with CHB but not their virological
response to interferon therapy [66]. Current
clinical studies and mechanism explorations
cannot reveal the specific effect of NAFLD on
antiviral therapy in patients with CHB, and few
studies have reported whether timely control of
hepatic steatosis and metabolic abnormalities

was conducive to improving the clinical prog-
nosis of patients with CHB.

The relationship between chronic HBV
infection and NAFLD is complex and clinically
important, including many aspects such as the
effect of HBV on blood lipid metabolism, the
effect of steatosis on HBV replication, the effect
of steatosis on the progression of CHB disease,
and the effect of steatosis on the effect of anti-
HBV therapy. As mentioned above, research in
recent years has made great progress. The
problem that needs to be solved in future
studies is effectively preventing and controlling
fatty liver to improve the clinical outcomes and
prognoses of patients with CHB.

MS AND NAFLD IN ALT-NORMAL
CHB

Abnormal Liver Histology in ALT-Normal
CHB

Recent studies have found that patients with
CHB and normal ALT often have abnormal liver
histology. A meta-analysis including 2271
treatment-naı̈ve CHB participants found that
the pooled proportions of significant inflam-
mation, fibrosis, and cirrhosis were 35%, 30%,
and 3%, respectively [67]. A multicenter study
showed that half of patients with CHB and
normal ALT had liver histological abnormali-
ties, including 36.4% with moderate to severe
inflammation and 34.0% with significant
fibrosis [8]. Cheng et al. also found marked
necroinflammation and fibrosis in 36.5% and
15.5% of patients with CHB with persistently
normal ALT, respectively [68]. As a result of
differences in sample size, study population,
diagnostic methods, and viral factors, the pro-
portion of histological abnormalities obtained
in each study was not the same. We summa-
rized the results from recent studies in Fig. 1
[7, 8, 67–74].

The aforementioned ten studies were then
retrieved for meta-analysis to determine the
prevalence of liver inflammation and fibrosis in
patients with CHB and normal ALT levels. The
results showed that the proportions of liver
inflammation and fibrosis were 28.0% (95% CI
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0.20–0.35 by random-effects model; hetero-
geneity: I2 = 97%) and 26.0% (95% CI 0.18–0.34
by random-effects model; heterogeneity:
I2 = 96%), respectively (Figs. 2 and 3).

Status Quo of ALT-Normal CHB with MS
or NAFLD

Combined MS and NAFLD is less of a concern to
clinicians in the presence of normal ALT in

patients with CHB, even though many current
academic studies have excluded patients with
these disorders [6, 7, 68]. The prevalence of MS
and NAFLD and their impact on liver disease
progression, including hepatic fibrosis, have
also been poorly studied in the few studies that
did not overtly exclude these two abnormali-
ties. A recent study tentatively explored this
area and showed that MS affected 23.1% and
NAFLD affected 37.2% of treatment-naı̈ve CHB

Fig. 1 Summary of studies on the proportions of liver inflammation and fibrosis in patients with CHB and normal ALT
levels. CHB chronic hepatitis B, ALT alanine aminotransferase

Fig. 2 Meta-analysis of the proportions of liver inflammation in patients with CHB and normal ALT levels. CHB chronic
hepatitis B, ALT alanine aminotransferase
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participants with normal ALT levels. It also
found the increased metabolic components
aggravated steatosis, which increased the risk of
significant fibrosis [75]. However, these con-
clusions need to be validated by carrying out
prospective studies. Moreover, there are still
research gaps in the effects of CHB on insulin
resistance, glucose metabolism, and lipid
metabolism when ALT appears normal.

A multicenter study from China found that
50.2% of the study patients with normal ALT
levels fulfilled the histological indications for
antiviral therapy. Some of these subjects
received anti-HBV treatment and it had a simi-
lar efficacy as for patients with elevated ALT [8].
Another multicenter study found that lower
BMI and weight reduction affect NASH resolu-
tion in patients with CHB, and proposed that
weight management in patients with CHB dur-
ing antiviral treatment deserves further atten-
tion [76]. It can be speculated from the
aforementioned findings that patients with
CHB and normal ALT levels can benefit from
timely antiviral therapy or weight control.
However, no study has been conducted to
investigate whether synchronous antiviral
therapy and control of MS and NAFLD could be
additive to this benefit. In addition, researchers
should carefully consider whether to include
MS and NAFLD as an indication for early
antiviral therapy in the future, and whether to
stratify patients with CHB according to the

presence or absence of metabolic problems
during the management of chronic liver
disease.

Whether these questions are answered in the
same way in the subgroup of patients with CHB
and normal ALT levels as in the overall CHB
population is unknown. Whether lowering the
antiviral threshold and simultaneously inter-
vening in metabolic disorders and steatosis can
improve CHB outcomes is still inconclusive.
Therefore, there is an urgent need for well-de-
signed randomized controlled trials. There is
also a lack of evidence for any effect of CHB on
various metabolic processes, and few studies
have explored whether this effect is related to
ALT levels. We have to obtain more data before
drawing solid conclusions.

CONCLUSION

NAFLD is associated with several components of
MS and is a hepatic manifestation of metabolic
abnormalities. Although HBV affects blood
glucose and blood lipid metabolism to a certain
extent and NAFLD inhibits HBV replication, MS
and NAFLD are mutually complementary and
reciprocally causal, which will ultimately
adversely affect the progression and prognosis
of CHB. The effects of metabolic factors and
fatty liver on antiviral therapy are unclear.
Therefore, the interactions of metabolic factors,

Fig. 3 Meta-analysis about the proportions of liver fibrosis in patients with CHB and normal ALT levels. CHB chronic
hepatitis B, ALT alanine aminotransferase
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fatty liver, and HBV infection may jointly pro-
mote the progression of liver disease, but the
mechanism is still inconclusive (Fig. 4). Large-
scale prospective clinical studies are needed for
further verification, and more mechanistic
studies are needed for further exploration. In
addition, to overcome CHB, researchers have
turned their attention to patients with CHB and
normal ALT levels. The current issues are whe-
ther such patients are at risk of disease pro-
gression and whether they need antiviral
therapy, but the roles of metabolic factors and
steatosis are rarely explored. With the increas-
ing prevalence of MS and NAFLD, both will
receive more attention and discussion in future

studies about patients with CHB and normal
ALT.
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65. Ateş F, Yalnız M, Alan S. Impact of liver steatosis on
response to pegylated interferon therapy in patients
with chronic hepatitis B. World J Gastroenterol.
2011;17:4517–22.

66. Shi JP, Lu L, Qian JC, et al. Impact of liver steatosis
on antiviral effects of pegylated interferon-alpha in
patients with chronic hepatitis B. Zhonghua Gan
Zang Bing Za Zhi. 2012;20:285–8.

67. Zhang C, Li JW, Wu Z, Zhao H, Wang GQ. Signifi-
cant histologic changes are not rare in treatment-
naive hepatitis B patients with normal alanine
aminotransferase level: a meta-analysis. J Clin
Transl Hepatol. 2021;9:615–25.

68. Cheng JL, Wang XL, Yang SG, Zhao H, Wu JJ, Li LJ.
Non-ALT biomarkers for markedly abnormal liver
histology among Chinese persistently normal ala-
nine aminotransferase-chronic hepatitis B patients.
World J Gastroenterol. 2017;23:2802–10.

69. Lai M, Hyatt BJ, Nasser I, Curry M, Afdhal NH. The
clinical significance of persistently normal ALT in

chronic hepatitis B infection. J Hepatol. 2007;47:
760–7.

70. Gui HL, Wang H, Yang YH, et al. Significant
histopathology in Chinese chronic hepatitis B
patients with persistently high-normal alanine
aminotransferase. J Viral Hepat. 2010;17(Suppl 1):
44–50.
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