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Abstract

Nonalcoholic fatty liver disease (NAFLD) has become one of the most common and important chronic liver diseases world-
wide. Some chronic infectious diseases are associated with the risk of NAFLD. These can induce abnormal glucose and lipid
metabolism, insulin resistance, inflammatory activation and other responses, which increase the risk of progression of liver
fibrosis. The present study describes the pathogenesis and management of NAFLD with chronic infectious diseases, such as

hepatitis B virus, hepatitis C virus, Helicobacter pylori, and human immunodeficiency virus infections.

Introduction

In recent years, the global incidence of nonalcoholic fatty liver
disease (NAFLD) has increased (25%),! and the incidence of hep-
atitis B virus (HBV, 25.6%),% hepatitis C virus (HCV, 0.94%),?
Helicobacter pylori (HP, 50%)* and human immunodeficiency vi-
rus (HIV, 0.47%)3 infections remains high in the population. The
risk factors of NAFLD have been extensively studied, such as ad-
vanced age, high body mass index (BMI), waist circumference,
type-II diabetes, insulin resistance, lipodystrophy syndrome,®
obesity, male gender, hypertension, metabolic syndrome (MS),
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and abnormal biochemical indicators.” Hepatic steatosis leads to
changes in immune function. This may be due to the decrease in
vitamin D levels that impairs innate immunity,® and the increase in
the number of Kupffer cells that induce a pro-inflammatory state.’
Thus, the interaction between NAFLD and infectious diseases in
the occurrence and development of diseases needs to be further
understood. The infections above can induce reactions, such as
inflammatory activation, insulin resistance, abnormal glycolipid
metabolism, and increased risk of hepatic fibrosis progression.’
The present study reviews the role of chronic infections, such as
HBYV, HCV, HIV and HP, in the occurrence and development of
NAFLD, and its treatment options.

Hepatitis B virus

HBYV infection causes a wide range of liver diseases, including
acute hepatitis, chronic hepatitis, cirrhosis, and hepatocellular
carcinoma (HCC). Most adults who are infected with this virus
recover, while 5-10% of infected subjects cannot clear the virus,
and develop chronic hepatitis B (CHB). CHB infection is one of
the most common co-existing liver diseases in NAFLD patients.

Pathogenesis

As the two most common liver diseases, CHB and NAFLD in-
teract with each other. The severity of steatosis is independently
associated with the level of HBV DNA in blood.!! Hu ef al. es-
tablished a high-fat diet-induced NAFLD mouse model of HBV
sustainable replication.!> They reported that liver steatosis inhib-
its HBV DNA replication, and that the replication of HBV does
not alter the metabolism of lipids in mice. Compared to HBV
mice, the serum hepatitis B e antigen, hepatitis B surface anti-
gen (HBsAg), hepatitis B core antigen (HBcAg), and HBV DNA
levels significantly decreased in HBV-infected NAFLD mice.
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Furthermore, Toll-like receptor (TLR) plays a significant role in
the pathogenesis and progression of various chronic liver diseases
(CLDs), including NAFLD, HCV, HBYV, fibrosis and HCC.'3 In
HBV-transgenic mice, the TLR4/myeloid differentiation factor 88
(MyD88) pathway was stimulated in NAFLD, and this was in-
duced by stearic acid steatosis. This activated the innate immune
system, and released numerous proinflammatory cytokines (such
as tumor necrosis factor [TNF]-o and interleukin [IL]6),'# inhibit-
ing the HBV replication in CHB/NAFLD patients.

The effects of HBV on steatosis can be reflected at the mouse
level, cellular level, and molecular level.!%!4!5 HBV-infected
HepG2 cells can stimulate the expression of genes related to
cholesterol metabolism, and increase the hepatic cholesterol
level through TLR2.!5 A recent case-control study revealed that
HBsAg seropositivity is associated with lower risk of develop-
ing NAFLD.'® Furthermore, the risk of HCC was higher in CHB
patients with NAFLD, when compared to that in CHB patients
without NAFLD.!7 A study conducted in South Korea followed
up 321 CHB patients for an average of 5.3 years to track the im-
pact of NAFLD on HCC in CHB patients. It was found that the
superimposed NAFLD (8.2%) was associated to CHB patients
with a higher HCC risk, when compared to CHB patients without
NAFLD (1.9%).'7 In addition, NAFLD has effects on liver fibrosis
and cirrhosis in HBV patients. A cohort study suggested that for
CHB patients with virologically stationary CHB, persistent severe
steatosis promotes the rapid progression of liver fibrosis, and that
this is an independent risk factor for liver fibrosis.!® However,
anti-HBs-Ab was not found to be associated with histological se-
verity, while anti-HBC positivity was associated with cirrhosis in
NAFLD patients, which in turn, may be associated with HCC and
cirrhosis complications.!®

Metabolic factors (obesity and type-II diabetes) are predispos-
ing factors for CHB patients to develop NAFLD. !¢

Management

The diagnosis of HBV infection is based on the HBV DNA serum
levels, and other serological markers, such as HBsAg, and antibod-
ies to HBsAg (anti-HBs) and HBcAg (anti-HBc).?

Dietary adjustments combined with an appropriate increase in
physical activity, including lifestyle adjustments, are recommend-
ed as the initial treatment for all HBV-positive NAFLD patients.?!
Ceylan et al. reported that viral replication decreases in NAFLD
patients with chronic HBV infection. However, NAFLD does not
have an effect on the virologic response to entecavir and tenofo-
vir treatment after six and 12 months of treatment.?? For patients
with NAFLD, the virological responses were lower after 24, 48
and 96 weeks of entecavir treatment. It was hypothesized that this
might be due to the reduced bioavailability of entecavir in fatty
hepatocytes, and the reduced levels of cytochrome enzymes in-
volved in drug metabolism.?* More studies need to be carried out
to determine whether and how antiviral therapy has an impact on
the development of NAFLD.

By the end of 2014, the HBV vaccine was introduced nation-
wide in 184 countries. The global coverage of three doses of HBV
vaccine was estimated at 82% (vs. 1% in 1990).2 HBV is mainly
transmitted vertically or horizontally, and neonatal immuno-
prophylaxis at birth is the most important and effective method to
prevent it.2* HBV vaccines are used in at least 184 countries, with
a three-dose coverage rate of 82%.?

In conclusion, HBV infection may reduce the risk of NAFLD.
However, for NAFLD, in addition to common risk factors, the ef-
fect of other risk factors, and the use of entecavir and tenofovir on
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the disease course of NAFLD remains unclear, and requires further
studies.

Hepatitis C virus

The worldwide prevalence of HCV infection approximates 1.6%,
affecting approximately 115 million individuals.?S Globally, geno-
type 1 (G1) is the most common, and accounts for roughly one
in two of all HCV infections in adults, followed by the G3, G2,
G4, G6 and G5 genotypes.?® The average prevalence of NAFLD
in HCV-infected individuals is approximately 55% (40-86%). The
prevalence of NAFLD is significantly higher in HCV-infected in-
dividuals, when compared to that in non-HCV-infected individu-
als.2® Furthermore, the incidence of NAFLD is higher in patients
infected with other genotypes of HCV, when compared to patients
infected with non-genotype 3 HCV.?’

Pathogenesis

Recent data has suggested that NAFLD is associated with fibrosis
progression, which results from chronic HCV infection, and ap-
pears to be induced by insulin resistance and liver fat degenera-
tion. HCV infection induces liver fatty degeneration and insulin
resistance, liver fatty degeneration promotes the production of
liver inflammation, and insulin resistance and liver inflammation
lead to liver stellate cell activation, leading to liver fibrosis.?’ Both
steatosis and insulin resistance are independently associated with
advanced liver fibrosis.?®

HCYV infection is associated with a variety of metabolic disor-
ders, which are known as, hepatitis C-related metabolic disorder
syndrome. This metabolic disorder is characterized by insulin re-
sistance, hypocholesterolemia, hyperuricemia, and altered body fat
distribution.?? HCV affects the development of NAFLD in various
ways, in which insulin resistance and fat degeneration play an ir-
replaceable role. Furthermore, various factors can lead to insulin
resistance, such as obesity, high BMIL3* and HCV.?8 In addition,
some inflammatory factors can cause insulin resistance, such as
TNF-a and IL6.3' For obese subjects with viral genotype 1, the
TNF-a and IL6 inflammation markers increase, and the insulin
signaling pathway is reduced by increasing the expression of the
suppressors of cytokine signaling (SOCS)-3 gene.?! For cases of
chronic hepatitis C (CHC) infection, the incidence of insulin resist-
ance was reported to be high (up to 80%).3> HCV infection with
the G3 genotype is generally recognized as an independent risk
factor for steatosis.>® The severity of hepatic steatosis correlates
with the viral load, and the G3 genotype-associated steatosis is re-
lieved after sustained virological response (SVR) with the antiviral
treatment.3* HCV G3 genotype infection is associated with specif-
ic lipid accumulation. Hourioux ef al. used an in vitro cell model to
compare the lipid area of cell sections that produced the genotype
G3 HCYV core protein with the genotype 1a HCV core protein.3* It
was found that the cumulative lipid droplet area was significantly
greater in HCV G3 genotype cells, when compared to 1a genotype
cells (p < 0.001).3* This may be attributed to the fact that phe-
nylalanine residues have a higher affinity for lipids, when com-
pared to tyrosine, and that these are specific to the G3 genotype.3*
Furthermore, compared to the core protein of HCV-1b, the core
protein of HCV-3a significantly upregulates fatty acid synthetase,
which is an important enzyme for the synthesis of lipids.* The
HCV-1b core protein has previously been shown to inhibit both
MTP and very low density lipoprotein (VLDL) secretion.’® This
effect is more pronounced in the G3 genotype, and a recent study
revealed that the MTP activity in the liver is significantly reduced
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Fig. 1. Mechanism of HCV infection affecting the occurrence and development of NAFLD. The red arrow indicates that the index level went up, and the blue
arrow indicates that the index level went down. HCV, hepatitis C virus; HO-1, Hemohemolytic oxygenase-1; IL-6, interleukin-6; IR, insulin resistance; MTP,
microsomal triglyceride transfer protein; NAFLD, nonalcoholic fatty liver disease; PPAR, peroxisome proliferator-activated receptor; ROS, reactive oxygen
species; TNF-a, tumor necrosis factor; SOCS-3, suppressor of cytokine signalling 3; SREBP, Sterol regulatory element binding protein.

in patients infected with the CHC G3 genotype, when compared
to other genotypes (p = 0.004).3¢ CHC G3 genotype infection can
reduce hepatic lipoprotein synthesis and release, and aggravate the
degree of hepatic steatosis.>” In HCV cirrhosis patients, G3 geno-
type HCV has been independently associated with increased risk
of HCC.Y"

Hepatocyte steatosis is the result of the combination of virus and
host factors. The induction effects of different genotypes on stea-
tosis are genotype specific, and the HCV genotype 3 virus has the
strongest effect. Viral factors and HCV genotype 3 viral-induced
steatosis are the most notable.*® For patients with non-genotype 3
HCYV infections, NAFLD is mainly associated with host factors,
such as BMI, obesity (especially visceral obesity),?* insulin resist-
ance and type-II diabetes, which is known as, “metabolic steato-
sis”. For HCV-infected individuals, the prevalence and severity of
fatty degeneration in patients with genotype 3 is much higher.*

HCV infection can affect liver steatosis through a variety of
mechanisms (Fig. 1). Hemohemolytic oxygenase-1 (HO-1) is an
important protective antioxidant defense enzyme. This is induced
in some liver injury reactions, such as autoimmune hepatitis, CHB
infection,*! and non-alcoholic steatohepatitis (NASH).*? It was re-
ported that the HO-1 level decreases in the liver of HCV-infected
subjects, and that this was considered to be part of the cause of
HCV-induced liver damage.** Furthermore, this may directly or
indirectly interact with certain HCV proteins in the HO-1 induc-
tion pathway.** Some studies have revealed that HCV core pro-
teins promote lipid accumulation by activating sterol regulatory
element binding protein-1 and -2,%5 inhibiting the microsomal tri-
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glyceride transfer protein (MTP) activity3S and peroxisome pro-
liferator-activated receptor (PPAR) expression, and promoting de
novo lipid synthesis,*® depending on the specific genotype. Thus,
the assembly, excretion and uptake of VLDL are impaired. The
HCV core protein induces oxidative stress by upregulating SOCS-
3, activating Kupfter cells, increasing proinflammatory cytokines
(e.g., TNF-0), and increasing the reactive oxygen species, thereby
promoting insulin resistance and liver fat degeneration, and fur-
ther inhibiting the secretion of VLDL.#7 Fat degeneration, which
is common in CHC, plays an important role in the disease progres-
sion. Therefore, treating the liver fat degeneration is particularly
important for HCV-infected patients with NAFLD. The presence
of HCV infection and NAFLD can cause more severe interference
with the steady state of essential minerals (zinc, selenium and cop-
per) in the human body, thereby amplifying the oxidative stress
and inflammation.*

There are various risk-related factors associated with HCV
infection in NAFLD patients, such as leptin, adiponectin, HO-
1, some serological indicators (alanine aminotransferase [ALT]/
aspartate aminotransferase [AST] ratio, fasting glucose, and tri-
glyceride), and trace minerals (zinc, selenium and copper). Leptin
is a protein secreted by fat cells, and is associated with insulin
resistance and fat degeneration by increasing proinflammatory
cytokines.*’ Elena reported that adiponectin levels were higher
in CHC patients, when compared to non-chronic hepatitis C pa-
tients.5 However, these lipid levels declined in patients with obe-
sity, diabetes, CHC and NASH.5! Furthermore, recent studies have
confirmed the significant correlation between liver fat degenera-
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tion and insulin resistance, and the decrease in lipid levels.> As
previously mentioned, HO-1 is involved in the pathogenesis, and
its serological level may indicate HCV infection. Lin conducted
a study in Taiwan, and tested 1,354 CHC patients. The results re-
vealed that participants with NAFLD had higher levels of fasting
glucose, ALT/AST, blood pressure and triglyceride, when com-
pared to non-NAFLD participants.>® This suggests that for CHC
patients, the increase in the serological indicators above may be a
sign of NAFLD.

Management

The gold standard to diagnose HCV infection is the HCV RNA
test and HCV genotype test.>* In addition, the total HCV antibod-
ies in serum or plasma can be detected to help diagnose the HCV
infection.5®

For patients with HCV infection, there are various novel treat-
ment plans for certain patients to improve SVR. The data revealed
that the combination of IFN-a and ribavirin treatment in CHC pa-
tients, especially for patients with fatty degeneration greater than
30%, decreased the SVR rate.5¢ Furthermore, some in vitro studies
have revealed that the use of statins reduces HCV replication.5’
A recent prospective study evaluated the use of rosuvastatin in a
joint IFN-a and ribavirin treatment, and revealed that the use of
these drugs is associated with improved SVR rates, and reduced fat
degeneration and fibros.3® Therefore, statins, as an auxiliary treat-
ment for patients with fat degeneration and CHC, may appear as a
viable option. However, larger prospective and randomized studies
are needed to evaluate the treatment responses. When patients re-
ceived the combined treatment that included vitamin E and IFN-a,
the viral load significantly decreased.> The use of antioxidant d-o-
tocopherol has been shown to reduce the rate of fibrosis progres-
sion via the inhibition of stellate cell activation, thereby limiting
the stellate cell-induced fibrogenesis in CHC patients.®’ Gyanran-
jan et al. reported that after the treatment of Direct-acting Antivi-
ral Agents (DAAs), the liver stiffness measurement (LSM) values
decreased, and the controlled attenuation parameter (CAP) values
(suggestive of hepatic steatosis) increased in CHC patients.®! Al-
though the HCV was cured after the treatment with DA As, follow-
ups for the liver disease are still required, because CHC patients
have a high risk of NAFLD.®?

In summary, HCV infection increases the risk of NAFLD. Based
on the above studies, in addition to conventional antiviral therapy for
NAFLD patients infected with HCV, there are various new therapeu-
tic drugs related to HCV infection in patients with NAFLD, but the
actual efficacy of these drugs remains to be further studied.

Human immunodeficiency virus

Liver disease is the leading cause of morbidity and mortality in pa-
tients who live with HIV,%* while NASH, as a progressive stage of
NAFLD, is a common disease with abnormal liver function.” In a
multicenter cohort conducted from 1999 to 2011, the liver disease
mortality was 13%, making it the second leading non-AIDS-relat-
ed cause of death in the study.®* According to Vodkin et al., HIV-
associated NAFLD patients have a higher rate of steatohepatitis,
and more significant liver damage.% In view of this, the analysis of
the association between NAFLD and HIV infection is particularly
important for guidance in clinical practice.

Pathogenesis

Compared to non-HIV patients, excessive lipid accumulation in
the liver in HIV patients is an extremely complex process with
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no single pathophysiological mechanism. HIV RNA levels are in-
dependently associated with multiple lipid markers, such as low-
density lipoprotein, VLDL and triglyceride.% Thus, HIV RNA lev-
els are significantly correlated to blood lipid indicators, suggesting
that HIV replication affects lipid metabolism.%

HIV infection can affect lipid metabolism through a variety of
mechanisms (Fig. 2). Viral protein R (Vpr) is a 14-kDa protein en-
coded by all living primate lentiviruses, and plays a role in the viral
life cycle.%” The pathogenesis of NAFLD with HIV infection may
be gut microbial action, and the potentially induced pathogenesis
of Vpr. The mechanisms of the gut microbiome in the pathogen-
esis of NAFLD possibly include the impairment of the gut barrier,
which causes endotoxemia and the activation of TLRs, increase in
short-chain fatty acids in obese adults, altered bile acid metabo-
lism, reduced choline bioavailability, and subsequent changes in
farnesoid X receptor (FXR) signaling.®® Importantly, HIV-1 infec-
tion can cause damage to the intestinal epithelium and dysregula-
tion of the microbiota, and the microorganisms and their products
can be transplanted from the lumen into systemic circulation.®®

Neeti et al. reported that Vpr genetically modified mice were
more likely to have elevated liver triglyceride levels, and increased
levels of ALT, choline, and alkaline phosphatase.”® Four pathways
involved in hepatic lipid metabolism were disrupted in this mouse
model that led to steatosis: (a) coactivation of the glucocorticoid
receptor and co-inhibition of the PPARa to break down fat; (b)
coactivation of hepatic X receptor o, which led to the increase in
hepatic de novo neoadipogenesis (DNL); (c) the PPARa co-inhi-
bition attenuated the hepatic fatty acid oxidation; (d) the PPARa
co-inhibition or accumulation of long-chain fatty acids (derived
from the DNL) in the microbody.”" Regardless of whether HIV-
1 Vpr is produced or taken up by hepatocytes, this may disrupt
hepatic lipid metabolism pathways, including lipid production and
fatty acid oxidation, since Vpr replicates the HIV from host im-
mune cells into the extracellular space. Due to the effects of Vpr
on other tissues (for example, hyperlipidemia can lead to hepatic
steatosis), and since Vpr can regulate a large number of liver genes
involved in lipid and sterol metabolism, it was suggested that Vpr
may play an important role in the development of other metabolic
abnormalities.”?

HIV infection has an important effect on the development of
NAFLD, promoting fibrosis. The HIV enters cells through two
co-receptors, CC chemokine receptor 5 (CCRS) and cysteine-X-
cysteine receptor 4 (CXCR4). CCR5 and CXCR4 are expressed
on activated hepatic stellate cells (HSCs), which are the central
mediators of liver fibrosis.”” HIV can affect the activation of he-
patic stellate cells, thereby causing collagen deposition and liver
fibrosis.”* Furthermore, HIV infection and viral proteins promote
the expression of type I collagen, and the secretion of proinflam-
matory collagen, while its envelope glycoprotein gp120 can affect
both parenchymal and nonparenchymal cells, leading to inflam-
mation and fibrosis.”>73 Moreover, the expression of gp120 can
be increased by the migration of astrocytes mediated by CCRS,
which in turn increases the secretion of monocyte chemoattractant
protein-1 and the expression of IL6, resulting in an inflammatory
state, and leading to chronic inflammation and damage of the sur-
rounding liver cells. For individuals with HIV/HCV co-infection,
gp120 can induce hepatocellular apoptosis by interacting with
HCV proteins, such as core, E2, NS3/4A and NS5A.7 In vitro
models have revealed the enhanced activation and phosphorylation
of signal transduction and transcription factor 1 (STAT1) after the
co-stimulation of HCV-E2 and HIV-GP120.7# Considering the role
of GP120 in hepatocyte steatosis and fibrosis, this injury pathway
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Fig. 2. Mechanism of HIV infection affecting the occurrence and development of NAFLD. The red arrow indicates that the index level went up, and the blue
arrow indicates that the index level went down. DNL, de novo lipogenesis; FXR, farnesoid X receptor; GR, glucocorticoid receptor; LXR-q, liver X receptor-o; MTP,
microsomal triglyceride transfer protein; NAFLD, nonalcoholic fatty liver disease; PPAR, peroxisome proliferator-activated receptor; VLDL-TG, very low density

lipoprotein-triglyceride; Vpr, HIV-assisted protein.

can be further investigated as a diagnostic and therapeutic target.
Patients may be at particularly high risk due to the aging popula-
tion, severe presentation of common NAFLD risk factors, disturbanc-
es in the gut-liver axis, and additional effects of mechanisms related
to HIV infection and antiretroviral therapy (ART).% The secondary
causes of fat degeneration are, as follows: ART, HCV, and alcohol.%3

Management

Liver biopsy is rarely used for the diagnosis and evaluation of
NAFLD in HIV carriers, while non-invasive fibrosis tests have been
increasingly used.”>7¢ For HIV patients, transient elastography (TE)
has an advantage over serum markers, because this is not affected
by the HIV course or medication.”” The diagnostic value for liver
fibrosis and steatosis was LSM >8.0 kPa’® and CAP >248 dB/m,”’
respectively.

As mentioned above, for HIV-infected patients with NAFLD,
the basic treatment is general treatment, such as nucleotide reverse
transcriptase inhibitors (NRTIs).% Studies have been conducted
on the drug treatment of different pathways of fat accumulation,
such as aramchol,8 tesamorelin,?! statins,?? and cenicriviroc.%? In
a phase II clinical trial, aramchol has been shown to significantly
reduce the hepatic fatty liver disease in the general population.
However, more clinical trials are needed for tesamorelin, statins
and cenicriviroc. Furthermore, most of the HIV-infected patients
received combined antiretroviral therapy (cART), which achieved
the basic inhibition of viral and immunoactivation of HIV, and the
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effects of HIV replication on lipid metabolism were eliminated.®

Different HIV drugs have different effects on liver steatosis.
A number of early ART regimens, particularly NRTIs, have been
associated with mitochondrial toxicity through multiple possible
mechanisms. This results in mitochondrial toxicity and impaired
fatty acid oxidation, which play an important role in the develop-
ment of ectopic fat deposition and lipid dystrophy in tissues and
organs,®* and contribute to the development of NAFLD through
multiple pathways.%5 Early NRTIs were usually associated with
mitochondrial dysfunction, particularly stavudine, didanosine and
zalcitabine, and to a lesser extent, zidovudine.®6 Modern NRTs,
such as tenofovir, have been rarely associated with significant mi-
tochondrial dysfunction in clinical practice, and no relevant studies
have reported that these promote the occurrence and development
of NAFLD.# Both stavudine and didanosine can cause liver dam-
age through mitochondrial damage, oxidative stress, and micro-
fouling fatty degeneration, and should be avoided in NAFLD.%7
The chemokine receptor CCR2/CCRS antagonist cenicriviroc,
which has recently been shown to be effective in HIV treatment
by inhibiting the entry of the virus, has also been shown to be ef-
fective in early trials for the treatment of NAFLD.33 Cenicriviroc
may be a novel approach to treat or prevent HIV and NAFLD in
patients with multiple NASH risk factors.%3

Aramchol is a fatty acid-bile binder, which can reduce fatty acid
synthesis, and increase fatty acid oxidation and liver cholesterol
outflow. In a phase II trial, this has been shown to significantly re-
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duce fatty liver in the general population.3? Tesamorelin is a growth
hormone-releasing hormone that reduces visceral fat accumulation
in HIV-infected individuals.®3-90 In contrast to the GH itself, tesa-
morelin stimulates lipolysis by increasing endogenous GH, while
maintaining negative feedback inhibition.?® Stanley et al. reported
that tesamorelin can reduce the liver fat content in HIV-infected
NAFLD patients, and it was further revealed that this can slow the
progression of fibrosis, and improve liver inflammation.®%8! How-
ever, tesamorelin can reduce insulin sensitivity, leading to hyper-
glycaemia.’! Therefore, the security of using this in the long term
remains uncertain, and this requires a lot of data to illustrate. A me-
ta-analysis confirmed the fat-lowering effect of statins on HIV-in-
fected patients treated with cART, showing that statins can signifi-
cantly reduce total plasma cholesterol, triglyceride, and low-density
lipoprotein cholesterol levels,”? and reduce adverse event rates.”® In
addition, studies have revealed that HIV-infected patients treated
with intensive statins have a lower cardiovascular disease risk.%?

In conclusion, HIV infection can increase the risk of NAFLD.
Furthermore, HIV infection can accelerate the progression of sim-
ple fat degeneration to NASH. Moreover, HIV treatment drugs
may induce abnormal blood lipids, insulin resistance, and mito-
chondrial dysfunction, thereby promoting the development of
NAFLD. Researchers and clinicians need to conduct extensive
scientific and clinical studies to improve the efficiency of the non-
invasive diagnosis and treatment of NAFLD in HIV patients.

HIV/HCYV coinfection

Patients with HIV/HCV co-infection have a faster progression
of liver fibrosis, and a higher rate of liver decompensation, when
compared to HCV patients.** HIV/HCV infection is associated
with increased risk of hepatic depensation,®> high HCV viral
load,”® elevated ALT levels,’” increased possibility of drug interac-
tions,”® and changes in antiviral drug absorption.®’

Helicobacter pylori

As it is known, approximately 50% of the global population is es-
timated to be infected by HP.1? HP is a Gram-negative and mi-
croaerophilic bacterium,!’! which mainly causes gastrointestinal
diseases in adults, including chronic gastritis, peptic ulcer, gastric
muco-associated lymphoid tissue lymphoma, gastric cancer,!?? etc.
HP-related samples have been detected in various liver disease bi-
opsy samples, and studies have revealed that HP is associated with
liver disease, such as hepatitis and hepatocarcinoma.!?® Further-
more, the HP 16S rDNA was found in liver biopsies of NAFLD
patients in 2008,1%4 and studies have confirmed that HP infection
is significantly associated with NAFLD.!%* Tian et al. reported
that 47.82% of HP-infected individuals have NAFLD, and that
HP infection is significantly correlated to NAFLD (OR = 1.2).105
Furthermore, the HP infection in individuals with dyslipidemia is
significantly correlated with NAFLD (OR = 1.44). Although other
studies have arrived at different conclusions,!?® it is more likely
that HP infection contributes to the progression of NAFLD.

Pathogenesis

HP infection can significantly increase the degree of steatosis in
NAFLD mice, which is induced by high-fat diet.'”” Furthermore,
HP infection may be associated with iron deficiency.!? That is, the
liver iron content was lower in HP-infected patients, when com-
pared to uninfected patients.'” Although the mechanism of iron
deposition in the liver of NASH patients has not been determined,
iron may play an important role in at least part of the pathogenesis
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of NAFLD."'? The formation of hepcidin in NAFLD patients in-
creases the iron load, leading to iron-induced oxidative damage to
the intestinal mucosa,'™! and this in turn increases the acid load.!!?
Studies have revealed that the increase in acid load can precipitate
bile acid, and reduce the inhibition of HP in the bile, thereby in-
creasing the risk of HP infection.!?

HP has been considered to cause the pathogenesis of NAFLD
by increasing insulin resistance, stimulating the release of inflam-
matory cytokines, and increasing intestinal permeability.!!? There-
fore, some scholars have speculated that the mechanism of HP
that leads to NAFLD by inducing intestinal microbiota disorder
is, as follows: HP invades the intestinal mucosa, leads to intestinal
dysfunction, destroys the intestinal villi, increases intestinal per-
meability, promotes the secretion of bacterial endotoxin (specially
lipopolysaccharide) through the hepatic portal vein, and promotes
inflammatory reactions.!”” In addition, HP can colonize both the
stomach and duodenal epithelium, and the biliary epithelium.!™#

For patients infected with HP, the risk factors for NAFLD are
adiponectin,"'® leptin,!'® diet structure, and infected strains.!??
Circulating adiponectin levels are negatively correlated with HP
infection.!’> When adiponectin is reduced, the control of oxidation
of free fatty acids into the mitochondria weakens, leading to free
fatty acid accumulation in the cytoplasm.!'” Leptin can reduce fat
deposition in liver tissues by inhibiting the desaturation of liver
stearoyl-CoA,""® and interfering with the insulin signaling.'’® A
study that involved 153 patients with dyspepsia revealed a signifi-
cant negative association between HP infection and serum leptin
levels (p < 0.001)."¢ Furthermore, the cytotoxin-associated gene A
(CagA) negative population was significantly associated with the
occurrence of NAFLD (OR = 1.30).120

Management

HP can be diagnosed through invasive tests, such as urease and
molecular tests, and non-invasive methods, such as urea breath
tests and fecal antigen tests.!?!

Standard triple therapy (PPI+ clarithromycin and amoxicillin/
metronidazole) has been widely used as the first-line regimen. Af-
ter the eradication of HP, the fasting plasma insulin level (p <0.01)
and homeostasis model assessment of insulin resistance (HOMA-
IR) (p < 0.01) were significantly lower, when compared to those
before treatment. This indicates that the HP eradication improved
the insulin resistance, and that this might prevent the occurrence
of MS and NAFLD.!?%123 In the study conducted by Maharshi et
al., after 24 weeks of treatment for HP positive patients, the liver
CAP value exhibited a downward trend, but the difference was not
statistically significant. Furthermore, the HP eradication had no
significant effect on the changes in blood lipid indexes in NAFLD
patients,'?* which might be due to the small sample size. Further
clinical studies are needed to explore the effect of HP eradication
on NAFLD.

In conclusion, HP infection increases the risk of NAFLD. Fur-
thermore, HP infection may induce the occurrence of NAFLD by
changing the intestinal microecology, and choline, amino acid, and
sugar metabolism. The relief and treatment effects of HP clearance
in NAFLD need to be further verified.

Others

Hepatitis A virus (HAV), hepatitis D virus (HDV), and hepatitis
E virus (HEYV)

Compared to HBV and HCYV, there is little evidence that HAV,
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HDV and HEV are involved in the development and progression
of NAFLD.!?5

Human cytomegalovirus

Cytomegalovirus (CMV) is a beta-herpesvirus, which can infect
a wide range of cell types. This can infect monocytes, adipocytes
and endothelial cells, and is never completely cleared by the im-
mune system, leading to lifelong infections.!?® CMV infection in
NAFLD patients is associated with gender and BMI.!?3 In patients
with seropositive CMV, the incidence of MS was higher in normal-
weight women, when compared to extremely obese women. Fur-
thermore, a study revealed that the triglyceride and insulin levels
were lower, and the HDL-cholesterol was higher in CMV-posi-
tive obese patients, when compared to CMV-negative patients.!?
Moreover, studies have revealed that CMV can promote the de-
velopment of NAFLD through de novo adipogenesis and oxida-
tive stress.'?7-128 The treatment of NAFLD combined with CMV
remains mainly as a symptomatic supportive treatment.!?

In conclusion, it was suggested that CMV infection may in-
crease the risk of NAFLD. However, more studies are needed to
confirm this.

Adenovirus (ADV)

ADV belongs to the family of double-stranded DNA viruses,
which are icosahedral in structure, have no envelope, and have di-
ameters that range within 65-80 nanometers.!*’ There is evidence
that human lipogenic adenovirus ADV36/ADV37 infection is as-
sociated with obesity, and that this is a causative factor for obesity
in humans and animals.'3! There are still a lot of speculations on
the mechanisms involved.

First, studies have revealed that obese patients are more suscepti-
ble to ADV-36 infection, and that leptin levels are reduced in patients
with ADV-36 infection.!32133 Furthermore, the seropositivity of
ADV-36 is associated with better lipid and blood glucose control.!3*
Thus, it was speculated that ADV-36 may contribute to chronic in-
flammation, and the changes in lipid metabolism by reducing the
leptin gene expression (as a feedback mechanism) and insulin sensi-
tivity, increasing the glucose uptake, activating the lipogenesis and
pro-inflammatory pathways in adipose tissues, and increasing the
chemoattractor protein-1 levels in macrophages.!35 Second, several
molecular mechanisms that may be responsible for the “metabolic”
effects of ADV-36 have been demonstrated. ADV-36 induces the up-
regulation of the cAMP, phosphatidylinositol 3-kinase (PI3K), and
p38 signaling pathways, and the downregulation of Wnt10b, and
increases the expression of CCAAT/enhancer binding protein-f§ and
PPAR gam?2, leading to lipid accumulation.!3¢ Furthermore, the E4
Open Reading Frame (orf)-1 (E4ORF1) gene of the virus is required
for ADV-36 to induce adipogenesis.!3¢ At present, there are no ap-
proved treatments for ADV infection, and standard treatment relies
on drugs approved to fight other viral infections.'3”

In conclusion, the possible mechanism of the involvement
ADV-36 in NAFLD is to reduce the leptin gene expression and in-
sulin sensitivity, increase the glucose uptake, and activate the lipo-
genesis and proinflammatory pathways in adipose tissues, leading
to chronic inflammation, and affecting the lipid metabolism. How-
ever, these are only some of the assumptions based on previous
studies, which need to be confirmed through a large number of
population studies and basic studies.

Conclusion

Most chronic infections are significantly associated with the risk
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of NAFLD. With the exception of HBV, other chronic infections
(HCV, HIV, HIV, CMV and ADV) are associated with increased
risk of NAFLD. Chronic infection can induce reactions, such as
abnormal glucose and lipid metabolism, insulin resistance, and in-
flammation activation, which increases the risk of liver fibrosis
progression. At present, the molecular mechanism of chronic viral
infections, such as CMV, and the risk of NAFLD need further stud-
ies, in order to provide guidance in clinical drug use and treatment.
In carrying out antiviral and bacterial treatments, attention should
be given to the changes in the condition of NAFLD, in order to
achieve the best antiviral and antibacterial treatment effects, and
minimize the adverse effects of drug treatments for NAFLD.
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