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Alcoholic liver disease (ALD) andnonalcoholic fatty liver dis-
ease (NAFLD) representmain causes of chronic liver disorder
in the Western countries. Both ALD and NAFLD include a
wide spectrum of conditions ranging from “simple” steatosis
to steatohepatitis, cirrhosis, and hepatocellular carcinoma.
ALDandNAFLD, besides sharingmanyhistological patterns,
have in common a negative impact on both cardiovascular
and cancer risk. Consequently, ALD and NAFLD should be
considered not only liver diseases but also systemic condi-
tions that harmfully influence both morbidity and mortality.

ALD is caused by acute and/or chronic alcohol intake
while NAFLD is outlined as the presence of hepatic steatosis
without other causes of secondary fat accumulation such as
noteworthy alcohol consumption and hereditary disorders.
NAFLD is a complex illness with genetic and environmental
risk factors and is typically coupledwithmetabolic conditions
such as obesity and diabetes.

In this special issue, we present original research as
well as review articles on the following topics: relationship
between gut-liver axis and NAFLD, diagnostic ability of
transient elastography inNAFLD (and simultaneous hepatitis
B virus), noninvasive markers of fibrosis in ALD, NAFLD,
and pancreas damage, role of traditional Chinese Medicine
in the treatment of NAFLD, and use of antifibrotic drug for
the cure of liver disease.

Recent advances demonstrated that microbiota shows a
key role in many kinds of diseases. In particular, microbiota
dysbiosis seems to be involved in the pathogenesis of nonal-
coholic steatohepatitis (NASH) that definitely represents the
progressive form of NAFLD. Modifications of microbiota-
derived mediators, alterations of gut endothelial barrier, and
translocation of inflammation mediators could negatively
influence the outcome of liver damage due to NASH. G.
Aragonès et al., with a whole review article, discuss the role
of gut microbiota-derived mediators as potential diagnostic
markers of NAFLD and NASH. The article underlines the
relevance of developing noninvasive tools for the screening
and diagnosis of NAFLD since the current gold standard
(liver biopsy) shows some well-known limits related to safety,
compliance, and feasibility. In particular, liver biopsy can
lead to complications such as bleeding, pain, bile peritonitis,
kidney puncture, or death. Furthermore, sampling errors
are common due to effort with obtaining liver specimen
representative of the entire organ. In the present special
issue, other data about noninvasive diagnosis of NAFLD
are reported. Specifically, the concordance between transient
elastography (TE) and ultrasonography (US) in assessing
liver fibrosis in patients with both chronic hepatitis B (CHB)
and NAFLD is evaluated. Using the liver biopsy as standard
comparison, G. Zhang et al. demonstrated that TE and US
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scores knowingly correlated with histologically proven liver
fibrosis.

Obviously, also in patients with ALD to develop noninva-
sive methods of diagnosis would be important. L. Chrostek et
al. analyzed the diagnostic values of the followingnoninvasive
indirect markers of liver fibrosis: APRI, GAPRI, Forn’s, FIB-
4, Age-Platelet, andHepascore in patients with ALD. Authors
suggested that Hepascore showed lower diagnostic value in
alcoholics thanmarkers involving only liver enzymes, platelet
count, and cholesterol. Remarkably, Forn’s index emerged as
the best marker among those analyzed.

The relationship between NAFLD and systemic dam-
age is widely known particularly regarding cardiovascular
risk. However, few data are available about the pathological
relationship between NAFLD and pancreatitis. Abdominal
obesity represents a chief element in the NAFLD patho-
genesis and, at the same time, it can be a risk factor for
acute pancreatitis. Interestingly, D. Wu et al. reported that
NAFLD could exacerbate pancreatitis through releasing a
large number of inflammatory factors. Notably, Kupffer cells
(the resident macrophages of the liver) primarily mediate the
NAFLD-related chronic inflammatory process.

The complexity of NAFLD and NASH pathogenesis
explains the difficulties of scientific community in the devel-
opment of widely approved effective treatment. The presence
of parallel “hit” explains the systemic impact of NAFLD and
the opportunity to develop drugs that can act on multiple
levels. Y. Feng et al., conceptually in agreement with this
concept, developed an animal study with the use of Jianpi
Huoxue (JPHX) as treatment of NAFLD. The proposed
Chinese herbal formula holds active compounds that regulate
lipid metabolism and shows anti-inflammatory properties.
JPHX exhibited hepatoprotective effects in animals with
severe livery injuries (steatosis, inflammation, and fibrosis)
decreasing lipid accumulation, inflammation, apoptosis, and
fibrosis.

The main limitation of the available studies describing
the treatment options for the treatment of NAFLD is the
lack of a relevant effect on the fibrosis. In this direction, M.
M. Arafah et al. planned a study using a rat model of liver
fibrosis (obtained with intraperitoneal injections of carbon
tetrachloride). A total of 45 rats were divided into 3 groups:
control group, group II that received carbon tetrachloride
for 8 weeks, and group III that was treated with carbon
tetrachloride and nAG protein for the same time period. At
the end of the experiment, serum levels of hyaluronic acid,
PDGF-AB, TIMP-1, laminin, Procollagen III- N terminal
peptide, and collagen IV alpha 1 chain were tested and liver
biopsies were performed. NAG treatment decreased serum
levels of the analyzed markers of fibrosis reducing also the
histological fibrosis.

We believe that these articles may contribute to improve
our knowledge in ALD and NAFLD that definitely represent
the future of hepatology.
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In parallel with the prevalence metabolic syndrome, nonalcoholic fatty liver disease (NAFLD) has become the most common
chronic liver disease in most countries. It features a constellation of simple steatosis, nonalcoholic steatohepatitis (NASH), fibrosis,
cirrhosis, and even hepatocellular carcinoma.There are no approved drugs for effective management of NAFLD and NASH. Jianpi
Huoxue formula (JPHX) mainly consists of Atractylodes macrocephal (Baizhu), Salvia miltiorrhiza (Danshen), Rasux Paeonia
Alba (Baishao), Rhizoma Alismatis (Zexie), and Fructus Schisandrae Chinensis (Wuweizi), which may have beneficial effects on
NAFLD.The aim of the study was to identify the effect of JPHX on NAFLD.ANAFLDmodel was induced by methionine-choline-
deficient food (MCD) in Wistar rats and orally administered with simultaneous JPHX, once a day for 8 weeks. Hepatocellular
injury, lipid profile, inflammation, fibrosis, and apoptosis were evaluated. The results showed that JPHX significantly decreased
the abnormal serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels compared with the MCDmodel
(P<0.05). Furthermore, JPHX protected MCD diet-fed rats from accumulation of hepatic triglycerides (TG) and total cholesterol
(TC). Histological examination demonstrated that JPHX noticeably normalized the NAFLD activity score (NAS). Moreover, JPHX
ameliorated liver inflammation by decreasing TNF-𝛼 levels and reduced collagen and matrix metalloproteinases in MCD diet-fed
rats. In addition, JPHX prevented rats from MCD-induced cellular apoptosis, as suggested by TUNEL staining, and suppressed
the activation of caspase 3 and 7 proteins. JPHX also inhibited the phosphorylation of JNK. In conclusion, JPHX exhibited a
hepatoprotective effect against NAFLD in an MCD experimental model.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon chronic liver disease in most countries and regions
including the United States, Asia, the Middle East, and
Europe [1]. The prevalence of NAFLD worldwide has been
estimated at 25.24% and it shows an increased trend with
the high prevalence of obesity, diabetes, hyperlipidemia,

and metabolic syndrome [2–4]. NAFLD can be divided
into two major subtypes: simple steatosis and nonalcoholic
steatohepatitis (NASH). Most patients do not progress to
cirrhosis, which ismainly characterized by steatosis especially
macrovascular steatosis, while almost 20% patients will have
a progressive liver disease called NASH [5]. Patients with
NASH usually develop liver steatosis, more severe lobular
and portal inflammation, and ballooning and have a higher
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chance of developing fibrosis, cirrhosis, and hepatocellular
carcinoma [6]. However, currently, there are no approved
drugs for effectivemanagement of NAFLD andNASH, which
have become a major global public health problem and place
an enormous burden on health-care systems and societies.
Some preventive strategies, such as lifestyle modification
and an energy-restricted diet, have achieved limited suc-
cess including improved steatosis and decreased aberrant
aminotransferases [7]. Therefore, it is critical to develop new
therapeutic targets for NAFLD treatment. Nowadays, many
researches are giving new hope to patients with NAFLD and
those at high risk of developing NAFLD.

In Chinese medicine philosophy, the pathogenesis
of NAFLD includes spleen vacuity, liver stagnation, and
phlegm-damp obstruction. Thus far, few traditional Chinese
medications have been studied for treatment of patients
with NAFLD [8–10]. Jianpi Huoxue (JPHX), as a Chinese
herbal formula, has been used for liver disease in China
for many years [11]. JPHX mainly consists of Atractylodes
macrocephal (Baishu), Salvia miltiorrhiza (Danshen), Rasux
Paeonia Alba (Baishao), Rhizoma Alismatis (Zexie), and
Fructus Schisandrae Chinensis (Wuweizi) and strengthens
the spleen, emolliates the liver, dispels dampness, dissolves
stasis, and promotes blood circulation [12, 13]. JPHX contains
active compounds that may regulate lipid metabolism and
exhibit anti-inflammatory properties. The aim of the study
was to determine the role of JPHX in the development of
MCD diet-induced NAFLD in rats.

We hypothesized that JPHXmay have a hepatoprotective
effect during progression of NAFLD. Clinically, NAFLD is
characterized by elevated serum aminotransferases, accumu-
lation of fat with more than 5% hepatocytes and no history
of alcohol abuse [1, 5, 14]. Animal models of NAFLD can
be induced in rodents, as with many other human diseases,
by common dietary protocols, and used for developing
new therapeutic approaches and investigating the disease
mechanisms [15]. MCD diet has been used for over 40 years
to induce NAFLD, as a classic model that showed hepatic
histological features including steatosis, inflammation, and
fibrosis in a short time [16]. In the present study, MCD
diet-induced NAFLD in rat was used to explore JPHX as a
therapeutic agent for NAFLD.

2. Materials and Methods

2.1. Animal Models. Male Wistar rats, weighing approxi-
mately 220g, were fed a methionine- and choline-deficient
(MCD diet) (Trophic Animal Feed High-Tech Co., Ltd.,
Nantong, China) that contained amino acids, corn oil, fibers,
vitamins, minerals, sodium bicarbonate, and tertiary butyl-
hydroquinone (TBHQ), or the same diet supplemented with
methionine and choline (MCS diet) for up to 8 weeks. The
substrain ofWistar rats isWistar IGS rats, which are outbred.
All rats were randomly divided into five groups (6-9 rats per
experimental group) including an MCS group, MCD group,
and JPHX 0.60 g/kg, JPHX 1.21 g/kg, and JPHX 2.42 g/kg
groups. Rats were housed in groups of 2∼4 in IVC cages with
comfortable bedding, and the animal room with a 12-hour
dark/light cycle temperature ranged between 21 and 25∘C;

humidity was maintained between 55% to 65%. All rats had
free access to food and water and were weighed at weekly
intervals.

2.2. JPHXFormula. JPHX formulawas provided by Shanghai
Sunrise Traditional Chinese Medicine Co., Ltd., Shanghai,
China. The NAFLDmodel was induced by MCD diet in rats,
orally administered simultaneously with JPHX once a day
until rats were sacrificed. JPHX formula has a long history of
use in clinical practice in China, therefore the different JPHX
doses were chosen according to previous clinical experiences.
The rat dose was converted from human dose which was
multiplied by 7 based on the body surface area. A dose-
response study is a valid research design to evaluate the
efficacy of TCM [17–19]. Three doses of JPHX formula were
administrated to the rats. Rats in JPHX treatment group were
administered with JPHX at three different doses of 0.60, 1.21,
or 2.42 g/kg (weight of rat). Powdered formula (10.00 g) was
dissolved in 50mLdistilledwater and then the ratswere orally
administered with JPHX solution according to their body
weight. The MCS group and MCD vehicle group were orally
treated with distilled water. The animal study conformed to
the ethical standards (UMARE-001-2017) of the Institute of
Chinese Medical Science, University of Macau.

2.3. Determination of Serum and Liver Biochemical Parame-
ters. Blood samples were collected every 2 weeks from the
tale vein and 1-2 mL of blood can be obtained and cen-
trifuged at 1000 r.c.f for 15 min at 4∘C. Serum was separated
to detect biomarkers, including alanine aminotransferase
(ALT), aspartate aminotransferase (AST), triglyceride (TG),
and total cholesterol (TC) (Nanjing Jiancheng Biotech Co.,
Nanjing, China). Tumor necrosis factor-𝛼 (TNF-𝛼) levels
were measured by an ELISA kit (Duo-Set; R&D Systems
Inc., MN, Minnesota, USA), and absorbance was read at 450
nm by a microplate reader according to the manufacturer’s
instructions. At the end of 8 weeks, blood samples from
abdominal aorta were collected and approximately 5 mL
of blood can be collected to be analyzed; hepatic TG and
TC levels were determined by the same kit used for serum,
as previously described [20]. Briefly, lipid was extracted
using chloroform/methanol solution. The organic phase was
collected and then vaporized, and the dry powder obtained
was dissolved in isopropanol for the detection of hepatic TG
and TC. Hepatic glutathione peroxidase (GPx) activity was
detected to analyze oxidative stress by commercial kit from
Nanjing Jiancheng Biotech Co. (Nanjing, China) [21].

2.4. Histopathological Analysis. At the end of 8 weeks, liver
samples were collected. Livers were washed with ice PBS,
dried with filter paper, and weighed. A part of the fresh liver
tissue was fixed in 4% paraformaldehyde, embedded in paraf-
fin, cut into 6-𝜇m-thick slices, and stained with hematoxylin
and eosin (H&E) and Sirius red stain for histopathology
analysis. Histology was assessed in a blind manner by a
pathologist. Also, a part of the fresh liver tissuewas embedded
in optimal cutting temperature compound (OCT) for stain-
ing with Oil red O (Sigma, St. Louis, MO, USA). Terminal
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Table 1: Primers information.

Target genes Primers Sequence
TNF𝛼 Forward Primer GCCCAGACCCTCACACTC

Reverse Primer CCACTCCAGCTGCTCCTCT
Collagen I Forward Primer AGGCATAAAGGGTCATCGTG

Reverse Primer ACCGTTGAGTCCATCTTTGC
MMP-9 Forward Primer GACAATCCTTGCAATGTGGATG

Reverse Primer CCGACCGTCCTTGAAGAAATG
𝛽-actin Forward Primer AGCCATGTACGTAGCCATCC

Reverse Primer CTCTCAGCTGTGGTGGTGAA

deoxynucleotidyl transferase (TdT)-mediated dUTP nick-
end (TUNEL) assay was performed for apoptosis using a
commercial kit according to the manufacturer’s instruc-
tions (Beyotime Institute of Biotechnology, Nantong, China).
Quantification of apoptosis was performed by counting the
number of TUNEL-positive cells in three random fields (20 ×
magnification). Expression of 𝛼-SMA was determined using
immunohistochemistry according to the standard method;
paraffin-embedded sections were immunostained with an 𝛼-
SMA antibody [22].

2.5. Quantitative Real-Time Polymerase Chain Reaction Anal-
ysis (qRT-PCR). Fresh liver samples were collected and snap-
frozen in liquid nitrogen and then stored at -80∘C for further
analysis. Total RNA was extracted from hepatic tissue with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reverse-
transcribed into cDNA using SuperScript reverse system
(Invitrogen) for amplification according to the manufac-
turer’s protocol. Quantitative real-time polymerase chain
reaction (RT-PCR) was performed by SYBR Premix Ex
Taq� II (Tli RNaseH Plus) (Takara, Shiga, Japan). Primers
information was listed in Table 1.

2.6. Western Blotting. Liver tissue from different groups was
homogenized with stainless steel beads in RIPA lysis buffer
by TissueLyser II (QIAGEN, Hilden, Germany) and then
centrifuged at 12,500 r.c.f for 30 min at 4∘C. Supernatant
was obtained and protein concentrations were determined
by a Pierce BCA protein assay kit (Thermo Fisher Scien-
tific, Waltham, MA, USA). Equal amounts of protein and
molecular weight markers were loaded on sodium dodecyl
sulfonate polyacrylamide gel electrophoresis (SDS-PAGE).
Protein samples were transferred to a polyvinylidene diflu-
oride (PVDF) membrane that was blocked with 5% nonfat
milk in 1× Tris-buffered saline with 0.5% Tween-20, for 1
hour at room temperature. Membranes were incubated with
primary antibodies overnight at 4∘C. Horseradish peroxidase
(HRP)-linked secondary antibodies (Cell Signaling Technol-
ogy,Danvers,MA,USA)were incubated at room temperature
for 1 hour after washing at least three times with Tris-buffered
saline Tween 20 (TBST), for 10 min each time. Signals were
detected by ECL detection kit (GE Healthcare, Milwaukee,
WI, USA) and quantified with Image Lab software (Bio-Rad,
Hercules, CA, USA).

2.7. Data Analysis and Statistics. All data were collected from
three independent experiments. Student t-test was used to
compare differences between MCS group and MCD group.
Differences among experimental groups were evaluated by
one-way ANOVA, followed by Dunnett’s multiple compar-
isons test. P values less than 0.05 were regarded as statistically
significant. Data are described as mean ± standard deviations
(SD). Alpha level was two tailed. The GraphPad prism was
used for statistical analysis (version 6.0, GraphPad Inc., San
Diego, CA, United States).

3. Results

3.1. JPHX Does Not Influence Body Weight and the Liver-to-
Body Weight Ratio (LBW) in NAFLD. In our study, JPHX
was performed on rats using an MCD diet-induced NAFLD
model. The body weights of MCS diet-fed rats showed an
increasing trend, while the bodyweights ofMCDdiet-fed rats
gradually decreased, by approximately 20%-30%, during the
8 weeks of testing period because of a noticeably lower caloric
intake (Figure 1(a)). The liver weights of the MCD vehicle
group and JPHX treatment group were similar (Figure 1(b),
p = 0.1608). In addition, the liver/body weight ratio (LBW)
in MCD diet-fed rats was higher than that in MCS diet-fed
rats (Figure 1(c), p < 0.0001).We observed that JPHX formula
therapy did not significantly influence the body weights and
LBW of rats.

3.2. JPHX Inhibits Hepatic Steatosis. Serum and liver TG
and TC levels were detected to assess the effect of JPHX
on the NAFLD model induced by MCD diet. Hepatic TG
and TC levels increased noticeably in the MCD vehicle
group compared to those in the MCS group. JPHX 0.60 g/kg
and JPHX 1.21g/kg showed significantly lower hepatic TG
(Figure 2(a), p = 0.0007) and TC levels (Figure 2(b), p =
0.0003). In addition, serum levels of TG and TC in MCD-
induced rats decreased, which indicated impaired secretion
of TG (Figure 2(c), for week 2, p= 0.0004, for week 4, p=
0.0019, for week 6, p< 0.0001, and for week 8, p = 0.6152) and
TC from hepatocytes (Figure 2(d), for week 2, p = 0.0002,
for week 4, p< 0.0001, for week 6, p = 0.0960, and for week
8, p= 0.0011). These findings correlated well with the H&E
and Oil red O staining results (Figure 2(e)), where the MCD
diets featured macrovesicular steatosis with large droplets of
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Figure 1: Effect of MCD diets on body weights, liver weights, and liver/body weight ratio in rats. (a) Body weight of rats. (b) Liver weight of
rats after 8 weeks of the feeding. (c) Liver/body weight ratio of rats at 8 weeks. Values are shown as the mean ± SD. MCS n=6, MCD n=9, and
JPHX treatment groups n=7. #p<0.05, ##p<0.01, and ###p<0.001, MCD diet vehicle group versus MCS diet group. ∗p<0.05, ∗∗p<0.01, and
∗ ∗ ∗p<0.001, MCD diet vehicle group versus JPHX treatment groups.

fat that push the nucleus aside. Animals treated with JPHX
showed lower hepatic steatosis levels than those of the MCD
diet vehicle rats. Similarly, lipid droplets were detected by Oil
red O staining. JPHX in the different treatment groups, but
especially at 1.21g/kg, noticeably attenuated the accumulation
of lipid droplets.

3.3. JPHX Protects Rats from MCD Diet-Induced Liver Injury
and Inflammation. Rats fed with MCD diets for 8 weeks
developed NAFLD, and liver injury-related markers were
detected. Serum ALT levels were dramatically increased in
the MCD vehicle group due to higher ALT release from

damaged liver cells. Abnormal serum ALT activities were
significantly decreased by JPHX in rats (Figure 3(a), for
weeks 2, 4, 6, and 8, p< 0.0001). Similarly, JPHX treatment
reduced circulating AST level in rats compared to the MCD
group (Figure 3(b), for weeks 2, 4, and 8, p< 0.0001; for
week 6, p=0.0002). TNF-𝛼 was involved in the pathogenesis
of NAFLD. MCD diets markedly increased hepati TNF-𝛼
concentrations. Treatmentwith JPHX (0.60g/kg and 1.21g/kg)
significantly decreased this MCD diet-induced elevation in
TNF-𝛼 level (Figure 3(c), p=0.0059, Figure 3(d), p = 0.0076).
These findings were confirmed by H&E, which showed
decreased lobular inflammation. Oxidative stress plays an
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Figure 2: Effect of JPHX on accumulation of hepatic TG and TC induced by MCD diet and liver histology. (a) Liver TG levels. (b) Liver TC
levels. (c) Serum TG levels. (d) Serum TC levels. (e) H&E and Oil red O staining of representative liver sections from each treatment group.
Original magnification × 200. Values are shown as the mean ± SD.MCS n=6, MCD n=9, and JPHX treatment groups n=7. #p<0.05, ##p<0.01,
and ###p<0.001, MCD diet vehicle group versusMCS diet group. ∗p<0.05, ∗∗p<0.01, and ∗∗∗p<0.001, MCD diet vehicle group versus JPHX
treatment groups.
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Figure 3: Liver injury-related parameters, inflammation-related parameters, and NAS score. (a) Serum ALT levels in rats fed with MCD or
MCS diet at weeks 2, 4, 6, and 8. (b) Serum AST levels. (c) TNF-𝛼mRNA expression levels were detected by qRT-PCR; data were normalized
to 𝛽-actin. (d) Hepatic TNF-𝛼 concentrations were measured by an ELISA kit. (e) Effects of JPHX formula on liver GPx in rats. (f) NAFLD
activity scoreswere analyzed by a pathologist in a blindmanner. Values are shown as themean± SD.MCSn=6,MCDn=9, and JPHX treatment
groups n=7. #p<0.05, ##p<0.01, and ###p<0.001, MCD diet vehicle group versusMCS diet group. ∗p<0.05, ∗∗p<0.01, and ∗∗∗p<0.001, MCD
diet vehicle group versus JPHX treatment groups.
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Figure 4: JPHX inhibits hepatic fibrosis in MCD diet-fed rats, as suggested by profibrotic gene expression level, Sirius red staining, and 𝛼-
SMA Expressions level. (a) Collagen I andMMP-9 mRNA expression levels were detected by qRT-PCR.The relative amounts of mRNA were
normalized to 𝛽-actin. (b) Sirius red staining showed noticeable pericellular fibrosis in the MCD group. Representative liver sections from
different groups. Originalmagnification× 200. (c) Paraffin-embedded sectionswere immunostainedwith an𝛼-SMAantibody. Representative
liver sections from different groups. Original magnification × 400. Values are shown asmean ± SD.MCS n=6,MCDn=9, and JPHX treatment
groups n=7. #p<0.05, ##p<0.01, and ###p<0.001, MCD diet vehicle group versusMCS diet group. ∗p<0.05, ∗∗p<0.01, and ∗∗∗p<0.001, MCD
diet vehicle group versus JPHX treatment groups.

important role in the pathogenesis of NAFLD, which causes
the infiltration of Kupffer cells, cell death, and liver damage
[23, 24]. Reactive oxygen species (ROS) can react with the
accumulated lipids in the liver to cause lipid peroxidation.
Detoxifying enzymes which scavenge ROS act as the first
line of defense against ROS [15, 25]. JPHX treatment
group had higher expressions of liver GPx levels compared
with MCD group; however only low dose of JPHX formula
show significantly higher expressions of liver GPx levels
(Figure 3(e), p=0.0110). Histological examination indicated
that JPHXnormalized theNAS score (Figure 3(f), p< 0.0001).
Our data suggested that JPHX attenuated hepatocellular
injury and inflammation, as indicated by reversal of abnormal
serum ALT and AST levels and reduced TNF-𝛼 expression
and inflammatory infiltrates.

3.4. JPHX Prevents Fibrosis by Inhibiting Expression of Colla-
gen I andMatrixMetalloproteinase. ThehepaticmRNA levels
of matrix metalloproteinase-9 (MMP-9) markedly increased
in the rats fed the MCD diet alone but were downregulated
by low, medium, and high doses of JPHX formula (by 50.6%,
43.0%, and 44.3%, respectively). Also, collagen I mRNA,
to a significantly lesser extent in the JPHX group, showed
the same trend. JPHX inhibited liver fibrosis by inhibiting
aberrant collagen I and MMP-9 gene expression induced
by the MCD diet (Figure 4(a), for MMP-9, p=0.0009; for
collagen I, p=0.0007).These findings were consistent with the
Sirius red staining results. Administration of the MCD diet
was associated with pericellular fibrosis, and this response
was inhibited by JPHX treatment (Figure 4(b)). Hepatic
stellate as the major cell type involved in liver fibrosis follows
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Figure 5: Analysis of apoptosis in liver sections and effect of JPHX on the expression levels of cleaved forms of caspase 3 and caspase 7. (a)
Representative images showed apoptotic cells in the liver of different groups of rats by TUNEL staining and quantification of TUNEL-positive
cells. Apoptotic nuclei stained by TUNEL (green) and counterstained with DAPI (blue) to mark nuclei; hepatocytes were imaged by confocal
microscope. (b) Representative Western blotting results of total and cleaved forms of caspase 3 and caspase 7. Protein expression levels were
normalized to that of 𝛽-actin. Values are shown as mean ± SD. MCS n=6, MCD n=9, and JPHX treatment groups n=7. #p<0.05, ##p<0.01,
and ###p<0.001, MCD diet vehicle group versusMCS diet group.∗p<0.05, ∗∗p<0.01, and ∗∗∗p<0.001, MCD diet vehicle group versus JPHX
treatment groups.

its transdifferentiation into fibrogenic myofibroblasts, which
cause liver fibrosis [15]. Alpha-smoothmuscle actin (𝛼-SMA)
is commonly used as a marker of myofibroblast formation.
Immunohistochemistry analysis revealed that the expression
of 𝛼-SMA was very weak in the MCS group, whereas it
was dominant in MCD group. JPHX treatment attenuated
the increased expression of 𝛼-SMA in the fibrotic liver
(Figure 4(c)), which is consistent with the profibrotic gene
expression and Sirius red staining results.

3.5. JPHX Formula Reduces Hepatocyte Apoptosis. Hepa-
tocyte apoptosis was measured by TUNEL staining and
with reference to the expression levels of caspase 3 and 7
proteins. The slides showed few TUNEL-positive cells in the
MCS group. The number of apoptotic hepatocytes obviously
increased in theMCDdiet-fed rats compared to theMCS diet
group (Figure 5(a), p< 0.0001). Moreover, Western blotting
showed that cleaved forms of caspase 3 and caspase 7 were
increased in the livers of MCD diet-fed rats (Figure 5(b), for
caspase 3, p=0.0062, for caspase 7, p=0.0005). We observed
a significant decrease in TUNEL-positive cells, as well as

cleaved caspase 3 and 7, in the JPHX treatment group
compared to MCD diet feeding alone.

3.6. JPHX Decreases the Phosphorylation of JNK Signaling.
It is important to note that the mitogen-activated protein
kinase (MAPK) pathway plays crucial roles in inflammation
and apoptosis. Our data showed that JPHX prevented the
NAFLD model rats from experiencing inflammation and
apoptosis. Based on our data, we measured the levels of
total and phosphorylated stress-activated protein kinases
(SAPK)/c-Jun N-terminal kinase (JNK), p38 MAPK, and
MAPK/ERK. JPHXonly inhibited the hepatic protein expres-
sion of phosphorylated JNK in the liver of NAFLD rats.
Moreover, treatment with JPHX did not significantly affect
the expression of p-p38 and p-ERK comparedwith that in rats
fed the MCD diet (Figure 6, for p-JNK, p=0.0041, for p-p38,
p=0.1889, and for p-ERK, p=0.5983).

4. Discussion

NAFLD and its complications contributed to high liver-
related and overall mortality. Currently, controlling risk
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Figure 6: Effect of JPHX onMAPK pathway. JNK, p38, and ERK were measured from total and phosphorylated proteins. Protein expression
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factors such as obesity, diabetes, and hyperlipidemia and
weight loss through physical activity and nutritional inter-
ventions are the therapeutic options of choice for the man-
agement of NAFLD and NASH [26, 27]. At present, there
are no clinically available effective drugs for the management
of NAFLD and NASH, although a few compounds, such
as Pioglitazone and vitamin E, show promising effects for
patients with NAFLD [28]. Here, our data demonstrated that
JPHX treatment prevents steatosis, liver injury, inflammation,
fibrosis, and apoptosis in the MCD diet-induced NAFLD
model. Based on our data, JPHX may have potential as a
therapeutic formula for the alleviation of NAFLD.

Since the pathogenesis of NAFLD is complex, strategies
for treating NAFLD should target multiple or prominent
pathological pathways. Traditional Chinesemedicine (TCM),
containing a cocktail of multiple bioactive components, is
an alternative solution for management of multifactorial
chronic diseases, like NAFLD. The protective effect of JPHX
against NAFLD probably occurs through multiple anti-
inflammatory and antifibrotic candidate compounds present

in JPHX formula. Some studies have demonstrated that
Atractylodesmacrocephal has an anti-inflammatory effect and
could regulate lipidmetabolism and improve liver and kidney
function [29, 30]. Alisol A 24-acetate (AA), isolated from
Rhizoma Alismatis, also ameliorated lipid accumulation and
inflammation in the NASH model [31, 32]. Our findings
suggested that JPHX attenuates the accumulation of hepatic
TG and TC. Gomishi is the dried fruit of Fructus Schisandra
chinensis, which demonstrated anti-inflammatory properties
by suppressing inducible nitric oxide synthase in rat hepato-
cytes [33]. In our study, liver inflammation was attenuated,
as indicated by reduced infiltration of Kupffer cells and
neutrophils. We also found that increased TNF-𝛼 production
in MCD diet-induced NASH was decreased in JPHX-treated
rats. Kupffer cells produce proinflammatory cytokines like
TNF-𝛼, which activates HSC leading to development of the
disease [34]. As the main component of JPHX prescription,
Danshen has been widely used based on its antioxidant and
anti-inflammatory properties. Recent studies showed that
Danshen protects against early stage alcoholic liver disease
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in mice and its lipophilic compound, Tan IIA, inhibits
lipopolysaccharide (LPS)-induced hepatic stellate cell (HSC)
activation [35, 36]. The activation of HSC produces collagen,
which contributes to liver fibrosis. Although fibrosis is not a
component of NAS, it is strongly related to the diagnosis and
prognosis of diseases and indicates a progressive liver disease
[37]. Importantly, fibrosis is associated with high liver-related
morbidity and mortality in humans. We demonstrated that
liver fibrosis was attenuated, as shown by decreased pericellu-
lar and perisinusoidal collagen deposition and the profibrotic
genes MMP-9 and Collagen I. Multiple active compounds in
JPHX may interact with other compounds, resulting in the
hepatoprotective effect in the experimental model of NAFLD
through regulating lipid accumulation, inflammation, and
fibrosis.

A variety of mechanisms contributed to the development
of NAFLD. A “ two-hit” model was proposed by Day and
James [38]. Lipid accumulation plays a pivotal role in liver
injury. Proinflammatory cytokines and oxidative stress also
contribute to the progression of NAFLD [39]. JNK is involved
in both of these processes [40]. It is important to note
that MAPK signaling pathway is involved in physical and
chemical stress, which plays a role in liver injury [41]. Some
inflammatory cytokines, such as IL-6 and TNF-𝛼, activated
the phosphorylation of JNK. Sustained activation of JNK
contributed to cell death. Interestingly, our data showed
that JNK1 phosphorylation was significantly decreased by
JPHX, whereas p38 and ERK remained unaffected. The data
presented herein are in agreement with a study in which the
inhibition of JNK1 was an effective treatment for NAFLD
[42]. Improvement of apoptosis plays a vital role in the
treatment of NAFLD [43].

Most of drugs show classical sigmoidal dose-response
curves which illustrate an increase in inhibitory or stimu-
latory effect with rising drug concentration [44]. However,
in our experiments, compared with the low dose and high
dose, the effects of medium-dose (1.21 g/kg) JPHX formula
were more effective. This “bell-shaped” like curves could be
attributed to the characteristic of TCM that the efficacy of
TCM usually comes from synergistic interactions of multiple
ingredients [45]. TCM treats diseases based on a holistic rule
that uses herbs or formula containingmultiple compounds to
rebalance the organism [46]. There are multiple active com-
pounds in JPHX formula which targets multiple pathological
pathways. Multiple herbal ingredients and their targets built
a complex network with rats. As a result, the efficacy of TCM
usually does not follow the typical dose-response curves
[47]. In the future, with the development of systems biology
and pharmacology and network pharmacology, based on our
study, we can use systematic docking, herb-target network
analysis, and some TCM databases to go further with the
JPHX formula [46, 48, 49].

Although the MCD diet has been used for over 40 years
to induce NAFLD, which is similar to hepatic histological
features of human NAFLD, there are still some limitations
in this model [15]. NAFLD is closely related to obesity
and metabolic syndrome; however, the MCD diet model
of NAFLD causes weight loss and does not exhibit insulin
resistance [50, 51]. There is no ideal small animal model

of NAFLD to perfectly mimic the human pathology, which
reflects the imperfect understanding of human complexity
pathogenesis. However, some refined animal models such as
geneticmodels and combinationmodels of genetic and nutri-
tional factors have been developed to verify the hypotheses
on the pathogenesis of NAFLD [52, 53]. In the future, further
researches on animalmodel will develop novel diagnostic and
therapeutic approaches to help people with NAFLD.

5. Conclusion

In conclusion, the MCD experimental model animals devel-
oped severe livery injuries, including steatosis, inflammation,
and fibrosis within 8 weeks in our study. JPHX exhibited
hepatoprotective effects against NAFLD by targeting lipid
accumulation, fibrosis, inflammation, and apoptosis. These
findings suggest that JPHX may be a promising therapeutic
formula for the treatment of NAFLD.
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Objectives. The “nAG” protein is the key protein mediating the regeneration of amputated limbs in salamanders. The senior author
(MMA) developed the original hypothesis that since “nAG” is a “regenerative” protein, it must be also an “antifibrotic’ protein.The
antifibrotic properties were later confirmed in a rabbit skin hypertrophic scar model as well as in a rat spinal cord injurymodel.The
aim of this study is to evaluate the potential therapeutic properties of the nAG protein in a rat liver fibrosis model. Methodology.
Liver fibrosis was induced using intraperitoneal injections of carbon tetrachloride (CCL4). A total of 45 rats were divided equally
into 3 groups: Group I (the control group) received normal saline injections for 8 weeks, Group II received CCL4 for 8 weeks,
and Group III received CCL4 and nAG for 8 weeks. At the end of the experiment, the serum levels of 6 proteins (hyaluronic acid,
PDGF-AB, TIMP-1, laminin, procollagen III N-terminal peptide, and collagen IV-alpha 1 chain) were measured. Liver biopsies
were also taken and the stages of live fibrosis were assessed histologically. Results. The CCL4 treatment resulted in a significant
increase in the serum levels of all 6 measured proteins. The nAG treatment significantly reduced these high levels. The degree of
liver fibrosis was also significantly reduced in the CCL4/nAG group compared to the CCL4 group. Conclusions. nAG treatmentwas
able to significantly reduce the serum levels of several proteinmarkers of liver fibrosis and also significantly reduced the histological
degree of liver fibrosis.

1. Introduction

Salamanders (which are lower vertebrates) are known to
regenerate their amputated limbs. The “nAG” protein (nAG
stands for newt Anterior Gradient) is the key protein medi-
ating this form of regeneration [1]. The amputation stump of
the salamander forms a blastema (a mound of proliferating
mesenchymal cells) in which nAg is expressed. The nAG
protein is expressed by Schwann cells of regenerating axons
and peaks at 5–7 days postamputation. At 10–12 days, the
protein is also expressed in glands in the dermis underlying
the wound epithelium [1].

The senior author (MMA) developed the original hypoth-
esis that since “nAG” is a “regenerative” protein, it must also
be an “antifibrotic” protein. Hence, a new nAG gene (suitable
for higher vertebrates including humans) was designed,
synthesized, and cloned. The cloned vector was successfully
transfected into human fibroblasts. nAG expression was
found to suppress the expression of collagen in human
fibroblasts regardless of the presence of TransformingGrowth
Factor Beta (TGF𝛽) [2]. The antifibrotic properties of the
nAG protein were later shown in several animal models such
as a rabbit model of hypertrophic scar [3], a mouse model of
digital tip amputation [4], and a rat spinal cord crush injury
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Table 1: Metavir histological grading of liver fibrosis.

Grade of fibrosis Description
F0 no fibrosis
F1 Mild fibrosis: Fibrous portal expansion with mild localized fibrosis in the portal area
F2 Moderate fibrosis: Portal fibrosis with few fibrous septa.
F3 Severe fibrosis: Portal fibrosis with numerous fibrous septa.
F4 Cirrhosis: Marked portal-to-portal and portal-to central fibrosis with regenerative nodules.

model [5].The antifibrotic effects of nAGon liver fibrosis have
not been previously investigated.

Liver fibrosis may be induced by several factors such
as nonalcoholic fatty infiltration of the liver, alcoholic liver
disease, viral hepatitis, autoimmune hepatitis, toxin-induced
hepatitis, and hereditary metabolic diseases [6, 7]. The end
result of liver fibrosis is cirrhosis leading to portal hyperten-
sion, liver failure, and the increased risk of hepatocellular
carcinoma. The only effective treatment of decompensated
liver cirrhosis is liver transplantation [6, 7]. Fibrogenesis and
organ fibrosis are mediated by different cells in different
organs such as the fibroblast in the skin [3], the astrocyte in
the spinal cord [5], and the stellate cell in the liver [8].

In the current study, we investigated the potential thera-
peutic properties of the nAG protein in liver fibrosis using a
rat model.

2. Methodology

This study was approved by our institutional review board
and was conducted according to the Guidelines for Animal
Experiments (Project# E-13-926).

2.1.
eAnimalModel. We induced liver fibrosis in rats using
carbon tetrachloride (CCL4) and this is a well-known model
of rodent liver fibrosis [9, 10]. A total of 45 adult Sprague-
Dawley rats (weighing between 240-260 gm) were divided
into three groups (15 rats in each group): Group I (Control
group) received twice weekly intraperitoneal injections of
normal saline for 8 weeks, Group II received twice weekly
intraperitoneal injections of CCL4 (0.5ml/kg of the 25%
CCL4 solution) for 8 weeks, and Group III received twice
weekly intraperitoneal injections of CCL4 (0.5ml/kg of the
25% CCL4 solution) as well as 2 ug of the recombinant nAG
protein for 8 weeks.

2.2. ELISA Assessment of Protein Markers. At the end of the
experiment, the serum level of six protein markers of liver
fibrosis were measured in all rats using ELISA: hyaluronic
acid, Platelet Derived Growth Factor-AB (PDGF-AB), Tissue
Inhibitor ofMetalloproteinase-1 (TIMP-1), laminin, procolla-
gen III N-terminal peptide (PIII-NP), and collagen type IV-
Alpha 1 chain (collagen 4-𝛼1).

2.3. Histopathological Assessment. Furthermore, liver biop-
sies were taken from all rats at the end of the experiment
(8 weeks) and the histological grading of liver fibrosis was

graded using the Metavir scoring system [11] as shown in
Table 1. All biopsies were stained with both Hematoxylin and
Eosin (H&E) and Elastic fiber-Verhoeff ’s Van Gieson (EVG)
stains. The grading was done by a Consultant Histopatholo-
gist who was blinded to the rat groups.

2.4. Statistical Analysis. Statistical analysis was performed
using Statistical Package for the Social Sciences (SPSS) ver-
sion 22.0 software (SPSS Inc., Chicago, Il, USA). For the study
of serum protein levels, the means and Standard Deviations
(SD) were calculated for the three groups (the control and
the two experimental groups). We used the one-way analysis
of variance (ANOVA) to compare the three groups and the
post hoc test Dunnett T3 for multiple comparisons between
the groups. P-value of < 0.05 was considered significant.
For the histological grading of liver fibrosis, we compared
the percentages of no/mild fibrosis versus moderate/severe
fibrosis in the two experimental groups using the Fisher’s
exact/Chi-square tests. P-value of < 0.05 was considered
significant.

3. Results

3.1. ELISA Assessment of Protein Markers. The results of the
serum levels of 6 proteins in three groups are shown in
Table 2.

3.1.1. Hyaluronic Acid. Hyaluronic acid doubled in the CCL4
group compared to the control group (P<0.05 between
groups I & II) and the nAG treatment was able to normalize
its serum levels with no significant difference between the
control and the CCL4/nAG group.

3.1.2. PDGF-AB. The serum levels of PDGF-AB increased
more than 10-fold in theCCL4 group compared to the control
group (P<0.05 between groups I & II). The nAG treatment
was able to significantly reduce (but not normalize) the serum
levels of PDGF-AB. Hence, there was a significant difference
(P<0.05) between groups I & III and also between groups II
& III.

3.1.3. TIMP-1. The serum levels of TIMP-1 increased more
than 12-fold in the CCL4 group compared to the control
group (P<0.05 between groups I & II). The nAG treatment
was able to significantly reduce (but not normalize) the serum
levels of TIMP-1. Hence, there was a significant difference (P<
0.05) between groups I & III and also between groups II & III.
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Table 2: Results of the serum levels of various proteins in the three groups.

SERUM LEVEL OF:
Group I Group II Group III
(Control) (CCL4 treatment) (CCL4/nAG treatment)
N=15 N=15 N=15

Hyaluronic acid 15.133 ± 0.063 ∗ 29.80 ± 6.145 ∗∧ 15.739 ± 3.231 ∧

PDGF-AB 18.292 ± 0.023 ∗+ 202.839 ± 124.73 ∗∧ 58.905 ± 29.198 ∧+
TIMP-1 35.563 ± 0.0299 ∗+ 449.25 ± 294.71 ∗∧ 161.919 ± 67.518 ∧+
Laminin 257.27 ± 12.91 ∗+ 1238.588 ± 622.419 ∗∧ 415.34 ± 136.934 ∧+
Procollagen III
N-terminal peptide 0.242 ± 0.021 ∗+ 0.355 ± 0.050 ∗∧ 0.161 ± 0.051∧+

Collagen Type IV-
Alpha-1 chain 2.933 ± 2.193 ∗ 21.915 ± 9.226 ∗∧ 3.08 ± 2.539 ∧

∗There was a significant difference between the control group and the CCL4 treatment group since P < 0.05.
∧There was a significant difference between the CCL4 treatment group and CCL4/nAG treatment group since P < 0.05.
+There was a significant difference between the control group and CCL4/nAG treatment group since P < 0.05.

Table 3: The staging of liver fibrosis in the two experimental groups.

Degree of Fibrosis Group II: CCL4 only Group III: CCL4 and nAG
(n=15 rats) (n=15 rats)

No or mild fibrosis 2 (both rats had mild fibrosis) 9 (3 rats had no fibrosis and 6 rats had
mild fibrosis)

Moderate to severe fibrosis 13 (4 rats had moderate fibrosis and 9
rats had severe fibrosis)

6 (4 rats had moderate fibrosis and 2
rats had severe fibrosis)

P= 0.008.

3.1.4. Laminin. The serum levels of laminin increased almost
5 folds in the CCL4 compared to the control group (P<0.05
between groups I & II). The nAG treatment was able to
significantly reduce (but not normalize) the serum levels of
laminin. Hence, there was a significant difference (P<0.05)
between groups I & III and also between groups II &III.

3.1.5. PIII-NP. The serum levels of PIII-NPwere significantly
increased in the CCL4 group compared to the control
group (P<0.05 between groups I & II). The nAG treatment
significantly reduced the serum level of PIII-NP below levels
of the control group. Hence, there was a significant difference
(P<0.05) between groups I & III and also between groups II
& III.

3.1.6. Collagen 4-𝛼1. Finally, the serum levels of collagen 4-
𝛼1 increased more than 7 folds in the CCL4 group compared
to the control group (P<0.05 between groups I & II). The
nAG was able to normalize the serum levels of collagen 4-
𝛼1. Hence, there was no significant difference between the
control and the CCL4/nAG groups.

3.2. Histopathological Assessment. As expected, all rats in the
control group (n=15) had no liver fibrosis and hence, these
rats were not included in the statistical analysis of the grading
of liver fibrosis. Table 3 summarizes the results of the staging
of liver fibrosis between two experimental groups. The nAG
treatment significantly reduced the histological degree of liver
fibrosis (P= 0.008).

4. Discussion

Our study is the first investigation of the therapeutic poten-
tial of the antifibrotic nAG protein in liver fibrosis. nAG
treatment was able to significantly reduce the serum levels
of several protein markers of liver fibrosis [12] and also
significantly reduced the histological degree of liver fibrosis.
nAG was injected intraperitoneally in our experiment. From
the clinical point of view, drugs targeting organ fibrosis
should consider the location of the primary profibrotic cells
of the organ (the stellate cells in the liver). These cells are
located in the space of Disse between the endothelial cells and
hepatocytes. Hence, nAG may be more effective if combined
with another carrier peptide to pass through the sinusoidal
endothelial barriers and also to escape the uptake by the
Kupffer cells and hepatocytes [13, 14].

The pathophysiology of liver fibrosis is well described
in the literature [6]. In normal livers, the stellate cells are
quiescent and they function to store vitaminA (seen histolog-
ically as intracellular retinoid droplets) and to regulate sinu-
soidal blood flow. After the liver insult (such as pathogens,
abnormal fatty infiltration, drugs, toxins, and free radicals)
the inflammatory reaction results in the release of TGF𝛽
and several cytokines/chemokines including the interleukins
IL-1B and IL-6 [6]. This results in the activation of stellate
cells. Activated stellate cells lose their retinoid droplets,
proliferate, transform into myofibroblasts, and release TGF𝛽,
resulting in further cell activation. Activated stellate cells also
release PDGF (inducing further stellate cell proliferation) and
extracellular matrix proteins such as collagens, hyaluronic
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acid, and laminin. The abnormally high level of collagen is
not only due to increased collagen production, but also due
to decreased collagen degradation since the production of
TIMP1 is also increased [15]. The nAG treatment was able to
significantly reduce the serum levels of TIMP-1 (Table 2).

Our study also showed that the nAG treatment nor-
malized the levels of hyaluronic acid (Table 2). Hyaluronic
acid is mainly synthesized in the liver and is an important
component of the liver extracellular matrix. It is normally
degraded in the sinusoides by the hyaluronidase enzyme.The
serum level of hyaluronic acid is known to correlate with the
degree of liver fibrosis in both alcoholic and nonalcoholic
liver diseases [16].

The effectiveness of nAG in reducing the production
of collagen production has been shown in human skin
fibroblast [2]. In fibroblasts, the effect on collagen III was
more pronounced than the effect on collagen I [2].Hence, it is
of no surprise that nAG treatment in the current experiment
was able to significantly reduce the serum levels of PIII-NP
below the normal control levels (Table 2). PIII-NP is formed
during the synthesis of collagen III. The serum level of PIII-
NP is a known marker for liver fibrosis [17].

The nAG treatment in our study was also able to nor-
malize the serum levels of collagen 4-𝛼1 which is also a
marker for liver fibrosis [18]. Collagen type IV is a main
component of the basement membrane. In liver fibrosis,
there is excessive remodeling of the basement membrane and
excessive release of its peptide fragments (such as collagen 4-
𝛼1) in the circulation [19].

Laminin in the liver is found both in the basement
membrane (where it is associated with collagen type IV) as
well as in the extracellular matrix (where it is associated
with collagen types I & III) along the fibrous septa and
within the space of Disse [20]. Hence, the serum levels of
laminin correlate with the degree of liver fibrosis [20]. Our
study showed that the nAG treatment is able to significantly
decrease the serum levels of laminin in experimental rats
(Table 2).

There are three important PDGF isoforms: PDGF-AA,
PDGF-AB, and PDGF-BB. PDGF-AA selectively binds to
PDGF-receptor alpha, while the latter two isoforms bind to
both alpha and beta receptors of PDGF [21]. In abnormal
skin fibrotic disorders, all isoforms mediate myofibroblast
proliferation and excessive collagen production [22]. In the
normal liver, quiescent stellate cells express only the alpha
receptors of PDGF. Hence, PDGF-AA is thought to mediate
the normal functions of the quiescent stellate cells. Once
stellate cells get activated, they express the beta receptors of
PDGF [23, 24].Hence, several authors have studied the serum
levels of PDGF-BB in patients with liver fibrosis/cirrhosis.
Zhou et al. [25] found a significant negative correlation
between the serum levels of PDGF-BB and the liver fibrosis
stage, while a significant positive correlation was noted by
Zhang et al. [26]. These contradicting results may be related
to the fact that the extrahepatic concentration of PDGF-BB
is known to be related to platelet count. Hence, cirrhotic
patients with thrombocytopenia will have a tendency for
lower levels of serum PDGF-BB [27, 28]. To our knowledge
the serum levels of PDGF-AB have never been previously

studied in liver fibrosis/cirrhosis in the clinical or in the
experimental setting. Our study showed that the CCL4-
induced liver fibrosis model resulted in more than 10-fold
increase in the serum levels of PDGF-AB and that nAG
treatment significantly reduced these elevated levels (Table 2).

Many drugs have been proposed for the management of
liver fibrosis [29–33]. We believe that nAG will eventually be
included in the list of management protocols of fibrotic liver
disease.

5. Conclusions

nAG treatment was able to significantly reduce the serum
levels of several protein markers of liver fibrosis and also
significantly reduced the histological degree of liver fibrosis.
Further studies are required to investigate the effect of nAG
if combined with a carrier peptide to selectively increase its
concentration in the stellate cells responsible for the fibrotic
reaction in the liver.
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The aim of this study was to evaluate the diagnostic values of noninvasive indirect markers of liver fibrosis: APRI, GAPRI, Forns,
FIB-4, Age-Platelet, andHepascore in alcoholics. Blood samples were collected from a randomized group of 142 alcohol-dependent
patients. The diagnosis of dependency was made according to the ICD-10 WHO criteria. The values of noninvasive markers were
calculated with specific algorithms. The fibrosis stage was evaluated on the basis of FibroTest. The values of APRI, Forns, FIB-4,
GAPRI, AP, and Hepascore differ between various stages of liver fibrosis. Patients with fibrosis stage F0 present lower values of
APRI, Forns, FIB-4, GAPRI, and Hepascore in comparison to the patients with stages F1 and F0-F1. Patients with fibrosis stages< F2 have lower values of all noninvasive markers than patients with stages ≥F2. Patients with fibrosis stages ≥F2 but <F4 have
lower values of APRI, Forns, FIB-4, GAPRI, and Hepascore than patients with stage F4. The values of noninvasive markers tested
here differ in various stages of liver fibrosis. To our surprise, the patented marker, Hepascore, achieves a lower diagnostic value in
alcoholics than simple markers involving only liver enzymes, platelet count, and cholesterol. The best marker of liver fibrosis in
alcoholic patients seems to be the Forns index.

1. Introduction

Liver diseases induced by excessive alcohol consumption are
an important cause of morbidity and mortality worldwide.
Alcoholic liver diseases (ALD) can manifest themselves as a
one of the following disorders: alcoholic fatty liver, alcoholic
hepatitis, and alcohol-related cirrhosis [1, 2].The studies have
shown that the alcoholic liver injury can develop into fibrosis
or cirrhosis in up to 15% of alcoholics [3, 4]. On the other
hand, alcoholic hepatitis and steatohepatitis are present in
35% of alcoholics [5].Therefore, detection of an early stage of
liver damage is the key to provide a positive outcome for ther-
apeutic intervention. The “gold standard” for evaluating the
stage of liver fibrosis—liver biopsy—is an invasive procedure
which can lead to health complications in 3.0% of patients
(e.g., bleeding, pain, bile peritonitis, kidney puncture, or
death). Additionally, sampling errors are very common due
to difficulty with obtaining liver specimen representing the

whole liver [6–8]. Therefore, there is a great need for devel-
oping safer and freely available noninvasive diagnostic tools.
In this study, we will follow the work of Thiele et al. who
compared the accuracy of 10 liver fibrosis markers (patented
or not) in patients with alcoholic liver diseases [9]. According
to these results, the receiver operating characteristic curve
(AUROC) of two tests—ELF and FibroTest—for advanced
fibrosis (≥F3) reached and exceeded the value of 0.9. Taking
into account the fact that, among others, these two tests
exhibited the highest diagnostic power for identification
of alcoholic patients with advanced liver fibrosis, we have
treated the FibroTest as amatrix for comparing the diagnostic
values of five nonpatented, noninvasive indirect markers
of liver fibrosis: APRI, GAPRI, Forns, FIB-4, Age-Platelet
(AP), and one patented algorithm, Hepascore, in alcoholics.
Additionally, carbohydrate-deficient transferrin (CDT) as an
established marker of alcohol abuse was evaluated in these
patients [10]. According to our previous published work,
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the relative values of CDT are affected by liver diseases and
reflected the severity of liver dysfunction [11].

2. Materials and Methods

2.1. Participants. The tested group consisted of 142 alcohol-
dependent patients (127 men and 15 women) from detox-
ification ward (Department of Detoxification, Psychiatric
Hospital in Choroszcz). Patients were initially examined and
interviewed regarding history of disease and their use of
alcohol. The diagnosis of dependency was made on the basis
of ICD-10 WHO criteria. The self-reported mean alcohol
consumption was 1311 g of ethanol per week and mean time
of dependency was 18 years. The patients did not undergo the
liver biopsy, and fibrosis stage was established in FibroTest
which was used as the reference standard. Study was in
accordance with Helsinki Declaration and was approved
by the Bioethical Committee at the Medical University in
Bialystok.

2.2. Blood Sampling. Blood samples from a peripheral vein
from each patient were collected. After centrifugation, sera
were collected into 2 tubes and stored at -86∘C until assayed.
Besides serum, a part of each sample was collected into tubes
containing 3.8% liquid sodium citrate and EDTA-2.

AST, ALT, GGT, cholesterol, 𝛼2-macroglobulin, hya-
luronic acid, and bilirubin were determined on the Architect
c8000 (Abbott Laboratories, Abbott Park, USA). PLT count
was measured on Sysmex XS-800i (Sysmex Corporation,
Singapore).

The serum biochemical markers, 𝛼2-macroglobulin,
haptoglobin, apolipoprotein A1, 𝛾-glutamyltransferase, ala-
nine aminotransferase, and total bilirubin, were determined
according to methods recommended by BioPredictive (Paris,
France). FibroTest scores were computed by BioPredictive
company according to the arrangement, and results were
provided with security algorithms.

CDT immunoassays were carried out using the N Latex
CDT test (Siemens Healthcare Diagnostics, Marburg, Ger-
many) on BN II System (Siemens Healthcare Diagnostics,
USA). CDT values were expressed as percentages of total
transferrin.

2.3. Calculations

APRI = ((AST [IU/L] /50IU/L)
PLT [109/L] ) ∗ 100

GAPRI = (GGT [IU/L]
PLT [109/L] ) ∗ 100

FIB-4 = (age ∗ AST [IU/L])
(PLT [109/L] ∗ √ ((ALT [IU/L]))

Forn’s index = 7.811 − 3.131 ln (PLT [109/L])
+ 0.781 ln (GGT [IU/L]) + 3.467 ln (age)

− 0.014 (cholesterol [mg/dL])
AP index = age + PLT (age: <30 = 0; 30-39
= 1; 40-49 = 2; 50-59 = 3; 60-69 = 4; ≥70
= 50, PLT [×109/L]: ≥225 = 0; 200-224
= 1; 175-199 = 2; 150-174 = 3; 125-149 = 4;
< 125 = 5)

Hepascore = Y
(1 + Y)

Y = exp (-4.185818 − (0.0249 ∗ age) + (0.7464 ∗ sex)
+ (1.0039 ∗ 𝛼2-macroglobulin) + (0.0302
∗ hyaluronic acid [ng/mL]) + (0.0691
∗ total bilirubin) – (0.0012 ∗ GGT [IU/L])

(1)

The values for sex: 1 for men and 0 for women.

2.4. Statistical Analysis. The normality of distribution was
checked by means of Kolmogorov-Smirnov test with the
Lilliefors correction. The analysis revealed that the distri-
bution of APRI, FIB-4, GAPRI, and Hepascore does not
follow a normal distribution (P<0.05), but Forns index and
AP follow a normal distribution (p>0.05) (Figure 1). The
differences between stages of liver fibrosis were evaluated
by Mann-Whitney U test. To test the effect of liver diseases
on the values of markers, ANOVA rank Kruskal-Wallis test
was performed. We considered P-values <0.05 as statistically
significant. The diagnostic performance of each test was
calculated as sensitivity, specificity, PPV, NPV, and accuracy.
To calculate the diagnostic accuracy of algorithms, the ROC
curve was used.

3. Results

The average values of noninvasive markers in patients with
different liver fibrosis scores are presented in Table 1. The
values of APRI, Forns, FIB-4, GAPRI, AP, and Hepascore
differed between the stages of liver fibrosis (ANOVA rank
Kruskal-Wallis test: H=30.902, P<0.001; H=49.386, P<0.001;
H=51.907, P<0.001; H=40.951, P<0.001; H=31.553, P<0.001;
H=46.019, P<0.001, respectively). The levels of CDT were
similar in all stages of liver fibrosis (H=13.243, P=0.066), but
%CDT values were different (H=13.948, P=0.050). Patients
with no ormild fibrosis (F0, F0-F1, F1, F1-F2) had lower values
of all noninvasive markers than patients with moderate,
advanced, or severe fibrosis (F2, F3, F3-F4, F4) (P<0.001
for all comparisons). Then, patients with fibrosis stages F2,
F3, and F3-F4 had lower values of APRI, Forns, FIB-4,
GAPRI, and Hepascore than patients with cirrhosis (F4)
(P=0.038, P=0.017, P=0.024, P=0.012, P=0.035, respectively).
We also observed that patients with no fibrosis (F0) had
lower values of APRI, Forns, FIB-4, GAPRI, and Hepascore
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Figure 1: The distribution of noninvasive markers of liver fibrosis in alcoholics.

in comparison to patients with mild fibrosis (F0-F1 and F1)
(Mann-Whitney U test: P=0.030, P=0.002, P=0.044, P=0.001,
P=0.039, respectively). The values of AP index were similar in
fibrosis stages F0, F0-F1, F1 (P=0.089) and F2, F3, F3-F4, F4
(P=0.173).

The average values of APRI, Forns, FIB-4, GAPRI, AP,
and Hepascore were significantly higher in patients with
cirrhosis (F4) in comparison with patients without fibrosis
(F0) (P<0.001, P<0.001, P<0.001, P<0.001, P=0.002, P<0.001,
respectively). In addition, the values of FIB-4 and GAPRI
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Table 1: The values of noninvasive markers according to stages of liber fibrosis.

Marker
FibroTest score

F0
(n=52)

F1
(n=8)

F1-F2
(n=28)

F2
(n=11)

F3
(n=8)

F3-F4
(n=2)

F4
(n=12)

APRI 0.91±1.10 2.68±2.56 1.80±1.72 1.77±1.57 1.73±1.67 6.20±1.57 3.66±2.62
Forn’s 7.31±1.68 9.38±1.44 9.10±1.92 9.89±1.66 8.96±1.32 12.97±1.14 11.50±1.79
FIB-4 2.60±2.24 5.20±3.04 4.72±3.92 6.60±6.28 3.60±1.94 17.20±7.72 9.69±4.65
GAPRI 58.90±85.34 164.67±101.30 187.55±279.82 175.29±152.20 320.66±333.47 858.87±20.00 827.54±709.34
AP 3.44±2.02 5.25±1.83 5.00±2.24 6.00±1.94 4.38±2.00 8.00±0.00 6.67±2.42
Hepascore 0.25±0.13 0.28±0.17 0.42±0.21 0.59±0.28 0.59±0.32 0.70±0.28 0.82±0.20
CDT 114.69±60.97 119.80±73.27 114.91±66.20 157.25±60.99 82.86±33.03 93.85±3.18 72.26±39.51
%CDT 4.38±2.60 5.55±3.92 5.14±3.35 7.23±2.49 3.62±1.75 4.72±0.45 2.95±1.60
Data are presented as mean ± SD.

Table 2: The values of noninvasive markers in patients with significant, no significant fibrosis, without and with cirrhosis.

Fibrosis
Markers

No significant
fibrosis

(F0-F1, F1, F1-F2)
(n=51)

Significant fibrosis
(F≥2)
(n=21)

Without cirrhosis
(F0-F1, F1, F1-
F2, F2, F3)

(n=76)

Cirrhosis
(F3-F4, F4)

(n=14)

APRI 1.72 ± 1.73 2.18 ± 2.21 1.80 ± 1.74 4.02 ± 2.84
P1=0.254 P2=0.001∗

Forn’s 8.85 ± 1.79 9.83 ±1.83 9.12 ± 1.92 11.71 ± 1.77
P1=0.063 P2<0.001∗

FIB-4 4.21 ± 3.37 6.47 ± 6.23 4.64 ± 4.01 10.77 ± 5.50
P1=0.131 P2<0.001∗

GAPRI 158 ± 219 295 ± 300 276 ± 287 832 ± 652
P1=0.020∗ P2<0.001∗

AP 4.74 ± 2.27 5.57 ± 2.13 4.91 ± 2.23 6.86 ± 2.28
P1=-1.003 P2=0.004∗

Hepascore 0.39 ± 0.21 0.60 ± 0.28 0.43 ± 0.25 0.80 ± 0.21
P1=0.008∗ P2<0.001∗

FibroTest 0.32 ± 0.08 0.58 ± 0.08 0.38 ± 0.14 0.87 ± 0.09
P1<0.001∗ P2<0.001∗

Data are presented as mean ± SD. P1: P value between significant and no significant fibrosis; P2: P value between cirrhosis and no cirrhosis;∗means statistically
significant difference.

in fibrosis stage F4 were higher than those in stage F0-F1
(P=0.005, P=0.018, respectively), and Hepascore in fibrosis
stage F4 was higher compared to the stage F1 (P=0.004).The
average value of GAPRI in fibrosis stage F4 was also higher
than the one in the stage F1-F2 (P=0.025), and in the stage
F3 it was higher than in the stage F0 (P=0.038). Hepascore,
AP, and Forns scores were higher in patients with the stage F2
than in patientswith the stage F0 (P=0.027, P=0.004, P=0.026,
respectively). %CDT was lower in patients with advanced
fibrosis/cirrhosis than in those with the stage F2 (P=0.011).

Three out of seven markers, GAPRI, Hepascore, and
FibroTest, exhibited significantly higher results in patients
with significant fibrosis (F≥2) in comparison to those with
no significant fibrosis (F0-F1, F1, F1-F2), but all testedmarkers
had higher values in patients with cirrhosis (F3-F4, F4) when

compared to those without cirrhosis (F0-F1, F1, F1-F2, F2, F3)
(Table 2).

Diagnostic power of liver fibrosis markers is presented in
Table 3. Our study has shown that Forns index reached an
ideal diagnostic accuracy (of 100%) and an ideal diagnostic
power (AUC=1.0) for fibrosis detection in alcoholics. The
remaining tests exhibited a high diagnostic power (AUCs
over 0.9 for all with the exception of AP index) in the
detection of fibrosis in alcoholic patients. We could observe
that tested markers, except for Forns index, exhibited a high
diagnostic specificity and positive predictive value (PPV).
Themarkers APRI, GAPRI, and FIB-4 had similar diagnostic
values (sensitivity: above 80%, specificity: 95% and above,
accuracy: above 80%, PPV: above 99%, NPV: above 40%, and
AUCs: above 0,930). Hepascore has shown a lower diagnostic



BioMed Research International 5

Table 3: Diagnostic value of liver fibrosis markers in alcoholics.

Marker Cut-off Sensitivity[%] Specificity[%] ACC[%] PPV[%] NPV[%] AUC± SE
FIB-4 1.24 85.8 95.0 87.0 99.2 48.7 0.948±0.018
Forn’s 4.11 100 100 100 100 100 1.0 ± 0.0
Hepascore 0.20 75.8 100 79.2 100 40.0 0.942±0.02
GAPRI 20.07 81.6 100 83.9 100 43.5 0.931±0.02
APRI 0.34 81.6 100 83.9 100 43.5 0.934±0.02
AP 4.00 64.5 90.0 67.7 97.8 26.5 0.867±0.036
FibroTest 0.21 61.3 93.9 69.9 96.6 46.5 0.795±0.031

accuracy (ACC<80%) than simple markers (FIB-4, Forns,
GAPRI, and APRI).

Spearman’s rank test demonstrated that there was a cor-
relation between APRI, Forns, FIB-4, GAPRI, AP, Hepascore,
and FibroTest in alcoholic patients (P<0.001 for all compar-
isons), but there was no correlation between CDT, %CDT,
and FibroTest (P=0.468, P=0.556, respectively) (Figure 2).

4. Discussion

The evaluation of the severity of liver fibrosis and the
associated inflammation is crucial for determination of
therapeutic strategies, prognosis, and predicting potential
complications in patients with alcoholic liver diseases [12].
An ideal noninvasive marker for the assessment of fibrosis in
ALD should accurately and with high diagnostic sensitivity
detect the presence of fibrosis as well as evaluating the stage
of liver fibrosis. One of the most widely used patented liver
fibrosis marker, FibroTest, has been validated in patients
with hepatitis C, hepatitis B, nonalcoholic steatohepatitis,
and alcoholic liver diseases [13–16]. It combines five bio-
chemical serummarkers (𝛼2-macroglobulin, haptoglobin, 𝛾-
glutamyltransferase, bilirubin, and apolipoprotein A1) with
patient’s age and gender [16]. In the last large meta-analysis,
FibroTest showed a good diagnostic accuracy for significant
fibrosis (≥F2) and cirrhosis (F4) without discriminating
between chronic liver diseases of different etiologies (mean
standardized AUC for significant fibrosis was 0.84) [17].
Result of FibroTest reflects fibrosis stages according to the
most used histological classification, METAVIR scoring sys-
tem [18]. In our study the severity of liver damage was
diagnosed on the basis of FibroTest. According to American
College of Gastroenterology guidelines for alcoholic liver
disease, “liver biopsy is not routinely recommended for diag-
nosis of alcoholic fatty liver disease.However, liver biopsy and
noninvasive tools of fibrosis may be considered for diagnosis
of steatohepatitis and/or liver fibrosis.” [19]. The prospective
study confirms the good diagnostic value of biochemical tests
for fibrosis as compared with the histological analysis of liver
biopsy with special caution FibroTest results with significant
elevation ofALT, and/orGGT, and/or alpha-2-macroglobulin
[20]. EASL Clinical Practical guidelines recommend liver
biopsy for histological diagnosis of ALD [21]. According
to these, liver biopsy can be done percutaneously in most

patients and requires a transjugular approach in patients
with a low platelet count and/or a prolonged prothrombin
time. Additionally, liver biopsy is an invasive procedure with
significant morbidity. Therefore, EASL guidelines do not
recommend it for all patients with suspected ALD. We are
aware that liver biopsy is considered as a gold standard for
staging and grading of liver fibrosis but there are discordance
between the degree of liver injury estimated by liver biopsy
and that estimated by a panel biochemical markers. The
main difficulty in this discordance analysis was the absence
of a true reference standard for liver injury. The two main
causes of failure for biopsy are sampling error and observer
error. Poynard and coworkers stated that they “never made
a management decision based on biopsy results for the
following other causes: alcohol abuse, steatohepatitis, drug-
induced liver disease, hemochromatosis or coinfection with
hepatitis B virus or HCV.” [22]. False-positive results for
fibrosis based onFibroTest scores occurred in only hundredth
of patients in the hospital based cohort and were attributable
to various causes. It can be Gilbert syndrome (an increase
in unconjugated bilirubin), hemolysis (an increase in uncon-
jugated bilirubin and a decrease in haptoglobin), and acute
inflammation (an isolated increase in 𝛼2-macroglobulin [22].

In this study, we have compared the diagnostic values
of simple, noninvasive liver fibrosis markers in alcoholics.
First, specificity of 100% and PPV of 100% for APRI, GAPRI,
Forns index, and Hepascore have been noted. It means that
there were no false-positive results in nonalcoholic patients.
However, this excellent specificity was not accompanied by
the highest sensitivity. It means that false negative results
were present in alcoholic patients.The lownegative predictive
value of all markers, with the exception of Forns index,
derived also from the high number of false negative results
in alcoholics. It is clear that the cut-off points indicated by
ROC curve are more shifted to lower values than indicated
in literature data. For example, cut-off point of APRI for dif-
ferentiation between no/significant/advanced fibrosis (from
stage F0 to stage F3) and cirrhosis (F4) taken from literature
equals 2.00, but in our study it is 0.34 [23]. The cut-off point
of Hepascore for differentiation between stages F0-F2 and F3-
F4 obtained the value of 0.50, but in our study it is only 0.20
[24]. The discriminative point for FIB-4 between no fibrosis
and advanced fibrosis (F3-F4) was assigned to the value of
3.27, but cut-off point from ROC curve in this study reached
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Figure 2: Spearman’s rank correlation between tested noninvasive liver fibrosis markers and FibroTest.

the value of 1.24 [25]. Only the cut-off point for Forns index
discriminating no fibrosis fromadvanced fibrosis (F≥3) equal
to 4.20 was similar to the cut-off point in our study [26].

The fine specificity and PPV for APRI and GAPRI might
be the result of these markers accounting only for liver
enzymes (AST or GGT) and platelet count. Forns index
additionally includes cholesterol, but reached an absolute

diagnostic power. The level of cholesterol decreases signifi-
cantly with the degree of fibrosis progression and, therefore,
can reflect the degree of impairment of liver function. [27].
A score below 4.2 excluded significant fibrosis in patients
with chronic hepatitis C with accuracy of 96% [26]. Forns
et al. demonstrated that this model is not sufficient to detect
significant fibrosis, because of its 66% positive predictive
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value. Thiele et al. presenting biopsy-controlled study indi-
cated Forns index as the best performing indirect index of
advanced fibrosis [9].On the other hand, FIB-4 based onboth
aminotransferases level and platelet count did not reach ideal
diagnostic values. It is well established that aminotransferases
(ALT andAST) constitute a part of standard laboratory panels
examined in patients with liver diseases and that the most
specific liver enzyme is alanine aminotransferase [28]. In
turn, elevated number of platelets is a common complication
in patients with chronic liver disease (PLT <150 x 109/L) [29].
According to the published data, the value of APRI index
over 1.5 accurately predicts significant fibrosis (AUC=0.88)
and the value over 2.0 cirrhosis (AUC=0.94) in patients with
chronic HCV [23]. APRI also correlated with the stage of
fibrosis more strongly than AST or PLT alone. The next
noninvasive marker of liver fibrosis tested, FIB-4, includes
PLT count in addition to aminotransferases [25]. The FIB-4
score of ≥3.25 allows for a correct identification of patients
who have significant fibrosis and could avoid liver biopsy.The
values of FIB-4 ≥1.45 and ≥3.25 showed a good concordance
with FibroTest (92.1% and 76%, respectively).

In our study, the values of all tested markers dif-
fered between stages of liver fibrosis. It is noteworthy that
the majority of markers (except AP) allow differentiating
between no fibrosis (F0) and mild fibrosis (F0-F1 and F1). In
addition, patientswith no,minimal, andmild fibrosis (F0, F0-
F1, F1, F1-F2) had lower values of all markers than patients
with moderate, advanced, or severe fibrosis/cirrhosis (F2, F3,
F3-F4, F4). Finally, patients with the stages F2, F3, and F3-
F4 fibrosis had lower values of markers (excluding AP) than
patients with cirrhosis (F4). Secondly, we have shown that
the markers APRI, GAPRI, and FIB-4, which incorporate
liver enzymes (ALT, AST, GGT, and PLT), obtained similar
diagnostic sensitivity, specificity, accuracy, PPV, NPV, and
AUCs. The more complicated marker (Hepascore) had a
lower diagnostic accuracy (ACC<80%) than simple markers
(FIB-4, Forns, GAPRI, and APRI). This can be explained
by the lower diagnostic sensitivity of this test (<80%). The
imprecision of the determinations of multiple components
should also be taken into consideration. However, adding
cholesterol and platelet count to Forns index maximizes
diagnostic values. Adding further tests to the algorithms
decreases their diagnostic values, which is visible in the
example of Hepascore.

Platelet counts and age are required to calculate the
AP index. According to the study of Poynard and Bedossa,
platelet count and age of patients are factors independently
correlated with the presence of fibrosis and histological
activity of liver disease [30]. With cut-off value of 6.0 or
greater, the AP index diagnoses significant fibrosis with
sensitivity of 52% and specificity of 93%. In our study, at the
cut-off point of 4.0, we have obtained a similar sensitivity of
61.3% and specificity of 93.9%. The AP index demonstrated
a lower diagnostic power to predict fibrosis in alcoholic
patients.

The patented algorithm Hepascore combines the results
obtained from the following biochemical tests: bilirubin,
GGT, 𝛼2-macroglobulin, and hyaluronic acid [31]. Hepascore
values of ≥0.50 can predict significant fibrosis with the

specificity of 89%–92%. We have obtained cut-off point for
Hepascore equal to 0.20, which is lower than that reported by
Adams and coworkers [31]. A big advantage of Hepascore is
the fact that GGT and bilirubin are measured routinely and𝛼2-macroglobulin can be determined in any laboratory with
a nephelometer using commercially available antibodies. The
last parameter included in Hepascore, hyaluronic acid, is
considered as a direct marker of liver fibrosis, as its synthesis
is associated with the deposition of extracellular matrix [32].
It was found that serum levels of hyaluronic acid are elevated
in chronic liver diseases in which the serum levels of ECM are
also changed [33].

Carbohydrate-deficient transferrin (CDT) is one of the
most used biomarkers of chronic alcohol abuse, mainly
because of its high specificity [10]. However, the diagnostic
efficiency of CDT as a marker of chronic alcohol abuse is
diminished by its low diagnostic sensitivity. There are many
clinical conditions that can affect the number of false-positive
results in healthy controls. One of them is advanced liver
diseases such as liver fibrosis and hepatocellular carcinoma
[34]. According to these data the results of CDT are similar
in patients with alcoholic cirrhosis and controls without liver
diseases. Our alcoholic patients with cirrhosis (stage F4) have
lower relative CDT values than alcoholics without fibrosis
(stage F0). All tested fibrosis markers (APRI, Forns index,
FIB-4, GAPRI, AP, and Hepascore) obtained higher results in
stage F4 than in stage F0. It is necessary to mention here that
alcoholics with score A cirrhosis (Child-Pugh scale) reached
similar results of %CDT to the values in the healthy controls
[11]. In this work the values of %CDT were different in the
stages of liver fibrosis and were the highest in the advanced
fibrosis (stage F2) and the lowest in alcoholic cirrhosis (stage
F4). According to that we can conclude that the end stage of
liver fibrosis diminished the sensitivity of CDT as amarker of
chronic alcohol abuse, which is consistent with our previous
study.

5. Conclusion

Our results suggest that simple blood tests incorporated in
complex markers can be helpful in identifying a specific
stages of liver fibrosis. Surprisingly, the patented algorithm,
Hepascore, shows a lower diagnostic value in randomized
group of alcoholics than simple markers involving only liver
enzymes, platelet count, and cholesterol. According to our
data the best marker of liver fibrosis in alcoholic patients is
the Forns index.
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Background and Aims. Concordance between transient elastography (TE) and ultrasonography (US) in assessing liver fibrosis in
patients with chronic hepatitis B (CHB) and concurrent nonalcoholic fatty liver disease (NAFLD) has been rarely studied. This
study aimed to evaluate the individual and combined performances of TE and US in assessing liver fibrosis and cirrhosis. Patients
and Methods. Consecutive CHB patients with NAFLD were prospectively enrolled. TE and US examinations were performed,
with liver biopsy as a reference standard. Receiver operating characteristic (ROC) curves were obtained to evaluate the diagnostic
performance. Differences between the areas under the ROC curves (AUCs) were compared using DeLong’s test. Results. TE and
US scores correlated significantly with the histological fibrosis staging scores. TE was significantly superior to US in the diagnosis
of significant fibrosis (AUC, 0.84 vs 0.73; P=0.02), advanced fibrosis (AUC, 0.95 vs 0.76; P<0.001), and cirrhosis (AUC, 0.96 vs 0.71;
P<0.001). Combining TE with US did not increase the accuracy of detecting significant fibrosis, advanced cirrhosis, or cirrhosis
(P=0.62, P=0.69, and P=0.38, respectively) compared to TE alone. However, TE combined with US significantly increased the
positive predictive value for significant fibrosis when compared to TE alone. The optimal cut-off values of TE for predicting
advanced fibrosis and cirrhosis were 8.7 kPa and 10.9 kPa, with negative predictive values of 92.4% and 98.7%, respectively.
Conclusions. TE is useful for predicting hepatic fibrosis and excluding cirrhosis in CHB patients with NAFLD. A combination
of TE and US does not improve the accuracy in assessing liver fibrosis or cirrhosis.

1. Introduction

Chronic hepatitis B (CHB) and nonalcoholic fatty liver dis-
ease (NAFLD) are chronic liver diseaseswith a high incidence
worldwide [1, 2]. NAFLD has a spectrum comprised of fatty
liver, nonalcoholic steatohepatitis (NASH), advanced fibrosis,
and cirrhosis. CHB and NAFLD commonly cause cirrhosis
and hepatocellular carcinoma (HCC) [3, 4]. Currently, the
increasing rate of NAFLD in CHB patients is alarming [5].
A study found that NASH (a type of NAFLD) was indepen-
dently correlated with liver fibrosis in patients with CHB [6].

Moreover, another cohort study found that concurrent fatty
liver can independently increase hepatitis B virus (HBV)-
related HCC development 7.3-fold [7]. These reports suggest
that timely and accurate diagnosis of liver fibrosis in CHB
patients with NAFLD is urgent. Moreover, the assessment of
liver fibrosis in patients with chronic liver diseases, especially
those with coetiologies, is mandatory and recommended by
international practice guidelines. Liver biopsy (LB) has been
the gold standard for assessing liver fibrosis [8]. However, it
is invasive and may result in several complications [9]. These
disadvantages make it impractical to be performed regularly
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in clinical practice.Therefore, accurate and noninvasive tools
that can clinically assess liver fibrosis in CHB patients with
NAFLD are urgently needed.

Abdominal ultrasonography (US) is performed on CHB
patients to assess structural changes and screen for HCC.
Several US signs, such as an uneven or undulating liver
surface, irregular echotexture of the liver parenchyma, spleen
size, and changes in the diameters of vessels, have been found
to be correlated with liver cirrhosis [10, 11]. Transient elas-
tography (TE) is an ultrasound-based technology measuring
liver stiffness by the difference in velocity of elastic shear
wave propagation across the liver. TE has been repeatedly
validated and has shown overall good accuracy in evaluating
fibrosis and cirrhosis in different settings [12]. However, TE
could be influenced by patient-dependent factors, including
liver inflammation, liver congestion, and biliary obstruction
[12, 13]. Therefore, the results should be interpreted with
accurate clinical information.

The existence of NAFLD may cause morphological
changes in the liver of CHB patients, which may make it
more difficult to accurately evaluate the degree of fibrosis.
To our knowledge, no comparison between US and TE in
assessing liver fibrosis in CHB patients with NAFLD has
been previously reported. Thus, the aim of this study was
to evaluate the individual and combined performances of
TE and US in assessing liver fibrosis and cirrhosis and to
determine when TE should be added to US in CHB patients
with NAFLD, using histological evaluation as the reference
standard.

2. Patients and Methods

2.1. Patients. Between July 2013 and February 2018, adult
CHB patients with NAFLDwho were consecutively admitted
to our hospital to undergo LB were prospectively enrolled.
CHB patients were diagnosed as those who displayed hep-
atitis B surface antigen (HBsAg) positivity for more than 6
months [14, 15]. NAFLD was defined by the presence of hep-
atic steatosis (≥5%) and the absence of a history of significant
alcohol consumption (where absence is defined as alcohol
intake <20 g/day for men and intake <10 g/day for women)
and the absence of other etiologies that may cause hepatic
steatosis [16–18]. The exclusion criteria included the follow-
ing: age <18, body mass index (BMI) ≥30 kg/m2, aspartate
aminotransferase (AST) or alanine aminotransferase (ALT)
≥5 times of the upper limit of normal (ULN), coinfectionwith
another hepatitis virus or human immunodeficiency virus
(HIV), concurrent tumors, receiving antiviral therapy, sig-
nificant alcohol consumption, currently taking medications
that may induce hepatic steatosis (including corticosteroids,
methotrexate, and tamoxifen), and pregnancy. Blood samples
were obtained on the day of LB examination. The following
data were collected from all patients: age; sex; weight; height;
ALT, AST, total bilirubin, albumin, alkaline phosphatase
(ALP), gamma-glutamyl transpeptidase (GGT), fasting glu-
cose, and lipid levels; platelet counts; and prothrombin time
activity. BMI was calculated as the body weight (kg)/height2

(m2). The study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved

by our hospital’s ethics committee. Informed consent was
obtained from each patient.

2.2. Liver Histological Analysis. A US-guided percutaneous
LB (length >15 mm) of the right lobe was performed using
a 16-gauge Magnum needle (Bard, Tempe, AZ, USA). Speci-
mens were fixed in formalin and embedded in paraffin. Liver
histology was assessed separately by two liver pathologists
with more than 10 and 20 years of experience without
knowledge of the clinical data or the TE and US results.
Liver fibrosis was staged on a 0 to 4 scale according to the
METAVIR scoring system [19]: F0, no fibrosis; F1, portal
fibrosis without septa; F2, portal fibrosis and few septa; F3,
numerous septa without cirrhosis; F4, cirrhosis. Steatosis was
defined as the percentage of fat in hepatocytes andwas graded
as follows: 0, steatosis <5%; 1, 5-33% steatosis; 2, 34-66%
steatosis; 3, steatosis >66% [17].

2.3. Liver Stiffness Measurement (LSM) by TE. TE was per-
formed with a FibroScan system (Echosens, Paris, France)
using the M probe. After an overnight fast, patients under-
wentTE examinationwithin 3 days of LB by trained operators
who had previously performed at least 500 scans in patients
with chronic liver disease. Operators were blinded to the
clinical data and pathology results. The value expressed in
kilopascal (kPa) was recorded as a representation of the LSM.
Up to 10 validmeasurementswere performed on each patient.
A success rate above 60% and an interquartile range/median
ratio of less than 30% were considered reliable [20].

2.4. Abdominal Ultrasound Examination. All participants
underwent a B-mode liver ultrasound scan within 1 week of
LB. Each scan was performed using a Supersonic Imagine
Aixplorer ultrasound system (Supersonic Imagine, Aix-en-
Provence, France) equipped with an SC6-1 convex array
probe with a frequency of 1-6 MHz. Two sonographers (with
10 years and 15 years of US experience) reviewed the B-mode
images independently to assess the interobserver agreement
without knowledge of the TE results or clinical data, but
the final results were obtained in consensus to assess the
diagnostic performance. A US scoring system developed in
previous studies [10, 11] was used to evaluate the degree
of liver cirrhosis (Figure 1). The scoring system included
the following signs and scores: the liver surface (1 for a
smooth surface, 2 for an uneven or wavy surface, and 3 for
an irregular nodular surface); the liver parenchyma (1 for
homogeneous parenchyma, 2 for heterogeneous parenchyma
with fine scattered hyperechoic or hypoechoic areas, and 3 for
coarse liver parenchyma with an irregular pattern); hepatic
vein contour (1 for a smooth vessel wall, 2 for an obscured or
slightly irregular vessel wall, and 3 for an irregular vessel wall
with a narrowed diameter); a spleen index, calculated as the
product of the oblique and diagonal diameters (1 for product
<20cm2 and 2 for product >20cm2). The US scores ranged
from 4 for a normal liver to 11 for advanced liver cirrhosis,
and the scores were recorded in a standard form.

2.5. Virological Analyses. Serum HBV markers, including
HBsAg, hepatitis B e antigen (HBeAg), and hepatitis B e
antibody (HBeAb), were determined using the Elecsys system
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Figure 1: B-mode images of conventional ultrasonography (US) scoring system. (a) Smooth liver surface, score of 1. (b) Uneven liver surface,
score of 2. (c) Irregular nodular liver surface, score of 3. (d) Homogeneous parenchyma, score of 1; and smooth hepatic vein vessel wall,
score of 1. (e) Heterogeneous liver parenchyma with fine scattered hyperechoic or hypoechoic areas, score of 2. Obscured or slightly irregular
hepatic vein vessel wall, score of 2. (f) Coarse liver parenchyma with an irregular pattern, score of 3.

(Hoffmann-La Roche, Basel, Switzerland). SerumHBV-DNA
levels were quantified by Cobas TaqMan (Hoffmann-La
Roche, Basel, Switzerland) according to the manufacturer’s
instructions. The limit of detection of the assay was 20 IU/ml.

2.6. Statistical Analysis. Statistical analyses were performed
using SPSS version 20.0 software (Chicago, IL, USA) and
MedCalc version 15.2.2 (MedCalc Software, Mariakerke, Bel-
gium). The data are expressed as frequencies, medians and
ranges or means and standard deviations, as appropriate.
Differences in TE were analyzed using Student’s t-tests. The
interobserver reproducibility of US scores was assessed by
calculating the intraclass correlation coefficient. Spearman
correlation coefficients were used to analyze the correlation
between TE, US scores, hepatic steatosis, and fibrosis stage,
and the correlation coefficients were compared using Fisher’s
Z test. Receiver operating characteristic (ROC) curves were
used to assess the overall accuracy and to identify optimal
cut-off values. The optimal cut-off values were selected
according to Youden’s index. The sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV),
and positive likelihood ratio (PLR) and negative likelihood
ratio (NLR) were calculated with 95% confidence intervals
(CIs). Differences between the areas under the ROC curves
(AUCs) were compared using DeLong’s test. A 2-tailed P
<0.05 was considered statistically significant.

3. Results

3.1. Characteristics of CHB Patients with NAFLD. We in-
cluded 429 consecutive, treatment-naive CHB patients who

429 CHB patients
2 patients with HCV
4 patients with significant alcohol consumption
1 patient with HCC
10 patients with BMI ≥ 30 kg/m

25 patients with ALT or AST ≥ 5 ULN

387 CHB patients

293 patients with hepatic steatosis <5%

94 CHB+NAFLD patients analyzed

Figure 2: Selection and deposition of patients.

underwent TE, US, and LB. Forty-two patients were excluded
for the following reasons: 2 patients were coinfected with
hepatitis C virus (HCV), 4 patients had a history of significant
alcohol consumption, 1 patient had concurrent HCC, 10
patients had a BMI ≥30 kg/m2, and 25 patients had ALT or
AST levels ≥5 times of ULN. Among the remaining patients,
293 patients did not have NAFLD (hepatic steatosis <5%),
and 94CHB patients had NAFLD (hepatic steatosis ≥5%),
resulting in a rate of NAFLD in CHB patients of 24.3%
(94/387). A summary of patients’ deposition is shown in
Figure 2. Among the CHB patients with NAFLD, they had
amean age of 36.90 years; only one patient had hypertension,
and none had diabetes mellitus. 29 (30.9%) patients had at
least one risk factor for metabolic syndrome. And 16 (17%)
patients had the diagnosis of metabolic syndrome. Overall,
fibrosis stages of the enrolled patients were scored as F0
(n=19), F1 (n=28), F2 (n=16), F3 (n=17), and F4 (n=14).
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Table 1: Patients’ characteristics.

Characteristic Standard Value (Range) Patients (n=94)
Mean age (years) NA 36.90±8.17
Male gender (n, %) NA 85 (90.4%)
Body mass index (BMI) (kg/m2) NA 24.20±2.68
BMI ≥ 25 (n, %) NA 36 (37.9%)
Aspartate aminotransferase (IU/L) 15-40 29 (15-128)
Alanine aminotransferase (IU/L) 3-35 40.5 (9-173)
Total bilirubin (umol/L) 4-23.9 12.7 (5.6-32.5)
Albumin (g/L) 36-51 45.5 (36.2-51.6)
g-Glutamyltransferase (IU/L) 10-60 32.5 (12-283)
Alkaline phosphatase (IU/L) 45-125 72.5 (33-207)
Platelets count (103/mm3) 100–350 200.43±54.87
Prothrombin time activity (%) 70–120 96.18±11.68
Fasting glucose (mmol/L) 3.9-6.1 4.90 (3.64-8.61)
Fasting glucose ≥5.6 mmol/L (n, %) ≥5.6 23 (24.5%)
Total cholesterol (mmol/L) 3.1-5.7 4.78±0.84
Triglyceride (mmol/L) 0.34-1.92 1.19 (0.39-4.89)
Triglyceride ≥ 1.7 mmol/L (n, %) ≥1.7 22 (23.4%)
HDL-cholesterol (mmol/L) 0.78-2.00 1.15±0.23

Reduced HDL-cholesterol (mmol/L) (n, %) <1.03 in men
<1.29 in women

29 (30.8%)

LDL-cholesterol (mmol/L) 2.07-3.10 3.17±0.83
Elevated LDL-cholesterol (n, %) >3.10 52 (55.3%)
HBeAg positive (n, %) >1 38 (40.4%)
HBV-DNA (log10 IU/mL) <20 IU/mL 4.83 (1.54-8.68) ∗

Ultrasonography score
4/5 NA 0/28
6/7 NA 29/18
8/≥9 NA 11/8
Fibrosis score (METAVIR)
F0 (n, %) NA 19 (20.2%)
F1 (n, %) NA 28 (29.7%)
F2 (n, %) NA 16 (17.0%)
F3 (n, %) NA 17 (18.1%)
F4 (n, %) NA 14 (15.0%)
Hepatic steatosis
≥5% NA 90 (95.7%)
34-66% NA 3 (3.2%)
>66% NA 1 (1.1%)
Unless otherwise indicated, data were expressed as means ± standard deviations or medians and ranges. ∗Eleven patients had undetectable HBV-DNA loads.
HDL=high density lipoprotein; LDL= low-density lipoprotein; NA=not applicable.

The median degree of steatosis was 10% (range, 5-70%). The
patients’ characteristics are summarized in Table 1.

3.2. Liver Stiffness Measurement (LSM) by TE. TE exam-
ination succeeded in 94 patients with CHB and NAFLD.
The success rate of TE examination was therefore 100%. As
the IQR/LSM ratios were less than 30%, the results of TE
measurements were considered to be reliable. Liver stiffness
measured with TE ranged from 3.2 to 38.5 kPa (IQR, 5.1-9.5

kPa) (Figure 3, Table 2). The mean LSM was 5.68, 5.83, 6.34,
10.34, and 18.84 for patients with F0, F1, F2, F3, and F4,
respectively. The mean LSM gradually increased from F0 to
F2 (F0 vs F1, P=0.745; F1 vs F2, P=0.293). Then, the LSM
increased significantly from F2 to F4 (F2 vs F3, P<0.001; F3
vs F4, P=0.002).

3.3. US Scoring System. Figure 3 shows the distributions
of US scores at different fibrosis stages. The interobserver
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Figure 3: Box and whisker plots of TE and US scores at each fibrosis stage. The central box represents values from lower to upper quartile
(25th -75th percentile). The line through each box represents the median. The mean liver stiffness measured with TE increased significantly
from F2 to F4 (F2 vs F3, P<0.001; F3 vs F4, P=0.002). ∗∗, P <0.01. ∗∗∗, P <0.001.

Table 2: Distribution of liver stiffness measured by TE at different fibrosis stages.

TE (kPa)
and P value

F0
(n=19)

F1
(n=28)

F2
(n=16)

F3
(n=17)

F4
(n=14)

Mean value∗ 5.68±1.48 5.83±1.52 6.34±1.61 10.34±2.91 18.84±8.35
Median value† 5.2 (3.2-8.9) 5.5 (3.7-8.7) 6.5 (3.5-9.3) 10.4(5.3-15.5) 15.7 (7.6-38.5)
P value‡ Not applicable 0.745 0.293 <0.001 0.002
∗Data were expressed as means ± standard deviations.
†Data were expressed as medians and ranges.
‡Mean value compared with the next lower fibrosis stage.

reproducibility of the US scores was 0.93 (95%CI: 0.89, 0.95).
The comparison of AUCs revealed that the US scores had
superior trends to other measures (the liver surface scores,
liver parenchyma scores, hepatic vein contour scores, and
the spleen index) in the diagnosis of significant liver fibrosis
(AUC, 0.73 vs 0.67, 0.64, 0.67, and 0.51, respectively), in the
diagnosis of advanced fibrosis (AUC, 0.76 vs 0.72, 0.63, 0.68,
and 0.51, respectively), and in the diagnosis of cirrhosis (AUC,
0.71 vs 0.67, 0.64, 0.58, and 0.51, respectively). Hence, the US
scores were selected for further analysis.

3.4. Correlations among TE, US,Hepatic Steatosis, and Fibrosis
Stage. In the present study, LB was used as the reference
standard. The correlation coefficients of TE and US scores
with fibrosis stage were 0.69 (95% CI: 0.55, 0.78; P<0.001)
and 0.47 (95% CI: 0.30, 0.61; P<0.001), respectively. The
correlation coefficients of TE were significantly higher than
that of the US scores (P=0.022). However, the degree of
hepatic steatosis did not correlate with fibrosis stage (r=0.041,
P=0.69), TE scores (r=0.037, P=0.72), or US scores (r=0.091,
P=0.38). Next, in order to evaluate the impact of hep-
atic steatosis on the performance of TE in assessing liver
fibrosis, patients were stratified into three groups, group
1 (5%≤hepatic steatosis<10%, n=33), group 2 (10%≤hepatic
steatosis<20%, n=26), and group 3 (hepatic steatosis≥20%,
n=35).The correlation coefficients of TE with fibrosis stage in
different groups were 0.69 (95% CI: 0.46, 0.84; P<0.001), 0.61
(95% CI: 0.30, 0.81; P<0.001), and 0.72 (95% CI: 0.50, 0.85;
P<0.001), respectively. However, no significant differences
existed among the three groups in correlation coefficient (all

P>0.05).Moreover, the comparison of AUCs revealed that no
significant differences were found among the three groups in
the assessment of liver fibrosis using TE (all P>0.05, Table 3).
Taken together, these data indicate that the degree of hepatic
steatosis may not influence the performance of TE in the
assessment of liver fibrosis.

3.5. TE and US Scores for Significant Fibrosis Assessment (F
≥2). Figure 4 shows the diagnostic performance of TE, US,
and TE combined with US, as assessed by ROC curves.
Table 4 shows the AUCs and predictive values for significant
fibrosis. Comparison of the AUCs revealed that both TE and
TE plus US were significantly superior to US in the diagnosis
of significant fibrosis (AUC, 0.84 vs 0.73, P=0.02; AUC, 0.85
vs 0.73, P=0.002). Compared with TE alone, combining TE
with US did not increase the diagnostic performance of
detecting significant fibrosis (AUC, 0.85 vs 0.84, P=0.62).
However, their combination significantly increased the speci-
ficity (95.7% vs 76.6%, P<0.001) and PPV (94.3% vs 77.1%,
P=0.002) compared to TE alone.

3.6. TE andUS Scores for Advanced Fibrosis Assessment (F≥3).
The diagnostic performance of TE, US, and TE combined
with US in advanced fibrosis, as assessed by ROC curves, is
shown in Figure 4. Table 4 shows the AUCs and predictive
values for TE and US. The comparison of AUCs revealed
that TE was significantly superior to US in the diagnosis of
advanced fibrosis (AUC, 0.95 vs 0.76, P<0.001). Compared
with TE alone, combining TE with US did not improve
the diagnostic performance of detecting advanced fibrosis
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Table 3: Diagnostic performances of TE in patients with different degrees of hepatic steatosis for liver fibrosis and cirrhosis assessment.

Statistic 5% ≤HS<10% (n=33) 10%≤HS<20% (n=26) HS ≥20% (n=35)
Significant fibrosis assessment (F≥2)
AUC 0.78 (0.60, 0.90) 0.79 (0.59, 0.93) 0.93 (0.79, 0.99)
Standard error 0.083 0.092 0.041
Cut-off value 6.6 6.8 8.4
Sensitivity (%) 83.3 (58.6, 96.4) 66.7 (34.9, 90.1) 76.5 (50.1, 93.2)
Specificity (%) 66.7 (38.4, 88.2) 85.7 (57.2, 98.2) 100.0 (81.5, 100.0)
PPV (%) 75.0 (50.9, 91.3) 80.0 (44.4, 97.5) 100.0 (75.3, 100.0)
NPV (%) 76.9 (46.2, 95.0) 75.0 (47.6, 92.7) 81.8 (59.7, 94.8)
Comparison of AUCs
5% ≤HS<10% - P=0.94 P=0.11
10%≤HS<20% P=0.94 - P=0.16
HS ≥20% P=0.11 P=0.16 -
Advanced fibrosis assessment (F≥3)
AUC 0.96 (0.83, 0.99) 0.94 (0.77, 0.99) 0.95 (0.82, 0.99)
Standard error 0.037 0.054 0.039
Cut-off value 8.6 7.2 8.4
Sensitivity (%) 90.0 (55.5, 99.7) 85.7 (42.1, 99.6) 85.7 (57.2, 98.2)
Specificity (%) 95.7 (78.1, 99.9) 89.5 (66.9, 98.7) 95.2 (76.2, 99.9)
PPV (%) 90.0 (55.5, 99.7) 75.0 (34.9, 96.8) 92.3 (64.0, 99.8)
NPV (%) 95.7 (78.1, 99.9) 94.4 (72.7, 99.9) 90.9 (70.8, 98.9)
Comparison of AUCs
5% ≤HS<10% - P=0.76 P=0.85
10%≤HS<20% P=0.76 - P=0.88
HS ≥20% P=0.85 P=0.88 -
Cirrhosis assessment (F=4)
AUC 1.00 (0.89, 1.00) 0.98 (0.79, 1.00) 0.90 (0.75, 0.98)
Standard error 0.000 0.029 0.076
Cut-off value 10.7 10.0 10.9
Sensitivity (%) 100.0 (59.0, 100.0) 100.0 (15.8, 100.0) 80.0 (28.4, 99.5)
Specificity (%) 100.0 (86.8, 100.0) 95.8 (78.9, 99.9) 86.7 (69.3, 96.2)
PPV (%) 100.0 (59.0, 100.0) 66.7 (9.4, 99.2) 50.0 (15.7, 84.3)
NPV (%) 100.0 (86.8, 100.0) 100.0 (85.2, 100.0) 96.3 (81.0, 99.9)
Comparison of AUCs
5% ≤HS<10% - P=0.49 P=0.19
10%≤HS<20% P=0.49 - P=0.33
HS ≥20% P=0.19 P=0.33 -
Data in parentheses were 95% confidence interval. AUC=area under the ROC curve. HS=hepatic steatosis. PPV=positive predictive value. NPV=negative
predictive value.

(P=0.69).WhenTE alone was used to predict advanced fibro-
sis, the PPV and NPV were 92.9% and 92.4%, respectively,
when 8.7 kPa was selected as the optimal cut-off value.

3.7. TE and US Scores for the Diagnosis of Cirrhosis (F=4).
TE, US, and TE combined with US for the evaluation of
subclinical cirrhosis (F=4) were assessed by ROC curves, and
the results are shown in Figure 4. Table 4 shows the AUCs
and predictive values for TE and US. The comparison of
AUCs revealed that TE was significantly superior to US in
diagnosing cirrhosis (AUC, 0.96 vs 0.71, P<0.001). In addi-
tion, combining TE with US did not improve the diagnostic
performance of detecting liver cirrhosis compared with TE

alone (P=0.38). Compared to US, TE had a significantly
higher sensitivity (92.9% vs 50.0%; P<0.001) and PPV (72.2%
vs 36.8%; P<0.001) in predicting cirrhosis. Moreover, when
using the cut-off value of 10.9 kPa, TE showed a high NPV of
98.7% in excluding the diagnosis.

4. Discussion

We herein report a single-center experience comparing TE,
US, and their combination in the assessment of fibrosis in
a cohort of CHB patients with NAFLD. In this study, com-
parison of AUCs revealed that TE was significantly superior
to US in the diagnosis of fibrosis and subclinical cirrhosis.
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Figure 4: ROC curves of TE, US, and TE combined with US for significant fibrosis assessment (a), advanced fibrosis assessment (b), and
cirrhosis assessment (c) in CHB patients concurrent with nonalcoholic fatty liver disease.

Combining TE with US did not increase the accuracy of
detecting significant fibrosis, advanced cirrhosis, or cirrhosis
compared to TE alone. However, combining TE with US
can significantly increase the PPV in predicting significant
fibrosis when compared to TE alone. The optimal cut-off
values of TE for advanced fibrosis and cirrhosis were 8.7 kPa
and 10.9 kPa, with NPVs of 92.4% and 98.7%, respectively.

HBV infection is a major etiology of chronic liver disease
worldwide. In the past decade, NAFLD has emerged as
a common liver disorder in the general population [3].
Accordingly, the number of CHB patients with concomitant
NAFLD is rapidly growing. Approximately 25% of CHB
patients have coexistingNAFLD [21]. In the present study, the
rate of NAFLD in CHB patients was estimated to be 24.3%,
which is similar to the general incidence, and approximately
one-third of the current patients had at least one risk factor
for metabolic syndrome. Several reports have revealed that
metabolic syndrome can increase the risk of liver fibrosis
progression and liver cirrhosis in CHBpatients [22, 23]. Since
the prognosis of patients and the treatment selection depends
on fibrosis stages, accurate assessment of liver fibrosis is
urgent.

Although TE may be affected by several factors, it per-
forms well in CHB patients and may reduce the need for LB
[12, 24]. The effects of hepatic steatosis on TE performance
in patients with chronic HCV and NAFLD may be more
definitive, resulting in overestimations of the liver fibrosis
stage [25, 26]. However, the role of hepatic steatosis in CHB
remains controversial [27, 28]. In the present study, the extent
of hepatic steatosis did not correlate with TE, US, or the
histological fibrosis stage (all P>0.05). Also, no significant dif-
ferences existed in correlation coefficient of TE with fibrosis
stage among different degrees of hepatic steatosis (all P>0.05).
In addition, TE performs at a good to excellent level of
accuracy in detecting fibrosis and subclinical cirrhosis, which
is similar to the results found in a previous meta-analysis of
a large sample of CHB patients [24]. These findings indicate

that TE could be useful and reliable in assessing liver fibrosis
in CHB patients, even in those patients concurrent with
NAFLD. Nevertheless, the exact impact of hepatic steatosis
on TE performance requires further evaluation.

A US scoring system consisting of four factors has been
developed and has proven to be reliable in evaluating liver
fibrosis and cirrhosis [10]. Since US is routinely used to
assess structural changes caused by CHB, it is necessary
to compare TE with US before introducing TE to evaluate
fibrosis in CHB patients with NAFLD. To our knowledge,
this study is the first to demonstrate the performance of
TE and US in CHB patients with NAFLD. TE proved to be
superior to US in the diagnostic performance of predicting
significant fibrosis (P=0.02) and advanced fibrosis (P<0.001).
Furthermore, a combination of TE and US was equivalent to
TE in diagnostic accuracy (P=0.62 and P=0.69). However, TE
and US combination increased the PPV from 77.1% to 94.3%
in predicting significant fibrosis. These results indicate that
TE alonewas useful to assess significant fibrosis and advanced
fibrosis in CHB patients with NAFLD, but TE combined with
US can help predict significant fibrosis.

Cirrhosis is a high-risk factor for developing HCC and
complications caused by portal hypertension.Therefore, early
detection of subclinical cirrhosis can help identify high-risk
patients earlier and start the optimized therapy accordingly.
US is a widely available tool for diagnosing cirrhosis, despite
its low sensitivity and high specificity. In the present study,
the AUC of US in detecting cirrhosis was 0.71, which is
relatively lower compared to the results of a previous study
(AUC, 0.79) [10].This variation could be related to differences
in the enrolled patients. A previous study mainly enrolled
viral patients (HBV and HCV), and only two patients had
hepatic steatosis. However, this study recruited only CHB
patients with NAFLD. More importantly, TE demonstrated
excellent diagnostic performance in predicting subclinical
cirrhosis, with high sensitivity and specificity of 92.9%
and 93.8%, respectively. Furthermore, the overall diagnostic
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Table 4: Diagnostic performances of TE, US, and TE combined with US in CHB patients with NAFLD for liver fibrosis and cirrhosis
assessment.

Statistic TE US TE plus US
Significant fibrosis assessment (F≥2)
AUC 0.84 (0.75, 0.91) 0.73 (0.63, 0.82) 0.85 (0.76, 0.92)
Standard error 0.042 0.051 0.043
Cut-off value 6.6 6 0.61
Sensitivity (%) 78.7 (64.3, 89.3) 59.6 (44.3, 73.6) 70.2 (55.1, 82.7)
Specificity (%) 76.6 (62.0, 87.7) 80.9 (66.7, 90.9) 95.7 (85.5, 99.5)
PPV (%) 77.1 (62.7, 88.0) 75.7 (58.8, 88.2) 94.3 (80.8, 99.3)
NPV (%) 78.3 (63.6, 89.1) 66.7 (52.9, 78.6) 76.3 (63.4, 86.4)
Positive LR 3.36 (2.0, 5.8) 3.11 (1.7, 5.9) 16.50 (4.2, 64.9)
Negative LR 0.28 (0.2, 0.5) 0.50 (0.3, 0.7) 0.31 (0.2, 0.5)
Advanced fibrosis assessment (F≥3)
AUC 0.95 (0.89, 0.98) 0.76 (0.66, 0.84) 0.95 (0.89, 0.99)
Standard error 0.024 0.052 0.026
Cut-off value 8.7 6 0.39
Sensitivity (%) 83.9 (66.3, 94.5) 67.7 (48.6, 83.3) 87.1 (70.2, 96.4)
Specificity (%) 96.8 (89.0, 99.6) 74.6 (62.1, 84.7) 95.2 (86.7, 99.0)
PPV (%) 92.9 (76.5, 99.1) 56.8 (39.5, 72.9) 90.0 (73.5, 97.9)
NPV (%) 92.4 (83.2, 97.5) 82.5 (70.1, 91.3) 93.7 (84.8, 98.3)
Positive LR 26.4 (6.7, 104.2) 2.7 (1.6, 4.3) 18.3 (6.0, 55.6)
Negative LR 0.17 (0.07, 0.4) 0.43 (0.3, 0.7) 0.14 (0.05, 0.3)
Cirrhosis assessment (F=4)
AUC 0.96 (0.90, 0.99) 0.71 (0.61, 0.80) 0.96 (0.90, 0.99)
Standard error 0.023 0.071 0.022
Cut-off value 10.9 7 0.14
Sensitivity (%) 92.9 (66.1, 99.8) 50.0 (23.0, 77.0) 92.9 (66.1, 99.8)
Specificity (%) 93.8 (86.0, 97.9) 85.0 (75.3, 92.0) 93.8 (86.0, 97.9)
PPV (%) 72.2 (46.5, 90.3) 36.8 (16.3, 61.6) 72.2 (46.5, 90.3)
NPV (%) 98.7 (92.9, 100.0) 90.7 (81.7, 96.2) 98.7 (92.9, 100.0)
Positive LR 14.9 (6.3, 35.1) 3.3 (1.6, 7.0) 14.9 (6.3, 35.1 )
Negative LR 0.08 (0.01, 0.5) 0.59 (0.3, 1.0) 0.08 (0.01, 0.5)
Data in parentheses were 95% confidence interval. AUC=area under the ROC curve. PPV=positive predictive value. NPV=negative predictive value.
LR=likelihood ratio.

performance of TE was significantly different from that of US
(P<0.001). Compared with TE alone, combining TE with US
did not improve the diagnostic performance (P=0.38). These
findings are of vital importance because TE is much simpler
and safer than LB is. Given the high NPV of TE (98.7%), it is
unnecessary to perform LB in patients who are suspected of
cirrhosis at US examination. Patients can avoid LB and start
an antiviral therapy program earlier.Thus, we suggest that TE
should be performed on patients with doubtful cirrhosis at
routine US.

The optimum cut-off value selected for predicting a
patient’s fibrosis stage differs from case to case. Etiology
should be taken into account in assessing fibrosis using TE
[12]. The optimum cut-off value for F ≥2 was 6.6 kPa in the
present study, which was slightly lower than the values for
NAFLD (6.9 kPa) and CHB patients (7.2 kPa). However, the
optimum cut-off values for F ≥3 and F=4 were 8.7 kPa and
10.9 kPa, which were intermediate values between those for
NAFLD (8.4 kPa and 10.3 kPa) and CHBpatients (9.4 kPa and

12.2 kPa) [24, 26, 29]. This variation may be explained by the
degree of hepatic steatosis. A previous study indicated that
hepatic steatosis could influence the architectural structure
of the liver, potentially changing the propagation time of
the vibratory wave through the liver [30]. Statistical analysis
indicated that cut-off values with a PLR >10.0 offer sufficient
confidence to confirm the diagnosis, while an NLR <0.1
provides enough confidence to exclude the diagnosis [29]. In
our study, the cut-off value of 10.9 kPa for assessing cirrhosis
had a PLR of 14.9 and an NLR of 0.08. Thus, using 10.9 kPa
as an optimal cut-off value in diagnosing cirrhosis in CHB
patients with NAFLD may be suitable. Nevertheless, further
studies are warranted to confirm the accuracy.

By definition, NAFLD indicates the absence of signifi-
cant alcohol consumption. However, the optimal cut-off for
significant alcohol consumption in patients with suspected
NAFLD remains controversial. It was inconsistent and ranged
from >10 g of alcohol per day to >40 g per day [31]. For
NASH clinical trials candidate eligibility purposes, significant
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alcohol consumption was defined as >30 g/day in men
and >20 g/day in women [32]. Furthermore, this definition
has been recommended by western guidelines, but with
weak strength and relatively low quality [33, 34]. While
in the Asia-Pacific region, significant alcohol consumption
has been defined as >20 g/day for men and >10 g/day for
women by the Asia-Pacific Working Party on NAFLD [18]
and has been widely used [7, 35]. Moreover, even with
consuming moderate amounts of alcohol, patients may be
still predisposed toNAFLD if they havemetabolic risk factors
[34]. Thus, to reduce the confounding impact of alcohol,
the lower cut-off of significant alcohol consumption (defined
as >20 g/day for men and >10 g/day for women) was used
in the present study. It should be noted that this study
has several limitations. First, most patients showed mild to
moderate hepatic steatosis. The impact of the entire spectrum
of steatosis on TE could not be fully assessed. In addition,
due to the unavailability of XL probe for TE, patients with
BMI ≥30 kg/m2 were excluded in the present study. This may
represent a selection bias since steatosis is more prevalent
and severe in obese patients. Third, as controlled attenuation
parameter (CAP) was unavailable in our department until
2018, it was not assessed for comparison with histological
or US findings. Moreover, our sample size was relatively
small.

In conclusion, although TE has a better performance over
US, and over the combination of TE and US, this should not
discourage the use of US in CHB patients with NAFLD. TE is
more reliable in the assessment of liver fibrosis and can avoid
unnecessary liver biopsies. Nevertheless, US is necessary in
order to exclude liver focal lesions and to assess the presence
of portal hypertension.
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the performance of liver stiffness measurement for fibrosis
assessment in patients with genotype 1 chronic hepatitis C,”
Journal of Hepatology, vol. 61, no. 3, pp. 523–529, 2014.

[26] S. Petta, M. Maida, F. S. Macaluso et al., “The severity of
steatosis influences liver stiffness measurement in patients with
nonalcoholic fatty liver disease,” Hepatology, vol. 62, no. 4, pp.
1101–1110, 2015.

[27] Y.-J. Cai, J.-J. Dong, X.-D. Wang et al., “A diagnostic algorithm
for assessment of liver fibrosis by liver stiffness measurement in

patients with chronic hepatitis B,” Journal of Viral Hepatitis, vol.
24, no. 11, pp. 1005–1015, 2017.

[28] W.-K. Seto, R. W. H. Hui, L.-Y. Mak et al., “Association
between hepatic steatosis, measured by controlled attenuation
parameter, and fibrosis burden in chronic hepatitis B,” Clinical
Gastroenterology and Hepatology, vol. 16, no. 4, pp. 575–583.e2,
2018.

[29] Expert Panel on Liver StiffnessMeasurement, “Clinical applica-
tion of transient elastography in the diagnosis of liver fibrosis:
an expert panel review and opinion,” Journal of Clinical and
Translational Hepatology, vol. 2, no. 2, pp. 110–116, 2014.

[30] S. Gaia, S. Carenzi, A. L. Barilli et al., “Reliability of transient
elastography for the detection of fibrosis inNon-Alcoholic Fatty
Liver Disease and chronic viral hepatitis,” Journal of Hepatology,
vol. 54, no. 1, pp. 64–71, 2011.

[31] S. A. Liangpunsakul and N. Chalasani, “What should we
recommend to our patientswithNAFLD regarding alcohol use,”
American Journal of Gastroenterology, vol. 107, no. 7, pp. 976–
978, 2012.

[32] A. J. Sanyal, E. M. Brunt, D. E. Kleiner et al., “Endpoints and
clinical trial design for nonalcoholic steatohepatitis,” Hepatol-
ogy, vol. 54, no. 1, pp. 344–353, 2011.

[33] N. Chalasani, Z. Younossi, and J. E. Lavine, “The diagnosis
and management of non-alcoholic fatty liver disease: practice
guideline by the American Association for the Study of Liver
Diseases, AmericanCollege ofGastroenterology, and theAmer-
icanGastroenterological Association,”Hepatology, vol. 55, no. 6,
pp. 2005–2023, 2012.

[34] European Association for the Study of the Liver (EASL),
European Association for the Study of Diabetes (EASD),
and European Association for the Study of Obesity (EASO),
“EASL–EASD–EASOClinical Practice Guidelines for the man-
agement of non-alcoholic fatty liver disease,” Journal of Hepa-
tology, vol. 64, no. 6, pp. 1388–1402, 2016.

[35] V.W.-S. Wong, W. C.-W. Chu, G. L.-H.Wong et al., “Prevalence
of non-alcoholic fatty liver disease and advanced fibrosis in
HongKong Chinese: a population study using proton-magnetic
resonance spectroscopy and transient elastography,”Gut, vol. 61,
no. 3, pp. 409–415, 2012.



Research Article
Nonalcoholic Fatty Liver Disease Aggravated the Severity of
Acute Pancreatitis in Patients

DachengWu,1 Min Zhang,1 Songxin Xu,1 KeyanWu,1 Ningzhi Wang,1 Yuanzhi Wang,1

JianWu,1 Guotao Lu ,1 Weijuan Gong,1,2 Yanbing Ding ,1 andWeiming Xiao 1

1Department of Gastroenterology, Affiliated Hospital of Yangzhou University, Yangzhou University, No. 386 Hanjiang Media Road,
Yangzhou 225000, Jiangsu, China
2Department of Immunology, School of Medicine, Yangzhou University, Yangzhou, China

Correspondence should be addressed to Yanbing Ding; ybding@yzu.edu.cn and Weiming Xiao; wmxiao@yzu.edu.cn

Received 17 October 2018; Accepted 3 January 2019; Published 22 January 2019

Guest Editor: Marina Berenguer

Copyright © 2019 Dacheng Wu et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background and Aim. The incidence of nonalcoholic fatty liver disease (NAFLD) as a metabolic disease is increasing annually. In
the present study, we aimed to explore the influence of NAFLD on the severity of acute pancreatitis (AP). Methods. The severity
of AP was diagnosed and analyzed according to the 2012 revised Atlanta Classification. Outcome variables, including the severity
of AP, organ failure (all types of organ failure), and systemic inflammatory response syndrome (SIRS), were compared for patients
with and without NAFLD. Results. Six hundred and fifty-six patients were enrolled in the study and were divided into two groups
according to the presence or absence of NAFLD.The non-NAFLD group contained 278 patients and themain etiology in this group
was gallstone. The NAFLD group consisted of 378 patients and the main etiology was hyperlipidemia. The incidence of mild AP,
moderately severe AP, and severe AP was 77.30%, 18.3%, and 4.3% in the non-NAFLD group and 58.2%, 33.9%, and 7.9% in the
NAFLD group, respectively. There were significant differences between the two groups according to the severity of AP (P ≤ 0.001).
In addition, the Ranson and BISAP scores as well as the incidence of SIRS and organ failure in the NAFLD group were higher than
those in the non-NAFLD group (all P < 0.05). The patients were further divided into non-NAFLD, mild-NAFLD, and moderate-
severe NAFLD (M+S-NAFLD) groups.The results showed that the severity of AP increased gradually from the non-NAFLD group
to theM+S-NAFLD group. In addition, the incidence rates of SIRS and organ failure showed an upward trend with the aggravation
of fatty liver severity. Multivariate logistic analysis showed that patients with NAFLD, especially those with M+S-NAFLD, had
higher risks of SIRS and organ failure. Conclusions. Compared with non-NAFLD, NAFLD has a clinically relevant impact on the
severity of AP and may be an early prognostic parameter for patients with AP.

1. Introduction

Acute pancreatitis (AP) is an inflammatory disease of the
pancreas, with 10–20% of patients progressing to multiple
organ failure coupled with a high mortality rate. The inci-
dence of AP is increasing year by year, consistent with an
increase in the number of people with metabolic syndrome.
The incidence of local and systemic complications, especially
mortality in patients with AP with metabolic syndrome, is
noteworthy [1]. Metabolic syndrome is a clinical diagnosis
based on the identification of related metabolic status. It
can increase the risk of cardiovascular diseases, including
diabetes, dyslipidemia, arterial hypertension, and abdominal

obesity [2]. Abdominal obesity, a typical phenotype of
metabolic syndrome, has been demonstrated to be an inde-
pendent risk factor for AP [3]. Many clinical studies have
confirmed that abdominal obesity can increase the severity
of AP, prolong hospital stay, and increase the intensive care
unit occupancy rate and mortality [4, 5].

Nonalcoholic fatty liver disease (NAFLD) is a phenotype
ofmetabolic syndrome in the liver. NAFLD is related to all the
components of metabolic syndrome and may be considered
an additional component of the disease itself [6]. NAFLD is
characterized by excessive hepatic fat accumulation, associ-
ated with insulin resistance (IR), and defined by the presence
of steatosis in >5% of hepatocytes according to histological
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analysis or by a proton density fat fraction (providing a
rough estimation of the volume fraction of fatty material
in the liver)>5.6% assessed by proton magnetic resonance
spectroscopy (1H-MRS) or quantitative fat/water selective
magnetic resonance imaging (MRI) [7]. The incidence of
NAFLD worldwide is approximately 28.01–52.34/1,000 [8],
and NAFLD is increasingly recognized in the West. NAFLD
is one of the main causes of chronic liver disease, which
has become one of the major causes of liver disease-related
morbidity and mortality in Western countries [9]. An inde-
pendent epidemiological survey showed that, from 2007 to
2013, the prevalence of NAFLD in the general population
increased from 23.5% to 44.3% among men and from 17.6%
to 43.1% among women [10]. The prevalence of NAFLD in
the average adult rose from 15% to more than 31% over a 10-
year period, according to a survey in Shanghai and Beijing,
China [11].

Studies have been conducted on the association between
fatty liver and AP [12, 13]. Xu et al. separated 2,671 patients
with pancreatitis into a fatty liver group and a non-NAFLD
group. The results of the study showed that fatty liver can
increase the severity of AP. However, the association between
NAFLD and the severity and clinical outcomes of AP has
been poorly studied. Therefore, we aimed to investigate the
effect of NAFLD as a manifestation of metabolic disease on
the severity of AP.

2. Methods

2.1. Inclusion and Exclusion Criteria. A retrospective analysis
of 1186 patients with AP was conducted from January 2012
to December 2016. The diagnostic criteria for AP included
three items: (1) typical clinical symptoms with persistent
abdominal pain; (2) serum amylase and/or lipase levels
three times higher than the normal upper limit; and (3)
characteristic results of abdominal imaging [14]. Patients
suffering from cirrhosis, hepatocellular carcinoma, alcoholic
fatty liver, or chronic pancreatitis as well as those who had
undergone splenectomy, were pregnant, were younger than
18 or older than 60 years, had been hospitalized repeatedly,
or had incomplete medical data were excluded from the
analysis. The cause of AP was considered to be biliary if
gallstones or biliary sludge was observed on imaging exam-
inations, including computed tomography (CT), magnetic
resonance cholangiopancreatography, and ultrasonography
[15, 16]. Hypertriglyceridemic acute pancreatitis (HTG-AP)
was characterized by the presence of serum hypertriglyc-
eridemia (≥1000mg/dL) or by visible lactescent blood with
serum hypertriglyceridemia 500–1000mg/dL without any
other causes [17–19]. The exclusion criteria were age >70 or
<18 years, recurrent pancreatitis, malignant tumor, ascites,
pregnancy, and incomplete information. Due to the ret-
rospective characteristics of the study from 2012 to 2016,
informed consent was waived and the study was approved by
the Ethics Committees of our hospital.

2.2. Diagnostic Criteria for NAFLD. Abdominal computed
tomography (CT) was used to determine the presence of fatty

liver based on CT values for the liver and spleen. Patients
with a history of alcoholic consumption (history of drinking
or equivalent alcohol consumption of more than 140 g/week
for men andmore than 70 g/week for women), viral hepatitis,
drug-induced hepatitis, total parenteral nutrition, hepatolen-
ticular degeneration, autoimmune liver disease, and other
specific diseases that can lead to fatty liver were excluded
[20].

2.3. NAFLD Classification Criteria. According to the litera-
ture, NAFLD is diagnosed based on the ratio of the CT values
for the liver and spleen, which are measured in the range
of 88–92mm. Mild-NAFLD is defined as a liver/spleen CT
ratio less than or equal to 1. If the ratio is higher than 0.5 and
lower than or equal to 0.7, the disease is classified asmoderate
NAFLD. Severe NAFLD is defined as a ratio lower than or
equal to 0.5 [21].

2.4. Severity Assessment of AP. According to the revised
Atlanta Classification, AP severity is divided into three
groups: mild, moderately severe, and severe. Mild AP (MAP)
involves no organ failure and no local or systemic complica-
tions.Moderately severe AP (MSAP) is characterized by tem-
porary organ failure and/or local or systemic complications
within 48 hours without persistent organ failure. Severe AP
(SAP) is defined as persistent organ failure lasting more than
48 hours [22].

2.5. Criteria for Systemic Inflammatory Response Syndrome
(SIRS). SIRS is defined as the existence of two or more
of the following: (1) temperature > 38∘C or < 36∘C; (2)
heart rate > 90 beats/min or hypotension (systolic blood
pressure <90mmHg, or >40mmHg lower than the baseline);
(3) shortness of breath (>20 beats/min) or hyperventilation
(PaCO2 <32mmHg); and (4) peripheral blood leukocyte
count >12 × 10∧9/L or neutral rod-shaped granulocyte ratio
>10%. However, other factors that may cause the above acute
abnormal changes should be excluded [23].

2.6. Data Analysis. Data were analyzed with SPSS 16.0.
Continuous variables were represented as the mean ± stan-
dard deviation (SD) or the median (quartile spacing) and
compared using the T test. Data were evaluated based
on the quantity and proportion, and descriptive statis-
tics were used to analyze the baseline characteristics of
the population; the severity was assessed using one-way
analysis of variance or the Pearson chi-square test. The
Kruskal–Wallis test was used for contingency table anal-
ysis. To determine whether the severity of NAFLD was
related to organ failure and SIRS, the Spearman test was
used. Age, gender, Body Mass Index (BMI), hyperten-
sion, diabetes, coronary heart disease (CHD), smoking,
and NAFLD were set as independent variables for multi-
variable regression analyses, and organ failure was set as
a dependent variable. Comparing the characteristics and
variables among the groups, P < 0.05 indicated significant
differences.
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Table 1: Comparison of baseline and clinical characteristics between AP patients with versus without NAFLD.

Variables Cohort non-NAFLD NAFLD P
N=656 n=278 n=378

General situation
Age (years) (mean ± SD) 43.93 ± 9.81 45.96 ± 10.20 42.44 ± 9.24 ≤ 0.078
Male (%) 413 (63.0%) 157 (61.3%) 256 (67.7%) 0.004
BMI 25.99 ± 3.61 24.71 ± 3.43 26.90 ± 3.45 ≤ 0.001
Smoking 134 (20.4%) 52 (18.7%) 82 (21.7%) 0.378
Etiology ≤ 0.001
Gallstone 207 (31.6%) 129 (49.0%) 78 (20.6%)
Hypertriglyceridemia 316 (48.1%) 69 (26.2%) 247 (65.3%)
Others 133 (20.3%) 80 (28.8%) 53 (14.1%)
Basic disease
Hypertension 51 (7.8%) 22 (7.9%) 29 (7.7%) 1.000
Diabetes 104 (15.9%) 32 (11.5%) 72 (19.0%) 0.009
CHD 9 (1.4%) 6 (2.1%) 3 (0.8%) 0.179
Laboratory indicators
WBC (10∧9/L) 11.85 ± 4.97 11.17 ± 5.05 12.47 ± 4.89 0.001
ALT (IU/L) 40.00 (3, 1156) 40.45 (3, 1156) 39.50 (3, 793) 0.007
AST (IU/L) 35.00(8,850) 40.00 (8,850) 33.00 (8,850) 0.002
Cr (mmol/L) 59.00(30,1082) 57.00 (30,430) 60.00 (32,1082) 0.35
TG (mmol/L) 3.85(0.21,39.21) 1.48(0.21,30.48) 6.41 (0.24,39.21) ≤ 0.001

Liver cirrhosis and liver cancer 2
Alcoholism 65
Splenectomy : 2
<18 or >60 years old : 249
Pregnant women : 2
Pancreatic Cancer : 2
Repeat hospitalization : 25
Liver imaging was unavailable: 183

non-NAFLD
N=278

AP patients
N=1186

NAFLD
N=378

AP patients
N=656

Figure 1: The distribution of AP patients.

3. Results

3.1. General Baseline Situation. A total of 1,186 patients with
APwere diagnosed from January 2012 toDecember 2016. Five
hundred and thirty were excluded according to the exclusion
criteria, and 656 were enrolled in the study (as shown in
the flowchart, Figure 1). Demographic characteristics are
shown in Table 1. The average age of the patients was 43.93
± 9.81 years and men accounted for 63.0%. The patient
population comprised 20.4% of smokers, 7.8% of patients
with hypertension, 15.9% of patients with diabetes mellitus,

and 1.4%of patientswithCHD.Thepatientswere divided into
non-NAFLD (278 patients) andNAFLD (378 patients) groups
based on the CT results. The average age was 45.96 ± 10.20
years for the non-NAFLD group and 42.44 ± 9.24 years for
the NAFLD group.The proportion of diabetes mellitus in the
NAFLD group was also higher than that in the non-NAFLD
group (19.0% versus 11.5%), but there was no significant
difference in drinking.

The causes of AP include gallstone, hyperlipidemia, and
others. As shown in Table 1, the percentage of gallstone,
hyperlipidemia, and others was 31.6%, 48.1%, and 20.3% in
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Table 2: Comparison of the Atlanta classification, BISAP score, Ranson score, SIRS, and organ failure with versus without NAFLD.

Variables Cohort non-NAFLD NAFLD P
N=656 n=278 n=378

Atlanta classification ≤ 0.001
MAP 435 (66.3%) 215 (77.3%) 220 (58.2%)
MSAP 179 (27.3%) 51(18.3%) 128 (33.9%)
SAP 42 (6.4%) 12 (4.3%) 30 (7.9%)
BISAP Scores 0.006
<2 545 (83.1%) 245 (88.71%) 300 (79.3%)
>=2 111 (16.9%) 33 (12.2%) 78 (20.7%)
Ranson Scores 0.040
<3 576 (87.8%) 253 (91.0%) 323 (85.4%)
>=3 80 (12.2%) 25 (9.0%) 55 (14.6%)
SIRS ≤ 0.001
NO 432 (65.9%) 214 (77.0%) 218 (57.7%)
YES 224 (34.1%) 64 (23.0%) 160 (42.3%)
Organ Failure ≤ 0.001
NO 468 (66.9%) 215 (77.3%) 220 (58.2%)
YES 232 (33.1%) 63 (22.7%) 158 (41.8%)

the cohort, respectively. Interestingly, the main etiology in
the non-NAFLD group was gallstone pancreatitis (49.0%),
whereas that in the NAFLD group was hyperlipidemia pan-
creatitis (65.3%).

3.2. Comparison of the Influence of the Presence and Severity
of NAFLD in Patients with AP. We compared the laboratory
indexes in the two groups and found that the white blood
cell (WBC) and triglyceride concentrations, which are used
to determine the severity of AP, were significantly higher
in the NAFLD group. However, the serum creatinine was
not significantly different in the two groups. These results
showed that the severity of AP in patients with NAFLD was
significantly greater than that in patients without NAFLD.
In addition, compared with the non-NAFLD group, the
incidence of MAP was lower (77.3% versus 58.2%) and the
incidence of SAP was higher (4.3% versus 7.9%) in the
NAFLD group.There was a significant difference between the
two groups in the severity of AP (P ≤ 0.001). Furthermore,
the clinical scores and related complications of AP in the
non-NAFLD andNAFLD groups were compared.The results
showed that both the clinical scores (Ranson and BISAP
scores) and related complications including SIRS and organ
failure (all types of organ failure) were more serious in the
NAFLD group (all P< 0.05 Table 2).

Based on the above results, the patients were further
divided into non-NAFLD, mild-NAFLD, and moderate-
severe NAFLD (M+S-NAFLD) groups according to the ratio
of the CT value for the liver and spleen. As shown in Table 3,
from the non-NAFLD group to the M+S-NAFLD group,
the MAP ratio decreased, while the MSAP and SAP ratios
increased (P ≤ 0.001). In addition, the results showed that
both the incidence of SIRS and organ failure in the M+S-
NAFLD group were scientifically higher than those in the

non-NAFLD group, which was consistent with the above
results. Furthermore, the incidence of SIRS and organ failure
showed an upward trend with the aggravation of the severity
of NAFLD (P trend <0.001; Figure 2).

3.3. Logistic Regression Analysis of Organ Failure in Patients
with AP. Finally, we analyzed whether organ failure corre-
lated with the epidemiology and clinical features of NAFLD.
Multivariate logistic regression analysis was performed, and
the results showed that patients with mild-NAFLD had a
risk of organ failure 1.771 times greater than those without
NAFLD (95% confidence interval [CI] = 1.080-2.903 and P =
0.023). Furthermore, patients with M+S-NAFLD had a 3.115
times greater risk of organ failure than those without NAFLD
(95% CI = 1.766-5.493 and P ≤ 0.001). It is worth noting
that patients with high TG may have a greater risk of organ
failure (odds ratio = 1.026, 95%CI = 1.001-1.052, and P = 0.040
Table 4).

4. Discussion

Clinically, there are many causes of AP, including gallstone,
alcohol, and hyperlipidemia. Gallstone is the primary cause
globally, whereas in China, hyperlipidemia has exceeded
alcohol to become the second major cause of pancreatitis
[15, 19]. In the present study, patients with gallstone, hyper-
lipidemia pancreatitis (HTG-AP) and others accounted for
31.6%, 48.1%, and 20.3%, respectively. Further analysis of data
revealed that the main cause of AP in the non-NAFLD group
was gallstone, accounting for approximately 49.0%, whereas
hyperlipidemia pancreatitis had the highest incidence in the
NAFLD group (65.3%). The higher proportion of HTG-AP
was probably because some biliary patients may have been
excluded from the cohort without CT examination.
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Figure 2: Comparison of SIRS and organ failure with non-NAFLD, mild-NAFLD, and M+S-NAFLD. OF: organ failure (all types organ
failure); non-NAFLD: without NAFLD. Mild-NAFLD: mild nonalcoholic fatty liver disease; M+S-NAFLD: moderate-severe nonalcoholic
fatty liver disease.

Table 3: Comparison of the Atlanta classification and Ranson score, with non-NAFLD, mild-NAFL, and M+S-NAFL.

Variables non-NAFLD Mild-NAFLD M+S-NAFLD P
n=278 n=234 n=144

Atlanta classification ≤ 0.001
MAP 215 (77.4%) 149 (63.7%) 71 (49.3%)
MSAP 51 (18.3%) 75 (32.1%) 53 (36.8%)
SAP 12 (4.3%) 10 (4.3%) 20 (13.2%)
Ranson Scores 0.003
<3 253 (91.0%) 208 (88.9%) 115 (79.9%)
>=3 25 (9.0%) 26 (11.1%) 29 (20.1%)

The results of this study showed that the severity of AP,
including the clinical score, incidence of SIRS, and organ
failure, in the NAFLD group was scientifically higher than
that in the non-NAFLD group, which was consistent with the
results reported by Xu and Mikolasevic [14, 24]. In addition,
we found that the incidence of SIRS and organ failure showed
an upward trend with the aggravation of the severity of
NAFLD (P trend <0.001). All these findings imply that the
severity of NAFLD has an impact on the course of AP.
NAFLD is well known to be associated with other metabolic
diseases, such as obesity, diabetes, and hyperlipidemia, and
these metabolic diseases have a clear role in the severity of
AP. In light of this, we further performed logistic regression
analysis and determined that NAFLD was an independent
risk factor for AP.

Themechanism by which NAFLD exacerbates pancreati-
tis remains to be elucidated. Patients with NAFLD are often
associated with obesity. In our study, the BMI of NAFLD
patients was 26.90 ± 3.45. The body is in a chronic inflam-
matory process for a long time in obesity patients, which
makes the inflammatory factor response easy to expand.
And NAFLD itself is an inflammatory disease that promotes
chronic systemic inflammation [25–27], which may be an
important reason for its exacerbation of AP. Secondly, in
theory, Kupffer cells which are resident macrophages of the
liver that represent approximately 70% of the liver’s total

macrophages play a very important role in the pathogenesis
of AP by releasing a large number of inflammatory factors
[28]. In the condition of NAFLD, the ability of Kupffer cells
to release inflammatory factors increased greatly. In addition,
NAFLD patients are often accompanied by disorders of
adipokine levels, such as elevated CPR, IL-6, leptin, and
reduced adiponectin levels, whichmake the bodymore prone
to SIRS response [29].Moreover there are reports that, in fatty
liver mice and human, the reduction of alpha-1-antitrypsin
(AAT) levels and the reduction of AAT can lead to excessive
activation of inflammation [30].

Our study had the following limitations: it was retrospec-
tive, and the study population was not large enough. Second,
it was a single-center study, and therefore, further research
and verification are required in the future. And prospective
studies are needed to demonstrate that NAFLD is a risk
factor for a more severe pancreatitis.Third, liver biopsy is the
gold standard for the diagnosis of NAFLD and other chronic
liver diseases [31]. Previous studies showed that magnetic
resonance imaging-based diagnostic methods are valuable
in detecting NAFLD or determining the severity of NAFLD
[32, 33]. However, in our study, an abdominal CT scan, which
is our routine examination method, was used to diagnose
NAFLD. This may have caused some data bias. Finally, the
proportion of fatty pancreas in patientswithNAFLD is higher
than that in normal patients [34], and fatty pancreas may
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Table 4: Logistic regression analysis of organ failure in patients with AP.

B P OR 95%CI
Non-NAFLD
Mild-NAFLD 0.572 0.023 1.771 1.080-2.903
M+S-NAFLD 1.136 ≤ 0.001 3.115 1.766-5.493
Male 0.053 0.824 1.055 0.660-1.685
Age 0.009 0.465 1.009 0.986-1.032
BMI -0.006 0.843 0.994 0.934-1.057
TG 0.026 0.040 1.026 1.001-1.052
CHD -0.930 0.397 0.395 0.046-3.401
Diabetes 0.388 0.142 1.474 0.878-2.474
Hypertension 0.248 0.555 1.282 0.562-2.927
Smoking 0.132 0.606 1.141 0.691-1.882

have an impact onAP.However, our studywas a retrospective
research, so we cannot be access to the data of fatty pancreas.
Moreover, because of the fat hydrolysis in pancreatic tissue
after AP onset, it is difficult to assess fat content in pancreas
tissue in patients with AP.

5. Conclusions

In summary, our results demonstrated that the presence of
NAFLD at admission portends a higher risk of moderately
severe and SAP, as well as a higher risk of SIRS and organ
failure. In the clinical environment, we should pay close
attention to the phenomenon of NAFLD aggravation of the
severity of AP.
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Nonalcoholic fatty liver disease (NAFLD) is a common, multifactorial, and poorly understood liver disease whose incidence is
globally rising. During the past decade, several lines of evidence suggest that dysbiosis of intestinal microbiome represents an
important factor contributing to NAFLD occurrence and its progression into NASH.Themechanisms that associate dysbiosis with
NAFLD include changes in microbiota-derived mediators, deregulation of the gut endothelial barrier, translocation of mediators
of dysbiosis, and hepatic inflammation. Changes in short chain fatty acids, bile acids, bacterial components, choline, and ethanol
are the result of altered intestinal microbiota. We perform a narrative review of the previously published evidence and discuss the
use of gut microbiota-derived mediators as potential markers in NAFLD.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) comprises a variety
of diseases extending from simple steatosis (SS), nonalcoholic
steatohepatitis (NASH), fibrosis, and cirrhosis, with a grow-
ing prevalence worldwide, reaching around 30% of global
population [1]. NASH is the severe form of the disease, and
patients could develop liver cirrhosis and hepatocellular car-
cinoma with aging. NASH is characterized by the presence of
hepatocyte ballooning and inflammation, with a worldwide
prevalence of 2–3%; however almost one-third of NAFLD
affected subjects progress to NASH [1].

Precise histological diagnosis, including disease stages
(SS and NASH), is commonly based on liver biopsy [2];
however, biopsy comprises several potential problems such
as bleeding, abdominal pain, and needs to be performed
in a special clinical setting under expertise supervision [3].
Thus, there is a need for reliable and cost-effective noninva-
sive biomarkers, to avoid the invasiveness of biopsy. How-
ever, until date, none of the previously explored surrogate

blood markers have been confirmed in large cohorts of
biopsy-proven NAFLD or have proper specificity for NASH
diagnosis.

Previous evidence has linked intestinal microbiota dys-
biosis with obesity, insulin resistance, metabolic syndrome,
and NAFLD [4–6]. Due to dysbiosis, the permeability of
intestinal barrier is compromised and substances such as
short-chain fatty acids, bile acids, bacterial components,
choline, and endogenous ethanol reach the liver which
seem to contribute to the pathogenesis of NAFLD. More
recently, other metabolites or proteins as angiopoietin-like
protein 4 (ANGPTL4), resistin-like molecule 𝛽 (RELM 𝛽),
neurotensin, glucagon-like peptide-1 (GLP-1), glucagon-like
peptide-2 (GLP-2), and fibroblast growth factor 19 (FGF19)
have been suggested to be involved in NAFLD pathogenesis
[7, 8]. It is important to note that some of these metabolites
may be employed as potential markers of NAFLD occurrence
and progression.

In order to give a broad overview of primary literature
published on this topic, we have used narrative review
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as literature search strategy in the present article. In this
sense, this narrative review will discuss NAFLD and (a) gut
microbiome dysbiosis and (b) main gut microbiota-derived
mediators. Their potential use as biomarkers for evaluating
the status of NAFLD will also be briefly discussed.

2. Gut Microbiome Dysbiosis and NAFLD

Intestinal microbiome is composed mainly of bacteria, virus,
and fungi, with several functions, such as host nutrition,
bone mineralization, immune system regulation, xenobiotics
metabolism, proliferation of intestinal cells, and protection
against pathogens [9, 10]. The microbiome is specific to an
individual and highly resilient to changes. However, it can
be affected by several factors, intrinsic and extrinsic to the
hosts, such as subject’s genetic, dietary habits, antibiotics, and
environmental changes [11–13]. Gut microbiota comprises
about 1000 different species, but Firmicutes andBacteroidetes
are the most important phyla in intestinal bacteria, with a
proportion of over 90% of the total [14]. A disruption in
the composition—quantitative or qualitative—of the normal
microbiota, is known as gut dysbiosis [15, 16]. Generally,
this process includes an unfavorable change in the bacterial
composition with a reduction in autochthonous (Firmicutes)
bacteria and growth of other taxa (Bacteroidetes, Actinobac-
teria) [17].

Dysbiosismay adversely impactmetabolism and immune
responses, favoring NAFLD and NASH. Because of gut
dysbiosis, there is an elevated production of toxic bacterial
components and metabolic mediators, which consequently
accumulate in the intestine. In addition, an increase in intesti-
nal permeability and further disruption of the epithelial
barrier lead to the efflux of these gut microbiota-derived
mediators [16], which could reach the liver through portal
circulation favoring hepatic inflammation and the develop-
ment of NAFLD [18, 19]. Approximately, 70-75 % of blood
that reaches the liver comes from the portal vein, which
drains blood from mesenteric veins of the intestinal tract
[20]; and, after the disruption of the intestinal epithelial-
barrier, the liver is exposed to the microbial products and
metabolites resulting from the metabolism of bacteria [21,
22]. In this sense, it has been demonstrated that patients with
NAFLD have dysbiosis of intestinal microbiota, gut epithelial
barrier dysfunction, and increased translocation of bacterial
components to the liver [23].

Instead of the evidence relating disruption of the gut-
barrier and hepatic diseases [21, 22], previous studies have
demonstrated that increased intestinal permeability and
endotoxin levels are not present in all patients that develop
NAFLD [24, 25]. Therefore, intestinal barrier dysfunc-
tion with subsequent translocation of bacterial components
because of dysbiosis is not the hallmark in the development
or progression of the disease. For this reason, othermediators
derived from gut microbiota dysbiosis might be also related
to the pathogenesis of the disease. These mediators could be
metabolites due to metabolic changes related to microbiome
dysbiosis.

Several previous studies in clinical settings have
associated intestinal dysbiosis with the occurrence of

NAFLD [26–28] and with the progression to NASH
[29, 30]. Gut microbiota-derived mediators—metabolites
and bacterial components—resulting from gut dysbiosis
could be representative of NAFLD progression through
several mechanisms: (1) enhanced energy extraction from
food nutrients by formation of short-chain fatty acids;
(2) modulation of bile acid synthesis which are crucial
for fat absorption and affect metabolism of glucose via
farsenoid X receptor; (3) innate-immune system activation
by bacterial components translocation; (4) endogenous
ethanol production; and (5) reduction of choline metabolism
which reduces efflux of VLDL from hepatocytes promoting
inflammation [15] among others. These mechanisms involve
translocation of both microbial degradation products
and microbiota-derived metabolites such as short-chain
fatty acids, bile acids, ethanol, and choline, which may
be potentially evaluated as noninvasive blood markers of
NAFLD progression.

3. Gut Microbiota-Derived
Mediators in NAFLD

In the present section we will focus on the main gut
microbiota-derivedmediators related toNAFLD: short-chain
fatty acids, bile acids, bacterial components, endogenous
ethanol, and choline deficiency. Also, we have performed a
summarizing table (Table 1) including the main published
human studies.

3.1. Short-Chain Fatty Acids. Short-chain fatty acids (SCFAs),
such as acid acetic, acid propionic, and acid butyric, are
molecules with seven carbon atoms or less, mainly produced
by the fermentation of indigestible carbohydrate by gut
microbiota [31]. In general, these SCFAs have several effects
on energy metabolism, immune response, and adipose tissue
expansion and act as signaling molecules between the gut
microbiota and the subject [31, 32]. Not only do SCFAs
provide important sources of nutrients and energy from
the intestinal epithelium but also they are precursors for
lipogenesis and gluconeogenesis [32].

In general, changes in the microbiota result in increased
production of SCFA in the intestine with an increased
transport of monosaccharides to the liver, promoting hepatic
lipogenesis and steatosis [47]. Increased acetate in the liver
causes accumulation of triglyceride, because it is an impor-
tant substrate for fatty acid synthesis [48], whereas raised
levels of propionate promote liver gluconeogenesis [49].

Experimental studies have demonstrated that these
SCFAs can remodel regulatory T cell expansion and enhance
neutrophil chemotaxis, modulating inflammation in mice
models [47–50]. Also, SCFAs modulate the production of
several inflammatory cytokines, including tumor necrosis
factor-𝛼 (TNF-𝛼), interleukin-2 (IL-2), IL-6, and IL-10 [51].
Recently, some studies found that high concentrations of
intestinal SCFAs as result of dysbiosis and their G protein-
coupled receptors play an important key role in NAFLD
progression [52, 53]. SCFAs activate G-protein coupled
receptors (GPCRs), specifically the subtypes GPR41 and
GPR43. Activation of these GPCRs stimulates secretion
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Table 1: Gut microbiota-derived mediators in human NAFLD.

Type of
metabolites Subjects Type of sample Alterations of gut microbiota-derived mediators References

SHORT CHAIN
FATTY ACIDS

Adults, obesity, NAFLD
(SS or NASH) Blood

Higher abundances of enzymes associated with lactate,
acetate, and formate in mild/moderate NAFLD. Higher

abundances of enzymes for butyrate, D-lactate,
propionate, and succinate in advanced fibrosis

[33]

Children, obesity,
NAFLD Fecal specimens Lower acetate, formate, valerate in NAFLD [34]

BILE ACIDS

Adults, NASH Blood,Urine More hydrophobic bile acid profile [35]

Adults NAFLD, NASH Liver Elevated deoxycholic, chenodeoxycholic, and cholic
acids [36]

Adults, NAFLD, NASH Blood Higher glycocholate, taurocholate,
glycochenodeoxycholate in NAFLD [37]

Adults, NASH Fecal specimens Higher primary to secondary BA ratio in NASH [38]

Children NAFLD Blood
Higher CDCA, unconjugated primary BAs (CDCA +
cholic acid), lower DCA, TDCA, GDCA, total DCA,

GLCA and total lithocholic acid in NASH
[39]

TLR Adults, NASH Blood Higher TLR-4/MD-2 expression on CD14 positive cells
in NASH [40]

ENDOGENOUS
ETHANOL

Children, obesity, NASH Blood Elevated blood-ethanol concentration in NASH [41]
Children, NAFLD Blood Higher ethanol levels in NAFLD [42]

Children, obesity, fatty
liver Blood Higher ethanol levels in NAFLD [43]

CHOLINE, TMA,
TMAO

Children, adolescents,
adults Blood Decreased choline intake in postmenopausal NAFLD

women with fibrosis [44]

Adults Blood Association of TMAO level and presence/ severity of
NAFLD [45]

Adults Blood Higher free choline levels in NASH [46]

of peptide-YY, inhibits gut motility, and slows intestinal
transit. Therefore, nutrient absorption and energy harvest
from the diet increase, promoting hepatic lipogenesis [54,
55]. Additionally, activation of GPR41 and GPR43 promotes
secretion of glucagon-like-peptide-1 (GLP-1), which activates
genes in hepatocytes that regulate fatty acid 𝛽-oxidation and
insulin sensitivity [55, 56], promoting NAFLD occurrence
and progression.

However, other previously published studies point in
another direction and have reported that SCFAs could be
beneficial in the progression ofNAFLD; for example, butyrate
activates AMP-activated protein kinase (AMPK) in the liver
[57] and accelerated the assembly of tight junction proteins
in the colonic epithelial cell line Caco-2 [58], improving
intestinal barrier dysfunction. In addition, butyrate is able
to modulate epigenetic changes decreasing the activity of
histone deacetylases (HDACs), which further increase in
the number of regulatory T cells, suppressing the immune
response and reducing liver inflammation [59].

Furthermore, clinical studies have demonstrated SCFA
enrichment in fecal samples of children and adults with
NAFLD [33, 34]. These results confirm the relation between
excretion of SCFA and NAFLD, although there are differ-
ences in relation to the SCFA concentrations excreted which
could be related to differences in the age of subjects, diet,

environmental factors, and technical issues, related to the
volatility of the SCFAs [23].

The close relation between microbiota dysbiosis and
SFCAs production—as part of carbohydrate bacterial
fermentation—with the results of previous experimental and
clinical studies provide evidence of their potential use as
markers of NAFLD progression.

3.2. Bile Acids. Bile acids (BA) are steroidal molecules syn-
thesized after cholesterol oxidation by enzymes presented in
hepatocytes which are important in the regulation of glucose
and lipid metabolism. They participate in the digestion and
solubilization of lipids and regulate hepatic glucose and
inflammation. Also, they are able to control their own syn-
thesis through the activation of farnesoid X receptor (FXR)
[60, 61]. In addition, BA function as signaling molecules that
modulate several physiological processes, and gut dysbiosis
can change BA pool characteristics through their effects on
BA metabolism [61–63].

Gutmicrobiota is a critical modulator of BA pool size and
composition and the process of dysbiosis could substantially
alter systemic concentrations of conjugated and/or secondary
bile acids, as well as increasing their synthesis. An increased
level of BA causes an activation of cell death pathway
mediated by inflammatory and oxidative stress cascades in
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liver tissue [64, 65]. In turn, BA can have direct effects
on intestinal microbiota by causing membrane disruption
through their amphipathic properties, acting as a detergent
for cellular membranes. This increased intestinal permeabil-
ity, associated with BA modifications, has been linked to
metabolic endotoxemia, insulin resistance, and inflammatory
cytokine release with enhanced proinflammatory signaling
cascades, common findings in patients with NAFLD [66, 67].

Previous investigations have demonstrated a BA increase
in biological fluids of patients with NASH compared to
subjects with healthy livers and an evident association
with intestinal dysbiosis [35–37]. Kalhan et al. performed a
metabolomic profile of derivates from bile acid metabolism,
glutathione metabolism, lipids, carbohydrate, and amino
acids, which do not differentiate patients with steatosis from
those with steatohepatitis. However it revealed significant
changes in certain metabolic pathways, suggesting that a
metabolome study of BA and derivates could potentially
be used as a noninvasive marker to evaluate the status of
NAFLD and the therapeutic patient’s outcome [37]. Also,
levels of BA have been correlated with histopathological
features, such as the degree of hepatic steatosis, the pres-
ence of cellular ballooning, and the severity of fibrosis
in patients with NASH [38]. Ferslew et al. reported that
NASH patients have higher total serum BA concentrations
than healthy volunteers, specifically increase in taurine-
and glycine-conjugated primary and secondary BA, under
fasting and postprandial conditions, confirming the dis-
ruption in bile acid homeostasis in NASH physiopathol-
ogy [35]. In addition, plasma levels of glycocholate, tauro-
cholate, glycochenodeoxycholate, taurochenodeoxycholate,
and ursodeoxycholic acid were increased in patients with
NASH compared with patients with SS [68]. Also, levels
of taurolithocholic acid, glycocholate, and taurocholate have
been correlated with severity of portal inflammation, lobular
inflammation, steatosis, and hepatocyte ballooning, respec-
tively [68].

In children with NAFLD, changes in circulating BA
profile have been reported too [39, 69].The research of Jahnel
et al. demonstrates that serum BA levels decrease in early
NAFLD and increase during progression to fibrosis in obese
children. These authors postulated that BA may have a value
as a noninvasive biomarker in pediatric NAFLD progression
[69].

Experimental studies have demonstrated that dysbiosis of
the gut microbiota can modulate the activity of FXR in the
intestine, affecting as consequence lipid metabolism in the
liver [4]. Specifically, FXR not only plays an important role
in maintaining bile acids but also regulates glucose and lipid
metabolism via different mechanisms, such as increasing
insulin sensitivity, repressing hepatic gluconeogenic genes,
and increasing hepatic glycogen synthesis [70, 71].

Considering the numerous experimental and clinical
published studies associating gut dysbiosis, bile acids, and
NAFLD, it is expected that thesemolecules could be proposed
as potential noninvasive markers of the disease, specifi-
cally the secondary bile acids deoxycholic acid (DCA) and
lithocholic acid (LCA), which cannot be produced without
bacterial fermentation [72].

3.3. Bacterial Components. The liver is exposed to potentially
harmful substances derived from the gut, considered as
pathogen-associated molecular patterns (PAMPs), includ-
ing translocated bacteria, lipopolysaccharide (LPS), DNA,
RNA, and endotoxins, which are potent inducers of tissue
inflammation [15, 73]. These PAMPs might contribute to
the pathogenesis of fatty liver disease by activation of the
innate immune system via toll-like receptors (TLRs), which
recognize these gut-derived bacterial components [73]. The
translocation of these bacterial components from the gut
into the portal system is facilitated by the disruption in
tight junctions, which normally seal the junction between
intestinal endothelial cells at their apical border, facilitated by
gut microbiome dysbiosis [73].

There is evidence that dysbiosis causes permeability
changes that increase portal levels of gut-derived TLR lig-
ands (LPS or endotoxin), which further activate TLR4 on
hepatic Kupffer and stellate cells [74]. During receptor acti-
vation, the adaptor molecule myeloid differentiation factor
88 (MyD88) is activated, and the downstream signaling
MyD88-dependent pathway results in the activation of the
nuclear factor-K𝛽 (NF-K𝛽) leading to the expression of
proinflammatory cytokines (TNF-𝛼, IL-6, IL-8, and IL-
12) and chemokines (interferon-𝛾 [IFN-𝛾] and monocytes
chemotactic protein-1 [MCP-1]), promoting inflammation
[52, 74]. There are several intracellular cascades involved
in this process which include stress-activated and mitogen-
activated protein kinases, JNK (c-Jun N-terminal kinase)
and p38 mitogen-activated kinases, which triggers tran-
scription of proinflammatory genes and facilitates hep-
atic migration of neutrophils and monocytes, generation
of oxidative stress mediators—nitrogen and oxygen reac-
tive species—low-grade systemic inflammation, and hepatic
injury [75].

In addition, TLR signaling, as a result of gut dysbiosis, can
also lead to the production of inflammasomes, in peripheral
and parenchymal cells, which activate a variety of processes,
including cleavage of procaspase-1 to form active caspase-1,
resulting in cell death dependent on caspase-1 and caspase-
3 [76]. Inflammasome, which is a multimeric signaling plat-
form that leads to the production of IL-18 and IL-1𝛽, through
NRLP3 (NOD-like receptors, pyrin domain containing 3)
and NRLP6, is activated by LPS derived from dysbiosis of
gut microbiota via TLR4 and TLR9 response. Reports have
associated inflammasome activation with the development of
liver steatosis, inflammation, and fibrosis in NAFLD patients
[77, 78].

Previous studies have demonstrated that endotoxemia
markers, as a result of gut dysbiosis, were associated with the
pathogenesis and severity of NAFLD [79, 80]. In addition,
other studies have established that the increase in endotoxin
level is related to IL-1𝛼 and TNF-𝛼 production [81, 82]. In
patients with NAFLD gut permeability and the prevalence
of small intestinal bacterial overgrowth have been associated
with the severity of steatosis [66]. In biopsy-proven human
NASH, plasma IgG levels against endotoxin were found
to be increased with NASH grade severity, suggesting the
deleterious effect of chronic endotoxin exposure [83]. Also,
enhanced expression of TLR4, the release of IL-8, and high
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levels of LPS have been demonstrated inNAFLDpatients [40,
67]. Furthermore, two recent studies in obese children with
NAFLD showed that intestinal permeability was correlated
with the degree of hepatic damage and endotoxin levels. In
addition, urinary metabolome analyses identified metabolite
changes associated with dietary habits, intestinal permeabil-
ity, and small intestinal bacterial overgrowth (SIBO) [84, 85].
However, other reports did not reveal an association between
endotoxemia and NAFLD/NASH development, suggesting
that endotoxemia may not be the only driver of disease
progression in all patients [41].

Multiple experimental studies have demonstrated that a
high-fat diet can increase the proportion of LPS derived from
gut bacteria and administration of endotoxin has been shown
to induce insulin resistance and weight gain [86, 87]. On the
other hand, some authors have proposed recently that the
small intestine shields the liver from otherwise toxic fructose
exposure, via gut microbiota [88].

There is an evident relation between gut dysbiosis,
bacterial-derived components, inflammatory response, and
NAFLD; therefore these bacterial mediators, especially circu-
lating TLRs, might be used as potential noninvasive markers
of disease progression.

3.4. Endogenous Ethanol Production. Dysbiosis due to
changes in microbiome composition profile, specifically
in Escherichia coli and other Enterobacteriaceae,
increases endogenous ethanol production [41], which
might contribute to liver injury by affecting intestinal
permeability, with disruption of intestinal tight junctions.
This allows endotoxins and ethanol trigger TLR
response and inflammasome activation, which further
inflammatory response in liver tissue [89]. In addition
to the proinflammatory response, ethanol promotes
oxidative damage and hepatocyte necrosis because of
the formation of reactive oxygen and nitrogen species
[90]. Endogenous ethanol inhibits the tricarboxylic acid
cycle, thus increasing levels of acetate, thereby promoting
triglyceride accumulation in hepatocytes [48]. Ethanol
can also increase the activity of the enzyme cytochrome
P450 2E1 (CYP2E1) [91] which catalyze the oxidation of
ethanol but produce free radicals favoring oxidative damage,
mitochondrial dysfunction and liver inflammation [90, 92].

Several studies have detected increased levels in nondi-
etary ethanol, derived from bacteria, in obese patients
[41, 93], and in patients with NASH [41, 42, 94], with a
related upregulation of hepatic alcohol metabolizing capac-
ity (alcohol dehydrogenase, aldehyde dehydrogenase, and
cytochrome P450 2E1) [94]. In this sense, the group of Zhu
et al. propose that microbiomes rich in ethanol-producing
Escherichiamay be a risk factor for progression from obesity
to NAFLD [41]. Besides Escherichia coli, other gut microbial
genera, including Bacteroides, Bifidobacterium, and Clostrid-
ium, can produce alcohol and generate a significant ethanol-
mediated damage [41]. So, production of endogenous ethanol
by the gut microbiota may act as a hepatotoxin, contribut-
ing to the development of NAFLD and its progression to
NASH [95]. In addition, children with fatty liver showed
higher levels of endogenous ethanol and LPS related to gut

microbiome [43]. Moreover, children with NASH had higher
serum levels of ethanol than obese and healthy children
without NASH [41, 42], confirming that endogenous ethanol
might contribute to the pathogenesis of NAFLD and NASH.

Gut dysbiosis with the increase in ethanol-producing
bacteria (Enterobacteriaceae) in the microbiome is the main
hypothesis to explain the differences in blood ethanol in
NAFLD patients, and the importance of ethanol-derived
microbiome in NASH [85]. However, other hypotheses sug-
gest that alterations in insulin signaling followed by decreased
alcohol dehydrogenase activity in the liver could be respon-
sible for an impaired ethanol metabolism [42].

In summary, the proinflammatory and prooxidative dam-
age as a result of endogenous ethanol in the liver, which
might contribute to the pathogenesis of NAFLD, has been
demonstrated; and the previous reports may support its use
as a noninvasive marker of disease progression.

3.5. Reduction of Choline Metabolism. Choline is an essential
nutrient obtained through both dietary intake and endoge-
nous synthesis, being an important constituent of membrane
phospholipids. The human gut microbiome actively metab-
olizes dietary components, including choline, and dysbio-
sis may alter its cellular disponibility and predispose the
body to a deficiency of choline. Alterations in choline and
phosphatidylcholine metabolism may have an impact on
several physiological pathways, which could induce NAFLD.
Choline deficiency prevents synthesis and excretion of very-
low density lipoprotein (VLDL), leading to hepatic triglyc-
eride accumulation and liver steatosis [44, 96]. In fact, the
link between choline deficiency and accumulation of hepatic
lipids has been recognized for more than 50 years [97],
leading to the establishment of choline-deficient diets to
induce models of NAFLD in animals.

In addition, choline can be metabolized to its derivate
trimethylamine (TMA) by the intestinal microbiota. TMA
reaches the liver via portal circulation and is subsequently
oxidized by hepatic flavin-containing monooxygenases in
the liver, forming trimethylamine-N-oxide (TMAO), which
is then released into blood circulation [98, 99]. Previous
studies have revealed that TMAOmay affect lipid absorption
and cholesterol homeostasis and modulate glucose and lipid
metabolism by decreasing the total bile acid pool size [96].
The metabolism of choline to TMA induced by dysbiosis
may result in reduced choline bioavailability and increased
susceptibility to NAFLD [99]. TMAO modulates glucose
metabolism and increases insulin resistance in mice on an
HFD [100]. In addition, TMAO promotes inflammation
in adipose tissue, which can induce insulin resistance by
increasing the serum level of inflammatory cytokine C-C
motif chemokine ligand 2 [100]. TMAO also affects lipid
absorption and cholesterol homeostasis by reducing the
conversion of cholesterol into bile acids [96].

A few studies have examined the association of choline
with the fatty liver disease in animals and humans. A
small number of human studies have shown that the con-
sumption of a low-choline diet promotes fatty liver and
liver damage [44, 101]. Other studies have pointed out
that plasma free choline levels are positively related to the
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Figure 1: A schematic figure of the role of gut dysbiosis in the development and progression of nonalcoholic fatty liver disease (NAFLD)
on the basis of the gut-liver axis. Environmental factors as obesity, high fat diet, or infection (among others) may induce intestinal dysbiosis
and also increased intestinal permeability (malfunction of tight junctions). Substances such as short-chain fatty acids, bile acids, bacterial
components, choline, and endogenous ethanol reach the liver and activation of toll-like receptors (TLRs) occurs. This activation induces
insulin resistance, hepatic inflammation, lipogenesis, and oxidative stress, inducing NAFLD. BA, bile acids; LPS, lipopolysaccharides; SCFA,
short chain fatty acid; TLR, toll-like receptor; TMAO, trimethylamine oxide.

severity of liver steatosis, fibrosis and NASH [45, 46]. Also,
a study demonstrates the presence of a low phosphatidyl-
choline/phosphatidylethanolamine ratio in NASH patients,
in comparison to healthy subjects [102].

On the other hand, the metabolite TMAO has been
associated with the occurrence of NAFLD, and TMAO raised
levels correlate with the severity of steatosis, and it has been
proposed as an independent risk marker for the disease
[45]. The increased risk of NAFLD might be caused by
TMAO due to its effect on decreasing the total bile acid pool
size via several pathophysiological mechanisms [96]: (1) by
decreasing the synthesis of bile acids due to the inhibition of
the key enzymes CYP7A1 and CYP27A1 and (2) by limiting
the enterohepatic circulation of bile acids between the liver
and intestines due to the repression of multidrug resistance
protein expression.

In summary, the evidence demonstrated that choline and
TMAO are associated with progression of NAFLD, indicating
the potential use of these gut-derived mediators of dysbiosis
as markers of disease progression.

4. Concluding Remarks

Intestinal dysbiosis can trigger intestinal inflammation and
increase permeability of the gut epithelial barrier, exposing
the hepatobiliary system to gut-derived mediators of dys-
biosis, such as bacterial components or metabolites, which

may induce NAFLD progression. Gut-derived mediators of
dysbiosis contribute to steatosis activate the immune sys-
tem, induce inflammatory and oxidative pathways, enhance
inflammation, and promote fibrogenesis (Figure 1).

Despite the evident association between gut dysbiosis and
obesity and NAFLD, derived from experimental studies, very
few studies have been conducted in patients with NAFLD in
order to explore the role of gut-microbiota derivedmediators
of dysbiosis in the occurrence and progression of the disease.
Most of the previous evidence has been focused on gut
microbiota as a therapeutic target to prevent or to treat
NAFLD, interfering in gut dysbiosis with probiotic, prebiotic,
and symbiotic supplements. Nevertheless, few studies have
been focused in gut-derived mediators of dysbiosis as non-
invasive markers of disease progression.The study of specific
gut-derived mediators of dysbiosis—bacterial components
and metabolites—may provide an opportunity to develop a
specific diagnostic biomarker for NAFLD. In this sense, we
propose the metabolomic study of these and other metabo-
lites involved, in order to achieve a metabolomic profile that
could be used as biomarkers for evaluating the status of
NAFLD.

Conflicts of Interest

The authors declare no conflicts of interest.



BioMed Research International 7

Authors’ Contributions

Gemma Aragonès and Sergio González-Garćıa contributed
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Cristóbal Richart), and by the Fundación Biociencia.

References

[1] Z. M. Younossi, D. Blissett, R. Blissett et al., “The economic and
clinical burden of nonalcoholic fatty liver disease in the United
States and Europe,” Hepatology, vol. 64, no. 5, pp. 1577–1586,
2016.

[2] N. Chalasani, Z. Younossi, J. E. Lavine et al., “The diagnosis
and management of non-alcoholic fatty liver disease: prac-
tice guideline by the American Association for the Study of
Liver Diseases, American College of Gastroenterology, and the
American Gastroenterological Association,” American Journal
of Gastroenterology, vol. 107, no. 6, pp. 811–826, 2012.

[3] A. M. El-Badry, S. Breitenstein, W. Jochum et al., “Assessment
of hepatic steatosis by expert pathologists: The end of a gold
standard,” Annals of Surgery, vol. 250, no. 5, pp. 691–696, 2009.

[4] J. Aron-Wisnewsky, B. Gaborit, A. Dutour, and K. Clement,
“Gut microbiota and non-alcoholic fatty liver disease: new
insights,” Clinical Microbiology and Infection, vol. 19, no. 4, pp.
338–348, 2013.

[5] V. Gangarapu, K. Yıldız, A. T. Ince, and B. Baysal, “Role of
gut microbiota: obesity and NAFLD,” The Turkish Journal of
Gastroenterology, vol. 25, no. 2, pp. 133–140, 2014.

[6] X. He, G. Ji,W. Jia, andH. Li, “Gutmicrobiota and nonalcoholic
fatty liver disease: insights on mechanism and application of
metabolomics,” International Journal of Molecular Sciences, vol.
17, no. 3, p. 300, 2016.

[7] A. W. F. Janssen and S. Kersten, “Potential mediators linking
gut bacteria to metabolic health: a critical view,” The Journal of
Physiology, vol. 595, no. 2, pp. 477–487, 2017.

[8] H. Okubo, A. Kushiyama, Y. Nakatsu et al., “Roles of Gut-
Derived Secretory Factors in the Pathogenesis ofNon-Alcoholic
Fatty Liver Disease and Their Possible Clinical Applications,”
International Journal of Molecular Sciences, vol. 19, no. 10, p.
3064, 2018.

[9] S. R. Gill, M. Pop, R. T. DeBoy et al., “Metagenomic analysis of
the human distal gut microbiome,” Science, vol. 312, no. 5778,
pp. 1355–1359, 2006.

[10] P. Seksik and C. Landman, “Understanding microbiome data: a
primer for clinicians,” Digestive Diseases, vol. 33, supplement 1,
pp. 11–16, 2015.

[11] C. A. Lozupone, J. I. Stombaugh, J. I. Gordon, J. K. Jansson, and
R. Knight, “Diversity, stability and resilience of the human gut
microbiota,” Nature, vol. 489, no. 7415, pp. 220–230, 2012.

[12] K. Imajo, M. Yoneda, Y. Ogawa, K. Wada, and A. Nakajima,
“Microbiota and nonalcoholic steatohepatitis,” Seminars in
Immunopathology, vol. 36, no. 1, pp. 115–132, 2014.

[13] J. J. Faith, J. L. Guruge, M. Charbonneau et al., “The long-term
stability of the human gutmicrobiota,” Science, vol. 341, no. 6141,
Article ID 1237439, 2013.

[14] R. Han, J.Ma, andH. Li, “Mechanistic and therapeutic advances
in non-alcoholic fatty liver disease by targeting the gut micro-
biota,” Frontiers of Medicine, vol. 12, no. 6, pp. 645–657, 2018.

[15] C. Leung, L. Rivera, J. B. Furness, and P. W. Angus, “The role of
the gutmicrobiota inNAFLD,”Nature ReviewsGastroenterology
& Hepatology, vol. 13, no. 7, pp. 412–425, 2016.

[16] B. Chassaing and A. T. Gewirtz, “Gut microbiota, low-grade
inflammation, andmetabolic syndrome,” Toxicologic Pathology,
vol. 42, no. 1, pp. 49–53, 2014.

[17] C. Acharya and J. S. Bajaj, “Gut Microbiota and Complications
of LiverDisease,”Gastroenterology Clinics of NorthAmerica, vol.
46, no. 1, pp. 155–169, 2017.

[18] K. Brandl, V. Kumar, and L. Eckmann, “Gut-liver axis at the
frontier of host-microbial interactions,” American Journal of
Physiology-Gastrointestinal and Liver Physiology, vol. 312, no. 5,
pp. G413–G419, 2017.

[19] G. Szabo, “Gut-liver axis in alcoholic liver disease,” Gastroen-
terology, vol. 148, no. 1, pp. 30–36, 2015.

[20] S. R. Z. Abdel-Misih and M. Bloomston, “Liver anatomy,”
Surgical Clinics of North America, vol. 90, no. 4, pp. 643–653,
2010.

[21] S. Manfredo Vieira, M. Hiltensperger, V. Kumar et al., “Translo-
cation of a gut pathobiont drives autoimmunity in mice and
humans,” Science, vol. 359, no. 6380, pp. 1156–1161, 2018.

[22] C. A.Thaiss, M. Levy, I. Grosheva et al., “Hyperglycemia drives
intestinal barrier dysfunction and risk for enteric infection,”
Science, vol. 359, no. 6382, pp. 1376–1383, 2018.

[23] H. Chu, Y. Duan, L. Yang, and B. Schnabl, “Small metabolites,
possible big changes: a microbiota-centered view of non-
alcoholic fatty liver disease,” Gut, 2018.

[24] J. Yuan, S. S. Baker, W. Liu et al., “Endotoxemia unrequired
in the pathogenesis of pediatric nonalcoholic steatohepatitis,”
Journal of Gastroenterology and Hepatology, vol. 29, no. 6, pp.
1292–1298, 2014.

[25] J. Luther, J. J. Garber, H. Khalili et al., “Hepatic Injury in
Nonalcoholic Steatohepatitis Contributes to Altered Intestinal
Permeability,” Cellular and Molecular Gastroenterology and
Hepatology, vol. 1, no. 2, pp. 222–232.e2, 2015.

[26] B. Schnabl and D. A. Brenner, “Interactions between the
intestinal microbiome and liver diseases,”Gastroenterology, vol.
146, no. 6, pp. 1513–1524, 2014.

[27] M. G. I. Langille, J. Zaneveld, J. G. Caporaso et al., “Predictive
functional profiling of microbial communities using 16S rRNA
marker gene sequences,”Nature Biotechnology, vol. 31, no. 9, pp.
814–821, 2013.

[28] J. Boursier, O. Mueller, M. Barret et al., “The severity of
nonalcoholic fatty liver disease is associated with gut dysbiosis
and shift in the metabolic function of the gut microbiota,”
Hepatology, vol. 63, no. 3, pp. 764–775, 2016.

[29] M. Mouzaki, E. M. Comelli, B. M. Arendt et al., “Intestinal
microbiota in patients with nonalcoholic fatty liver disease,”
Hepatology, vol. 58, no. 1, pp. 120–127, 2013.

[30] F. Shen, R. Zheng, X. Sun, W. Ding, X. Wang, and J. Fan, “Gut
microbiota dysbiosis in patients with non-alcoholic fatty liver
disease,” Hepatobiliary & Pancreatic Diseases International, vol.
16, no. 4, pp. 375–381, 2017.

[31] C. K. Chakraborti, “New-found link between microbiota and
obesity,”World Journal of Gastrointestinal Pathophysiology, vol.
6, no. 4, p. 110, 2015.



8 BioMed Research International

[32] N. Arslan, “Obesity, fatty liver disease and intestinal micro-
biota,” World Journal of Gastroenterology, vol. 20, no. 44, pp.
16452–16463, 2014.

[33] R. Loomba, V. Seguritan, W. Li et al., “Gut Microbiome-
Based Metagenomic Signature for Non-invasive Detection of
Advanced Fibrosis in Human Nonalcoholic Fatty Liver Dis-
ease,” Cell Metabolism, vol. 25, no. 5, pp. 1054–1062.e5, 2017.

[34] S. Michail, M. Lin, M. R. Frey et al., “Altered gut microbial
energy and metabolism in children with non-alcoholic fatty
liver disease,” FEMSMicrobiology Ecology, vol. 91, no. 2, pp. 1–9,
2015.

[35] B. C. Ferslew, G. Xie, C. K. Johnston et al., “Altered bile
acid metabolome in patients with nonalcoholic steatohepatitis,”
Digestive Diseases and Sciences, vol. 60, no. 11, pp. 3318–3328,
2015.

[36] M. M. Aranha, H. Cortez-Pinto, A. Costa et al., “Bile acid
levels are increased in the liver of patients with steatohepatitis,”
European Journal of Gastroenterology & Hepatology, vol. 20, no.
6, pp. 519–525, 2008.

[37] S. C. Kalhan, L. Guo, J. Edmison et al., “Plasma metabolomic
profile in nonalcoholic fatty liver disease,” Metabolism, vol. 60,
no. 3, pp. 404–413, 2011.

[38] M. Mouzaki, A. Y. Wang, R. Bandsma et al., “Bile acids and
dysbiosis in non-alcoholic fatty liver disease,” PLoS ONE, vol.
11, no. 5, 2016.

[39] L. P. Lu, Y. P. Wan, P. C. Xun et al., “Serum bile acid level and
fatty acid composition in Chinese children with non-alcoholic
fatty liver disease,” Journal of Digestive Diseases, vol. 18, no. 8,
pp. 461–471, 2017.

[40] A. A. Shanab, P. Scully, O. Crosbie et al., “Small intestinal
bacterial overgrowth in nonalcoholic steatohepatitis: associa-
tion with toll-like receptor 4 expression and plasma levels of
interleukin 8,” Digestive Diseases and Sciences, vol. 56, no. 5, pp.
1524–1534, 2011.

[41] L. Zhu, S. S. Baker, C. Gill et al., “Characterization of gut
microbiomes in nonalcoholic steatohepatitis (NASH) patients:
a connection between endogenous alcohol and NASH,” Hepa-
tology, vol. 57, no. 2, pp. 601–609, 2013.

[42] A. J. Engstler, T. Aumiller, C. Degen et al., “Insulin resistance
alters hepatic ethanol metabolism: studies in mice and children
with non-alcoholic fatty liver disease,” Gut, 2015.

[43] L. Pierri, P. Saggese, S. G. Nuzio et al., “Gut microbiota
(GM) and gut-liver axis (GLA) components in obesity related
NAFLD: A pediatric pilot study,” Digestive and Liver Disease,
vol. 47, p. e253, 2015.

[44] A. L. Guerrerio, R. M. Colvin, A. K. Schwartz et al., “Choline
intake in a large cohort of patients with nonalcoholic fatty liver
disease,” American Journal of Clinical Nutrition, vol. 95, no. 4,
pp. 892–900, 2012.

[45] Y.-M. Chen, Y. Liu, R.-F. Zhou et al., “Associations of gut-
flora-dependent metabolite trimethylamine-N-oxide, betaine
and choline with non-alcoholic fatty liver disease in adults,”
Scientific Reports, vol. 6, Article ID 19076, 2016.

[46] K. Imajo, K. Fujita, M. Yoneda et al., “Plasma free choline is
a novel non-invasive biomarker for early-stage non-alcoholic
steatohepatitis: A multi-center validation study,” Hepatology
Research, vol. 42, no. 8, pp. 757–766, 2012.

[47] J. Park, M. Kim, S. G. Kang et al., “Short-chain fatty acids
induce both effector and regulatory T cells by suppression of
histone deacetylases and regulation of themTOR-S6Kpathway,”
Mucosal Immunology, vol. 8, no. 1, pp. 80–93, 2015.

[48] M.Alves-Bezerra andD. E. Cohen, “TriglycerideMetabolism in
the Liver,” Comprehensive Physiology, vol. 8, no. 1, pp. 1–8, 201.

[49] G. den Besten, K. Lange, R. Havinga et al., “Gut-derived short-
chain fatty acids are vividly assimilated into host carbohydrates
and lipids,”American Journal of Physiology-Gastrointestinal and
Liver Physiology, vol. 305, no. 12, pp. G900–G910, 2013.

[50] M. A. R. Vinolo, H. G. Rodrigues, E. Hatanaka, C. B. Hebeda, S.
H. P. Farsky, and R. Curi, “Short-chain fatty acids stimulate the
migration of neutrophils to inflammatory sites,”Clinical Science
(London, England : 1979), vol. 117, no. 9, pp. 331–338, 2009.

[51] M. A. R. Vinolo, H. G. Rodrigues, R. T. Nachbar, and R.
Curi, “Regulation of inflammation by short chain fatty acids,”
Nutrients, vol. 3, no. 10, pp. 858–876, 2011.

[52] J. Tan, C. McKenzie, M. Potamitis, A. N. Thorburn, C. R.
Mackay, and L. Macia, “The Role of Short-Chain Fatty Acids
in Health and Disease,” Advances in Immunology, vol. 121, pp.
91–119, 2014.

[53] A. Koh, F. De Vadder, P. Kovatcheva-Datchary, and F. Bäckhed,
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inhibition promotes the generation and function of regulatory
T cells,” Nature Medicine, vol. 13, no. 11, pp. 1299–1307, 2007.

[60] C. Fuchs, T. Claudel, and M. Trauner, “Bile acid-mediated
control of liver triglycerides,” Seminars in Liver Disease, vol. 33,
no. 4, pp. 330–342, 2013.

[61] I. P. Torra, T. Claudel, C. Duval, V. Kosykh, J.-C. Fruchart,
and B. Staels, “Bile acids induce the expression of the human
peroxisome proliferator-activated receptor𝛼 gene via activation
of the farnesoidX receptor,”Molecular Endocrinology, vol. 17, no.
2, pp. 259–272, 2003.

[62] P. A. Dawson and S. J. Karpen, “Intestinal transport and
metabolism of bile acids,” Journal of Lipid Research, vol. 56, no.
6, pp. 1085–1099, 2015.

[63] P. B. Hylemon, H. Zhou, W. M. Pandak, S. Ren, G. Gil, and
P. Dent, “Bile acids as regulatory molecules,” Journal of Lipid
Research, vol. 50, no. 8, pp. 1509–1520, 2009.

[64] K. Allen, H. Jaeschke, and B. L. Copple, “Bile acids induce
inflammatory genes in hepatocytes: a novel mechanism of



BioMed Research International 9

inflammation during obstructive cholestasis,” The American
Journal of Pathology, vol. 178, no. 1, pp. 175–186, 2011.

[65] G. Svegliati-Baroni, F. Ridolfi, R. Hannivoort et al., “Bile acids
induce hepatic stellate cell proliferation via activation of the
epidermal growth factor receptor,” Gastroenterology, vol. 128,
no. 4, pp. 1042–1055, 2005.

[66] L. Miele, V. Valenza, G. La Torre et al., “Increased intestinal
permeability and tight junction alterations in nonalcoholic fatty
liver disease,” Hepatology, vol. 49, no. 6, pp. 1877–1887, 2009.

[67] V. Giorgio, L. Miele, L. Principessa et al., “Intestinal permeabil-
ity is increased in childrenwith non-alcoholic fatty liver disease,
and correlates with liver disease severity,” Digestive and Liver
Disease, 2014.

[68] P. Puri, S. Liangpunsakul, J. E. Christensen et al., “The circu-
lating microbiome signature and inferred functional metage-
nomics in alcoholic hepatitis,” Hepatology, vol. 67, no. 4, pp.
1284–1302, 2018.

[69] M. Poeta, L. Pierri, and P. Vajro, “Gut–Liver Axis Derangement
in Non-Alcoholic Fatty Liver Disease,” Children, vol. 4, no. 8, p.
66, 2017.

[70] E. De Fabiani, N. Mitro, F. Gilardi, D. Caruso, G. Galli, and
M. Crestani, “Coordinated control of cholesterol catabolism to
bile acids and of gluconeogenesis via a novel mechanism of
transcription regulation linked to the fasted-to-fed cycle,” The
Journal of Biological Chemistry, vol. 278, no. 40, pp. 39124–39132,
2003.

[71] Y. Zhang, F. Y. Lee, G. Barrera et al., “Activation of the nuclear
receptor FXR improves hyperglycemia and hyperlipidemia in
diabetic mice,” Proceedings of the National Acadamy of Sciences
of the United States of America, vol. 103, no. 4, pp. 1006–1011,
2006.

[72] M. Yajima, S.-I. Karaki, T. Tsuruta et al., “Diversity of the intesti-
nal microbiota differently affects non-neuronal and atropine-
sensitive ileal contractile responses to short-chain fatty acids in
mice,” Biomedical Research (Japan), vol. 37, no. 5, pp. 319–328,
2016.
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