L))

Check for
updates

Original Article

Comparison of four markers of hepatic fibrosis and hepatic
function indices in patients with liver cirrhosis and hepatoma

Hong-Yu Ma'*, Lei Dong'*, Shou-Zhen Quan', Ruo-Yi Li', Xiang-Rong Wang’

'Clinical Laboratory Department, Air Force Medical Center, PLA, Beijing, China; “Medical Assurance Center, Air Force Medical Center, PLA,
Beijing, China

Contributions: (I) Conception and design: HY Ma; (II) Administrative support: L Dong; (III) Provision of study materials or patients: SZ Quan; (IV)
Collection and assembly of data: RY Li; (V) Data analysis and interpretation: XR Wang; (VI) Manuscript writing: All authors; (VII) Final approval of
manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Xiang-Rong Wang. Medical Assurance Center, Air Force Medical Center, PLA, No. 30 of Fucheng Street, Haidian District, Beijing
100142, China. Email: wangxiangrongzz@163.com.

Background: The present study aimed to compare four hepatic fibrosis markers [i.e., hyaluronic acid (HA),
laminin (LN), procollagen III N-terminal peptide (PIIINP), and collagen type IV (CIV)] and 16 hepatic
function indices in patients with liver cirrhosis of varying etiology.

Methods: The hepatic function indices and hepatic fibrosis markers were measured in 108 patients with
liver cirrhosis and hepatoma using an automatic biochemical analyzer and luminescent immune analyzer.
Twenty healthy controls were enrolled to compare the differences between liver cirrhosis and hepatoma of
varying etiology and to analyze the correlations between the hepatic function indices and fibrosis markers.
Results: There was no correlation between alanine aminotransferase (ALT), total protein (TP), alkaline
phosphatase (ALP), or the four markers of hepatic fibrosis in liver cirrhosis caused by hepatitis B (P>0.05).
Aspartate aminotransferase (AST) was positively correlated with HA (r=0.428, P=0.007), LN (r=0.458,
P=0.004), and CIV (r=0.374, P=0.021). Total bilirubin (TBIL) and direct bilirubin (DBIL) were positively
correlated with LN (TBIL: r=0.480, P=0.002; DBIL: r=0.457, P=0.004), PIIINP (TBIL: r=0.380, P=0.017;
DBIL: r=0.406, P=0.011), and CIV (TBIL: r=0.415, P=0.010; DBIL: r=0.400, P=0.013). Total bile acid (TBA)
and y-glutamyltranspeptidase (GGT) were positively correlated with PIIINP (TBA: r=0.363, P=0.025; GGT:
r=0.353, P=0.029) and CIV (TBA: r=0.419, P=0.009; GGT: r=0.335, P=0.040). Leucine aminopeptidase (LAP)
was positively correlated with LN (r=0.482, P=0.002). Cholinesterase (CHE) (HA: r=-0.452, P=0.004, LN:
r=—0.336, P=0.039; PIIINP: r=-0.468, P=0.003; CIV: r=-0.485, P=0.002), prealbumin (PA) (HA: r=-0.575,
P=0.000, LN: r=-0.413, P=0.010; PIIINP: r=-0.344, P=0.035; CIV: r=-0.371, P=0.022), albumin (ALB)
(HA: r=-0.541, P=0.000, LN: r=-0.373, P=0.021; PIIINP: r=-0.353, P=0.030; CIV: r=—0.415, P=0.010), and
superoxide dismutase (SOD) (HA: r=-0.334, P=0.040, LN: r=-0.347, P=0.033; PITINP: r=-0.487, P=0.002;
CIV: r=-0.536, P=0.001) were negatively correlated with the four markers of hepatic fibrosis. There was
no correlation between ALT, AST, TBIL, TP, ALP, GGT, or the four hepatic fibrosis markers in hepatoma
caused by hepatitis B (P>0.05). Meanwhile, DBIL and TBA were positively correlated with CIV (DBIL:
£=0.519, P=0.023; TBA: r=0.563, P=0.012), while CHE (r=—0.604, P=0.006), ALB (r=-0.564, P=0.012), and
SOD (r=—0.489, P=0.034) were negatively correlated with CIV. Moreover, PA was negatively correlated with
LN (r=—0.510, P=0.026) and CIV (r=-0.696, P=0.001).

Conclusions: The concentrations of the serological indices differed significantly based on the specific
liver cirrhosis etiology. There was a strong correlation between the hepatic function indices and four
hepatic fibrosis markers. Thus, the detection of these markers might improve the diagnosis and treatment of
hepatoma.
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Introduction

Fibrosis is an intermediate stage in the progression
of chronic hepatitis to liver cirrhosis (1). At present,
pathological biopsies, imaging examinations, and serological
examinations are used to clinically examine hepatic
lesions (2). The pathological analyses are mainly based
on liver biopsy, which is regarded as the gold standard;
however, there are many disadvantages to this approach,
such as errors caused by blind puncture or uneven
hepatic lesions. Moreover, a liver puncture is an invasive
examination that cannot be observed dynamically; thus, it
may not be accepted by most patients (3).

Imaging examinations mainly consist of B-ultrasound
and computed tomography, but pathological imaging
characteristics can only generally be identified when there
are false lobules or hepatic occupation. Thus, imaging
cannot provide an early diagnosis. In recent years, transient
elastography has shown good application prospects, but it
requires further verification (4).

Serological diagnosis is the most widely used non-
invasive diagnostic method, as it allows for convenient
sample collection and can be observed dynamically;
however, its specificity is relatively low (5). As a biomarker
of fibrosis, the N-terminal peptide of type III procollagen
(PIIINP) has reached a limited clinical application with
76-78% sensitivity and 71-81% specificity, which can be
increased to 88% if combined with additional collagen
fragment markers (6). However, PIIINP is not a liver-
specific biomarker and has not gained widespread
acceptance. Hyaluronic acid (HA) may relatively be
the best biomarker of fibrosis, with high sensitivity and
specificity (7). Due to its higher negative predictive value
compared with a positive predictive value, HA is mainly
used to exclude advanced fibrosis and cirrhosis and is
considered a valid fibrosis biomarker. Laminin (LN)
could be a predictor of portal hypertension (8). The
traditional biomarkers of hepatic function include alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST). However, few parameters can be regarded as directly
related to fibrogenesis.

Therefore, the present study aimed to compare hepatic
function indices and four markers of hepatic fibrosis in
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patients with liver cirrhosis of varying etiology. We further
analyzed the correlations among the hepatic fibrosis
markers, hepatic function indices, and other clinical indices.
These findings may improve clinical diagnosis of and timely
treatment for liver cirrhosis and hepatoma. We present the
following article in accordance with the MDAR checklist
(available at http://dx.doi.org/10.21037/apm-20-1623).

Methods
Patients

From January to May 2017, 108 inpatients from the Air
Force General Hospital of the People’s Liberation Army
were enrolled (male, n=77; female, n=31), with an age range
of 24-87 years, an average age of 53 years, and a disease
duration of 1 month-40 years. Within the same period,
20 healthy subjects from our hospital were enrolled in
the control group to undergo physical examination (male,
n=7; female, n=13). All subjects in the control group had
normal hepatic function, no history of viral hepatitis or
alcoholic hepatic disease, no history of alcohol abuse,
and no fatty liver when imaged using ultrasound. Serious
primary diseases (including cardiovascular, cerebrovascular,
pulmonary, renal, endocrine, and hematopoietic diseases),
and incomplete data were excluded. There were no
significant differences in age or sex between the groups
(P>0.05), and the data were comparable. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by ethics
board of Air Force Medical Center, PLA (approval number:
20161201) and informed consent was taken from all the
patients.

Liver cirrhosis caused by hepatitis B

A total of 38 patients with liver cirrhosis caused by hepatitis
B were enrolled (male, n=32; female, n=6), with an age
range of 31-81 years, an average age of 50 years, and a
disease duration of 1-40 years. The diagnostic criteria were
as follows: (I) hepatic dysfunction; (II) clinical manifestation
of portal vein hypertension; (III) liver cirrhosis detected by
imaging; (IV) hepatitis B surface antigen (HBsAg) positivity.
Patients with other types of liver cirrhosis.
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Liver cirrhosis caused by hepatitis C

"Two male patients with liver cirrhosis caused by hepatitis C
were enrolled, with an age range of 58-70 years, an average
age of 64 years, and a disease duration of 2-9 years. The
diagnostic criteria were as follows: (I) hepatic dysfunction;
(II) clinical manifestation of portal vein hypertension; (III)
liver cirrhosis detected by imaging; (IV) serum anti-HCV
positivity. Patients with other types of liver cirrhosis.

Alcoholic liver cirrhosis

Seven patients with alcoholic liver cirrhosis were
enrolled (male, n=6; female, n=1), with an age range of
44-74 years, an average age of 62 years, and a disease
duration of 1 month-7 years. The diagnostic criteria were
as follows: (I) hepatic dysfunction; (II) clinical manifestation
of portal vein hypertension; (III) liver cirrhosis detected by
imaging; (IV) a long history of alcohol intake. Patients with
other types of liver cirrhosis.

Congestive liver cirrhosis

Nine patients with congestive liver cirrhosis were
enrolled (male, n=5; female, n=4), with an age range of
24-50 years, an average age of 42 years, and a disease
duration of 1 month-10 years. The diagnostic criteria were
as follows: (I) hepatic dysfunction; (II) clinical manifestation
of portal vein hypertension; (III) liver cirrhosis detected by
imaging; (IV) obstruction in the hepatic vein and/or inferior
vena cava. Patients with other types of liver cirrhosis.

Autoimmune liver cirrhosis

Five female patients with autoimmune liver cirrhosis were
enrolled, with an age range of 49-81 years, an average
age of 62 years, and a disease duration of 3-30 years. The
diagnostic criteria were as follows: (I) hepatic dysfunction;
(II) clinical manifestation of portal vein hypertension; (III)
liver cirrhosis detected by imaging; (IV) antimitochondrial
antibody positivity. Patients with other types of liver
cirrhosis.

Occult liver cirrhosis

A total of 18 patients with occult liver cirrhosis were
enrolled (male, n=8; female, n=10), with an age range
of 28-72 years, an average age of 51 years, and a disease
duration of 1 month-23 years. The diagnostic criteria were
as follows: (I) hepatic dysfunction; (II) clinical manifestation
of portal vein hypertension; (III) liver cirrhosis detected by
imaging; (IV) liver cirrhosis that could not be explained by
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other known etiologies. Patients with other types of liver
cirrhosis.

Hepatoma caused by hepatitis B

A total of 19 patients with liver cirrhosis caused by
hepatitis B were enrolled (male, n=17; female, n=2),
with an age range of 39-78 years, an average age of
54 years, and a disease duration of 3 months-30 years. The
diagnostic criteria were as follows: (I) two types of imaging
examinations indicated a characteristic hepatoma with a
mass >2 cm, one type of imaging examination indicated a
characteristic hepatoma with a mass >2 cm with an alpha-
fetoprotein (AFP) concentration of >400 pg/L, or hepatoma
confirmed by hepatic histology; (II) HBsAg positivity.
Patients with other types of liver cancer.

Hepatoma caused by hepatitis C

Three patients with liver cirrhosis caused by hepatitis C
were enrolled (male, n=1; female, n=2), with an age range
of 60-87 years, an average age of 71 years, and a disease
duration of 3-25 years. The diagnostic criteria were as
follows: (I) two types of imaging examinations indicated
a characteristic hepatoma with a mass >2 cm, one kind of
imaging examination indicated a characteristic hepatoma
with a mass >2 cm together with an AFP concentration of
>400 pg/L, or hepatoma confirmed by hepatic histology; (IT)
HBcAg positivity. Patients with other types of liver cancer.

Primary hepatoma

Six patients with primary hepatoma were enrolled (male,
n=5; female n=1), with an age range of 49-86 years,
an average age of 65 years, and a disease duration of
1 month-28 years. The diagnostic criteria were as follows:
two types of imaging examination indicated a characteristic
hepatoma with a mass >2 c¢m, one kind of imaging
examination indicated a characteristic hepatoma with a mass
>2 cm together with an AFP concentration of >400 pg/L, or
hepatoma confirmed by hepatic histology.

Data collection

Sample collection

Before treatment initiation, fasting venous blood was
collected from all patients the morning after hospitalization.
The samples were put into EDTA-K2 anticoagulant tubes
and centrifuged at 3,500 rpm/min for 10 minutes; the
separated serum was frozen at —80 °C for further analysis.
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Detection of hepatic function

The changes in hepatic function in each group were
measured using a Hitachi 7600 automatic biochemical
analyzer (Hitachi, Tokyo, Japan) and corresponding
reagents. In total, 16 hepatic function indices were
measured: ALT, AST, total bilirubin (TBIL), direct
bilirubin (DBIL), total protein (TP), albumin (ALB), the
ratio of ALB to globulin (A/G), prealbumin (PA), alkaline
phosphatase (ALP), y-glutamyltranspeptidase (GGT), total
bile acid (TBA), cholinesterase (CHE), serum amylase
(AMY), a-L-fucosidase (AFU), leucine aminopeptidase
(LAP), and superoxide dismutase (SOD).

Detection of the four markers of hepatic fibrosis

Using HA as an example, double-antibody sandwich
immunochromatography was adopted, and an up-
conversion immunoanalyzer was used. The reaction area
(T-line) of the nitrocellulose membrane on the test card
was coated with the serum hepatic fibrosis index HA
antibody (cat no. 20160915, KeyGen Gene Technology
Co., Ltd., Beijing China), and the quality control area
(C-line) was coated with sheep anti-mouse antibody (cat
no. 20160318, KeyGen Gene Technology Co., Ltd.). The
scientific principle behind this approach is that particles
emit light under excitation, and the ratio of the T-line
signal to the C-line signal (1/C) is directly proportional to
the concentration of antigen in the sample. The test card
is inserted into the matching up-conversion luminescent
immunoanalyzer, and the concentration of indicator in the
sample is read directly from the instrument screen. Serum
HA was measured using this method. All reagents and
instruments used in the present study were sourced from
Beijing Rejing Biotechnology Co., Ltd.

Statistical analysis

The SPSS 22.0 software was used to perform the statistical
analysis. The data were expressed as the mean + standard
deviation from at least three independent measurements,
each performed in triplicate. The single-sample
Kolmogorov—Smirnov test was used to examine whether the
sample data were normally distributed. A variance analysis
and the Bonferroni correction were used for multiple
group comparisons. Countable data were expressed by
rate (%). The i’ test was used for group comparisons,
while Pearson’s linear correlation analysis was used for the
variable correlation analysis. A P value <0.05 was considered
statistically significant.
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Results
Comparison of the general characteristics between groups

There were no significant differences in the general
characteristics, e.g., height, weight, and body mass
index, between the groups (P>0.05; Table I). The hepatic
function indices and the four hepatic fibrosis markers were
comparable.

Comparison of bepatic function indices between groups

An analysis of variance was used to compare the means of
multiple groups. The differences in the serological hepatic
function indices between groups were statistically significant
(P<0.05). Group comparisons were carried out using
the Bonferroni correction, and the results are shown in
Tables 2-5.

Comparison of serum ALT between groups: the ALT
concentration was lowest in the control group and highest
in the group with hepatoma caused by hepatitis B. A
pairwise comparison revealed significant differences in the
ALT concentration between the group with liver cirrhosis
caused by hepatitis B, the group with hepatoma caused by
hepatitis B, and the control group (P<0.05).

Comparison of serum AST between groups: The AST
concentration was lowest in the control group and highest
in the group with hepatoma caused by hepatitis B. A
pairwise comparison showed significant differences in the
AST concentration between the group with liver cirrhosis
caused by hepatitis B, the control group, and the group with
hepatoma caused by hepatitis B (P<0.05).

Comparison of serum TBIL between groups: the
TBIL concentration was lowest in the control group and
highest in the autoimmune liver cirrhosis group. There
were significant differences in the TBIL concentration in
the group with liver cirrhosis caused by hepatitis B, the
group with congestive liver cirrhosis, and the group with
autoimmune liver cirrhosis compared with the group with
hepatoma caused by hepatitis B and the control group
(P<0.05).

Comparison of serum DBIL between groups: The
DBIL concentration was lowest in the control group and
highest in the autoimmune liver cirrhosis group. There
were significant differences in the DBIL concentration
between the autoimmune liver cirrhosis group, the group
with liver cirrhosis caused by hepatitis B, the group with
hepatoma caused by hepatitis B, the occult liver cirrhosis
group, the group with hepatoma caused by hepatitis C, the
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Table 1 Comparison of the general characteristics between groups (x=s)
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Indicators Height (m) Weight (kg) BMI (kg/m?)
Control group 1.68+0.09 62.96+11.48 22.31+2.81
Liver cirrhosis caused by hepatitis B 1.70+0.06 68.17+9.74 23.59+3.05
Liver cirrhosis caused by hepatitis C 1.76+0.06 59.00+4.00 19.29+2.51
Alcoholic liver cirrhosis 1.70+0.02 58.43+5.29 20.10+1.57
Congestive liver cirrhosis 1.64+0.05 61.89+9.63 22.95+3.38
Autoimmune liver cirrhosis 1.63+0.03 57.60+6.25 21.67+1.60
Occult liver cirrhosis 1.67+0.09 62.69+14.19 22.19+3.60
Hepatoma caused by hepatitis B 1.70+0.05 63.89+7.22 22.19+2.63
Hepatoma caused by hepatitis C 1.65+0.01 65.33+6.94 23.93+2.80
Primary hepatoma 1.71+0.06 73.17+8.01 24.84+1.27

F values 1.621 1.744 1.850

P values >0.05 >0.05 >0.05
Table 2 Comparison of hepatic function indices between groups (x:s)

Indicators ALT (U/L) AST (U/L) TBIL (U/L) DBIL (umol/L)
Control group 15.20+6.84 17.15+2.87 10.54+4.42 2.86+0.58
Liver cirrhosis caused by hepatitis B 25.34+9.85 31.29+10.45 33.33+12.79 11.79+6.71
Liver cirrhosis caused by hepatitis C 20.50+0.50 29.50+2.50 35.70+19.40 9.55+3.25
Alcoholic liver cirrhosis 23.57+7.91 38.14+11.64 28.16+£12.48 11.46+7.16
Congestive liver cirrhosis 23.89+9.64 40.11+19.61 37.57+22.11 13.49+9.03
Autoimmune liver cirrhosis 22.60+11.20 35.80+17.12 45.30+28.59 22.76+19.92
Ocecult liver cirrhosis 24.00+11.20 36.50+18.14 24.07+12.61 8.41+5.92
Hepatoma caused by hepatitis B 32.11+£13.79 49.32+31.9 18.44+9.44 6.78+4.18
Hepatoma caused by hepatitis C 30.67+14.29 45.33+28.08 16.70+6.49 5.10+1.91
Primary hepatoma 27.00+£11.72 41.33+9.81 17.93+7.46 7.30+2.82
F values 2.885 3.968 7.043 5.288

P values <0.05 <0.05 <0.05 <0.05

primary hepatoma group, and the control group (P<0.05).
In addition, there were significant differences in the DBIL
concentration between the group with liver cirrhosis caused
by hepatitis B, the congestive liver cirrhosis group, and the
control group (P<0.05; Table 2).

Comparison of serum TP between groups: the TP
concentration was lowest in the group with liver cirrhosis
caused by hepatitis B and highest in the control group. A
pairwise comparison revealed that there were significant
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differences in the TP concentration between the group with
liver cirrhosis caused by hepatitis B, the congestive liver
cirrhosis group, the occult liver cirrhosis group, and the
control group (P<0.05).

Comparison of serum ALB between groups: the ALB
concentration was highest in the control group. A pairwise
contrast revealed that there were significant differences
in the ALB concentration between the control group and
the other groups (P<0.05), except for the group with liver
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Table 3 Comparison of hepatic function indices between groups (x:s)
Indicators TP (g/L) ALB (g/L) A/G PA (mg/L)
Control group 74.86+4.73 47.95+2.25 1.81+0.25 251.15+28.82
Liver cirrhosis caused by hepatitis B 61.26+8.41 35.81+4.95 1.48+0.37 109.87+46.19
Liver cirrhosis caused by hepatitis C 69.05+0.85 37.70+4.80 1.25+0.35 76.50+24.50
Alcoholic liver cirrhosis 66.51+9.07 35.40+6.03 1.14+0.22 99.00+38.87
Congestive liver cirrhosis 62.86+9.43 36.88+5.34 1.49+0.35 109.56+40.27
Autoimmune liver cirrhosis 67.62+5.56 37.84+5.58 1.28+0.26 110.20+65.85
Occult liver cirrhosis 65.31+8.74 35.51+4.05 1.30+0.44 121.83+37.46
Hepatoma caused by hepatitis B 67.11+9.55 38.74+5.78 1.42+0.29 128.37+61.25
Hepatoma caused by hepatitis C 70.43+5.76 36.87+3.20 1.13+0.25 107.00+£52.27
Primary hepatoma 64.43+6.66 38.25+5.21 1.50+0.32 113.17+45.49
F values 4.233 10.538 3.824 16.208
P values <0.05 <0.05 <0.05 <0.05
Table 4 Comparison of hepatic function indices between groups (x:s)
Indicators ALP (U/L) GGT (U/L) TBA (umol/L) CHE (U/L)
Control group 51.20+12.38 15.30+5.20 2.80+1.17 341.60+65.28
Liver cirrhosis caused by hepatitis B 74.18+21.68 30.32+16.87 61.04+40.60 152.47+73.60
Liver cirrhosis caused by hepatitis C 85.00+9.00 17.50+0.50 66.50+5.50 169.50+23.50
Alcoholic liver cirrhosis 128.14+20.36 50.00+22.47 60.43+47.16 110.57+21.82
Congestive liver cirrhosis 106.78+46.87 90.44+66.92 75.77+73.38 164.44+73.43
Autoimmune liver cirrhosis 136.40+20.34 43.20+32.13 143.86+101.63 171.40+66.55
Ocecult liver cirrhosis 141.39+96.33 87.11+68.70 33.04+20.93 149.28+56.6
Hepatoma caused by hepatitis B 146.74+97.60 85.63+60.86 42.38+25.79 213.42+135.78
Hepatoma caused by hepatitis C 86.67+19.15 37.67+13.70 32.33+25.37 158.33+55.58
Primary hepatoma 172.17+73.72 284.33+184.67 38.05+33.55 182.17+66.39
F values 5.725 12.853 6.757 9.775
P values <0.05 <0.05 <0.05 <0.05

cirrhosis caused by hepatitis C.

Comparison of A/G between groups: the A/G was
highest in the control group. A pairwise comparison
revealed significant differences in the A/G between the
group with liver cirrhosis caused by hepatitis B, the
alcoholic liver cirrhosis group, the occult liver cirrhosis
group, the group with hepatoma caused by hepatitis B, and
the control group (P<0.05).

Comparison of serum PA between groups: the PA
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concentration was highest in the control group and lowest
in the group with liver cirrhosis caused by hepatitis C. A
pairwise comparison revealed significant differences in the
PA concentration between all nine groups compared with
the control group (P<0.05). The PA concentration in the
control group was significantly higher compared with that
of the other groups (Tuble 3).

Comparison of serum ALP between groups: The ALP
concentration was highest in the primary hepatoma group
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Table 5 Comparison of hepatic function indices between groups (x:s)
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Indicators AMY (U/L) AFU (U/L) LAP (U/L) SOD (U/mL)

Control group 59.65+15.49 17.40+2.48 48.05+6.90 157.00+17.20
Liver cirrhosis caused by hepatitis B 58.92+21.42 20.71+6.40 61.24+19.91 130.19+29.67
Liver cirrhosis caused by hepatitis C 52.00+13.00 11.00+6.00 52.50+0.50 131.50+8.50

Alcoholic liver cirrhosis 58.43+19.72 26.57+8.53 85.29+30.84 124.00+22.86
Congestive liver cirrhosis 51.11+18.71 23.89+7.14 79.56+35.52 135.94+34.29
Autoimmune liver cirrhosis 61.40+17.40 21.40+7.36 101.00+48.10 132.88+30.69
Ocecult liver cirrhosis 47.89+17.89 22.56+7.11 85.94+39.63 119.51+£32.38
Hepatoma caused by hepatitis B 64.32+26.97 29.00+6.73 93.11+41.76 125.56+29.10
Hepatoma caused by hepatitis C 62.33+18.35 21.00+7.35 64.00+£16.99 115.47+6.85

Primary hepatoma 56.00+17.08 28.67+13.01 113.50+36.55 126.55+31.30
F values 0.845 4.561 4.999 2.328

P values >0.05 <0.05 <0.05 <0.05

and lowest in the control group. A pairwise comparison
revealed significant differences in the ALP concentration
between the group with liver cirrhosis caused by hepatitis
B and the occult liver cirrhosis group as well as the group
with hepatoma caused by hepatitis B and the primary
hepatoma group (P<0.05). Significant differences in the
ALP concentration were also observed between the occult
liver cirrhosis group, the group with hepatoma caused by
hepatitis B, the primary hepatoma group, and the control
group (P<0.05).

Comparison of serum GGT between groups: the GGT
concentration was relatively low in the control group and
the group with liver cirrhosis caused by hepatitis C. A
pairwise comparison revealed a significant difference in the
GGT concentration between the primary hepatoma group
and the other nine groups (P<0.05). The concentration
in the primary hepatoma group was significantly higher
compared with that in the other groups. In addition, there
were significant differences in the GGT concentration
between the occult liver cirrhosis group, the group with
hepatoma caused by hepatitis B, and the control group
(P<0.05).

Comparison of serum TBA between groups: the TBA
concentration was highest in the autoimmune liver cirrhosis
group and lowest in the control group. The results of the
pairwise comparison revealed a significant difference in
the TBA concentration between the autoimmune liver
cirrhosis group and the other groups (P<0.05), except for
the group with liver cirrhosis caused by hepatitis C and the
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congestive liver cirrhosis group. The TBA concentration
in the autoimmune liver cirrhosis group was significantly
higher compared with that in the other groups. Moreover,
there were significant differences in the TBA concentration
between the group with liver cirrhosis caused by hepatitis B,
the congestive liver cirrhosis group, and the control group
(P<0.05).

Comparison of serum CHE between groups: The
CHE concentration in all groups was significantly lower
compared with that in the control group. The results of
the pairwise comparison revealed significant differences
in the CHE concentration between the control group and
all other groups, except for the group with liver cirrhosis
caused by hepatitis C (P<0.05; Table 4).

Comparison of serum AMY between groups: There
were no significant differences in the AMY concentration
between any of the groups (P>0.05).

Comparison of serum AFU between groups: The AFU
concentration was lowest in the group with liver cirrhosis
caused by hepatitis C and highest in the group with
hepatoma caused by hepatitis B. A pairwise comparison
revealed significant differences between the group with liver
cirrhosis caused by hepatitis B, the group with liver cirrhosis
caused by hepatitis C, the control group, and the group
with hepatoma caused by hepatitis B (P<0.05). There was
also a significant difference in the concentration between
the primary hepatoma group and the control group (P<0.05).

Comparison of serum LAP between groups: The
LAP concentration was lowest in the control group and
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relatively high in the autoimmune liver cirrhosis group
and the group with hepatoma caused by hepatitis B. The
results of the pairwise comparison revealed a significant
difference between the group with liver cirrhosis caused by
hepatitis B, the group with hepatoma caused by hepatitis
B, and the primary hepatoma group (P<0.05). There were
also significant differences between the autoimmune liver
cirrhosis group, the occult liver cirrhosis group, the group
with hepatoma caused by hepatitis B, the primary hepatoma
group, and the control group (P<0.05).

Comparison of serum SOD between groups: the SOD
concentration was highest in the control group. A pairwise
comparison revealed a significant difference in the SOD
concentration between the occult liver cirrhosis group, the

group with hepatoma caused by hepatitis B, and the control
group (P<0.05; Table 5).

Comparison of the four markers of bepatic fibrosis between
groups

Comparison of serum HA between groups: the HA
concentration was lowest in the control group. A pairwise
comparison revealed a significant difference in the HA
concentration between the group with liver cirrhosis caused
by hepatitis B, the alcoholic liver cirrhosis group, the
autoimmune liver cirrhosis group, the occult liver cirrhosis
group, and the control group (P<0.05).

Comparison of serum LN between groups: The LN
concentration was lowest in the control group. A pairwise
comparison revealed a significant difference in the LN
concentration between the group with liver cirrhosis caused
by hepatitis B, the group with hepatoma caused by hepatitis
B, the primary hepatoma group, and the autoimmune liver
cirrhosis group (P<0.05). Significant differences were also
observed between the control group and the other groups,
excluding the group with liver cirrhosis caused by hepatitis
C and the three hepatoma groups (P<0.05).

Comparison of serum PIIINP between groups: The
PIIINP concentration was lowest in the control group. The
results of the pairwise comparison revealed a significant
difference in the PIIINP between the group with liver
cirrhosis caused by hepatitis B, the occult liver cirrhosis
group, and the alcoholic liver cirrhosis group (P<0.05).
Significant differences also existed between the alcoholic
liver cirrhosis group, the autoimmune liver cirrhosis group,
the group with hepatoma caused by hepatitis C, and the
control group (P<0.05).

Comparison of serum CIV between groups: The serum
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CIV concentration was lowest in the control group. A
pairwise comparison revealed a significant difference in the
concentration between the alcoholic liver cirrhosis group,
the autoimmune liver cirrhosis group, and the control
group (P<0.05; Table 6).

The correlation analysis between the serum hepatic
function indices and HA, LN, PIIINP, and CIV in the group
with liver cirrhosis caused by hepatitis B revealed that ALI]
TP, and ALP were not correlated with the four hepatic
fibrosis markers in this group while AST was positively
correlated with the four markers. Moreover, TBIL and
DBIL were positively correlated with LN, PITINP, and CIV,
and TBA and GGT were positively correlated with PIIINP
and CIV. Additionally, LAP was positively correlated with
LN, while CHE, PA, ALB, and SOD were negatively
correlated with the four hepatic fibrosis markers (7able 7).

The correlation analysis between the serum hepatic
function indices and HA, LN, PNIIINP, and CIV in the
group with hepatoma caused by hepatitis B revealed no
correlation between ALT, AST, TBIL, TP, ALP, or GGT
and the four markers. Moreover, DBIL and TBA were
positively correlated with CIV, while CHE, ALB, and
SOD were negatively correlated with CIV. Finally, PA was
negatively correlated with LN and CIV (Table 8).

Discussion

Approximately 300 million people in China suffer from
liver diseases, including viral hepatitis, non-alcoholic fatty
hepatic disease, and alcoholic hepatic disease. Nearly
400,000 people die from liver cancer every year, accounting
for 51% of the total number of liver cancer deaths
worldwide. Since hepatic diseases increase the societal and
medical burden in China (9), it is important to dynamically
monitor changes in hepatic function, delay the progression
of liver cirrhosis, reduce the incidence of liver cancer, and
assist in clinical diagnosis and treatment through serological
detection (10).

In liver cirrhosis, inflammation and other pathogenic
factors activate hepatic stellate cells, increase collagen
synthesis, and decrease collagen degradation. Collagen
deposits in the space of Disse lead to the formation of
basement membrane under endothelial cells in hepatic
sinuses and a reduction in or disappearance of the upper
fenestra, resulting in the formation of a diffuse barrier. This
process is also known as hepatic sinusoidal capillarization.
In addition, hepatic fibrosis leads to the formation of
pseudolobules, which are typical histopathological features
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Table 6 Comparison of the four markers of hepatic fibrosis between groups (xxs)

Indicators HA (ng/mL) LN (ng/mL) PNIINP (ng/mL) CIV (ng/mL)
Control group 60.24+16 22.09+9.87 52.1+15.15 71.44£11.7
Liver cirrhosis caused by hepatitis B 165.29+74.39 105.98+56.3 147.74+83.02 170.17+74.41
Liver cirrhosis caused by hepatitis C 182.18+90.79 83.64+27.81 208.59+149.36 187.44+45.34

Alcoholic liver cirrhosis
Congestive liver cirrhosis
Autoimmune liver cirrhosis
Ocecult liver cirrhosis

Hepatoma caused by hepatitis B
Hepatoma caused by hepatitis C
Primary hepatoma

F values

P values

215.23+69.19
103.15+39.69
235.04+70.4
139.25+81.39
119.08+60.05
143.66+75.06
134.9+86.82
4.921
<0.05

132.29+62.41
145.17+£97.15
240.67£172.27
126.73+67.74
94.61+49.59
144.83+92.12
85.67+58.09
6.210
<0.05

367.37+239.77
144.56+83.27
241.46+113.76
143.7+73.36
169.71+£112.68
294.08+238.43
216.75+118.94
4.565
<0.05

289.01+203.29
173+103.52
286.39+179.54
191.35+125.04
147.83+88.4
278.55+247.18
232.65+162.99
3.164
<0.05

of liver cirrhosis (11).

Clinically, liver cirrhosis is diagnosed by the simultaneous
presence of liver dysfunction and portal vein hypertension.
According to the etiology, liver cirrhosis can be divided into
viral liver cirrhosis, non-alcoholic liver cirrhosis, alcoholic
liver cirrhosis, autoimmune liver cirrhosis, and congestive
liver cirrhosis. In some patients, the development of liver
cirrhosis cannot be explained by known etiologies; thus, it is
termed occult liver cirrhosis (12). In China, viral hepatitis,
of which hepatitis B is the most serious form, is the main
cause of liver cirrhosis (13).

Liver biopsy is the gold standard for the diagnosis,
classification, and staging of hepatic fibrosis; however, it is
invasive and cannot be observed dynamically, and there are
individual sampling differences (14). It has been confirmed
that the concentrations of collagen, non-collagenous
glycoproteins, and proteoglycans in the serum are
significantly increased when hepatic fibrosis occurs. Serum
HA, LN, PIIINP, and C IV have been used as serological
markers to diagnose hepatic fibrosis, estimate the severity
of the condition, and assess the prognosis for patients
with chronic hepatic disease with better specificity and
sensitivity (5).

Hyaluronic acid is synthesized by hepatic stellate
cells and is an extracellular matrix component that can
sensitively reflect the degree of fibrosis and damage to
hepatocytes. Cai er al. (15) suggested that HA has a strong
positive correlation with the degree of hepatic fibrosis
compared with LN, PIIINP, and CIV. Laminin is a non-
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collagenous structural protein in the basement membrane,
but it is expressed at a very low concentration in normal
hepatic tissue. In hepatic fibrosis, LN deposits abnormally
in hepatic sinuses, reduces the permeability of endothelial
cells, and causes portal hypertension. Thus, it can reflect
the degree of hepatic fibrosis (16).

Moreover, PIIINP can be used to achieve early diagnosis
of hepatic fibrosis and evaluate the prognosis for patients
with chronic hepatic disease. As a negative predictor of
liver cirrhosis, it has a negative prediction rate of >90%.
Therefore, PIIINP has certain application value in
excluding diseases.

Synthesized by endothelial cells, which are the main
component of basement membrane, the concentration of
CIV might increase during proliferation of endothelial cells
in the early stages of hepatic fibrosis and, together with LN,
could promote capillarization of hepatic sinuses.

In the present study, the hospitalized patients were
divided into groups according to their liver cirrhosis
etiology. Serological hepatic function assays were carried
out, and four markers of hepatic fibrosis were measured.
The results showed that the hepatic function indices and
four markers of hepatic fibrosis increased or decreased to
varying degrees depending on the liver cirrhosis etiology.

The concentrations of ALT and AST were significantly
different only in the liver cirrhosis caused by hepatitis B and
hepatoma caused by hepatitis B, with higher concentrations
in the latter compared with the other groups. This finding
indicated that if an increase in transaminase is observed in
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Table 7 The correlation analysis between the serum hepatic function indices and four hepatic fibrosis markers in the hepatoma caused by

hepatitis B group

Indicators Values HA LN PNIINP Clv
ALT r values 0.132 0.104 -0.151 0.031
P values 0.430 0.533 0.365 0.853
AST r values 0.428 0.458 0.219 0.374
P values 0.007 0.004 0.187 0.021
TBIL r values 0.228 0.480 0.38 0.415
P values 0.168 0.002 0.017 0.010
DBIL r values 0.266 0.457 0.406 0.400
P values 0.107 0.004 0.011 0.013
TP r values -0.270 -0.103 -0.213 -0.234
P values 0.101 0.540 0.200 0.157
ALB r values -0.541 -0.373 -0.353 -0.415
P values 0.000 0.021 0.030 0.010
PA r values -0.575 -0.413 —-0.344 -0.371
P values 0.000 0.010 0.035 0.022
ALP r values 0.233 0.235 0.033 0.071
P values 0.158 0.155 0.845 0.673
GGT r values —-0.045 0.309 0.353 0.335
P values 0.787 0.059 0.029 0.040
TBA r values 0.218 0.283 0.363 0.419
P values 0.188 0.085 0.025 0.009
CHE r values —-0.452 —-0.336 —-0.468 —-0.485
P values 0.004 0.039 0.003 0.002
AFU r values —-0.050 0.072 -0.216 -0.110
P values 0.766 0.668 0.192 0.512
LAP r values 0.177 0.482 0.183 0.298
P values 0.287 0.002 0.271 0.069
SOD r values -0.334 -0.347 -0.487 -0.536
P values 0.040 0.033 0.002 0.001

patients with hepatitis B, this might indicate the progression
of liver cirrhosis to hepatoma. Thus, dynamic detection
of serological indicators and imaging are necessary to
determine potential hepatic occupation.

The concentrations of TBIL, DBIL, and TBA increased
in the liver cirrhosis and hepatoma with different etiologies.
The most obvious increase occurred in the autoimmune
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liver cirrhosis group. Considering the patients in this
group all had primary biliary liver cirrhosis, the three
indices increased due to abnormal metabolism of bile acids.
However, the sample size was small, and the sample type
was single; thus, the present results can only be used as a
reference.

Other markers to consider are ALP, GGT, ALB, PA, and
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Table 8 The correlation analysis between the serum hepatic function indices and four hepatic fibrosis markers in the hepatoma caused by

hepatitis B group
Indicators Values HA LN PNIIINP Clv
ALT r values 0.195 -0.013 0.049 0.025
P values 0.424 0.957 0.842 0.919
AST r values 0.157 0.333 0.090 0.430
P values 0.520 0.164 0.715 0.066
TBIL r values 0.410 0.129 0.153 0.386
P values 0.081 0.597 0.532 0.103
DBIL r values 0.260 0.223 0.193 0.519
P values 0.282 0.359 0.429 0.023
TP r values -0.302 0.181 -0.024 -0.145
P values 0.208 0.459 0.922 0.553
ALB r values -0.162 -0.299 -0.271 -0.564
P values 0.507 0.214 0.263 0.012
PA r values -0.353 -0.510 -0.417 -0.696
P values 0.138 0.026 0.075 0.001
ALP r values 0.030 -0.010 0.053 0.110
P values 0.905 0.967 0.830 0.655
GGT r values -0.096 0.144 0.143 0.368
P values 0.695 0.556 0.560 0.121
TBA r values 0.405 0.339 0.390 0.563
P values 0.085 0.156 0.099 0.012
CHE r values -0.227 -0.315 -0.317 -0.604
P values 0.350 0.188 0.187 0.006
AFU r values -0.015 0.309 0.379 0.451
P values 0.951 0.198 0.110 0.053
LAP r values -0.231 0.206 0.329 0.377
P values 0.342 0.397 0.169 0.111
SOD r values -0.107 0.212 -0.333 -0.489
P values 0.662 0.384 0.164 0.034

SOD. The concentration of SOD in each patient group
was significantly lower compared with that in the control
group. The latter observation indicated that the activity
of antioxidant enzymes in hepatocytes is lower in injured
hepatocytes compared with healthy hepatocytes. A decrease
in SOD activity destroys the balance between free radical
production and clearance and causes endothelial injury (17).

© Annals of Palliative Medicine. All rights reserved.

The concentration of CHE in the patients with liver
cirrhosis was significantly lower in each patient group
compared with the control group. Cholinesterase is
synthesized by hepatocytes. During liver cirrhosis, with
the necrosis of hepatocytes, infiltration of inflammatory
cells, and proliferation of fibers and connective tissue, the
synthesis of CHE might be affected, which could result
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in a decrease in its concentration (18). Moreover, the
concentrations of the four markers of hepatic fibrosis were
higher in each patient group compared with the control
group.

Due to the small sample sizes of the alcoholic liver
cirrhosis group, the group with cirrhosis caused by
hepatitis C, and the autoimmune liver cirrhosis group,
the observations cannot be extrapolated to the whole
population. Thus, only the correlation between the hepatic
function indices and four hepatic fibrosis markers in
the groups with liver cirrhosis caused by hepatitis B and
hepatoma caused by hepatitis B were investigated. The
results showed that AST was positively correlated with the
four hepatic fibrosis markers in the former group, indicating
that AST increases with an increase in hepatic injury
together with an increase in the concentrations of HA, LN,
PIIINP, and CIV.

There was a positive correlation between TBIL and
DBIL and LN, PNIIINP, and CIV. This suggests that
abnormal bile acid metabolism might accelerate collagen
deposition and promote the progression of hepatic fibrosis.
Moreover, TBA and GGT were positively correlated with
PIIINP and CIV, while LAP was positively correlated
with LN.

Furthermore, CHE, PA, ALB, and SOD were negatively
correlated with hepatic fibrosis, indicating that necrosis and
inflammatory infiltration of hepatocytes affect the synthesis
or metabolism of these indices. With the aggravation of
hepatic fibrosis, CHE, PA, ALB, and SOD decreased to
varying degrees. However, there was no correlation between
ALT, AST, TBIL, TP, ALP, and GGT and the four markers
of hepatic fibrosis in the group with hepatoma caused by
hepatitis B.

According to Zhu et 4. (19), CHE can be used to predict
significant hepatic fibrosis. In addition to CHE, the present
study showed that PA, ALB, and SOD had a strong negative
correlation with the four hepatic fibrosis markers in judging
the degree of liver cirrhosis and hepatoma. The reason
for this might be that PA, ALB, and CHE are indicators
of protein synthesis and metabolism in hepatocytes. The
decompensation of liver cirrhosis may lead to a decrease in
hepatic functions (e.g., hepatic synthesis, bile metabolism),
leading to an abnormal concentration of TBIL, TBA, ALB,
and PA, of which the former three increase while the latter
two decrease.

Presently, several noninvasive serum markers are
available to provide an assessment of liver fibrosis. The
AST-to-platelet ratio index score, a publicly available
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formula consisting of the AST level and platelet count,
could be used to evaluate liver fibrosis (20-22). The FIB-
4 index, consisting of age, AST, platelets, and ALT, is
another publicly available formula to accurately identify
individuals with severe fibrosis and cirrhosis (23,24). The
FibroTest formula includes macroglobulin, haptoglobin,
apolipoprotein-A, glutamyl transferase, TBIL, age, and
gender and can be used to risk-stratify liver disease ranging
from mild disease to cirrhosis (25,26). Study showed that
noninvasive liver fibrosis assessment with FibroTest can
reliably predict the five-year survival of patients with HCV
infection. In further research, a combination of multiple
biomarkers for liver fibrosis should be analyzed to improve
the specificity.

There are differences between the results of the
present study and those of other researchers, possibly
due to differences in the sample sizes, selected indicators
for research, and inclusion criteria. The present study
comprised inpatients from our hospital only; thus, the
sample does not represent the whole population.

Conclusions

In conclusion, in this study, the serological indices of
liver cirrhosis of different etiologies significantly differed.
Several serological indices, including the concentrations
of ALT, AST, TBIL, DBIL, TBA, ALB, PA, CHE, GGT,
and SOD, had a strong correlation with the four hepatic
fibrosis markers (i.e., HA, LN, P IIl NP, C IV) during the
progression of fibrosis. Therefore, combined detection
could better reflect the progression of liver cirrhosis,
improve the reliability and accuracy of liver cirrhosis
diagnosis, guide clinical diagnosis and treatment, reduce
the occurrence of hepatoma, and better judge the disease
prognosis and curative effects of treatment.
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