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Object: Studies have shown a link between homocysteine (Hcy) and heart diseases, kidney
diseases, cerebrovascular diseases, liver diseases, and other pathological conditions.
However, the relationship between Hcy and liver fibrosis (LF) is unclear. Here, we studied
the link between plasma Hcy concentration and LF.

Methods: We determined and recorded the plasma Hcy concentration, general biochemical
parameters, and liver stiffness measurement (LSM) in 1582 subjects, followed by statistical
data analyses.

Results: During different stages of LF, we found a considerable difference (»p <0.001 unless
specified) in body mass index (BMI), sex, age, Hcy, the levels of alanine transaminase
(ALT), gamma-glutamyl transpeptidase (GGT; P = 0.012), triglycerides (TG; P = 0.0006),
low-density lipoprotein cholesterol (LDL-C), fasting blood glucose (FBS), and platelet count
(PLT). There was a strong association between the plasma Hcy concentration and the serum
biomarkers of LF (P <0.001) and the values of LSM (P <0.001).

Conclusion: The plasma Hcy concentration was substantially different among different stages
of LF. The higher the plasma Hcy concentration, the more evident was the degree of LF.
Keywords: liver fibrosis, homocysteine, FibroScan

Introduction
Homocysteine (Hcy), a metabolic by-product of methionine, is an essential amino
acid derived from dietary protein." High levels of Hey or hyperhomocysteinemia
(HHcy) increases the risk of heart and vascular diseases,” as well as other patho-
logical conditions, such as encephalopathy, kidney disease, and liver disease.’*
Previous studies have shown that Hey results in increased collagen synthesis and
deposition in animal hearts, kidneys, and carotid arteries.””’ Additionally, in vitro
studies revealed that Hcy induced liver fibrosis (LF) by stimulating tissue inhibitor
of metalloproteinase-1 (TIMP-1) and procollagen I expression in Ito cells.®
Therefore, we hypothesized that Hey levels and LF development were correlated.
LF is a pathological process that facilitates the advancement of chronic liver
diseases into liver cirrhosis. The degree of LF is a major predictor of outcome and
prognosis in chronic liver diseases. The large-scale clinical applicability of liver
biopsy for LF analysis has been limited by its invasive nature, sampling errors,
potentially life-threatening complications, and observer variability. LF is commonly
diagnosed using transient elastography (TE, FibroScan™), a noninvasive procedure
to record liver stiffness measurement (LSM). It is a simple, safe, fast, casy to

operate, repeatable, and tolerable method of diagnosis.’'
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Here, we studied the association between Hcy and LF
in people undergoing health check-ups by analyzing the
plasma Hcy concentration and LSM.

Methods

Subjects

This study was initiated in October 2019 and was sanc-
tioned by the ethics committee of the Hebei General
Hospital and followed the guidelines of the principles of
the Declaration of Helsinki 1975. All subjects have been
informed and signed informed consent. Subjects who
underwent LSM using FibroScan at the Hebei General
hospital between August 2017 to July 2019 were
selected. The inclusion criteria of this retrospective
study involved (1) age > 18 y; (2) complete medical
history, including age, BMI, gender, no history of liver
disease, no history of drinking, complete biochemical
indicators. The exclusion criteria involved (1) pregnancy;
(2) autoimmune hepatitis, viral hepatitis, primary biliary
cirrhosis, sclerosis cholangitis or other chronic liver dis-
eases; (3) chronic kidney disease, severe cardiovascular
disease, hematological disease; (4) hepatic encephalopa-
thy, ascites, portal hypertension, spontaneous bacterial
peritonitis, or hepatocellular carcinoma; (5) alcohol con-
sumption >70 g/week and >140 g/week for women and
men, respectively; (6) consumption of drugs affecting
liver function currently or within the last 6 months. All
operators were blinded to the personal information of the
study objects.

Laboratory Data

All blood specimens were harvested from the antecu-
bital vein after 8—12 hours of fasting in the morning,
and the laboratory tests were performed within 2 hours
of collection. We used an automatic biochemical ana-
lyzer to determine Hcy, aspartate aminotransferase
(AST), alanine transaminase (ALT), triglyceride (TG),

gamma-glutamyl transpeptidase (GGT), low-density

lipoprotein cholesterol (LDL-C), total cholesterol
(TC), total bilirubin (TBil), high-density lipoprotein
cholesterol (HDL-C), and fasting blood glucose

(FBS). The platelet count (PLT) was detected using
the automatic blood analyzer. The fibrosis index based
on four factors (FIB-4) and the Aspartate aminotrans-
ferase-to-platelet ratio index (APRI) were determined

using the following formula:'"'?

APRI =[(AST(IU/L)/ULN)x100/PLT(10°/L

FIB — 4 =[age(years) x AST(IU/L)]/
[PLT(10°/L ) ALT(U/L)"]

Liver Stiffness Measurement (LSM)

LSM was conducted by experienced technicians (> 500
tests) utilizing FibroScan following the manufacturer’s
guidelines. The detection area included the region
enclosed by the horizontal line of the xiphoid process,
the lower edge of the ribs, and the right axillary line.
The subject was placed in the supine state with the right
arm stretched outward, and the LSM was recorded on the
right lobe of the liver through the ICS. LSM was done first
with the M probe (standard probe), and if unsuccessful,
such as in the case of obesity, the XL probe was used.
Reliable measurements involved 10 successful acquisi-
tions with the interquartile range-to-median ratio of <
30% for the 10 acquisitions. The measurements were
denoted in kPa, and each LSM was the median of 10
approved recordings.'> Based on previous studies, the
LSM values were divided into five groups: FO (LSM <
6.1 kPa), F1 (6.1 kPa < LSM < 8.2 kPa), F2 (8.2 kPa <
LSM < 9.7 kPa), F3 (9.7 kPa < LSM < 13.6 kPa), and F4
(LSM > 13.6 kPa).'*'¢

Statistical Analysis

SPSS 21.0 (IBM SPSS Statistics 21) was used for data
analyses and shown as the mean + standard deviation.
Multi-group comparison was done using ANOVA, and
the further comparison between two groups was done
using the SNK test. The counting data were represented
as the rate (%) and tested using the y* test. The Spearman
correlation test was performed for correlation analysis.
The best-fitting model was identified using multiple linear
regression analysis to assess LF. A P-value of less than
0.05 denoted the statistically significant difference.

Results
Basic Characteristics and Laboratory

Data of the Study Population

This study included 1582 subjects (male: 1247 and female:
335). Table 1 presents and compares the basic demographic
features and laboratory data of all five groups (FO-F4). We
observed a substantial difference (P < 0.001 unless speci-
fied) between gender, age, BMI, and the values of Hcy, ALT,
GGT (P = 0.012), TG (P = 0.006), LDL-C, FBS, and PLT
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Table | Basic Characteristics and Laboratory Data of the Study Population
Factors FO (n=556) FI(n=553) F2(n=228) F3(n=164) F4(n=81) P
Age (years) 45.45+10.73 47.89+10.45 49.25+10.81 50.17+12.29 53.19x11.14 <0.001
Male sex [n (%)] 397(71.4) 436(78.8) 193(84.6) 146(89.0) 75(92.6) <0.001
BMI (kg/m?) 23.52+2.92 25.27+3.04 26.92+3.33 27.29+3.44 28.41+3.42 <0.001
Hcy (umol/L) 12.54+4.07 13.4114.14 17.70£4.51 18.93+4.83 19.49+4.60 <0.001
ALT (IU/L) 25.99+6.42 25.74+6.99 26.45+6.63 28.62+6.81 29.38+6.74 <0.001
AST (IU/L) 28.76+6.97 27.65%7.12 27.69+7.21 28.05+7.90 28.93+7.03 0.072
GGT (IU/L) 31.58+9.63 32.89+9.74 32.64%9.58 33.78+9.89 34.70+9.23 0.012
TG (mmol/L) 1.66£0.69 1.74£0.65 1.77£0.72 1.84£0.74 1.87+0.74 0.006
TBil (umol/L) 18.63+5.16 18.09+5.05 17.69+5.67 17.57£5.23 17.87+5.58 0.070
TC (mmol/L) 5.04+0.98 5.12+0.98 5.13£1.04 5.21£1.05 5.17£1.18 0.342
HDL-C(mmol/L) 1.21£0.26 1.21£0.25 1.19£0.27 1.17£0.25 1.17£0.26 0.169
LDL-C(mmol/L) 2.82+0.67 3.01+0.68 3.2840.69 3.45+0.75 3.68+0.73 <0.001
FBS (mmol/L) 5.46+0.78 5.46+0.85 5.56+0.86 5.72+0.8l 5.75%0.90 <0.001
PLT (x10%/L) 238.32+48.67 232.33+45.31 220.21+46.53 200.15+52.53 184.84+45.97 <0.001

among these five groups. Further comparison between two
groups showed there is significant difference in Hcy
between any other two groups except F3 and F4.

Spearman Correlation Analysis Between

the LSM Values and the Clinical Parameters
We performed a correlation analysis between the LSM
values and gender, age, BMI, and laboratory data.
Table 2 shows a strong correlation (P < 0.001 unless
specified) between the LSM values and gender (r =
0.162), age (r = 0.309), BMI (» = 0.548), Hey (r =
0.552), ALT (r = 0.110), LDL-C (» = 0.418), and PLT
(r =—0.258). There was a positive correlation between the
male proportion, age, BMI, Hcy, ALT, LDL-C and the

Table 2 Spearman Correlation Analysis Between the LSM Values
and Clinical Parameters

LSM values, and a negative correlation between PLT and
the LSM values.

Spearman Correlation Analysis Between
the Plasma Hcy Concentration and Serum
Biomarkers of LF

The serum biomarkers used to evaluate the degree of LF
include, FIB-4, APRIL, and AST/ALT.'”'® Table 3 shows
that there was a positive correlation (P < 0.001 unless speci-

fied) amongst the plasma Hcy concentration and AST/ALT
(r=10.219), APRI (» = 0.351), and FIB-4 (» = 0.479).

Multiple Linear Regression (MLR)
Analysis

We constructed an MLR model using the LSM values as
the dependent variable and BMI, age, Hcy, ALT, LDL-C,
and PLT as independent variables. The established multi-

Factors Correlation Coefficient (r) P ple linear regression equation (Table 4) was:

Age 0.309 <0.001 LSM = —0.284 + 0.014 x Age + 0.256 x BMI + 0.163

Male sex ratio 0.162 <0.001 x Hey 4 0.036 x ALT 4+ 0.788 x LDL — C

BMI 0.548 <0.001 P

—V. X = V. = V.

Hey 0.552 <0.001 0.009 x PLT(R = 0.652,R"= 0.425,

ALT 0.110 <0.001 F =193.663, P<0001)

AST 0.003 0.898

GGT 0.026 0.303

TG 0.044 0.080 Table 3 Spearman Correlation Analysis Between Plasma Hcy

TBil -0.039 0.122 Concentration and Serum Biomarkers of Liver Fibrosis

TC 0.048 0.055

Factors Correlation Coefficient (r) P

HDL-C —0.025 0.316

LDL-C 0418 <0.001 AST/ALT 0.219 <0.001

FBS 0.026 0.303 APRI 0.351 <0.001

PLT —0.258 <0.001 FIB-4 0.479 <0.001
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Table 4 Multiple Linear Regression Analysis Between LSM and Age, BMI, Hcy, ALT, LDL-C, and PLT

N-Dependent Variables Estimated Regression Coefficient Standardized Regression Coefficient t P
(Constant) —3.284 —5.430 <0.001
Age 0.014 0.052 2.366 0.018
BMI 0.256 0.287 12.745 <0.001
Hcy 0.163 0.263 11.676 <0.001
ALT 0.036 0.080 4.133 <0.001
LDL-C 0.788 0.187 8.739 <0.001
PLT —0.009 —0.143 —6.986 <0.001
Discussion and epidemiological studies showed that there was

Under normal conditions in the human body, the plasma
Hcy concentration in adults is maintained at approxi-
mately 5-15 pmol/L through a strict homeostasis
between its synthesis and decomposition. Several clin-
ical and epidemiological studies have confirmed that
HHcy (Hcy >15 pmol/L) is linked with an increased
occurrence of heart diseases, vascular diseases, periph-
vascular  diseases,
diabetes,

syndrome.'”?! Several studies have found that HHcy

eral neurological degenerative

diseases, and pregnancy hypertension
is associated with the occurrence of fibrosis in different
tissues of rats, such as myocardial fibrosis, intestinal
fibrosis, and seminal vesicle fibrosis.”> >* However, it
is still unclear whether there is a similar association
between HHcy and liver or LF. We conducted this cross-
sectional study to understand this correlation and found
that Hcy was strongly correlated with the LSM values,
as well as with the recognized serum biomarkers (AST/
ALT, APRI, FIB-4), used to evaluate the degree of LF.
The higher the level of plasma Hcy concentration, the
more severe the degree of LF. Our results agreed with
previous studies. A previous study? found that the
mean plasma Hcy concentration was elevated in liver
cirrhosis patients than in the control group. A recent
study”® found an association between HHcy and the
severity of liver cirrhosis, and HHcy was related to
a lower survival rate in patients post-liver transplanta-
tion. Additionally, animal experiments revealed that
HHcy promoted LF in mice by activating the aromatic
hydrocarbon receptor/CD36 pathway.?’ Hcy was also
found to upregulate collagen deposition and collagen
I expression in rat liver specimens.' Studies at the
cellular level also found that HHcy promoted fibrosis
of hepatic stellate cells by upregulating the expression
of TIMP-1 and type I procollagen.”® Thus, both basic

a definite correlation between HHcy and LF.

LF facilitates the advancement of various chronic liver
diseases into liver cirrhosis. The degree of LF is a major
predictor of outcome and prognosis in chronic liver dis-
eases. The diagnosis of the disease, its progression, and
treatment are dependent on the precise evaluation of LF.
Liver biopsy is the standard technique for LF analysis;
however, it is an invasive, expensive, and painful procedure
that can result in mild to severe complications. Thus
recently, more attention has been paid to the development
of noninvasive techniques to diagnose LF, such as serum
biomarkers and ultrasound elastography. Many studies have
confirmed the accuracy and reliability of AST/ALT, APRI,
and FIB-4 as serum biomarkers of LF, which were also used
as serum biomarkers of LF in this study.”*** We observed
different degrees of correlation between plasma Hcy con-
centration and these serum biomarkers, and the correlation
degree was FIB-4, APRI, and AST/ALT in this order.
Currently, the elastography techniques used in LSM mainly
include TE, strain elastography (SE), and acoustic radiation
force impulse (ARFI).>* FibroScan is an ultrasound-based
vibration-controlled TE machine, which estimates liver stiff-
ness by passing a 50 Hz narrow band shear wave and
tracking its spread inside the liver. The transfer speed of
shear waves in the liver is directly proportional to the hard-
ness of the liver tissue: the stiffer the liver tissue, the higher
the shear wave speed and the greater the LSM value. Several
studies®>>* have confirmed the efficiency and repeatability
of FibroScan in the diagnosis of LF and cirrhosis. Boursier
et al’® compared nine noninvasive methods for assessing LF
in a cross-sectional study and found that FibroScan and
FibroMeter were the most accurate among these methods.
Thus, in this study, Fibroscan was used to measure liver
stiffness. In a recent large-scale prospective study by
Eddowes et al,'® based on the highest Youden index that
maximizes sensitivity and specificity of LSM, 8.2 kPa, 9.7

https:
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kPa, and 13.6 kPa were chosen as the critical values of F >
F2, F > F3, and F = F4, respectively. Additionally, Boursier

et al*®

selected 6.1 kPa as the critical value to distinguish
between FO and F1. In our study, the fibrosis stages were
grouped into FO (LSM < 6.1 kPa), F1 (6.1 kPa<LSM < 8.2
kPa), F2 (8.2 kPa < LSM < 9.7 kPa), F3 (9.7 kPa < LSM <
13.6 kPa), F4 (LSM > 13.6 kPa) based on our results. The
FibroScan is configured with two types of probes, M probe
and XL probe. M probe (standard probe) is the first choice
for measurement; however, it can be unsuccessful or unreli-
able in subjects who are obese or have thick subcutaneous
fat. The XL probe, which was developed later, is dedicated
to patients who are obese and can significantly improve the
success rate of detection.** Thus, the combined use of
M and XL probes in this study improved both the success
rate as well as the reliability of FibroScan. Additionally, the
results of FibroScan are influenced by several factors, such
as ascites, liver inflammation, liver congestion, eating
habits, cholestasis, ete. 4142 Therefore, such subjects were
excluded from this study.

Thus, we found that there was a considerable differ-
ence in the plasma Hcy concentration at different stages of
LF. Also, there was a strong link between the plasma Hcy
concentration and LF: the higher the level of plasma Hcy
concentration, the more evident the degree of LF. This
study had the following advantages: First, although the
relationship between Hcy and cardiovascular and cerebro-
vascular diseases has been well studied, there were limited
studies on the relationship between Hcy and fibrosis, espe-
cially human LF. This study explored the influence of Hcy
on human LF from a new perspective. Second, the current
studies researching the link between LF and cirrhosis are
focused on people with chronic liver diseases, such as
hepatitis, and very few studies have been conducted in
healthy people. The regular health check-up crowd was
included in this study, which is of vital significance to the
early detection and prevention of LF to avoid the devel-
opment of severe LF and cirrhosis resulting in irreversible
clinical consequences. Additionally, the methods used to
evaluate LF in this study were all noninvasive, safe, con-
venient to operate, and easy to be accepted, especially
suitable for large studies. Some of the limitations of this
study are as follows: First, since it was a cross-sectional
study, it could not explore a causal relationship. Thus,
further studies are needed to determine a causal link
between Hcy and LF. Second, this study was mainly con-
ducted in a regular health check-up population. The rela-
tionship between Hcy and LF in various stages of the liver

disease needs to be further studied. Finally, the specific
mechanism of the effect of Hey on LF is still unclear and
needs to be further explored.
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