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Abstract: Objective: To analyze the associations of severity of fatty liver with oxidative stress, serum amyloid protein
A (SAA), C-reactive protein (CRP) and degree of cerebral arteriosclerosis (CAS) in CAS patients with the complication
of fatty liver, and to explore the predictive values of risk factors for these patients. Methods: A total of 200 patients
diagnosed with CAS in our hospital from October 2016 to November 2018 were selected, including 90 cases with
fatty liver (observation group) and 110 cases without fatty liver (control group), and there were 123 males and 77
females. The general clinical data, liver function, oxidative stress status, inflammatory factor levels, and degree of
CAS were compared between the two groups, and their correlations and influencing factors were explored. Results:
1) There were no significant differences in the age, gender, and high-density lipoprotein (HDL) level between the
observation group and control group (P>0.05). The body mass index (BMI), total cholesterol (TC), triglyceride (TG)
and low-density lipoprotein (LDL) levels in the observation group were significantly higher than those in the control
group. 2) The levels of liver function indexes, including alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and gamma-glutamyl transpeptidase (GGT), in the observation group were significantly higher than those
in the control group, all (P<0.05). 3) In terms of the oxidative stress, the level of malondialdehyde (MDA) in the
observation group was higher than that in the control group, while the levels of superoxide dismutase (SOD) and
glutathione (GSH) in the observation group were obviously lower than in the control group, all (P<0.05). 4) The levels
of inflammatory factors, including SAA, CRP and interleukin-6 (IL-6), in the observation group were much higher than
those in the control group (P<0.05). 5) Observation group had higher whole blood low shear viscosity, whole blood
high shear viscosity, and plasma viscosity than the control group (P<0.05). 6) ALT (r = 0.422, P = 0.000) and SAA
(r = 0.828, P = 0.000) had positive correlations with the plasma viscosity, while GSH (r = -0.719, P<0.001) had a
negative correlation with the plasma viscosity. Conclusion: The liver function index levels, oxidative stress status,
and inflammatory factor levels in CAS patients may affect the severity of arteriosclerosis and fatty liver.
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Introduction
Our population is aging, and the morbidity rates
of cerebral arteriosclerosis (CAS) and fatty liver
are increasing due to genetic factors, environment, and changing social lifestyle [1]. In CAS
patients, the elasticity of arterial walls declines
compared with the normal arterial wall, and
there is luminal stenosis, so they are prone to
cerebral arterial occlusion or vascular rupture
[2, 3]. The severity of CAS and fatty liver is
closely related to dyslipidemia. Both CAS and
fatty liver are chronic diseases, and simple

fatty liver can develop into cirrhosis or further
into liver cancer under no effective control [4].
The number of patients with nonalcoholic fatty
liver has increased year by year, and its morbidity rate is higher in CAS patients than that in
normal people [5]. Accumulating studies indicate that inflammatory factors and oxidative
stress are involved in the occurrence and development of fatty liver. Among oxidative stress
factors, malondialdehyde (MDA) is a kind of
lipid peroxide, often used to evaluate the oxidative stress status in patients. Moreover, superoxide dismutase (SOD) and reduced glutathi-
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one (GSH) are also oxidative stress factors [6].
Serum amyloid protein A (SAA), a polymorphic
protein formed by the same gene cluster, can
also be synthesized by liver cells, which can
reflect the inflammatory level in the body and
has a correlation with the degree of atherosclerosis [7]. In the present study, the associations
of the liver function, oxidative stress, and inflammatory factor levels with fatty liver in CAS
patients were explored, so as to provide a reference for the treatment of CAS and fatty liver.
General data and methods
General data
A total of 200 patients definitely diagnosed
with CAS in our hospital from October 2016 to
November 2018 were selected, including 90
cases with fatty liver (observation group) and
110 cases without fatty liver (control group),
and there were 123 males and 77 females
aged 35-78 years old, with an average age of
(57.73 ± 10.31) years old. All patients enrolled
met the diagnostic criteria for Cerebrovascular
Disease Classification (1995) revised by the
Fourth National Conference on Cerebrovascular Disease, and they were definitely diagnosed with CAS by brain CT examination. The fatty liver patients were definitely diagnosed by
color Doppler ultrasonography. Exclusion criteria: patients with severe liver or kidney diseases, autoimmune diseases, a history of thrombosis and tumor, acute or chronic infectious
diseases, or incomplete clinical data. The study
was approved by the ethics committee of Linzi
District People’s Hospital and informed consents were signed by the patients.
Methods
The clinical data of all patients, including age,
gender, weight and height, were retrospectively
analyzed, and the body mass index (BMI) was
calculated. After fasting for solids and liquids
for 10 h overnight, 10 mL fasting peripheral
blood was drawn from all patients, and the
upper-layer serum was taken to detect the biochemical indexes, including total cholesterol
(TC), triglyceride (TG), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and gamma-glutamyl transpeptidase (GGT), using a full-automatic biochemical analyzer (Hitachi). SAA, C-reactive protein
(CRP) and interleukin-6 (IL-6) were detected in
the same way as above by immunoturbidime3023

try and using reagents and instruments provided by Shandong Bio-Instruments Co., Ltd.
Determination of oxidative stress indexes: 5 mL
fasting venous blood was drawn in the morning,
placed in a pro-coagulation tube for 15 min,
and centrifuged at 3000 rpm for 15 min. Then
the serum was extracted and cryopreserved at
-20°C to detect the oxidative stress indexes,
including MDA, SOD and GSH, by double-antibody sandwich enzyme-linked immunosorbent
assay (ELISA) in strict accordance with the
instructions of the kits (R&D, USA). All specimens and kits were placed at room temperature for 0.5 h for equivalence before application.
Statistical methods
SPSS 19.0 software was used for data processing,
_ and the data collected were expressed
as ( X ± s). Chi-square test was used for the
comparison of enumeration data, correlation
analysis was performed between two factors,
and logistic analysis was adopted for the relevant risk factors. P<0.05 was considered
significant.
Results
Comparison of general data between observation group and control group
There were no significant differences in the
age, gender and HDL level between observation group and control group (P>0.05). The BMI,
TC, TG and LDL levels in observation group
were significantly higher than those in control
group, and the differences were statistically
significant (Table 1).
Comparisons of the levels of liver function indexes between observation group and control
group
The levels of liver function indexes, including
ALT, AST and GGT, in the observation group
were significantly higher than in the control
group, all (P<0.05) (Table 2).
Comparison of oxidative stress between observation group and control group
In terms of oxidative stress, the average level of
MDA in the observation group was higher than
in the control group, while the levels of SOD and
GSH in observation group were obviously lower
than in the control group , all (P<0.05) (Table 3).
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Table 1. Comparison of general data between the observation group and control group
Observation group Control group
P
(n = 90)
(n = 110)
Age (years old)
58.09 ± 9.73
57.82 ± 8.56 0.623
Gender (male/female)
62/28
83/27
0.095
BMI (kg/m²)
25.46 ± 3.24
20.75 ± 2.96 0.033
TC (mmol/L)
6.91 ± 1.05
4.87 ± 1.09 0.047
TG (mmol/L)
1.99 ± 1.07
1.23 ± 0.73 0.038
LDL (mmol/L)
3.46 ± 0.93
2.75 ± 0.52 0.025
HDL (mmol/L)
1.54 ± 0.55
1.40 ± 0.31 0.078
General data

Table 2. Comparison of the levels of liver function indexes
between the observation group and control group

cosity, and plasma viscosity than control group, all (P<0.05) (Table 5).
Correlations of liver function, inflammatory factors, and oxidative stress
with degree of arteriosclerosis
ALT (r = 0.422, P = 0.000) and SAA (r
= 0.828, P = 0.000) had positive correlations with the plasma viscosity,
while GSH (r = -0.719, P<0.001) had a
negative correlation with the plasma
viscosity (Figures 1-3).
Discussion

With the increase of population size
and aging of society, the incidence of
Liver function
P
CAS is increasing. Cerebral hemorALT
0.001
rhage in the elderly is often compliAST
0.001
cated by CAS [7]. The mortality rate of
GGT
0.001
patients with cerebral hemorrhage is
high, thus it has attracted much attention. However, there has been no betTable 3. Comparison of oxidative stress between the obter treatment method for cerebral
servation group and control group
hemorrhage in elderly patients, so it is
Observation group
Control group
of great importance to prevent CAS
Oxidative stress
P
(n = 90)
(n = 110)
before cerebral hemorrhage [8]. CAS
MDA (mmol/mL)
6.25 ± 1.76
1.39 ± 0.45
0.000
mainly occurs in large arteries, such
SOD (U/mL)
109.29 ± 20.72 532.51 ± 49.77 0.000
as themcerebral arteries, aorta, and
coronary arteries, and often involves
GSH (mg/L)
25.42 ± 5.45
63.93 ± 9.72
0.000
other organs in the body [9]. The main
cause of CAS is the abnormal level of
Table 4. Comparison of inflammatory factor levels between
blood lipids in the body and the atthe observation group and control group
tachment of cholesterol to the inner
arterial wall, leading to arterial intimal
Inflammatory
Observation group Control group
P
thickening and plaque formation, and
factor
(n = 90)
(n = 110)
luminal stenosis [10]. At the same
SAA (mg/L)
36.68 ± 15.43
15.85 ± 6.33 0.001
time, an abnormal level of blood lipids
CRP (mg/L)
12.53 ± 8.56
2.95 ± 1.82
0.001
is closely related to the occurrence
IL-6 (pg/mL)
202.45 ± 25.71
78.42 ± 6.95 0.003
and development of fatty liver, and
the morbidity rate of fatty liver is also
Comparison of inflammatory factor levels begradually increasing due to changes in diet and
tween observation group and control group
decline in exercise [11]. A fatty liver can exist
independently or interact with other diseases.
The levels of inflammatory factors, including
The levels of blood lipid and cholesterol in fatty
SAA, CRP, and IL-6, in the observation group
liver patients are significantly higher than those
were markedly higher than those in control
in people without fatty liver [12]. Studies have
group, all (P<0.05) (Table 4).
found that an increased level of SAA is a risk
factor for fatty liver [13]. SAA is a polymorphic
Comparison of degree of arteriosclerosis
protein that can affect the metabolism of HDL
degree between the observation and control
in the body to a certain extent, and HDL posgroups
sesses an anti-atherosclerotic effect, so the
SAA level will be abnormally increased in patiThe observation group had higher whole blood
low shear viscosity, whole blood high shear visents with CAS and fatty liver [14]. Also, CRP and
Observation group
(n = 90)
94.23 ± 19.65
85.72 ± 14.93
97.66 ± 9.75
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Control group
(n = 110)
42.66 ± 17.93
38.78 ± 13.76
40.29 ± 10.94
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Table 5. Comparison of degree of arteriosclerosis between the observation group and control group
Index
Whole blood low shear viscosity (mPa.s)
Whole blood high shear viscosity (mPa.s)
Plasma viscosity (mPa.s)

Observation group (n = 90)
10.35 ± 2.84
6.65 ± 1.38
2.13 ± 0.58

Figure 1. Correlation between SAA and plasma viscosity.

Figure 2. Correlation between ALT and plasma viscosity.

IL-6 are factors produced by inflammatory cells,
that can aggravate the in vivo inflammatory
response, leading to the accumulation of
inflammatory cells in the body and promoting
the release of inflammatory mediators [15].
The occurrence and development of fatty liver
is also an inflammatory response process. In
the present study, it was found that the levels
of SAA, CRP, and IL-6 in CAS patients complicated by fatty liver were increased and significantly positively correlated with the plasma
viscosity.
The final product of oxidative stress in the
human body is MDA, which has cytotoxicity and
3025

Control group (n = 110)
7.62 ± 1.83
4.36 ± 1.27
1.59 ± 0.38

P
0.001
0.001
0.001

Figure 3. Correlation between GSH and plasma viscosity.

hidden carcinogenic properties, and an abnormal level of MDA can lead to abnormal apoptosis in vivo [16]. MDA is formed by excessive free
radical oxidative stress in extracellular membrane lipids, which can result in mitochondrial
enzyme metabolic disorders and damage liver
cell function [17]. SOD is an active protease
containing metal elements, which decreases
superoxide radicals in the body to reduce harmful oxygen free radicals, thereby keeping a normal oxidative stress status [17]. Many studies
have demonstrated that the level of SOD in
fatty liver patients significantly declines, indicating that SOD can inhibit the oxidative stress
and abnormal inflammatory response caused
by excessive accumulation of fat in the body,
and can also protect liver cells [18]. GSH, a
polypeptide, has widespread effects and plays
an important role in the tricarboxylic acid cycle
and glucose metabolism in the body [19], which
can not only provide enough energy, but also
activates various peptides involved in the
redox reaction. Moreover, GSH can bind to oxygen free radicals and protect the sulphydryl
group in the cell membrane, thereby resisting
the damage of other factors on organs [20].
Conclusion
It was found that the level of MDA in CAS
patients complicated by fatty liver was signifiInt J Clin Exp Pathol 2019;12(8):3022-3026
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cantly higher than that in patients without fatty
liver, while the levels of SOD and GSH were
lower than in those without fatty liver. This suggests that the oxidative stress status and
inflammatory factor levels in CAS patients are
closely associated with fatty liver.

[9]

Disclosure of conflict of interest

[11]

[10]

None.
Address correspondence to: Zengqiang Sun, Department of Neurology, Linzi District People’s Hospital, No. 139, Renmin Road, Linzi, Zibo 255400,
Shandong, China. Tel: +86-0533-7162022; Fax:
+86-0533-7162022; E-mail: zengqiangsun313@
163.com

[12]

[13]

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Ridker PM, Hennekens CH, Buring JE, Rifai N.
Creactive protein and other markers of inflammation in the prediction of cardiovascular disease in women. N Engl J Med 2000; 342: 83643.
Jousilahti P, Salomaa V, Rasi V, Vahtera E, Palosuo T. The association of creactive protein, serum amyloid A and fibrinogen with prevalent
coronary heart disease-baseline findings of
the PAIS project. Atherosclerosis 2001; 156:
451-6.
Knobler H, Schattner A, Zhornicki T, Malnick
SD, Keter D, Sokolovskaya N, Lurie Y, Bass DD.
Fatty liver an additional and treatable feature
of the insulin resistance syndrome. QJM 1999;
92: 73-9.
Danesh J, Muir J, Wong YK, Ward M, Gallimore
JR, Pepys MB. Risk factors for coronary heart
disease and acute-phase proteins. A population-based study. Eur Heart J 1999; 20: 954-9.
Li Y, Zhong X, Cheng G. Hs-CRP and all-cause,
cardiovascular, and cancer mortality risk: a
meta-analysis. Atherosclerosis 2017; 259: 7582.
Qian T, Tian L, Li Y. Value of the combined examination of Cys-C and HbA1c for diagnosis of
early renal injury in pediatric diabetes. Exp
Ther Med 2017; 13: 515-518.
Seo WK, Kim YJ, Lee J, Kwon SU; PICASSO Investigators. Design and rationale of the intimamedial thickness sub-study of the prevention
of cardiovascular events in ischemic stroke
patients with high risk of cerebral hemorrhage
(PICASSO-IMT) study. J Stroke Cerebrovasc Dis
2017; 26: 1892-1898.
Mizukami H, Hara S, Kobayashi M. An autopsy
case of bilateral adrenal pheochromocytomaassociated cerebral hemorrhage. Leg Med (Tokyo) 2013; 15: 91-95.

3026

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Poggiogalle E, Donini LM, Lenzi A. Non-alcoholic fatty liver disease connections with fat-free
tissues: a focus on bone and skeletal muscle.
World J Gastroenterol 2017; 23: 1747-1757.
Seto WK, Yuen MF. Nonalcoholic fatty liver disease in Asia: emerging perspectives. J Gastroenterol 2017; 52: 164-174.
Shen W, Zhou J, Wang C. High mobility group
box 1 induces calcification of aortic valve interstitial cells via toll-like receptor 4. Mol Med Rep
2017; 15: 2530-2536.
Vogel S, Rath D, Borst O. Platelet-derived highmobility group box 1 promotes recruitment and
suppresses apoptosis of monocytes. Biochem
Biophys Res Commun 2016; 478: 143-148.
Xu M, Zhou GM, Wang LH. Inhibiting high-mobility group box 1 (HMGB1) attenuates inflammatory cytokine expression and neurological
deficit in ischemic brain injury following cardiac arrest in rats. Inflammation 2016; 39:
1594-1602.
Cui W, Li L, Li D. Total glycosides of Yupingfeng
protects against bleomycin-induced pulmonary fibrosis in rats associated with reduced
high mobility group box 1 activation and epithelial-mesenchymal transition. Inflamm Res
2015; 64: 953-961.
Yang N, Liang Y, Yang P. TNF-α receptor antagonist attenuates isoflurane-induced cognitive
impairment in aged rats. Exp Ther Med 2016;
12: 463-468.
Huang WC, Dai YW, Peng HL. Phloretin ameliorates chemokines and ICAM-1 expression via
blocking of the NF-κB pathway in the TNFαinduced HaCaT human keratinocytes. Int Immunopharmacol 2015; 27: 32-37.
Atiba AS, Abbiyesuku FM, Oparinde DP. Plasma
malondialdehyde (MDA): an indication of liver
damage in women with pre-eclamsia. Ethiop J
Health Sci 2016; 26: 479-486.
Wang SJ, Zhao SJ, Wang YS. Effects of estrogen intervention on the biomechanical characteristics of serum SOD, MDA, and middle cerebral artery in aged female rats. Clin Exp Obstet
Gynecol 2015; 42: 295-299.
Deevska G, Sunkara M, Karakashian C. Effect
of procysteine on aging-associated changes in
hepatic GSH and SMase: evidence for transcriptional regulation of smpd3. J Lipid Res
2014; 55: 2041-2052.
Tang Z, Chen F, Huang J. Low-dose cerebral CT
perfusion imaging (CTPI) of senile dementia:
diagnostic performance. Arch Gerontol Geriatr
2013; 56: 61-70.

Int J Clin Exp Pathol 2019;12(8):3022-3026

