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Elderly population is in high risk of carotid atherosclerosis and artery stenosis (CAS). It has been proved that PON1
polymorphism is associated with low-density lipoprotein (LDL) oxidation, which plays an important role in artery
atherosclerosis. CAS is an important cause of ischemic stroke. This study is aimed at investigating the association of PON1
(rs662) polymorphism with the risk of CAS among elderly Chinese population. Consecutive elderly patients with CAS were
enrolled into the study. Genotyping for PON1 (rs662) polymorphism was performed on all participants. There were 310
CAS patients in this study, with 88 symptomatic CAS and 222 asymptomatic CAS. G allele had a frequency of 59.66% in
symptomatic CAS (sCAS); and A allele had an incidence of 36.93% in asymptomatic CAS (aCAS) (P < 0:05). In all CAS
patients with and without symptom, no associations were found in any genotype comparison. However, among aCAS
subjects, based on GA phenotype, the odds ratio (OR) of the mutant GG with stenosis severity was 0.20 (P = 0:01). The OR
of GG+GA mutation was 0.28 for moderate/severe severity, compared with GA type (P = 0:03). This study indicates that
PON1 (rs662) polymorphism is not associated with the presence of symptom among CAS patients. Moreover, PON1 (rs662)
polymorphism correlates with stenosis severity among aCAS.

1. Introduction

Carotid artery stenosis (CAS) is a well-defined factor of
stroke risk [1], which accounts for approximately 10-15%
of population with ischemic stroke [2]. Elderly population
is in high risk of artery atherosclerosis and subsequent ste-
nosis pathology. Low-density lipoprotein (LDL) is the
main carrier of cholesterol across the body. Elevated LDL
has been recognized as the inducer of atherosclerosis [3].
The oxidized LDL plays an important role in the athero-
sclerosis change in the artery system by inducing inflam-
mation and lipid deposition [4].

Human paraoxonase (PON) is primarily synthesized in the
liver, and further, it is produced into circulation with associa-
tions with high-density lipoprotein (HDL) activity [5, 6].
PON1 gene is discovered on the chromosome 7 between
q21.3 and q22.1 [7]. PON1 is a calcium-dependent esterase

involved in the activity of HDL, which is capable of hydrolyzing
a wide range of subtracts [8]. It combines with arylesterase and
catalyses the hydrolysis of organophosphate esters, aromatic
carboxylic acid esters, and carbamates [9]. PON1 is proved
to be associated with the hydrolysis of oxidized phospho-
lipids in oxidized LDL [10]. It inhibits the oxidation of
LDL and prevents the subsequent atherosclerosis change in
the carotid artery [11]. There are several polymorphisms in
the PIN1 gene. The rs662 SNP leads to transition between
adenine and guanine nucleobases that results in glutamine-
to-arginine substitution at codon 192 (Q192R) [12]. The
genotype AA is linked with an unfavorable lipid status and
low PON1 activity in patients [13]. However, the associations
of PON1 polymorphism with CAS risk remain unknown.

The aim of this study was to evaluate the correlation
of PON1 polymorphism in CAS among elderly Chinese
population.
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2. Materials and Methods

2.1. Population. The study population consisted of elderly
subjects (65-80 years old) admitted to our hospital during
January 2016 to January 2019. All patients received ultra-
sound, computed tomography angiography (CTA), or digital
subtraction angiography (DSA) examination on the carotid
artery. Carotid artery stenosis was defined using the criteria
previously published [14]. According to the current guide-
lines and studies, symptomatic CAS (sCAS) is defined as
the association with symptoms in the preceding 6 months;
and asymptomatic CAS (aCAS) is seen as no prior symptoms
can be identified or when symptoms occurred >6 months ago
[14, 15]. The informed written consent was obtained from all
subjects upon enrollment. The study protocol was approved
by the institutional ethics committee of Yijishan Hospital,
Wannan Medical College. Demographic characteristics,
medical history (smoking, alcohol use, hypertension, diabe-
tes, and acute coronary disease), and the severity of CAS
are recorded in Table 1.

2.2. PCR. The protocol was reported by our previous study
[16]. Generally, the genotype of venous blood was deter-
mined through nonamplified fluorescence staining in situ
hybridization (Beijing Precision Medical Platform analysis
software package). Peripheral blood samples (3-6ml) were
collected in EDTA-contained tubes. The pretreatment solu-
tion (10 × NH4Cl) and double-distilled water (1 : 9) were
added into the working fluid (1 × NH4Cl). Then, 1.2ml of
the working fluid was added to 1.5ml centrifuge tubes, and
subsequently, the blood sample (150-200μl) was moved into
the tube. The supernatant was removed after centrifugation
at 3000 rpm. Add 30-50ml of nucleic acid purification
regents (Beijing Huaxia Times Gene Technology Co., Ltd.)
after the precipitate to get a leukocyte suspension. Then.
1.5μl of the suspension was added to a digoxin dyeing solu-
tion (Beijing Huaxia Times Gene Technology Co., Ltd.),
mixed, and centrifuged for a short time. After that, the tube
cap was sealed tightly, and the tube was placed into a fluores-
cent detector. The signal intensity was examined by fluores-
cence in situ hybridization and chromosome karyotype
analysis system to obtain the fluorescence curve. The PON1
(rs662) gene locus was genotyped.

2.3. Statistical Analysis. Data were analyzed using SPSS 23.0
software. Variables were presented as mean ± standard
deviation ðSDÞ, median with interquartile ranges (IQR), or
frequencies. A χ2 was used to compare categorical variables.
Student’s t-test or MU test was applied for continuous vari-
ables. Multivariable regression analysis was done to assess
the associations between PON1 polymorphism and CAS
with and without symptom, as well as the relations of
PON1 with CAS severity. All tests of significance were two-
sided with a P value less than 0.05.

3. Results

3.1. The Baseline Characteristics of CAS Participants. The
baseline characteristics of the participants in this study are
shown in Table 1. There were 345 patients in this study

(204 males and 87 females). Among them, 92 patients were
classified as symptomatic CAS and 253 subjects were in the
asymptomatic CAS group. sCAS intended to have a higher
rate of male ones (78.41% vs. 60.81%) and more smoking
ones (22.73% vs. 11.71%), compared to aCAS (P < 0:05).
The results of genotyping for PON1 in all CAS patients are
shown in Figure 1. Moreover, there were 32 GG, 41 GA,
and 15 AA mutation cases in sCAS (Figure 2); and 35 GG,
94 GA, and 93 AA mutations were found in aCAS
(Figure 3). The distribution frequency of PON1 genotypes
between them was not significant (P = 0:67). Moreover, G
allele had a frequency of 62.87% in sCAS and 36.94% in aCAS
(P < 0:05).

Table 1: The baseline characteristics of the study participants.

Variables sCAS aCAS P

No. of subjects 88 222 —

Age (years) 72:14 ± 4:65 71:68 ± 4:44 0.43

Gender (M) 69 135 0.002

Smoking 20 26 0.02

Alcohol 7 14 0.62

HTD 174 68 0.88

DM 30 53 0.09

ACS 20 35 0.19

PON1 — — 0.67

GG 32 35 —

GA 41 94 —

AA 15 93 —

G/A 105/71 164/280 <0.001
CAS severity — — <0.001
Mild 24 202 —

Moderate 22 12 —

Severe 42 8 —

sCAS: symptomatic carotid artery stenosis; aCAS: asymptomatic carotid
artery stenosis; M: male; F: female; DM: diabetes mellitus; ACS: acute
coronary syndrome.
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Figure 1: The genotype distribution of PON1 (rs662)
polymorphism in all CAS patients. CAS: carotid artery stenosis.
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3.2. The Performances of PON1 Polymorphisms in
Symptomatic and Asymptomatic CAS. We also showed the
characteristics of sCAS and aCAS based on the severity of
artery stenosis (Table 2). In sCAS, the frequencies of G were
62.50% and 58.59% in the mild and moderate/severe groups,
respectively. Meanwhile, G had a frequency of 61.39% and
80.00% in the mild and moderate/severe groups, respectively,
among aCAS population. For sCAS, the proportions of GG,
GA, and AA in the mild severity group were 9 (37.50%), 12
(50.00%), and 3 (12.50%), whereas those in the moderate/se-
vere subgroup were 23 (35.94%), 29 (45.31%), and 12
(18.75%), respectively. No differences were found in the
overall comparison (P = 0:78). When we analyzed the pro-
portions of GG, GA, and AA in mild aCAS, they were 79
(39.11%), 90 (44.55%), and 33 (16.34%); and those in the
moderate/severe subgroup were 14 (70.00%), 4 (20.00%),
and 2 (10.00%), respectively. There were significant differ-
ences among groups (P = 0:03).

3.3. Associations between PON1 Polymorphisms and CAS.
Multivariate regression analysis was done to investigate the

association between PON1 genotype and CAS (Table 3). In
the overall analysis of CAS with and without symptom, no
associations were found in any comparison. Also, no signifi-
cances were discovered in all CAS sufferers, when analyzing
the relations between CAS severity and polymorphic forms
of PON1. However, we found that in aCAS, based on GA
phenotype, the odds ratio (OR) of the mutant GGwith steno-
sis severity was 0.20 (P = 0:01). And the OR of GG+GA
mutation was 0.28 for moderate/severe severity, compared
with GA type (P = 0:03).

4. Discussion

The current study analyzed the polymorphic types of PON1
(rs662) in CAS. It is well known that atherosclerosis is a com-
mon pathological change among elderly population [17].
Atherosclerosis and stenosis of the carotid artery pose a high
risk of ischemic stroke among these elderly subjects [18].
CAS has been proved to be associated with dyslipidemia, vas-
cular inflammation, and oxidative stress [19–21]. High level
of LDL is a major cause for this pathology; the oxidation of
LDL enhances the inflammatory status in the vascular system
[22]. PON1 is an antioxidant enzyme bounded with HDL
and could alleviate the oxidation of LDL [23].

It has been validated that the polymorphism of this gene
in rs662 locus is associated with cardiovascular disease [24].
We found in the study that a higher rate of G presence existed
in aCAS, compared with sCAS. However, the differences of G
allele presence between CAS severity among sCAS and aCAS
did not keep the same trend. We then speculated that the
G/A allele was not associated with CAS severity. But the sam-
ple size was quite limited, which might hinder the credibility
of the results.

Importantly, we investigated the associations of PON1
genotypes with CAS severity in those symptomatic and
asymptomatic ones. We found that, compared to those with
GG type, aCAS with GG type tended to have a low risk to
bear moderate/severe severity (mild severity as reference:
OR: 0.20 (0.06, 0.67)). Our findings indicated that PON1
polymorphism was associated with the severity of aCAS.
This is consistent with previous understanding of the role
of PON1. It has been proved that PON1 plays an important
role in antioxidant activity among diabetic patients [7, 25].
PON1 regulates HDL-mediated cholesterol efflux from
macrophages [26]. The rs662 SNP is the one that could
induce the substitution of Q192R and contributes to lower
PON1 activity [24]. Thus, it is believed that GG phenotype
is associated with decreased oxidative stress, reducing the
risk of atherosclerosis. However, no associations were
found among sCAS patients. Previous studies have indi-
cated that sCAS and aCAS have different plaque formation
and characteristics. We then speculated that PON1 was
associated with the features of plaques in CAS and other
atherosclerosis diseases.

However, among the subgroup of aCAS, we only found
that GG+AA type was associated with a low risk of modera-
te/severe severity (mild severity as reference: 0.28 (0.09,
0.85)). This is quite contrary to the current understanding
of the antioxidant effects of GG and AA genotypes. So
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Figure 2: The genotype distribution of PON1 (rs662) polymorphism
in sCAS patients. sCAS: symptomatic carotid artery stenosis.
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Figure 3: The genotype distribution of PON1 (rs662)
polymorphism in aCAS patients. aCAS: asymptomatic carotid
artery stenosis.
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PON1 (rs662) might participate in the formation of CAS
through other pathways.

We here address some limitations of the study. Only
single-center participants were enrolled, with relatively small
sample size. This might be improved by this ongoing study.
Also, it is a cross-sectional study. It will be more convincing
with the longitudinal analysis of stenosis severity. The com-
prehensiveness of the PON1 study could be better if other
polymorphic types of PON1 could be studied.

5. Conclusion

In conclusion, this study indicates that PON1 (rs662) poly-
morphism is not associated with the presence of symptom
among CAS patients. Moreover, PON1 (rs662) polymor-
phism correlates with stenosis severity among aCAS.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author.

Conflicts of Interest

There were no conflicts of interest among the authors.

Authors’ Contributions

Jianyun Sun and Long Wang contributed equally to this
study.

References

[1] E. B. Mathiesen, K. H. Bonaa, and O. Joakimsen, “Low levels of
high-density lipoprotein cholesterol are associated with echo-
lucent carotid artery Plaques,” Stroke, vol. 32, no. 9,
pp. 1960–1965, 2001.

[2] A. Kastrup, “Carotid artery disease,” in Comprehensive Cardio-
vascular Medicine in the Primary Care Setting, P. P. Toth and
C. P. Cannon, Eds., pp. 325–335, Springer International Pub-
lishing, 2019.

[3] H. Drexel, S. Aczel, T. Marte et al., “Is atherosclerosis in diabe-
tes and impaired fasting glucose driven by elevated LDL cho-
lesterol or by decreased HDL cholesterol?,” Diabetes Care,
vol. 28, no. 1, pp. 101–107, 2005.

Table 2: The comparative analysis of the symptomatic and asymptomatic CAS.

Variables
sCAS P aCAS P

Mild Moderate/severe Mild Moderate/severe

No. 24 64 — 202 20 —

Age (years) 71:71 ± 4:39 72:67 ± 4:50 0.036 72:12 ± 4:65 72:30 ± 4:75 0.87

Gender (M) 18 51 1.00 116 19 0.001

Smoking 7 13 0.40 20 6 0.02

Alcohol 3 4 0.39 10 4 0.03

HTD 15 53 0.05 157 17 0.58

DM 10 20 0.45 50 3 0.42

ACS 3 17 0.25 30 5 0.33

PON1 — — 0.78 — — 0.03

GG 9 23 — 79 14 —

GA 12 29 — 90 4 —

AA 3 12 — 33 2 —

G/A 30/18 75/53 0.73 248/156 32/8 0.03

sCAS: symptomatic carotid artery stenosis; aCAS: asymptomatic carotid artery stenosis; M: male; F: female; DM: diabetes mellitus; ACS: acute coronary
syndrome.

Table 3: The association between PON1 (rs662) polymorphism and CAS severity.

Symptomatic CAS severity

Comparisons
All CAS

P
All CAS

P
sCAS

P
aCAS

P
OR OR OR OR

AA vs. GG 1.26 [0.72, 2.22] 0.42 0.48 [0.22, 1.04] 0.06 1.24 [0.40, 3.83] 0.71 3.08 [0.62, 15.19] 0.17

AA vs. GA 1.31 [0.62, 2.80] 0.48 0.70 [0.25, 1.91] 0.48 2.21 [0.42, 11.65] 0.35 0.61 [0.10, 3.72] 0.59

GA vs. GG 0.96 [0.46, 2.02] 0.92 0.68 [0.25, 1.86] 0.46 0.56 [0.12, 2.66] 0.47 0.20 [0.06, 0.67] 0.01∗

GG vs. GA+AA 1.28 [0.75, 2.16] 0.37 1.76 [0.85, 3.66] 0.13 0.50 [0.12, 2.12] 0.34 3.01 [0.37, 24.67] 0.30

GA vs. GG+AA 0.86 [0.51, 1.44] 0.55 0.64 [0.31, 1.31] 0.22 1.29 [0.46, 3.62] 0.63 0.28 [0.09, 0.85] 0.03∗

AA vs. GG+GA 0.86 [0.43, 1.72] 0.68 0.81 [0.31, 2.13] 0.66 1.14 [0.43, 3.01] 0.79 2.55 [0.77, 8.50] 0.13

4 Oxidative Medicine and Cellular Longevity



[4] A. Trpkovic, I. Resanovic, J. Stanimirovic et al., “Oxidized low-
density lipoprotein as a biomarker of cardiovascular diseases,”
Critical Reviews in Clinical Laboratory Sciences, vol. 52, no. 2,
pp. 70–85, 2015.

[5] J. Camps, J. Marsillach, and J. Joven, “Measurement of serum
paraoxonase-1 activity in the evaluation of liver function,”
World Journal of Gastroenterology, vol. 15, no. 16, pp. 1929–
1933, 2009.

[6] X. Moren, M. Lhomme, A. Bulla, J. C. Sanchez, A. Kontush,
and R. W. James, “Proteomic and lipidomic analyses of para-
oxonase defined high density lipoprotein particles: association
of paraoxonase with the anti-coagulant, protein S,” Proteomics
Clinical Applications, vol. 10, no. 3, pp. 230–238, 2016.

[7] P. Gomathi, A. C. Iyer, P. S. Murugan et al., “Association of
paraoxonase-1 gene polymorphisms with insulin resistance
in South Indian population,” Gene, vol. 650, pp. 55–59, 2018.

[8] D. I. Draganov, J. F. Teiber, A. Speelman, Y. Osawa,
R. Sunahara, and B. N. La Du, “Human paraoxonases
(PON1, PON2, and PON3) are lactonases with overlapping
and distinct substrate specificities,” Journal of Lipid Research,
vol. 46, no. 6, pp. 1239–1247, 2005.

[9] P. Kresanov, T. Vasankari, M. Ahotupa et al., “Paraoxonase-1
and oxidized lipoprotein lipids. The cardiovascular risk in
Young Finns Study,” Atherosclerosis, vol. 241, no. 2, pp. 502–
506, 2015.

[10] J. T. Salonen, R. Malin, T. P. Tuomainen, K. Nyyssonen, T. A.
Lakka, and T. Lehtimaki, “Polymorphism in high density lipo-
protein paraoxonase gene and risk of acute myocardial infarc-
tion in men: prospective nested case-control study,” BMJ,
vol. 319, no. 7208, pp. 487–9; discussion 490, 1999, 490.

[11] M. Boemi, I. Leviev, C. Sirolla, C. Pieri, M. Marra, and R. W.
James, “Serum paraoxonase is reduced in type 1 diabetic
patients compared to non-diabetic, first degree relatives; influ-
ence on the ability of HDL to protect LDL from oxidation,”
Atherosclerosis, vol. 155, no. 1, pp. 229–235, 2001.

[12] Z. Luo, L. Pu, I. Muhammad, Y. Chen, and X. Sun, “Associa-
tions of the PON1 rs662 polymorphism with circulating oxi-
dized low-density lipoprotein and lipid levels: a systematic
review and meta-analysis,” Lipids in Health and Disease,
vol. 17, no. 1, p. 281, 2018.

[13] A. Szpakowicz, W. Pepinski, E. Waszkiewicz et al., “The influ-
ence of renal function on the association of rs854560 polymor-
phism of paraoxonase 1 gene with long-term prognosis in
patients after myocardial infarction,” Heart and Vessels,
vol. 31, no. 1, pp. 15–22, 2016.

[14] V. Aboyans, J. B. Ricco, M. L. E. L. Bartelink et al., “2017 ESC
guidelines on the diagnosis and treatment of peripheral arterial
diseases, in collaboration with the European Society for Vascu-
lar Surgery (ESVS),” Revista Española de Cardiología, vol. 71,
no. 2, p. 111, 2018.

[15] A. L. Abbott, K. I. Paraskevas, S. K. Kakkos et al., “Systematic
review of guidelines for the management of asymptomatic
and symptomatic carotid stenosis,” Stroke, vol. 46, no. 11,
pp. 3288–3301, 2015.

[16] X. Ding, Q. Yang, L. Su, X. Huang, and Z. Zhou, “Correlation
between C3435T locus of ABCB1 gene and poststroke depres-
sion in China,” DNA and Cell Biology, vol. 38, no. 8, pp. 808–
813, 2019.

[17] P. E. Stang, A. P. Carson, K. M. Rose et al., “Headache, cere-
brovascular symptoms, and stroke: the Atherosclerosis Risk
in Communities Study,” Neurology, vol. 64, no. 9, pp. 1573–
1577, 2005.

[18] A. C. Tomeo, M. Geller, T. R. Watkins, A. Gapor, and M. L.
Bierenbaum, “Antioxidant effects of tocotrienols in patients
with hyperlipidemia and carotid stenosis,” Lipids, vol. 30,
no. 12, pp. 1179–1183, 1995.

[19] T. Kitagawa, H. Kosuge, M. Uchida et al., “RGD-conjugated
human ferritin nanoparticles for imaging vascular inflamma-
tion and angiogenesis in experimental carotid and aortic dis-
ease,” Molecular Imaging and Biology, vol. 14, no. 3, pp. 315–
324, 2012.

[20] B. Dursun, E. Dursun, G. Suleymanlar et al., “Carotid artery
intima-media thickness correlates with oxidative stress in
chronic haemodialysis patients with accelerated atherosclero-
sis,” Nephrology, Dialysis, Transplantation, vol. 23, no. 5,
pp. 1697–1703, 2008.

[21] A. Kontush, S. Chantepie, and M. J. Chapman, “Small, dense
HDL particles exert potent protection of atherogenic LDL
against oxidative stress,” Arteriosclerosis, Thrombosis, and
Vascular Biology, vol. 23, no. 10, pp. 1881–1888, 2003.

[22] O. Rozenberg, M. Rosenblat, R. Coleman, D. M. Shih, and
M. Aviram, “Paraoxonase (PON1) deficiency is associated
with increased macrophage oxidative stress: studies in
PON1-knockout mice,” Free Radical Biology & Medicine,
vol. 34, no. 6, pp. 774–784, 2003.

[23] T. Liu, X. Zhang, J. Zhang et al., “Association between PON1
rs662 polymorphism and coronary artery disease,” European
Journal of Clinical Nutrition, vol. 68, no. 9, pp. 1029–1035,
2014.

[24] B. Mackness, P. N. Durrington, B. Abuashia, A. J. Boulton, and
M. I. Mackness, “Low paraoxonase activity in type II diabetes
mellitus complicated by retinopathy,” Clinical Science,
vol. 98, no. 3, pp. 355–363, 2000.

[25] M. Rosenblat, J. Vaya, D. Shih, andM. Aviram, “Paraoxonase 1
(PON1) enhances HDL-mediated macrophage cholesterol
efflux via the ABCA1 transporter in association with increased
HDL binding to the cells: a possible role for lysophosphatidyl-
choline,” Atherosclerosis, vol. 179, no. 1, pp. 69–77, 2005.

[26] K. Skagen, K. Johnsrud, K. Evensen et al., “Carotid plaque
inflammation assessed with (18)F-FDG PET/CT is higher in
symptomatic compared with asymptomatic patients,” Interna-
tional Journal of Stroke, vol. 10, no. 5, pp. 730–736, 2015.

5Oxidative Medicine and Cellular Longevity


	The Association of Paraoxonase-1 Polymorphism with Carotid Artery Stenosis among Elderly Chinese Population
	1. Introduction
	2. Materials and Methods
	2.1. Population
	2.2. PCR
	2.3. Statistical Analysis

	3. Results
	3.1. The Baseline Characteristics of CAS Participants
	3.2. The Performances of PON1 Polymorphisms in Symptomatic and Asymptomatic CAS
	3.3. Associations between PON1 Polymorphisms and CAS

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions

