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Abstract
Background: Lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) plays an important role in the
pathophysiology of atherosclerosis and thrombosis. This study is aimed at evaluating the potential association of 3’UTR-C188T and G501C in LOX-1 gene with cerebral infarction.
Methods: A total of 386 patients with cerebral infarction and 386 healthy controls were included in the study,
which were unrelated Chinese Han population in the Liaoning Province of northern China. The single nucleotide
polymorphisms, 3’-UTR-C188T and G501C, were analyzed by polymerase chain reaction–ligation detection reaction
method.
Results: The frequencies of CC + GC genotype, GC genotype and C allele of G501C in the patients with cerebral
infarction were significantly higher than those in the controls (P < 0.01, P < 0.01, P = 0.04, respectively). The correlation
still remained after adjusting for confounding risk factors of cerebral infarction. In addition, no significant association
was observed between 3’-UTR-C188T and cerebral infarction.
Conclusions: The study indicated that the G501C variant in LOX-1 gene may be associated with susceptibility to cerebral infarction, independent of other common risk factors, in northern Chinese Han population.
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Background
Stroke is the second most common cause of death and
the leading cause of long-term disability worldwide [1].
In China, with 1.4 billion populations, the annual stroke
mortality rate has exceeded heart disease to become the
leading cause of death [2]. Additionally, an area of
higher stroke incidence exists in the provincial regions
of northern China [3]. Cerebral infarction, as the most
common type of stroke, accounts for about 43.7% to
78.9% of all strokes in China [4]. Many studies have
demonstrated that cerebral infarction is a heterogeneous
disease with a complex etiology involving both genetic
and environmental contributions [5,6].
Lectin-like oxidized low-density lipoprotein receptor-1
(LOX-1) is a trans-membrane glycoprotein which belongs
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to a class E scavenger receptor and mediates the uptake
and internalization of ox-LDL (oxidized low-density lipoprotein) [7]. Recent studies have showed that LOX-1 may
play an important role in the pathophysiology of atherosclerosis and thrombosis [8,9]. Human LOX-1 gene spans
over 7000 base pairs and consists of 6 exons and 5 introns
and is located on chromosome 12p12-p13 [10]. One polymorphism on the 3’-UTR of the LOX-1 gene, 188C-T, has
previously been found to be associated with coronary artery disease in Italian and USA population [11-13]. Another
polymorphism, a 501G-C transversion, has been found to
be associated with myocardial infarction and carotid atherosclerosis [14,15]. However, up to now, little is known
about whether the LOX-1 gene polymorphism is associated with the risk of cerebral infarction or not [16,17].
Therefore, in the present study, we investigated the association of these two LOX-1 gene polymorphisms (3’UTR-C188T, G501C) with cerebral infarction in Chinese
Han population.
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Table 1 Clinical characteristics of study subjects
Cases

Control

P value

62.1 ± 9.89

61.9 ± 9.84

0.83

Male gender, n (%)

267 (69.2)

265 (68.7)

0.88

BMI (Kg/m2)c

25.5 ± 3.25

25.2 ± 3.15

0.20

Hypertension, n (%)b

272 (70.5)

224 (58.0)

<0.01

Diabetes, n (%)b

138 (35.8)

72 (18.7)

<0.01

hyperlipidemia, n (%)b

173 (44.8)

136 (35.2)

<0.01

Smoking, n (%)b

134 (34.7)

70 (18.1)

<0.01

Agea
b

BMI, body mass index.
a
Mann–Whitney U test is applied.
b 2
χ test is applied.
c
Student's t- test is applied.

Results
A total of 386 cerebral infarction patients and 386
healthy controls were enrolled in this study. The characteristics of the patients and controls are shown in
Table 1. There were no significant differences in age,
gender, or body mass index (BMI). However, the prevalence of conventional risk factors for cerebral infarction,
such as hypertension, diabetes mellitus, hyperlipidemia
and smoking in the cerebral infarction patients was significantly higher than those in the controls.
The genotype and allele frequencies of two LOX-1
gene polymorphisms in patients and control subjects
were shown in Tables 2 and 3. All genotype distributions
in both patients and controls were in the HardyWeinberg equilibrium. For 3’-UTR-C188T, P was 0.14
and 0.86 for the patient and control groups, respectively;
while for G501C, P was 0.17 and 0.09 for the patient
and control groups, respectively. As shown in Tables 2
and 3, there was no significant difference in the distributions of genotypes and alleles of 3’-UTR-C188T between
cerebral infarction patients and controls. In contrast, the
significant association was observed for G501C in a
dominant model. A higher frequency of the CC + GC

genotype for G501C was observed in all participants
with cerebral infarction (OR = 1.505, 95% CI = 1.1142.033, P < 0.01). The GC genotype (35.0%) of G501C was
represented at an increased frequency in the group of
patients (OR = 1.596, 95% CI = 1.166-2.183, P < 0.01).
The frequency of G501C C allele was significantly higher
in patients with cerebral infarction than in the control
group (OR = 1.317, 95% CI = 1.018-1.705, P = 0.04).
Binary logistic regression with backward stepwise
method was used to evaluate the association between
G501C polymorphism in LOX-1 gene and the risk of
cerebral infarction in the dominant model. As shown in
Table 4, logistic regression analysis revealed that the CC +
GC genotype of G501C was significantly associated with
an increased risk of cerebral infarction (OR = 1.520, 95%
CI = 1.109-2.082, P < 0.01),as well as other conventional
risk factors (hypertension, diabetes mellitus, smoking but
not hyperlipidemia). In order to evaluate the goodness-offit of the model, we have used the Hosmer-Lemeshow test.
The model correctly predicted 61.7% of the cases and the
Hosmer-Lemeshow goodness-of-fit test demonstrated that
the calibration of the model was satisfactory (χ2 = 9.747,
8df, P = 0.283).

Discussion
This study investigated the association between LOX-1
gene polymorphisms, 3’-UTR-C188T and G501C, and
cerebral infarction in northern Chinese Han population.
In this study, we found that the genotypic and allelic frequencies of G501C were significantly associated with the
increased risk of cerebral infarction. However, no association of 3’-UTR-C188T with the risk of cerebral infarction was found.
The 3’-UTR-188 T variant may have effects on transcription at the gene level and affect the exon splicing or
the binding affinity of a putative regulatory element [13].
Therefore, the studies on different populations have

Table 2 Genotype and allele distributions of 3’-UTR-C188T in patients with cerebral infarction and controls
95% CI

P value

0.888

0.661-1.194

0.43

25 (6.5%)

0.518

0.263-1.024

0.06

157/229

174/212

0.835

0.628-1.111

0.22

14/372

25/361

0.543

0.278-1.062

0.07

0.648-1.035

0.10

Cases (%)

Control (%)

OR

CC

229 (59.3%)

212 (54.9%)

Reference

CT

143 (37.0%)

149 (38.6%)

TT

14 (3.6%)

Genotype

Dominant effect
TT + CT vs CC
Recessive effect
TT vs CT + CC
Allele
C

601 (77.8%)

573 (74.2%)

Reference

T

171 (22.2%)

199 (25.8%)

0.819

χ test is applied for calculation of P values.
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Table 3 Genotype and allele distributions of G501C in patients with cerebral infarction and controls
95% CI

P value

1.596

1.166-2.183

<0.01

15 (3.9%)

0.917

0.421-1.998

0.83

147/239

112/274

1.505

1.114-2.033

<0.01

12/374

15/371

0.794

0.367-1.718

0.56

G

613 (79.4%)

645 (83.5%)

Reference

C

159 (20.6%)

127 (16.5%)

1.317

1.018-1.705

0.04

Cases (%)

Control (%)

OR

GG

239 (61.9%)

274 (71.0%)

Reference

GC

135 (35.0%)

97 (25.1%)

CC

12 (3.1%)

Genotype

Dominant effect
CC + GC vs GG
Recessive effect
CC vs GC + GG
Allele

χ2 test is applied for calculation of P values.

been performed to uncover whether 3’-UTR-C188T in
LOX-1 gene could participate in cardiovascular disease.
Mango and Noveli [11,12] found that there was significant association between 3’-UTR-C188T variant and coronary artery disease in Italian population, indicating that
carrier of allele T increased the risk of cardiovascular
events, which was consistent to USA population as reported by Chen [13]. Nevertheless, this association has
not been replicated in Italian population by Trabetti or
Sentinelli [18,19]. In this study, for the first time, we
focus our attention on the association between 3’-UTRC188T in LOX-1 gene and cerebral infarction. We found
that the TT + CT genotype, the TT genotype, the CT
genotype and T allele of 3’-UTR-C188T were not associated with the increased risk of cerebral infarction in
Chinese Han population.
As for G501C variant in LOX-1 gene, its association
with cardiovascular disease is also quite contradictory.
Tatsuguchi et al. [14] found the significant association of
G501C variant with myocardial infarction in Japanese
population, which was opposite to Turkish population as
reported by Kurnaz [20]. As for cerebral infarction,
Hattori et al. [17] found that the CC + GC genotype and
the C allele were not associated with cerebral infarction
in Japanese population (P = 0.48, P = 0.91). However, in
this study, we found that the CC + GC genotype, the GC
genotype and C allele of G501C were significantly associated with the increased risk of cerebral infarction in
Chinese Han population. After adjusting for the confounding risk factors, this significant correlation still
remained. There are two potential explanations for the
divergent results. Genetic heterogeneity may be the important reason. Genotype frequencies of the G501C in
our control subjects (71% GG, 25% GC, and 4% CC) are
different from those in Japanese population (61% GG,
36% GC, and 3% CC). In addition, the relative small
sample size of Hattori’s study, consisting of 235 patients

with cerebral infarction and 274 controls, might be more
likely to get false negative results.
How can we explain the association between G501C
in LOX-1 gene and cerebral infarction in Chinese population? 1) LOX-1 is involved in endothelial activation
and dysfunction, monocyte adhesion, the proliferation,
migration, and apoptosis of smooth muscle cells, foam
cell formation, plaque instability, as well as platelet activation; all of these events are critical in the pathogenesis
of atherosclerosis and thrombosis [9,21]. 2) The G501C
polymorphism is a coding region variant identified in
the LOX-1 gene, which causes an amino acidic substitution (lysine to asparagine at position 167 in the Cterminal domain). Functional analysis has demonstrated
that the substitution reduces ox-LDL binding and uptake
in vitro. This nonsynonymous change also alters the oxLDL -induced LOX-1 expression [22].

Conclusions
In summary, our study demonstrated that G501C, but not
3’-UTR-C188T, in LOX-1 gene may be associated with
susceptibility to cerebral infarction, independent of other
common risk factors, in northern Chinese Han population. However, the present study also has some limitations, such as the relative small sample size. Therefore,
well-designed studies with large sample sizes regarding
the association of LOX-1 gene polymorphisms with
Table 4 Cerebral infarction risk factors and G501C in the
logistic regression analysis
Adjusted OR

95% CI

P value

hypertension

1.522

1.112-2.081

<0.01

Diabetes

2.305

1.633-3.254

<0.01

Smoking

2.418

1.717-3.407

<0.01

CC + GC vs GG

1.520

1.109-2.082

<0.01
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Table 5 Primer sequences of 3’-UTR-C188T and G501C
SNPs

Primer sequences

3’-UTR-C188T

Forward: 5’ TTAGGAGTGTGAGGGGAAGGTGA 3’
Reverse: 5’ CCTTTGCAGAAACTGGGGTTCC 3’

G501C

Forward: 5’ TGTCCGTCCAAGGTCATACACAA 3’
Reverse: 5’ CCTTGTCCGCAAGACTGGATCT 3’

cerebral infarction on different ethnic population will be
needed to verify these findings in the future.
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informed consents for the study were obtained from all
participants.
Clinical records of patients and controls, including the
general condition, past history, blood pressure, fasting
blood glucose, serum triglyceride, and total cholesterol,
were collected. For patients, brain CT or MRI, echocardiography, carotid ultrasound, transcranial Doppler, and
electrocardiogram were also required. Hyperlipidemia was
defined as a total plasma cholesterol level >5.72 mmol/L
and/or plasma triglycerides level >1.7 mmol/L, or current
use of lipid-lowering drugs.

Methods
Subjects

DNA Extraction and Genotyping

The present study included 386 cerebral infarction patients and 386 healthy controls, which were unrelated
Chinese Han population in the Liaoning Province of
northern China. The patients were consecutively hospitalized in the Department of Neurology, the First Affiliated Hospital of China Medical University between
September 2011 and December 2012. Eligible patients
were defined as those who were first diagnosed with
acute cerebral infarction according to neurological
examination and radiological imaging. According to
TOAST classification, cerebral infarction can be divided
into five subtypes: 1) large-artery atherosclerosis (LAA),
2) small-vessel occlusion (SVO), 3) cardioembolism
(CE), 4) stroke of other determined etiology, and 5)
stroke of undetermined etiology [23]. Patients with LAA
and SVO, two most common subtypes of cerebral infarction, were included while other subtypes were excluded.
Patients with transient ischemic attack, cerebral trauma,
cerebrovascular malformations, coagulation disorders,
autoimmune diseases, tumors, and chronic infection diseases were all intentionally excluded from this study.
The controls were recruited from the health examination department of the Red Cross Hospital, matched by
sex and age, without clinical or radiological evidence of
stroke and other neurological diseases. This study was
performed according to Declaration of Helsinki and the
standards established by the Ethics Committees of both
hospitals. The Ethics Committees of both hospitals
reviewed and approved the study protocol, and written

Genomic DNA was extracted from EDTA-anticoagulated
peripheral blood by a DNA Purification Kit (Promega,
Madison, USA). Genotypings were determined using the
polymerase chain reaction-ligation detection reaction
(PCR-LDR) method [24]. DNA purity was assessed by
spectrophotometry, and DNA samples were stored at −20°C.
The sequences of primers for PCR are shown in Table 5.
PCR amplification was performed in a total volume of
10 μL that contained 1× GC buffer I (Takara, Japan),
3.0 mM Mg2+ (Takara, Japan), 0.3 mM dNTP (Generay
Biotech, China), 1 U HotStarTaq polymerase (Qiagen,
Germany), 1 μL each primers (Sangon, China) and 1 μL
genomic DNA. The PCR cycling program was set at 95°C
for 2 min, followed by 11 cycles of 94°C for 20 s, 65°C (decreased 0.5°C per cycle) for 40 s, 72°C for 1.5 min, and
then 24 cycles of 94°C for 20 s, 59°C for 30 s, and 72°C for
1.5 min, and a final extension at 72°C for 2 min. Then
shrimp alkaline phosphatase (Promega, USA) and Exonuclease I (Epicenter, USA) were added into the PCR
products for purification. The probes for LDR are shown
in Table 6. The LDR reactions for each PCR product were
performed in a final volume of 10 μL, containing 1 μL 10×
ligase reaction buffer (New England Biolabs, USA), 2 μL
purified PCR product, 0.4 μL 5’ ligase primer (1 μM) mixture (Sangon, China), 0.4 μL 3’ ligase primer (2 μM) mixture (Sangon, China), 0.25 μL Taq DNA ligase (New
England Biolabs, USA) and 6 μL double distilled H2O.
The LDR reactions were cycled as: 38 cycles of 94°C for
60 s and 56°C for 4 min, and kept at 4°C. After the

Table 6 The probes for LDR
SNPs
3’-UTR-C188T

The probe for LDR
FA: TGTTCGTGGGCCGGATTAGTGCTTGGGACAAGCTAGGTGAAATAATACTGA
FG:TCTCTCGGGTCAATTCGTCCTTGCTTGGGACAAGCTAGGTGAAATAATACTGG
FP: TAGCTAGAATCAAAAATGTTGACATAAAGGTGTTTTTTTTTTTTTTTTTTTT

G501C

RC: TCTCTCGGGTCAATTCGTCCTTTCGGGCTCATTTAACTGGGAACAG
RG: TGTTCGTGGGCCGGATTAGTTCGGGCTCATTTAACTGGGAACAC
RP: AGCCAAGAGAAGTGCTTGTCTTTGTTTTTTTTTTTTTT

LDR, ligation detection reaction.
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reaction, 0.5 μL LDR product was then sequenced with
ABI3730XL sequencer (Applied Biosystems, USA). Finally
the raw data was analyzed by GeneMapper 4.1 (Applied
Biosystems, USA).
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5.
6.

7.

Statistical analysis

Continuous variables were presented as mean ± SD and
categorical variables as percentages. Normality of the
sample distribution of each continuous variable was
tested with the Kolmogorov-Smirnov test. Differences of
continuous variables were evaluated by the Student's t
or Mann–Whitney U test, depending on the shape of
the distribution curves. Categorical variables were compared by χ2 test. Differences of the distributions of alleles
and genotypes between cases and controls were analyzed
using χ2 test. All genotype frequencies were checked for
Hardy-Weinberg analysis in two groups through χ2 test
[25]. The association of the LOX-1 gene polymorphisms
with cerebral infarction was estimated by computing the
odds ratios (OR) and 95% confidence intervals (CI) from
binary logistic regression analysis with backward stepwise method. Furthermore, Hosmer-Lemeshow test was
used to evaluate the goodness-of-fit of the logistic regression model. A P value of 0.05 was considered statistically significant for all statistical analyses. All the
statistical analyses were carried out using SPSS version
17.0 (SPSS, Chicago, IL, USA).
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9.

10.

11.

12.

13.

14.

Abbreviations
LOX-1: Lectin-like oxidized low-density lipoprotein receptor-1; ox-LDL: Oxidized
low-density lipoprotein; PCR-LDR: Polymerase chain reaction-ligation detection
reaction; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index.

16.

Competing interests
The authors declare that they have no competing interests.

17.

15.

Authors’ contributions
XL carried out the molecular genetic studies and drafted the manuscript. XL
and RXZ carried out the genotyping. XL and LL participated in the design of
the study and performed the statistical analysis. ZYH and XL conceived of
the study, and participated in its design and coordination. ZYH helped to
draft the manuscript. All authors read and approved the final manuscript.

19.

Acknowledgements
This study was supported by a grant from the National Natural Science
Foundation of China (No. 81070913). We appreciate all subjects who
participated in this study.

20.

Received: 18 January 2014 Accepted: 20 March 2014
Published: 25 March 2014

21.

References
1. Donnan GA, Fisher M, Macleod M, Davis SM: Stroke. Lancet 2008,
371:1612–1623.
2. Liu L, Wang D, Wong KS, Wang Y: Stroke and stroke care in China: huge
burden, significant workload, and a national priority. Stroke 2011,
42:3651–3654.
3. Xu G, Ma M, Liu X, Hankey GJ: Is there a stroke belt in China and why?
Stroke 2013, 44:1775–1783.
4. Liu M, Wu B, Wang WZ, Lee LM, Zhang SH, Kong LZ: Stroke in China:
epidemiology, prevention, and management strategies. Lancet Neurol
2007, 6:456–464.

18.

22.

23.

Meschia JF, Worrall BB, Rich SS: Genetic susceptibility to ischemic stroke.
Nat Rev Neurol 2011, 7:369–378.
Flossmann E, Schulz UG, Rothwell PM: Systematic review of methods and
results of studies of the genetic epidemiology of ischemic stroke. Stroke
2004, 35:212–227.
Sawamura T, Kume N, Aoyama T, Moriwaki H, Hoshikawa H, Aiba Y, Tanaka
T, Miwa S, Katsura Y, Kita T, Masaki T: An endothelial receptor for oxidized
low-density lipoprotein. Nature 1997, 386:73–77.
Mehta JL, Chen J, Hermonat PL, Romeo F, Novelli G: Lectin-like, oxidized
low-density lipoprotein receptor-1 (LOX-1): a critical player in the
development of atherosclerosis and related disorders. Cardiovasc Res
2006, 69:36–45.
Xu S, Ogura S, Chen J, Little PJ, Moss J, Liu P: LOX-1 in atherosclerosis:
biological functions and pharmacological modifiers. Cell Mol Life Sci 2013,
70:2859–2872.
Yamanaka S, Zhang XY, Miura K, Kim S, Iwao H: The human gene encoding
the lectin-type oxidized LDL receptor (OLR1) is a novel member of the
natural killer gene complex with a unique expression profile. Genomics
1998, 54:191–199.
Mango R, Clementi F, Borgiani P, Forleo GB, Federici M, Contino G, Giardina
E, Garza L, Fahdi IE, Lauro R, Mehta JL, Novelli G, Romeo F: Association of
single nucleotide polymorphisms in the oxidised LDL receptor 1 (OLR1)
gene in patients with acute myocardial infarction. J Med Genet 2003,
40:933–936.
Novelli G, Borgiani P, Mango R, Lauro R, Romeo F: Further evidence that
polymorphisms of the OLR1 gene are associated with susceptibility to
coronary artery disease and myocardial infarction. Nutr Metab Cardiovasc
Dis 2007, 17:e7–8. author reply e9-10.
Chen Q, Reis SE, Kammerer C, Craig WY, LaPierre SE, Zimmer EL, McNamara
DM, Pauly DF, Sharaf B, Holubkov R, Bairey Merz CN, Sopko G, Bontempo F,
Kamboh MI: Genetic variation in lectin-like oxidized low-density lipoprotein
receptor 1 (LOX1) gene and the risk of coronary artery disease. Circulation
2003, 107:3146–3151.
Tatsuguchi M, Furutani M, Hinagata J, Tanaka T, Furutani Y, Imamura S,
Kawana M, Masaki T, Kasanuki H, Sawamura T, Matsuoka R: Oxidized LDL
receptor gene (OLR1) is associated with the risk of myocardial infarction.
Biochem Biophys Res Commun 2003, 303:247–250.
Wang L, Yanuck D, Beecham A, Gardener H, Slifer S, Blanton SH, Sacco RL,
Rundek T: A candidate gene study revealed sex-specific association
between the OLR1 gene and carotid plaque. Stroke 2011, 42:588–592.
Vietri MT, Molinari AM, Boggia M, Parisi M, Cioffi M: IVS4-14 A/G and IVS473C/T polymorphisms in OLR1 gene in patients with ischemic
cerebrovascular diseases. Genet Test Mol Biomarkers 2010, 14:9–11.
Hattori H, Sonoda A, Sato H, Ito D, Tanahashi N, Murata M, Saito I, Watanabe
K, Suzuki N: G501C polymorphism of oxidized LDL receptor gene (OLR1)
and ischemic stroke. Brain Res 2006, 1121:246–249.
Trabetti E, Biscuola M, Cavallari U, Malerba G, Girelli D, Olivieri O, Martinelli
N, Corrocher R, Pignatti PF: On the association of the oxidised LDL
receptor 1 (OLR1) gene in patients with acute myocardial infarction or
coronary artery disease. Eur J Hum Genet 2006, 14:127–130.
Sentinelli F, Filippi E, Fallarino M, Romeo S, Fanelli M, Buzzetti R, Berni A,
Baroni MG: The 3'-UTR C > T polymorphism of the oxidized LDL-receptor
1 (OLR1) gene does not associate with coronary artery disease in Italian
CAD patients or with the severity of coronary disease. Nutr Metab
Cardiovasc Dis 2006, 16:345–352.
Kurnaz O, Aydogan HY, Isbir CS, Tekeli A, Isbir T: Is LOX-1 K167N
polymorphism protective for coronary artery disease? In Vivo 2009,
23:969–973.
Puccetti L, Pasqui AL, Pastorelli M, Ciani F, Palazzuoli A, Gioffre W, Auteri A,
Bruni F: 3'UTR/T polymorphism of lectin-like oxidized low-density
lipoprotein receptor-1 (LOX-1) is associated with modified anti-platelet
activity of atorvastatin in hypercholesterolemic subjects. Atherosclerosis
2005, 183:322–328.
Biocca S, Falconi M, Filesi I, Baldini F, Vecchione L, Mango R, Romeo F,
Federici G, Desideri A, Novelli G: Functional analysis and molecular
dynamics simulation of LOX-1 K167N polymorphism reveal alteration of
receptor activity. PLoS One 2009, 4:e4648.
Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, Marsh
EE 3rd: Classification of subtype of acute ischemic stroke. Definitions for
use in a multicenter clinical trial. TOAST. Trial of Org 10172 in Acute
Stroke Treatment. Stroke 1993, 24:35–41.

Liu et al. Lipids in Health and Disease 2014, 13:55
http://www.lipidworld.com/content/13/1/55

Page 6 of 6

24. Khanna M, Park P, Zirvi M, Cao W, Picon A, Day J, Paty P, Barany F: Multiplex
PCR/LDR for detection of K-ras mutations in primary colon tumors.
Oncogene 1999, 18:27–38.
25. Rodriguez S, Gaunt TR, Day IN: Hardy-Weinberg equilibrium testing of
biological ascertainment for Mendelian randomization studies. Am J
Epidemiol 2009, 169:505–514.
doi:10.1186/1476-511X-13-55
Cite this article as: Liu et al.: Association of LOX-1 gene polymorphisms
with cerebral infarction in northern Chinese Han population. Lipids in
Health and Disease 2014 13:55.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

