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Background: The apolipoprotein E (ApoE) genetic variation may contribute to the development of Cerebral Infarction (CI). Serum
lipid levels are known risk factors for CI, but the effect of the ApoE gene polymorphism on lipid metabolism remains unclear. This
retrospective cohort study was designed to determine the role of ApoE genotypes in CI risk and the relationships between ApoE gene
polymorphism and serum lipid levels among the population of northwest China.

Patients and Methods: 517 CI patients and 517 non-CI controls were enrolled in the study. Polymerase chain reaction and
hybridization were utilized to determine the ApoE gene polymorphisms.

Results: The €3/e4 genotype and €4 allele frequency were significantly higher in CI patients than in controls. When stratified by age and
sex, statistically significant differences in the distribution and frequency of the £3/e4 genotype and &4 allele were found between patients
and controls. Compared to €2 carriers, €4 carriers had significantly lower ApoE levels and higher low-density lipoprotein cholesterol
(LDL-C), ApoB and ApoB/ApoA-I levels in both two groups. Additionally, control participants with &4 carriers had significantly higher
levels of lipoprotein and total cholesterol (TC) levels than €2 carriers, while CI patients with €4 carriers had a significantly lower level of
ApoA-I. After adjusting for other established risk factors, drinking, hypertension, lipoprotein, triglycerides (TG) and €4 allele were
significant independent risk factors for CI, which was shown to be associated with a nearly two-fold CI risk.

Conclusion: This study demonstrated that €4 allele is independent risk factors for CI among patients in Northwest China. ApoE
polymorphism was associated with CI, which was partly mediated through blood lipids and may also be mediated through non-lipid
pathways. These data might be of great clinical significance in individualized preventive and therapeutic strategies.
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Introduction
Stroke is the second leading cause of disability and mortality worldwide, with CI being the most common subtype.'
Research has shown that the incidence of stroke in Shaanxi, Shandong and Xinjiang grew most dramatically from 2013
to 2019, of which Shaanxi and Xinjiang are both Northwest China.' CI, which accounts for 70% to 80% of all strokes, is
brought on by abnormalities in the cerebral blood flow that result in hypoxia and ischemia and local cerebral ischemic
necrosis or brain softening.” Complex environmental and genetic variables contribute to the development of CI.
Through association studies, a number of potential genes have been researched in CI, however, the findings are
debatable.*

Recently, mounting evidence indicates that ApoE is a candidate gene in the development of CI. ApoE is an arginine-rich
alkaline protein, which is present in plasma chylomicron, low-density lipoprotein and very low-density lipoprotein.” The
ApoE gene is situated on chromosome 19q13.2 in humans and has been discovered to be highly expressed in the brain.
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Genotypes were also determined for the two functional single nucleotide polymorphisms (SNPs) rs429358 (388T > C) and
rs7412 (526C > T), resulting in three different alleles (€2, €3 and €4) and six different genotypes (£2/€2, €2/€3, €2/e4, €3/¢3,
€3/e4 and e4/e4). ApoE plays an important role in cholesterol transport, and plasma lipoprotein metabolism and thus affects
the serum lipid profiles in the body.” Numerous studies indicate that £4 allele was associated with significantly higher serum
TC and LDL-C, thereby contributing to the increasing burden of cardiovascular diseases, including CL® Although the
mechanism responsible for the association between ApoE polymorphisms and CI, the exact mechanism remains contro-
versial. The distribution of ApoE allele frequencies can vary across different ethnic groups.” The association between ApoE
polymorphism and the risk of developing CI in the Northwest China has also not been examined in any studies. Therefore,
the aim of the present study was to investigate the role of ApoE genotypes in the risk of CI in the Northwest Chinese Han
population.

Methods

Subjects

A total of 517 Chinese CI patients (males: females = 344:173) and 517 controls (males: females = 332:185) were enrolled
into the study. The CI patients and the controls had similar proportions of sex and age. All participants were enrolled
from May 2018 to May 2019 in the First Affiliated Hospital of Xi’an Jiao Tong University. All participants are ethnically
Han Chinese and residents living in Northwest China. The demographic and clinical characteristics of study participants
are presented in Table 1. Diagnostic criteria of CI patients were as referred to in the Fourth National Cerebrovascular
Disease Conference of China, and the diagnosis was confirmed by computed tomography or Magnetic Resonance
Imaging. The exclusion criteria were as follows: patients with malignancy, autoimmune disease, chronic kidney disease,
and incomplete heart function and current use of lipid-lowering drugs. The control group were recruited from people
without a history of normal neurological examination results, immunological diseases, stroke, or cerebrovascular diseases
receiving health examinations in our hospital during the same study period. This study was conducted in accordance with

Table | Characteristics of the Study Population

Factors Controls Cl P value
Age (years) 61.26%14.29 61.52+11.24 0.742*
Males/Females 332/185 344/173 0.472°
Smoking 187(36.17%) 189(36.56%) 0.948°
Drinking 99(19.15%) 142(27.47%) 0.002°
Diabetes 119(23.02%) 162(31.33%) 0.003°
Hypertension 265(51.26%) 356(68.86%) <0.001°
TC 3.7840.86 3.81+0.92 0.560*
HDL 1.03+0.26 1.02+0.25 0.416*
LDL-C 2.19+0.73 2.21+0.79 0.740*
TG 1.37£0.76 1.50+0.95 0.011*
Cr 69.14£53.10 67.39+34.97 0.552*
Apolipoprotein A 1.15+0.21 1.15+0.20 0.994°
Apolipoprotein B 0.74+0.20 0.75+0.20 0.175%
ApoB/ApoA 0.66+0.28 0.67+0.21 0.321*
Apolipoprotein E 36.89+13.97 35.58+14.10 0.135?
Lipoprotein 194.88+202.30 211.94+205.38 0.179*
DB 4.7124.72 4.50+2.37 0.395%
B 9.15+4.79 9.13£4.75 0.996*

Notes: °P values were calculated by Student’s t-tests. °P values were calculated from two-sided chi-square test.
Abbreviations: Cl, cerebral infarction; TC, total cholesterol; HDL, high-density lipoproteins; LDL-C, low-
density lipoprotein cholesterol; TG, triglyceride; Cr, creatinine; DB, direct bilirubin; IB, indirect bilirubin.
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the Declaration of Helsinki, approved by the Ethical Committee of the First Affiliated Hospital of Xi’an Jiao Tong
University and we have got the informed consent of all patients.

DNA Extraction and Genotyping

Blood samples from each participant were obtained from the cubital vein and collected in tubes containing ethylene
diamine tetra acetic acid (EDTA). This was part of a large number of cases collected looking at different diseases and this
particular gene. The details of the experimental procedure were reported in our previous paper.”

Statistical Analyses

Data analysis was performed using SPSS statistical software version 16.0. Continuous variable data with a normal
distribution are presented as means + standard deviation and as numbers and percentages for categorical variables and
categorical variables were expressed as a number (%). Student’s #-test and ¥ test were initially used to test the difference
between CI and control groups. ApoE genotype and allele frequencies were tested for Hardy-Weinberg equilibrium by
chi-square test. The chi-square test and ANOVA were used to analyze the association between specific ApoE genotypes
and clinical characteristics. Logistic regression analysis was used to assess the interactions between ApoE genotypes and
various factors. A value of p<0.05 was considered statistically significant.

Results

Baseline Clinical Characteristics of the Cl and Control Groups

Baseline clinical characteristics of the patients with CI and control groups are summarized in Table 1. A total of 517
Chinese patients with CI, consisting of 344 males and 173 females ages 26-91 years (mean=61.52 years, SD=11.24), and
517 controls participants, comprising 332 males and 185 females ages 23-93 years (mean=61.26 years, SD=14.29), were
included in the present study. Most of the study participants originate from northwest China. Age and sex distribution
were not significantly different between the two groups (P=0.742 and 0.472, respectively). The proportions of drinking
(P=0.002), hypertension (P=0.003) and diabetes (P<0.001) were significantly higher in the CI group than in the control
group. TG level was significantly higher in the CI group compared to the control group (P=0.011), while no significant
differences were found in TC, high-density lipoprotein (HDL), LDL-c, creatinine (Cr), ApoA-I, ApoB, ApoB/A-1, ApoE,
lipoprotein, direct bilirubin (DB) and indirect bilirubin (IB) levels between the two groups (all P > 0.05).

Allele and Genotype Frequencies of ApoE and Cl Risk

The distribution of the ApoE genotype and allele frequencies in CI cases and control subjects are summarized in Table 2.
The genotype distribution of this polymorphism in patients with CI and control participants was in accordance with the

Table 2 The Distributions of Genotypes and Alleles of the ApoE Gene in the CI Patients and Controls

Genotype, n (%) | Cl Group (n=517) | Control Group (n=517) OR (95% CI) P? Ve P°
E2/E2 4(0.8%) 2(0.4%) 2.010 (0.366, 11.010) | 0.687 | 24.424 | 0.000
E2/E3 51(9.9%) 69(13.3%) 0.711 (0.484, 1.044) | 0.099

E2/E4 6(1.2%) 11(2.1%) 0.540 (0.198, 1.472) | 0.328

E3/E3 330(63.8%) 367(71.0%) 0.721 (0.555, 0.937) | 0.017

E3/E4 118(22.8%) 65(12.6%) 2.057 (1.477, 2.864) | 0.000

E4/E4 8(1.5%) 3(0.6%) 2.693 (0.710, 10.208) | 0.224

HWE 22 =370, P =045 2% =3.33, P =0.50

Alleles, n (%)

E2 65(6.3%) 84(8.1%) 0.759 (0.542, 1.062) | 0.126 | 18.472 | 0.000
E3 829(80.2%) 868(83.9%) 0.773 (0.617, 0.969) | 0.029

E4 140(13.5%) 82(7.9%) 1.818 (1.364, 2.424) | 0.000

Notes: *p and OR (95% Cl) values were calculated by logistic regression adjusted for age, gender, hypertension, diabetes,

®p values were calculated from two-sided chi-square tests or Fisher's exact tests.
Abbreviations: Cl, cerebral infarction; HWE, Hardy-Weinberg equilibrium.
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Hardy-Weinberg equilibrium (P = 0.45 and 0.50, respectively). Genotype €3/€3 (63.8%) was the most common type in CI
groups, followed by €3/e4 (22.8%), €2/€3 (9.9%), ed/ed (1.5%), €2/e4 (1.2%), and €2/e2 (0.8%), whereas control
participants were €3/e3 (71.0%), followed by €2/e3 (13.3%), €3/e4 (12.6%), €2/e4 (2.1%), €4/e4 (0.6%) and €2/e2
(0.4%). The allele frequency of €2, €3, and &4 was 6.3%, 80.2% and 13.5% respectively in patients with CI; 8.1%, 83.9%
and 7.9% respectively in control participants. The distribution of ApoE genotypes and alleles in the two groups was
significantly different (y2=24.424 and P<0.001, ¥2=18.472 and P<0.001, respectively).

The frequencies of €3/e4 genotype (OR =2.057, 95% CI = 1.477-2.864, P<0.001) and &4 allele (OR =1.818,
95% CI = 1.364-2.424, P<0.001) were significantly higher in CI patients than in control participants. Further,
patients with CI had a significantly lower €3/e3 (OR =0.721, 95% CI = 0.555-0.937, P=0.017) genotype and €3
allele (OR =0.773, 95% CI = 0.617-0.969, P=0.029) frequencies than those of control participants (P < 0.05).

To explore the relationship between ApoE genotype and CI, we conducted further analysis stratified by age
(dichotomized into <60 years and >60 years) and sex. The results showed that €3/e4 frequency was significantly higher
in patients with CI compared to the control participants (OR =3.067, 95% CI = 1.675-5.614, P<0.001 in age <60 years;
OR =1.735, 95% CI = 1.156-2.604, P=0.008 in age >60 years and OR =2.206, 95% CI = 1.474-3.301, P<0.001 for
males), but not for females (OR =1.746, 95% CI = 0.973-3.134, P=0.078). Additionally, the variance in allele €4 between
patients with CI and controls was also statistically significant (OR =2.072, 95% CI = 1.281-3.353, P=0.003 in age <60
years; OR =1.704, 95% CI = 1.189-2.444, P=0.003 in age>60 years; OR =1.709, 95% CI = 1.201-2.432, P=0.001 for
males and OR =2.046, 95% CI = 1.246-3.361, P=0.004 for females) (Table 3).

Relationships Between Serum Lipid Profile and ApoE Alleles

Table 4 describes the association between serum lipid profiles and allelic carrier status (g2, €3 and &4 groups).
Participants with €2/e4 genotype (n= 17) were excluded because they play opposing roles in lipid metabolism and the
incidence of CI. In the patients with CI, €4 carriers had significantly higher LDL-C, ApoB and ApoB/ApoA-I and lower
levels of ApoA-I and ApoE levels than €2 carriers. LDL-C, ApoB, ApoB/ApoA-I and ApoE levels of the control
participants showed similar trends to those in CI groups. Additionally, control participants with €4 carriers had
significantly higher levels of lipoprotein and TC levels than €2 carriers.

Logistic Regression Analysis of Cl Risk Factors

We performed a multivariate logistic regression analysis to determine which statistically significant variables in the
univariate analysis could be used as independent predictors of CI. Univariate logistic analysis showed that drinking
(OR =1.701, 95% CI = 1.167-2.478, P=0.006), hypertension (OR =1.885, 95% CI = 1.417-2.508, P<0.001), ApoE
levels (OR =0.983, 95% CI = 0.969-0.997, P=0.017), lipoprotein (OR =1.001, 95% CI = 1.000-1.001, P=0.046),
TG (OR =1.363, 95% CI = 1.035-1.797, P=0.028) and &4 allele (OR =1.954, 95% CI = 1.359-2.810; P<0.001) were
significant independent risk factors for CI (Table 5). Furthermore, to exclude the confounding effect of age (<60
years and >60 years) and sex, a multivariate logistic regression analysis stratified according to age and sex was
performed. In both age groups, €4 carriers were associated with increased risk of CI (age <60 years: OR = 2.970,
95% CI = 1.553-5.678, P = 0.001; age >60 years: OR = 1.715, 95% CI = 1.082-2.719, P = 0.022). Also, &4 carriers
was significantly associated with a higher risk of CI for males (OR =2.182, 95% CI = 1.398-3.407, P=0.022), but
not for females (OR =1.500, 95% CI = 0.779-2.887, P=0.225) (Table 6).

Discussion

CI is the most prevalent subtype of stroke, which is one of the main causes of mortality and long-term impairment
globally.” Because of the aging and expanding population in China, as well as the rising incidence of risk factors, the
burden of stroke is anticipated to rise considerably.'® Despite advances in the prevention and treatment of CI, there are
still few therapies that have been proven to enhance outcomes following CI.'" Therefore, investigating the pathogenesis
of CI actively and preventing cerebral infarction is of great importance. This study analyzed the relationship between
genetic polymorphisms of ApoE and CI in the Han Chinese population in Northwest China.
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Table 3 Stratified Analyses Between ApoE Polymorphism and Risk of Cl

Genotype, n Age<60 Age>60 Males Females
%)

Cl Control OR (95% CI) P Cl Control OR (95% CI) P Cl Control OR (95% CI) P Cl Control OR (95% CI) P
E2/E2 0(0.0%) 1(0.4%) 1.004(0.996, 1.013) 0.494 4(1.4%) 1(0.3%) 4.129(0.459, 37.176) 0212 3(0.4%) 1(0.5%) 2.912(0.301, 28.136) 0.641 1(0.0%) 1(1.0%) 1.070(0.066, 17.237) 1.000
E2/E3 23(9.8%) 29(12.7%) 0.748(0.419, 1.337) 0378 28(9.9%) 40(13.9%) 0.683(0.409, 1.142) 0.157 31(13.5%) 45(11.1%) 0.632(0.389, 1.026) 0.062 20(11.8%) 24(14.0%) 0.877(0.465, 1.652) 0.748
E2/E4 0(0.0%) 7(3.1%) 1.032(1.008, 1.056) 0.007 6(2.1%) 4(1.4%) 1.543(0.431, 5.529) 0.541 3(0.4%) 8(3.8%) 0.356(0.094, 1.355) 0.114 3(3.5%) 3(3.0%) 1.071(0.213, 5.377) 1.000
E3/E3 163(69.4%) 174(76.0%) 0.716(0.474, 1.079) 0.119 167(59.2%) 193(67.0%) 0.715(0.508, 1.006) 0.057 220(66.8%) 233(70.2%) 0.754(0.546, 1.040) 0.085 110(65.9%) 134(68.0%) 0.665(0.425, 1.039) 0.088
E3/E4 44(18.7%) 16(7.0%) 3.067(1.675, 5.614) 0.000 74(26.2%) 49(17.0%) 1.735(1.156, 2.604) 0.008 85(17.9%) 43(13.9%) 2.206(1.474, 3.301) 0.000 33(18.8%) 22(13.0%) 1.746(0.973, 3.134) 0.078
E4/E4 5(2.1%) 2(0.9%) 2.467(0.474, 12.848) 0.450 3(1.1%) 1(0.3%) 3.086(0.319, 29.846) 0.368 2(0.9%) 2(0.5%) 0.965(0.135, 6.890) 0.972 6(0.0%) 1(1.0%) 6.611(0.788, 55.481) 0.060
Alleles, n (%)
E2 23(4.9%) 38(8.3%) 0.569(0.333, 0.971) 0.036 42(7.4%) 46(8.0%) 0.927(0.600, 1.433) 0.733 40(5.8%) 55(8.3%) 0.684(0.448, 1.042) 0.076 25(7.2%) 29(7.8%) 0.916(0.525, 1.597) 0.756
E3 393(83.6%) 393(85.8%) 0.844(0.590, 1.208) 0.354 436(77.3%) 475(82.5%) 0.724(0.541, 0.969) 0.030 556(80.8%) 554(83.4%) 0.836(0.633, 1.106) 0.209 273(78.9%) 314(84.9%) 0.667(0.454, 0.979) 0.038
E4 54(11.5%) 27(5.9%) 2.072(1.281, 3.353) 0.003 86(15.2%) 55(9.5%) 1.704(1.189, 2.444) 0.003 92(13.4%) 55(8.3%) 1.709(1.201, 2.432) 0.003 48(13.9%) 27(7.3%) 2.046(1.246, 3.361) 0.004

Note: P and OR (95% CI) values were calculated by logistic regression adjusted for age, gender, hypertension, diabetes, smoking and drinking.
Abbreviation: Cl, cerebral infarction.
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Table 4 Relationships Between Serum Lipid Profile and ApoE Allele in Cl Patients and Control Participants

Cl Patient Control Participants

Factors £2 (£2e2+£2¢3) £3 (£3) €4 (s3ed+s4ed) | P? P° Pe PY | €2 (e2e2+£2¢3) €3 (£3) £4 (s3ed+e4ed) | P? P° Pc p
TC 3.59£0.87 3.86+0.94 3.78+0.90 0.112 | 0.046 | 0.423 | 0.183 3.55£0.87 3.82+0.84 3.85£0.93 0.043 | 0.014 | 0.822 | 0.042
HDL 1.07£0.26 1.02+0.24 1.00£0.27 0.220 | 0.208 | 0.329 | 0.107 1.01£0.21 1.04£0.27 1.04£0.27 0.620 | 0.326 | 0.923 | 0.466
LDL-C 1.89£0.54 2.27+0.82 2.18+0.79 0.004 | 0.001 | 0.266 | 0.014 1.98+0.77 2.2320.7| 2.29+0.77 0.023 | 0.009 | 0.589 | 0.043
TG 1.55£1.23 1.45£0.80 1.61£1.16 0.245 | 0.435 | 0.090 | 0.740 1.55£0.84 1.36£0.76 1.23£0.60 0.039 | 0.057 | 0.184 | 0.011
Cr 64.91£20.61 67.69+36.85 68.36£34.85 | 0.854 | 0.622 | 0.870 | 0.537 | 65.53%21.07 70.0360.95 69.91£26.78 | 0.820 | 0.553 | 0.987 | 0.302
Apolipoprotein A 1.26£0.23 1.16£0.20 1.12£0.21 0.000 | 0.002 | 0.06! | 0.000 1.17£0.18 1.16£0.21 1.13£0.22 0.514 | 0.710 | 0.139 | 0.263
Apolipoprotein B 0.64£0.14 0.77£0.20 0.7720.2 0.000 | 0.000 | 0.944 | 0.000 0.6620.21 0.7520.20 0.7620.21 0.001 | 0.000 | 0.535 | 0.003
ApoB/ApoA 0.54£0.14 0.6820.2 0.70£0.20 0.000 | 0.000 | 0.274 | 0.000 0.56+0.20 0.6720.31 0.6820.2 0.012 | 0.005 | 0.807 | 0.001
Apolipoprotein E | 49.03+21.64 34.61£10.89 32.04£14.05 | 0.000 | 0.000 | 0.039 | 0.000 | 50.24£17.97 34.99£11.75 32.11£1209 | 0.000 | 0.000 | 0.066 | 0.000
Lipoprotein 215.81£213.97 | 210.85£207.31 | 212.14£201.12 | 0.986 | 0.870 | 0.952 | 0.912 | 133.86£109.56 | 203.59+216.48 | 213.16x182.36 | 0.021 | 0.008 | 0.732 | 0.002
DB 4.58+2.26 445225 4.58+2.74 0.863 | 0.729 | 0.626 | 0.990 4.73£2.50 4.65%5.19 5.14£4.14 0.737 | 0.904 | 0.460 | 0.472
1B 9.08+5.26 9.1424.58 9.1325.12 0.998 | 0.943 | 0.991 | 0.959 9.1424.4| 9.06+4.79 9.78+5.04 0.526 | 0.890 | 0.263 | 0.434

Notes: *p value shows the differences compared between groups (£2, €3, €4). °p values obtained when comparing €2 subjects with €3 subjects. “p values obtained when comparing &4 subjects with €3 subjects. % values obtained when

comparing €2 subjects with €4 subjects.

Abbreviations: Cl, cerebral infarction; TC, total cholesterol; HDL, high-density lipoproteins; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; Cr, creatinine; DB, direct bilirubin; IB, indirect bilirubin.
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Table 5 Logistic Regression Analysis of the Risk of
Cl in Northwest of China Population

Variables P- value OR (95% CI)

Drinking 0.006 1.701(1.167-2.478)
Hypertension 0.000 1.885(1.417-2.508)
Lipoprotein 0.046 1.001(1.000-1.001)
TG 0.028 1.363(1.035-1.797)
ApoE 0.017 0.983(0.969-0.997)
&4 0.000 1.954(1.359-2.810)

Abbreviations: Cl, cerebral infarction; TG, triglyceride.

Table 6 Multiple Logistic Regression Analysis for ClI
Patients and Control Subjects

€4
OR (95% CI) P-value
Age<60 2.970(1.553-5.678) 0.001
Age>60 1.715(1.082-2.719) 0.022
Males 2.182(1.398-3.407) 0.001
Females 1.500(0.779-2.887) 0.225

Numerous studies have shown that various environmental variables and genetic variations contribute to the etiology
of CL.'? Previously published studies showed that ApoE polymorphisms have been associated with CI, although with
varying degrees of success.'*'* In the present case, the £3/e3 genotype and €3 allele were significantly lower in patients
than the controls, indicating its potential protective role. In contrast, patients exhibited a greater prevalence of the 3/4
genotype and 4 alleles than did controls, consistent with previous findings.'” Additionally, statistically significant
differences in the distribution and frequencies of the €3/e4 genotype and €4 allele in males and €4 allele in females
were observed between patients and controls. In contrast, a Chinese study demonstrated that €3/e4 genotype played
a protective role against CI and £2/e4 genotype may be a potential risk factor in males.'® There were 6190 cases and 6248
controls in 54 studies, and a meta-analysis showed that the ApoE mutant allele 4 was a risk factor for cerebral infarction
in Han Chinese people.'” In the current study, multivariate logistic regression analysis indicated that the &4 allele was
associated with a 1.954-fold increased risk of CI after adjusting for conventional risk factors. The impact size of the link
between the €4 allele and the risk of CI was shown to diminish with age when the data were stratified by age.
A substantial correlation between the risk of CI and the €4 allele was seen in patients with CI who were both younger
than 60 and older than 60. This result was consistent with a previous meta-analysis.'® In general, the results of our study
are consistent with those published by Wang et al'® yet are in contrast with those reported by Sudlow et al.** These
inconsistent results might be the result of variations in participant ethnicities, detection techniques, sample sizes, research
designs, and other factors. Interestingly, Clinical studies showed inconsistent data, yet outcomes from several animal
experiments were encouraging. ApoE-deficient mice had increased susceptibility to focal cerebral ischemia, €4 allele

could increase infarct size and functional impairment.*'-**

There is significant debate and uncertainty around the molecular processes causing the excess of the €4 allele in CI.**
It has been reported that genetic variations of the ApoE play a major physiological role in lipoprote in metabolism.** The
&4 allele has been consistently associated with increased TG, LDL-C, ApoB levels and decreased ApoE levels.>>*® The
current investigation verified that although LDL-C did not alter considerably, TG levels were noticeably higher in CI
patients. The €2 carriers had significantly lower LDL-C level than €3 or &4 carriers in both two groups. Furthermore,
logistic regression analysis showed that TG level was a strong independent risk factors for CI. Lipoprotein, a complex

lipoprotein, is composed of low-density lipoprotein attached to apolipoprotein by a disulfide bond.”” The LPA gene,
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which produces ApoA and is unaffected by age, gender, diet, exercise, or the majority of lipid-lowering pharmacological
regimens, is the primary regulator of plasma concentrations of lipoprotein.”® Lipoprotein had been highlighted as an
important and independent CI risk factor in Caucasian, Japanese, and Chinese populations.”” ' In the present study, the
mean level of lipoprotein tended to be higher in patients with CI than in the control participants, although the difference
was not statistically significant. Nevertheless, €2 carriers had significantly lower lipoprotein levels than €3 or €4 carriers
among the control participants, but no significant differences were observed between €2, €3 or €4 carriers and lipoprotein
levels among patients with CI. Multivariate Logistic regression analysis showed plasma lipoprotein level was indepen-
dently associated with CI after adjustment for traditional risk factors and lipid parameters, which was consistent with
previous studies across different ethnic groups®'? but contradictory with other.*®

ApoE is a multifunctional protein that is crucial for the metabolism of lipoproteins and can be utilized as a disease
diagnostic marker.** The levels of ApoE showed a decreasing tendency in the CI group compared with the control group,
without statistical difference. However, other investigations revealed that the plasma ApoE level in CI patients was
considerably elevated and was strongly related to the risk of CI in the Asian population.'®*> We also observed that e4
carriers had a significantly lower ApoE level than €2 carriers in both groups, which was consistent with previous
findings.>® According to recent research, high ApoB levels and the ApoB/A-I ratio were better predictors of the risk of CI
risk than traditional lipid parameters.’” We found that there was a tendency for a decrease ApoA-I levels in CI patients
compared to controls, while ApoB and ApoB/ApoA-I levels tended to increase, but these three indicators were not
statistically significant. In comparison to coronary events, data on ApoB and ApoA-I in connection to CI risk are rather
few in the literature. Moreover, €2 carriers had significantly lower ApoB and ApoB/ApoA-I than €3 and &4 carriers in
both groups, and significantly ApoA-I levels in patients with CI, but no significant difference was observed in the control
group. These results are consistent with previous studies.'”

The strength of this study is that this is the first study about the relationship between CI and ApoE gene
polymorphism in Northwest Han Chinese population. Association of lipid levels with ApoE gene polymorphisms
was included in the final analysis and any potential confounding variables or comorbidities were eliminated. There
were some inherent limitations presented in our study. (1) Due to a lack of original data and the size of this
retrospective investigation, it was difficult to examine potential gene-environment interactions. (2) The study’s
limited sample size, might partially contribute to the results’ volatility (3) The study was conducted only in
Northwest Chinese populations, and whether these findings will also be true in other populations needs further
investigation.

Conclusions
In conclusion, the present study suggested that the €4 allele is associated with CI in the Northwest Han Chinese
population. The &4 allele, drinking, hypertension, lipoprotein and TG levels are independent risk factors for CI among
patients in Northwest China.

ApoE polymorphism was associated with CI, which was partly mediated through blood lipids and may also be
mediated through non-lipid pathways. Due to the small sample size, more research with a larger sample group is required
to refute our findings. Our research provides useful genomic data which may become assist in optimizing individual

preventative and therapeutic strategies.
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