ORIGINAL ARTICLE

Neuroendocrinology Letters Volume39 No.8 2018 This work is licensed under Creative Common Attribution-

ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716  NonCommercial-NoDerivatives 4.0 International (CC BYNC-ND 4.0).
Web of Knowledge / Web of Science: Neuroendocrinol Lett No permission to resale without signed publisher agreement.

Pub Med / Medline: Neuro Endocrinol Lett

The association of serum lipid level with
ischemic stroke in the elderly of Xinjiang

Yun-hua YUg !, Xu-dong BA12, You-mei L1!, Liang Hu 1, Ling-yun L1u , Jie-ping MAo 3,
Xiao-ying YANG 3, Na-mu D1LA 3

1 Department of Neurology, Yangpu Hospital Tongji University School of Medicine, Shanghai, 200090,
China

2 Department of Cardiology, Yangpu Hospital Tongji University School of Medicine, Shanghai, 200090,
China

3 Department of Neurology, Friendship Hospital to Urumgqi, 830049, China

Correspondence to: ~ Yun-Hua Yue
Department of Neurology, Yangpu Hospital Tongji University School of Medicine,
No. 450 Tengyue Road, Shanghai, 200090, China.
TEL: +8613916034986; E-MAIL: 447879206@qq.com

Submitted: 2018-01-19  Accepted: 2018-10-02  Published online: 2019-02-18

Key words: ischemic stroke; serum lipids; hypertension; diabetes; plaque stability

Neuroendocrinol Lett 2018;39(8):572-578 PMID: 30927763  NEL390818A09 © 2018 Neuroendocrinology Letters « www.nel.edu

Abstract BACKGROUND: The aim of the present study is to determine the association of
serum lipid level in the above 55-year-old age elderly with ischemic stroke (IS) in
Xinjiang regions, China.

METHODS: 408 patients with IS and 347 healthy individuals as control in the
>55-year-old elderly were selected for the present study in Xinjiang province of
China from July 2010 to July 2012. Patients were divided into different groups
according to the IS subtypes (large-artery atherosclerosis, LAA; cardio-aortic
embolism CE; small-artery occlusion, SAQO), plague stability, hypertension and
diabetes. The serum lipid level including total cholesterol (TC), triglyceride
(TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), apolipo-
protein Al (ApoAl), apolipoprotein B (ApoB), Lipoprotein(a) (Lp(a)) and their
ratios(TC/HDL, LDL/HDL, ApoA1/ApoB) were measured.

RESULTS: Patients in LAA group had higher ratio of TC/HDL, ApoA1/ApoB and
lower level of ApoAl than SAO group(p<0.05); higher level of TC, HDL, LDL,
TC/HDL, LDL/HDL, ApoA1/ApoB and lower level of ApoB compared with CE
group. Patients in SAO group had higher level of LDL, ApoA1l, ApoB, TC/HDL,
LDL/HDL and ApoAl/ApoB than CE group. Patients with stable plaque had
higher level of HDL and low level of LDL, ApoB, Lp(a), TC/HDL, LDL/HDL and
ApoAl/ApoB than unstable plaque group. Patients with hypertension had higher
level of TG, ApoB, Lp(a), LDL/HDL and ApoAl/ApoB than non-hypertensive
group. Patients with diabetes had higher level of TC, TG, ApoB, TC/HDL, LDL/
HDL, ApoA1/ApoB and low level of ApoAl than non-diabetic group. Multiple
logistic regression analysis revealed that high LDL, ApoB, LDL/HDL and ApoA1/
ApoB might be the risk factors for ischemic stroke.

CONCLUSION: An abnormal serum lipid level of the patients with IS in older
Xinjiang population is significantly associated with the stroke subtypes, plaque
stability, hypertension and diabetes.
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INTRODUCTION

Stroke was globally the second cause of death after heart
disease (Donnan et al. 2008) .It incidence increased
about 10% in the developing nations in the past decade
although its incidence decreased around 10% in the
developed world (Feigin et al. 2014) .Risk factors
for stroke were extensively studied, which includes
advanced age, dyslipidemia, heavy smoking, alcoholic
intake, hypertension, diabetes genetic factor and life-
style (Redgrave et al. 2010; Deng et al. 2011; Cardoso
et al. 2012; Pierdomenico et al. 2013; Grufman et al.
2014). Among these risk factors, age is one of the most
important risk factors for stroke. The study showed that
the most patients with stroke frequently occur at over
45 year-old (Badhiwala et al. 2015). The other major
risk factors include atherosclerosis and hyperlipidemia
(Viola and Soehnlein, 2015).

Stroke is the first leading cause of death in China
with high prevalence, mortality and morbidity (Liu
et al. 2007; Bejot et al. 2016).The prevalence and inci-
dence of ischemic stroke are much higher in Xinjiang
than other regions of China (Liu et al. 2007; Hu and
Sun, 2008). Furthermore, the Uighur population has
higher risk of ischemic stroke than Han population
within Xinjiang region because of genetic background,
ethnic and lifestyle in Uighur population. Our and the
other study indicated that the difference of IS incidence
between Han and Uighur population may be relative to
single nucleotide polymorphism (SNP) as well as their
lifestyle (Wang et al. 2010; Yao et al. 2010; Liang et al.
2011; Quan et al. 2015; Yue et al. 2016) The difference of
their genetic background not only is associated with the
occurrence of IS, but also relative to response of treat-
ment (Yue et al. 2016). It was well known that athero-
sclerosis is an important risk factor for IS occurrence,
while atherosclerosis often is result of genetic and envi-
ronment factors working together (Jander et al. 2001).
The weather is cold, dry and a high altitude with relative
low oxygen level in Xinjiang regions. Uighur population
has special genetic background. It was reported that
Uighur population with carotid artery atherosclerosis
(CAAD) frequently occur CC/CS genotype mutation
of Paraoxonase (PON) 2 311C allele (Han et al. 2013)
.Our study showed that Uighur population with SNP
rs2266788 of APOAS5 gene significantly affected the
therapy of atorvastatin (Yue et al. 2016) . Therefore, all
these factors contribute to occurrence of IS in Uighur
population. It was well known that the dysfunction of
lipid metabolism, especially reducing the LDL level,
attenuates the atherosclerosis process and reduces the
incidence and mortality of ischemic stroke (Badimon
et al. 2010; Kernan et al. 2014). However, whether the
serum lipid level alone could be used as independent
prognostic risk factor for ischemic stroke are controver-
sial (Domingues-Montanari et al. 2008). It was found
that the changes in the ratio of lipid level, such as TC
(total cholesterol) to HDL (high-density lipoprotein-
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cholesterol) and LDL (low-density lipoprotein- cho-
lesterol) to HDL predicted atherosclerosis progression
better than LDL or HDL alone (Enomoto et al. 2011).
Here we explored the associations of serum lipid
level and their ratios with ischemic stroke, plaque sta-
bility, hypertension and diabetes above 55-year-old
people in Xinjiang region. This study may provide an
excellent link between dyslipidemia in the elder and the
risk factors of IS because of Xinjiang’s special location.

MATERIALS AND METHODS

Study subjects

Ischemic stroke patients with older 55-year-old were
enrolled from Department of Neurology of the Youyi
Hospital of Wulumugqi from July 2010 to July 2012.
The inclusion criteria were chosen according to clinical
manifestation, brain MRI (magnetic resonance imag-
ing), head CT (computed tomography), carotid duplex
ultrasonography and transcranial Doppler record.
These enrolled patients also haven’t history of intra-
cranial hemorrhage/stroke, subarachnoid hemorrhage,
arteriovenous malformation, neoplasm, aneurysm, post
operation or post trauma, infection diseases, autoim-
mune diseases, severe cardiac, renal and hepatic dis-
eases. Age-, sex- and race-matched healthy volunteers
who were undergoing routine physical examination
were recruited as control group. The controls had no
clinical evidence of any cerebrovascular diseases. All
subjects agreed by the hospital ethics committee and
signed informed consent.

Study protocol
The study population was selected in the people aged
=55 years. The subjects’ history of medical, alcohol
intake and smoking habits was recorded by a ques-
tionnaire. Smoking and alcohol intake was classified
as smoking every day (more than one cigarette per
day) for more than one year and drinking at least once
a week with more than 50mL, respectively. Patients
body mass index (BMI) were calculated as weight (kg)
divided by the square of height (m?) according to their
body height > and weight. BMI >28 was classified as
obesity. Blood pressure (BP) was measured in the right
arm twice with a mercury sphygmomanometer after
subjects had rested in a supine position for more than
5 minutes. The second BP with the fifth-phase diastolic
pressure was used for analysis. Hypertension was clas-
sified as systolic pressure >140 mmHg and/or diastolic
pressure 290 mmHg. Diabetes was classified as FPG
(fasting plasma glucose) >7.0mmol/L and/or 2 hours
PG (plasma glucose) 211.1mmol/L or already diag-
nosed as diabetes patients. The stroke subtypes (LAA,
large-artery atherosclerosis; CE, cardio-aortic embo-
lism; SAO, small-artery occlusion) were classified as
demonstrated before (Han et al. 2007).

Blood samples for the evaluation of lipid levels were
obtained from subjects between (7 AM and 11 AM),
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after at least 12 h of fasting. Plasma levels of TC, TG,
HDL, LDL, ApoAl, ApoB and Lp (a) were measured
by commercially available enzymatic assay kits supplied
by Biosino Bio-Technology and Science Incorporation
(China) and an OLYMPUS auto-analyzer (Japan).

Carotid atherosclerotic plague measurement

Carotid IMT (intima-media thickness) was measured
by duplex ultrasonography (PHILIPS iE33, USA) with
a 7.5-MHz transducer in the sitting position. Longitu-
dinal B-mode images at the diastolic phase of the car-
diac cycle were recorded. IMT was measured using fine
slide calipers at three levels of the lateral and medial
walls one to three centimeters proximal to the carotid
bifurcation. These six combined near- and far-wall
measurements were averaged. The plaque type was
classified asdescribed (Martin et al. 2002).

Statistical analysis

Clinical data about continuous variables were expressed
as mean+SD (standard deviation). Homogeneity of
variances was assessed with Levene’s test. Comparison
between two groups was assessed by t-test. And differ-
ences among groups were assessed by one-way ANOVA
test. Enumerated data comparison among groups was
assessed by Pearson’s chi-squared test. The association
between risk factors and ischemic stroke was assessed
by logistic regression analysis. All statistical analyses
were performed with SPSS 20.0 (IBM). A p-value under
0.05 was considered as statistically significant.

Table 1. Clinical characteristics of the stroke patients.

RESULTS

A total of 408 ischemic stroke patients as well as 347
healthy individuals with the elderly =55 year-old
were recruited. Among them, 242 were men and 166
were women; 250 were Han population (average age,
67.6%11.4 years old) and 158 were Uighur population
(average age, 68.3+£12.0 years old). 347 healthy volun-
teers were enrolled as control group matching with age,
sex and racial. The clinical characteristics of the stroke
patients were presented in Table 1. We found that there
was no significant difference among these three sub-
groups (LAA, SAO and CE group) of stroke patients
from the perspective of age, sex, BMI, hypertension,
diabetes, smoking and alcohol intake (Table 1). How-
ever, there are significant low 24h SBPV (24 hour sys-
tolic blood pressure variability) and 24hDBPV (24 hour
diastolic blood pressure variability) in SAO group than
other two groups.

By contrast, patients in LAA group had higher ratio
of TC/HDL, ApoA1/ApoB and lower level of ApoAl
than SAO group; higher level of TC, HDL, LDL, TC/
HDL, LDL/HDL, ApoAl/ApoB and lower level of
ApoB compared with CE group. Patients in SAO group
had higher level of LDL, ApoAl, ApoB, TC/HDL, LDL/
HDL and ApoA1/ApoB than CE group (Table 2).

Patients with stable plaque had higher level of HDL
and low level of LDL, ApoB, Lp(a), TC/HDL, LDL/
HDL and ApoAl/ApoB than unstable plaque group
(Table 3).

LAA (n=172) SAO (n=189) CE (n=47) X2 p-value
Age (Year) 68.52+13.28 69.17£15.41 67.26+£11.73 1.686 0.093
Male (%) 58.7 59.8 59.5 0.042 0.137
Han (%) 61.1 61.6 61.7 1.725 0.094
BMI (kg/m2) 24.20+3.34 23.80+3.45 23.90+£4.17 1.2672 0.542
Hypertension (%) 70.9 72.0 69.2 0.001b 0.978
Diabetes (%) 33.1 31.2 29.8 0.6892 0.407
Smoking (%) 32.8 343 34.6 1.5902 0.207
Alcohol intake (%) 19.8 17.5 17.0 0.1042 0.747
SBP (mmHg) 149.60+21.40 144.30+14.17 135.50+13.62 1.947 0.067
DBP (mmHg) 83.52+15.12 80.34+21.25 76.22+17.69 1.143 0.141
24hSBPV 0.15+0.02 0.11+0.03 0.14+0.05 3.4792 0.024
24hDBPV 0.18+0.04 0.14+0.02 0.17+0.05 4.1722 0.011
Hcy (umol/L) 5.81+1.62 5.26+1.77 5.61+£1.82 1.2672 0.887

LAA: large-artery atherosclerosis; SAO: small-artery occlusion; CE: cardio-aortic embolism; BMI: body mass index; SBP: systolic blood
pressure; DBP: diastolic blood pressure; 24hSBPV: 24 hour systolic blood pressure variability; 24hDBPV: 24 hour diastolic blood pressure
variability; Hcy: homocysteine. a: p<0.01; b: p<0.05.
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Table 2. Serum lipids level comparison among LAA, SAO and CE Group.

LAA SAO CE p-value p-value p-value
(n=172) (n=189) (n=47) X2 (LAA vs SAO) (LAAvs CE) (SAO vs CE)
TC ( mmol/L) 5.23+1.17 4.85£1.16 4.72+£1.18 1.98 0.067 0.041 1.172
TG( mmol/L) 1.71£0.93 1.67£1.03 1.59+0.94 1.24 0.137 0.084 0.214
HDL( mmol/L) 0.90+1.07 0.90+0.97 0.90+1.01 0.97 0.081 0.001 0.064
LDL( mmol/L) 3.07+2.24 3.44+2.37 2.84+2.11 5.162 0.070 0.004 0.007
ApoA1 (g/L) 0.80+0.18 1.00£0.25 0.90+0.15 244 0.026 0311 0.017
ApoB (g/L) 0.80+0.22 0.90+0.34 0.90+0.21 6.832 0.133 0.001 0.002
Lp(a) (mg/L) 234.80+72.56 214.20+68.29 199.70+56.63 2.35 0.781 0.116 0.925
TC/HDL 5.57+1.67 5.05+1.48 4.77+1.33 6.572 0.028 0.001 0.031
LDL/HDL 3.31£1.11 3.58+1.07 2.87+1.04 7422 0.068 0.039 0.011
ApoA1/ApoB 1.16£0.28 1.09+0.33 0.86+0.31 5.992 0.002 0.001 0.012

LAA: large-artery atherosclerosis; SAO: small-artery occlusion; CE: cardio-aortic embolism; TC: total cholesterol; TG: triglyceride; HDL: high-

density lipoprotein; LDL: low-density lipoprotein; Apo al: apolipoprotein A1; ApoB: apolipoprotein B; a: p<0.05

Patients with hypertension had higher level of TG,
ApoB, Lp (a), LDL/HDL and ApoA1l/ApoB than non-
hypertensive group (Table 4).

Patients with diabetes had higher level of TC, TG,
ApoB, TC/HDL, LDL/HDL, ApoAl/ApoB and low
level of ApoA1 than non-diabetic group (Table 5).

Multiple logistic regression analysis revealed that
hypertension, diabetes, LDL, ApoB, LDL/HDL, ApoA1/
ApoB might be the risk factors for ischemic stroke
(Table 6).

Table 3. Lipids level comparison between stable and unstable
plaque group.

DISCUSSION

Our results here demonstrated that the serum lipid level
of the patients with ischemic stroke in Xinjiang was sig-
nificantly associated with the stroke subtypes, plaque
stability, hypertension and diabetes.

Stroke is the leading cause of death in China with
high prevalence, mortality and morbidity of which isch-
emic stroke (IS) accounts for at least 70% of the stroke
cases. (Liu et al. 2007; Bejot et al. 2016) Atherosclerosis

Table 4. Lipids level comparison between hypertension and non-
hypertension group.

Stable plaque Unstable plaque

Hypertension Non-Hypertension

n=126 n=282 G o (n=281) (n=127) gl
TC(mmolll)  4.99+1.13 528:1.82 142 0073 TC(mmoll)  5.11%1.15 478+182  -1.82 0.055
TG (mmolll)  1.69+0.83 1774103 158 0160  TG(mmoll)  1.78+0.93 158101 -258 0014
HDL (mmol/l)  1.02+1.07 0.88£0.97  -477 0.001 HDL(mmol/L)  0.98+0.36 1014027 077 0560
LDL (mmol/l)  3.08+2.24 344+237 283 0011 LDL(mmol/L)  3.37+1.62 3312191 083  0.440
ApoAT(g/l)  1.01%0.18 0.97+0.25 096 0453  ApoAl(g/l)  1.01%0.18 103025 008 1380
ApoB (g/L) 0.88+0.20 0.94£024 325 0002  ApoB(g/L) 0.96+0.30 0.88£0.29 261 0.001
Lp(a) (mg/l)  125.12476.24  17639+87.43  2.94  0.001 Lpa) (mg/l) 2173146471 1522647266 462 0.001
TC/HDL 4.37+0.94 5.12¢1.16 387 0001  TC/HDL 5.27+1.15 479£132 092 0390
LDL/HDL 3.11£1.02 369+1.06 212 003  LDL/HDL 3.54+0.99 3216102 227 0.048
ApoAT/ApoB  1.12+0.34 123036 532 0000  ApoAl/ApoB  1.18+0.28 108036 312 0016

LAA: large-artery atherosclerosis; SAO: small-artery occlusion;

CE: cardio-aortic embolism; TC: total cholesterol; TG: triglyceride;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; Apo a1:
apolipoprotein A1; ApoB: apolipoprotein B

LAA: large-artery atherosclerosis; SAO: small-artery occlusion;

CE: cardio-aortic embolism; TC: total cholesterol; TG: triglyceride;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; Apo al:
apolipoprotein A1; ApoB: apolipoprotein B
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is a common risk factor for ischemic stroke and it is
tightly related to abnormal lipid metabolism (Viola and
Soehnlein, 2015). Data have shown that high serum
level of TC, especially LDL, promotes the atheroscle-
rosis development and lowering the LDL level would
attenuate the atherosclerosis process (Dusitanond et
al. 2005; Baigent et al. 2011; Cui et al. 2012; Boronat et
al. 2014). Therefore, lipid-lowering therapy is the most
common strategy to treat ischemic stroke (Goldstein
et al. 2011). Furthermore, diabetes and hypertension
patients have higher risk of IS development (Corriere
et al. 2013; Mann et al. 2013). And antihypertensive
therapy significantly reduces the risk of IS (Sipahi et al.
2012; O’Connor et al. 2013).

In the present study, ischemic stroke patients were
divided into different groups according to the IS sub-
types (LAA, CE and SAO), plague stability, hyperten-
sion and diabetes. Then the associations of serum lipid

Table 5. Lipids level comparison between diabetes and non-
diabetes group.

Diabetes Non-Diabetes

(n=129) (n=279) Pl
TC(mmol/l)  5611.15 468+1.82  -621  0.000
TG (mmol/l)  1.92+0.83 158095  -379  0.002
HDL (mmol/L)  0.95+0.41 100£0.46 112 0.360
LDL (mmol/l)  3.21%2.57 307201 104 0.620
ApoAT (g/l)  0.96+0.18 109£0.25 201  0.045
ApoB (g/L) 0.96+0.30 0.88£029 261  0.001
Lp(a) (mg/l) 2287147022 21623%65.14 149  0.170
TC/HDL 5.81£1.15 472¢132 432 0.001
LDL/HDL 3.38+1.01 3065102 179 0.041
ApoAl/ApoB  1.17+0.33 109:021 275 0020

LAA: large-artery atherosclerosis; SAO: small-artery occlusion;
CE: cardio-aortic embolism; TC: total cholesterol; TG: triglyceride;
HDL: high-density lipoprotein; LDL: low-density lipoprotein; Apo
al: apolipoprotein A1; ApoB: apolipoprotein B.

Table 6. Multiple logistic regression analysis.

level with different stroke subtypes were analyzed.
Because the ratio of lipid level is better than lipid level
alone to predict IS development (Enomoto et al. 2011)
and ApoAl/ ApoB ratio is better than alone LDL in
detecting cardiovascular risk (Carnevale Schianca et
al. 2011). These methods were introduced into current
study. Our data showed that TC/HDL or LDL/HDL and
ApoA1/ApoB are important risk factors of IS develop-
ment in the elderly of Xinjiang. For example, patients in
LAA group had higher ratio of TC/HDL, ApoA1l/ApoB
than SAO and CE group; Patients in SAO group had
higher level of TC/HDL, LDL/HDL and ApoA1l/ApoB
than CE group; patients with stable plaque had low
level of TC/HDL, LDL/HDL and ApoAl/ApoB than
unstable plaque group; patients with hypertension had
higher level of LDL/HDL and ApoA1/ApoB than non-
hypertensive group; patients with diabetes had higher
level of TC/HDL, LDL/HDL, ApoA1/ApoB than non-
diabetic group. Furthermore, multiple logistic regres-
sion analysis revealed that LDL/HDLand ApoA1l/ApoB
might be the risk factors for ischemic stroke, which is
in accordance with previous reports (Shahar et al. 2003;
Tirschwell et al. 2004; Amarenco et al. 2009).Quan
et al reported that impaired fasting glucose (IFG) in
Uighur population is higher than that in Han (Quan et
al. 2015).This high IFG contributes to dyslipidemia in
Uighur. In addition to our report about SNP difference
of lipid metabolism relative genes in Han and Uighur
(Yue et al. 2016). Abudokelimu et al. showed that
there are also difference in cholesterol absorption gene
Numb SNP genotype of Han and Uighur population
(Abudoukelimu et al. 2015). Therefore, dyslipidemia in
different population can caused by their unique genetic
background as well as environment factors.

CONCLUSION

Our study showed that the serum lipid level of the
patients with ischemic stroke was significantly associ-
ated with the stroke subtypes, plaque stability, hyperten-
sion and diabetes. Furthermore, hypertension, diabetes,
LDL, ApoB, LDL/HDL and ApoA1/ApoB might be the
risk factors of ischemic stroke.

Risk factor B SE Wald p-value OR 95%Cl

Hypertension 1.798 0.173 108.540 <0.001 6.037 4.305-8.467
Diabetes 0.544 0.203 7.163 0.007 1.723 1.157-2.567
LDL 1.323 0.584 5.634 0.007 0.387 0.233-0.935
ApoB 6.467 1.828 12.523 0.001 1.142 1.075-1.311
LDL/HDL 1.388 0.769 6.781 0.017 0.369 0.217-0.871
ApoA1/ApoB 1.903 0.399 22.707 0.001 1.612 1.016-2.767

LAA: large-artery atherosclerosis; SAO: small-artery occlusion; CE: cardio-aortic embolism; TC: total cholesterol; TG: triglyceride; HDL: high-
density lipoprotein; LDL: low-density lipoprotein; Apo a1: apolipoprotein A1; ApoB: apolipoprotein B.OR: odds ratio; Cl: confidence interval
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