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Abstract

The treatment for large artery atherosclerosis (LAA) stroke is also important for patients with cerebral small vessel
disease (SVD). Our aim is to clarify the risk factors for ischemic cerebral SVD and to evaluate the different risk factor
profiles of the two ischemic stroke subtypes, namely, ischemic cerebral SVD and LAA. A total of 353 patients with
acute ischemic stroke were assigned to two groups according to the Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) criteria: the ischemic cerebral SVD group and the LAA group. A total of 70 non-stroke patients admitted
during the same period served as the control group. Clinical variables were collected, including age, sex, blood pres-
sure, blood glucose, triglycerides, low-density lipoprotein, total cholesterol (TC), smoking history, drinking history,
coronary atherosclerotic heart disease and family history of a high-risk disease. Multivariate logistic regression
(MLR) analyses were performed. MLR analysis showed that risk factors for LAA stroke included hypertension, dia-
betes mellitus, high low-density lipoprotein, hypertriglyceridemia and smoking compared with the control group.
The analysis also showed that the risk factors for cerebral SVD stroke were hypertension, diabetes mellitus, high TC,
hypertriglyceridemia and smoking. In terms of the factors distinguishing LAA and cerebral SVD, MLR demonstrated
that high TC played prominent roles in cerebral SVD. Hypertension, diabetes mellitus, high total cholesterol, hypertri-
glyceridemia and smoking are independent risk factors for cerebral SVD stroke. Compared with the LAA stroke group,
patients with cerebral SVD stroke were more likely to have a high level of TC.
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Introduction induced by lesions of the small perforating arteries

Cerebral small vessel disease (SVD) refers to the
syndrome of clinical, cognitive, imaging and patho-
logical manifestations induced by lesions of the small
cerebral perforating arteries and arterioles (diameter,
40-200 pm), capillaries, and venules [32]. It is cus-
tomary to refer to the clinical and imaging findings

and arterioles and the resulting brain damage in the
cerebral white and deep grey matter [25]. These per-
forating vessels are essential to maintain optimum
functioning of the brain’s most metabolically active
nuclei and complex white matter networks [3]. The
imaging features of ischemic SVD are lacunes, white
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matter hyperintensity (WMH), cerebral microbleeds
(CMB), enlarged perivascular spaces (EPVS) and
brain atrophy (BA) [31].

Cerebral SVD accounts for approximately one-
quarter of all ischemic strokes, which is more than
twice the risk of recurrent stroke [23]. Studies have
shown that SVD is more common in the Chinese
than in the Westerners [34]. Cerebral SVD is not only
a leading cause of lacunar stroke, cognitive dysfunc-
tion, dizziness, unstable gait and urination disorders,
but it can also lead to senile depression, Parkinson-
ism, and accounts for up to 45% of dementias [27].
The most common types of cerebral SVD are age-re-
lated cerebral SVD and hypertension-related cere-
bral SVD, which are considered as the risk factors for
ischemic stroke [2].

Large artery atherosclerosis (LAA) is one of the
most common subtypes of ischemic stroke [9], which
is recognized as the leading reason for cerebrovas-
cular diseases. In terms of risk factors and patho-
genesis, it is reported that there is a positive correla-
tion between LAA stroke and cerebral SVD [22]. In
the recent clinical application, it has been observed
that the different MRI features of cerebral SVD in the
patients who are undergoing ischemic stroke caused
by LAA [26]. As we know, treatment for LAA stroke is
also important for patients with cerebral SVD.

The presence of cerebral SVD has a major impact
on some conventional therapies. Therefore, early
detection and treatment of vascular risk factors for
cerebral SVD are of great significance. This study
aimed to determine the risk factors for arterioloscle-
rosis-induced ischemic cerebral SVD and to compare
them with those of LAA.

Material and methods
Study subjects

This was a retrospective observational cohort
study. A total of 353 patients admitted to our hos-
pital with first-ever acute ischemic stroke confirmed
by cranial magnetic resonance imaging (MRI) were
consecutively enrolled between January 2011 and
December 2012.

The inclusion criteria were: 1) acute ischemic
first-ever stroke within 7 days of admission; 2) age
between 35 and 90 years old; 3) classified as LAA or
cerebral SVD (lacunar infarction or lacunar infarction
with evidence of white matter lesions). The aetiolo-
gy of acute ischemic stroke was classified in accor-
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dance with the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) classification. The TOAST clas-
sification system is a widely used method for clas-
sifying ischemic stroke and involves the division of
strokes into different subtypes according to clinical
and neuroimaging information [19].

The exclusion criteria were: 1) cardioembolism,
stroke of other undetermined aetiology, acute stroke
of other determined aetiology; 2) potential cardio-
genic emboli, infections, malignant diseases, severe
heart disease, heart, liver, or kidney failure, poison-
ing, specific white matter diseases, multiple sclerosis,
hypercoagulability, hydrocephalus, acute dissemi-
nated encephalomyelitis, hypoxia, or adrenal white
matter malnutrition; 3) stroke history, mixed strokes
(haemorrhage and then infarction or infarction and
then haemorrhage), arteritis-induced cerebral infarc-
tions, malignant tumours, alimentary tract haemor-
rhage, subarachnoid haemorrhage, cerebral haemor-
rhage, or pregnancy and lactation; 4) patients who
had insufficient examinations after admission in
whom an etiological analysis.

Collection of clinical data

All of the included patients completed a unified
case registration form. We comprehensively collected
patients’ clinical features, including their vital signs,
past medical history, personal history, family history,
and clinical signs. After admission, electrocardiogra-
phy (ECG), echocardiography, and cranial MRI, com-
puted tomography angiography (CTA) or magnetic
resonance angiography (MRA) of the head and neck
were performed. A volume of 10 ml of fasting venous
blood from the cubital vein was collected in a vacuum
tube between 6 and 7 o’clock in the morning after
admission (after more than 8 hours on an empty
stomach). Blood glucose and blood lipid levels (TC,
low-density lipoprotein [LDL], and triglyceride [TG]
levels) were measured. The study was approved by
the Ethics Committee of Xingtai People’s Hospital.
Informed consent was obtained from all patients.

Unified standards of risk factors

Hypertension [15]: Hypertension was defined as
a systolic blood pressure (SBP) > 140 mmHg and/or
a diastolic blood pressure (DBP) > 90 mmHg after
blood pressure was measured three times on different
days or if patients had previously identified hyperten-
sion and were taking antihypertensive drugs.
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Diabetes mellitus [5]: Diabetes mellitus was
defined in accordance with the Chinese Diabetes
Prevention Guide Standards, 2010 version. Patients
were considered to have diabetes if their blood glu-
cose was > 11.1 mmol/|, if their fasting blood glu-
cose was > 7.0 mmol/l at least twice, or if they had
a previous history of diabetes mellitus and were tak-
ing hypoglycaemic drugs, except for patients with
type 1 diabetes mellitus.

Coronary heart disease: Coronary heart disease
(CAD) was considered as a kind of heart disease caused
by coronary artery stenosis or obstruction caused by
atherosclerotic lesions, resulting in myocardial isch-
emia, hypoxia or necrosis. Coronary atherosclerotic
heart disease was verified by coronary angiography or
coronary CTA or by consultation with cardiologists.

Other risk factors: dyslipidaemia was defined as
fasting serum TC levels > 5.6 mmol/|, fasting serum
TG levels > 1.7 mmol/|, and fasting serum LDL lev-
els > 3.4 mmol/l [20]. In addition, subjects who were
previously diagnosed and who were taking lipid-low-
ering drugs.

Smoking [33]: Smoking was defined according to
the standards formulated by the World Health Orga-
nization as continuous or accumulated smoking for
6 months or more than at least one cigarette per day.

Drinking [24]: Drinking was defined as the con-
sumption of alcohol at least once per month, including
120 ml of wine, 360 ml of beer, or 45 ml of spirits.

Additionally, a family history of high-risk diseases
including stroke, coronary atherosclerotic heart dis-
ease, diabetes mellitus, hypertension, and hyperlip-
idaemia were also recorded. The above-mentioned
related factors were classified according to their pres-
ence or absence.

Statistical analysis

All data were analysed using SPSS 17.0 software
(IBM, USA). For multiple comparisons, each value
was compared by one way ANOVA following Dun-
nett test when each datum conformed to normal
distribution, while the non-normally distributed con-
tinuous data were compared using non-parametric
tests. Logistic regression analysis was used for the
multivariate analysis. Variables with a p < 0.1 in the
univariate comparisons were entered into multivar-
jate stepwise logistic regression analysis. The 95%
confidence intervals (Cl) and p values were calculat-
ed. A value of p < 0.05 (two-sided) was considered
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statistically significant. The statistical procedures
were repeated for the discrimination of LAA and the
control group, as well as LAA and cerebral SVD group.

Results

Demographic data of the studied
patient population

There were 618 hospitalized patients with first-
ever ischemic stroke, we excluded 96 patients with
cardioembolism, 114 patients with stroke of other
undetermined aetiology, 39 patients with acute
stroke of other determined aetiology, 4 patients with
renal insufficiency, 6 patients with mixed stroke,
8 patients with tumour disease and 16 patients with
other diseases. There were 223 male and 130 female
patients aged from 35 to 89 years. Based on their
clinical symptomes, signs, and imaging results, all of
the patients were divided into an ischemic cerebral
SVD group and an LAA group according to the TOAST
criteria. The LAA group (n = 171) contained 97 men
and 74 women (61.0 +10.1 years). The ischemic cere-
bral SVD group (n = 182) comprised 126 men and
56 women (62.3 +9.8 years). A total of 70 crani-
al MRI-confirmed non-stroke patients older than
35 years who were admitted to the hospital during
the same period served as the control group (42 men
and 28 women, 54.6 +8.9 years). Controls had no his-
tory of stroke, and were matched with cases for age
and sex. These patients had migraine, hypokalemic
periodic paralysis, idiopathic facial paralysis, hyper-
tension, or trigeminal neuralgia. Control participants
did not have bleeding tendencies, cerebral aneu-
rysms, arteriovenous malformations, mental illness,
severe liver, kidney, heart, or lung diseases, autoim-
mune diseases, or cerebral SVD. There was no signif-
icant difference in the general information between
the two groups (p > 0.05). A flow chart of the study
selection process is shown.

Risk factors for cerebral SVD

The comparisons of risk factors between cerebral
SVD and the control group were shown in Table |,
in order to select the variables into the subsequent
logistic regression. The multivariate logistic regression
showed that hypertension (OR = 6.706,95% Cl = 3.431-
13.106, p < 0.001), diabetes mellitus (OR = 4.023, 95%
Cl=1.635-9.898, p = 0.002), high TC levels (OR = 5.327,
95% Cl = 1.450-19.579, p = 0.012), high TG levels (OR =
2.519, 95% Cl = 1.174-5.405, p = 0.018) and smoking
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(OR = 2.998, 95% Cl = 1.293-6.954) were significantly
associated with ischemic cerebral SVD (Table I).

Risk factors for LAA

ThecomparisonsofriskfactorsbetweenLAAandthe
control group were shownin Table Il. Multivariate logis-
tic regression showed that hypertension (OR = 9.316,
95% Cl = 4.503-19.273, p < 0.001), diabetes mellitus
(OR = 3.866, 95% Cl = 1.556-9.908, p = 0.004), high
LDL (OR = 2.620, 95% Cl = 0.958-7.163, p = 0.030),

Clarify risk factors for ischemic cerebral SVD

high TG (OR = 2.601, 95% Cl = 1.207-5.606, p = 0.015)
and smoking (OR = 3.717, 95% Cl = 1.555-8.882,
p = 0.003) were associated with LAA (Table I1).

Variables discriminating cerebral SVD
and LAA

In this analysis, the dependent variables were
divided into cerebral SVD or LAA. Multivariate logis-
tic regression showed that male sex (OR = 1.961,
95% Cl = 1.160-3.315, p = 0.012) and high TC lev-

Table I. Multivariate logistic regression (MLR) analysis results of risk factors of the ischemic cerebral SVD

group and the control group

Related factors B P value OR 95% Cl

Hypertension 1.903 < 0.001 6.706 3.431-13.106
Diabetes mellitus 1.392 0.002 4.023 1.635-9.898
High TC 1.673 0.012 5.327 1.450-19.579
High TG 0.924 0.018 2.519 1.174-5.405
Smoking 1.098 0.011 2.998 1.293-6.954

SVD — cerebral small vessel disease, TC — total cholesterol, TG — triglyceride

Table Il. Multivariate logistic regression (MLR) analysis results of risk factors of the LAA group and the

control group

Related factors B P value OR 95% Cl

Hypertension 2.232 < 0.001 9.316 4.503-19.273
Diabetes mellitus 1.352 0.004 3.866 1.556-9.608
High LDL 0.963 0.030 2.620 0.958-7.163
High TG 0.956 0.015 2.601 1.207-5.606
Smoking 1313 0.003 3.717 1.555-8.882

LAA —large artery atherosclerosis, LDL — low density lipoprotein, TG — triglyceride

Table lll. The comparison of the risk factors among the SVD group, LAA group and control group

Variables Control SVD LAA
n=70 n=182 n=171
n (%) n (%) n (%)
Age (year) 54.6 +8.9 62.349.8 61.0 +10.1
Male 42 (60.0) 126 (69.2) 97 (56.7)%*
Hypertension 20 (28.5) 131 (71.9)28 125 (73.1)0%
Diabetes mellitus 9 (12.8) 57 (31.3)2” 53 (31.0)b**
CAD 6 (8.5) 21 (11.5) 28 (16.4)
Family history 29 (41.4) 53 (29.1) 64 (37.4)
High TC 4(5.7) 17 (9.3)% 6 (17.5)P**cx
High TG 15 (21.4) 71 (39.0)3" 76 (44.4)01
High LDL 8 (11.4) 48 (26.3)* 40 (23.4)P*
Smoking 13 (18.5) 57 (31.3)2** 57 (35.3)b**
Drinking 17 (24.2) 40 (21.9) 32 (18.7)

aSVD vs. control; ® LAA vs. control; € SVD vs. LAA
*0.1<p <0.05 **p < 0.05; 'p < 0.01; 3p < 0.001

SVD — cerebral small vessel disease, TG — triglyceride, LDL — low-density lipoprotein, TC —total cholesterol, LAA — large artery atherosclerosis
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Table IV. Multivariate logistic regression (MLR) analysis results of risk factors of the ischemic cerebral SVD

group and LAA group

Related factors B P value OR 95% Cl
High TC 0.636 0.016 1.888 1.123-3.174
Male 0.481 0.012 1.961 1.160-3.315

SVD — cerebral small vessel disease, LAA — large artery atherosclerosis, TC — total cholesterol

els (OR = 1.888, 95% Cl = 1.123-3.174, p = 0.016)
were more likely to be associated with cerebral SVD
(Tables Il and 1V).

Discussion

The present study analysed the risk factors and
differences for ischemic cerebral SVD and LAA stroke
using the TOAST criteria in patients who were treated
at a tertiary hospital in Xingtai and yielded the fol-
lowing results. Firstly, hypertension, diabetes melli-
tus, high TC, hypertriglyceridemia and smoking were
found to be strongly associated with ischemic cere-
bral SVD, whereas hypertension, diabetes mellitus,
high LDL, hypertriglyceridemia and smoking were
associated with LAA. Secondly, the result of the mul-
tivariate logistic regression analysis demonstrated
that among the risk factors for ischemic cerebral SVD
compared with those of, high TC was prominent risk
factors for ischemic cerebral SVD.

Atherosclerosis is a lifelong disease that pro-
gresses over time, but the precise aetiology and risk
factors for atherosclerosis are unclear. About 30% of
ischemic strokes is caused by large artery athero-
sclerosis (LAA), which is called LAA type stroke. It is
an important cause of disability and death in China
[11]. However, certain abnormal physiological con-
ditions, traits, or habits may promote the devel-
opment of atherosclerosis. The most common risk
factors include high cholesterol and LDL levels, low
high-density lipoprotein (HDL) levels, hypertension,
smoking tobacco, diabetes mellitus, obesity, inactive
lifestyle and advanced age.

Hypertension and diabetes were the major risk
factors identified in LAA. In the early stage, oxida-
tive stress damages the biological activity of nitric
oxide produced by vascular endothelial cells, dam-
ages vascular endothelial cells, and causes reduced
vascular compliance, that is, changes in vascular
function. If the changes in vascular function cannot
be detected in time and necessary interventions are
carried out, structural changes will inevitably occur
as the disease progresses further. Once developed
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to the stage of structural changes, the changes in
arterial elasticity cannot be reversed [7].

Smoking is an independent risk factor for isch-
emic stroke [18]. In our study, we found that smok-
ing is closely related to both atherosclerosis and
ischemic cerebral SVD. The mechanisms through
which smoking affects stroke risk are not fully clear,
smoking is likely to contribute to an increased stroke
risk through both short-term effect on thrombus
generation in atherosclerotic arteries and long-term
effect related to the development of atheroscle-
rotic stenosis [4]. Smoking could cause stroke also
through reversible factors such as increased platelet
aggregation and arterial vasoconstriction by aug-
menting sympathetic activity, explaining the stroke
risk [29]. A 10-year prospective cohort study in China
found that smoking could raise the risk of ischemic
stroke among hypertensives. Significant interaction
was detected between smoking and hypertension
on the risk of ischemic stroke [10].

In recent years, several epidemiologic studies
have shown that dyslipidaemia is closely linked to
the development and occurrence of ischemic stroke
[13]. Lipid metabolism would be involved not only in
large vessel atherosclerosis but also in the occlusive
disease of small intra-cerebral arteries. Dyslipidae-
mia may be a causal and modifiable risk factor for
ischemic stroke [36]. However, few studies in the
literature have reported the relationship between
stroke subtypes and lipid profiles. We also studied
the different associations between two important
subtypes of ischemic stroke and lipid profiles. We
found that hypertriglyceridemia is closely associat-
ed with ischemic cerebrovascular disease and ath-
erosclerotic cerebral infarction. High LDL is closely
related to LAA, while hypercholesterolemia is more
closely related to ischemic SVD.

Our study found that hypertriglyceridemia is
related to ischemic stroke. Laloux et al. [12] found
that hypertriglyceridemia was commonly detected
in patients with various stroke subtypes, including
cerebral SVD, which is similar to the result of the
present study. It is demonstrated that hypertriglycer-
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idemia may play a role in atherosclerosis not only of
large cerebral vessels but also of small penetrating
arteries. Few studies outside of China have reported
that hypertriglyceridemia plays a role in the devel-
opment of ischemic cerebral SVD. The reason may
be that Chinese and European people have different
dietary structures, eating habits and sports activi-
ties. A previous study [30] revealed that serum TC
and TG levels were increased in individuals who
smoke and that alcohol consumption increased
fasting TG levels, which ultimately led to dyslipidae-
mia and high TG levels. High TG levels are consid-
ered to be an independent risk factor for ischemic
cerebral SVD in Chinese populations, which needs to
be verified through further prospective multicentre
studies. But one study showed that triglyceride low-
ering may not yield benefits in ischemic stroke and
its subtypes [8].

Studies showed that LDL cholesterol (LDL-C) and
TC levels may be independent predictors for the
occurrence of large-artery atherosclerotic stroke
[8,12]. The atherogenesis induced by LDL-C deposi-
tion in large vessels, and clinical studies have shown
that an elevated blood LDL-C level is significantly
related to the development of atherosclerotic lesions
in large vessels [6]. However, in this study, high LDL
was closely related to LAA, while hypercholesterol-
emia was closely related to ischemic cerebral SVD.

According to our results, it is speculated that
hypercholesterolemia may also be involved in the
aetiology of SVD [12]. By raising plasma cholester-
ol levels in Ldlr—/— mice fed a high-cholesterol diet,
Kraft verified the hypothesis that hypercholesterol-
emia leads to pathological changes in small blood
vessel walls and thrombosis, indicating that hyper-
cholesterolemia plays an important role in the initi-
ation of microvascular injury. Hypercholesterolemia
causes upregulation of endothelial proteins (such as
p-selectin), increased blood viscosity, increased shear
sensitivity of neutrophils in microvascular beds, and
changes in self-regulation leading to microvascular
inflammatory thrombosis [17].

In our study, the comparative results of the risk
factors for ischemic cerebral SVD and LAA demon-
strated that high TC levels were strongly associat-
ed with ischemic cerebral SVD. In most studies, the
incidence of lacunar infarction is higher in males
[1]. Firstly, men are more likely than women to have
unhealthy living habits, such as smoking and alcohol-
ism, which are associated with cerebral arterioscle-
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rosis, hyaline arterioles, and even ischemic cerebral
SVD [28]. With the same level of plasma cholesterol,
men have twice the risk of cerebrovascular disease
than women [14]. The literature has reported that
Asian people are more likely to develop hyperten-
sion at an earlier age than people of other races.
It has been suggested that patients from Asian pop-
ulations with a longer history of hypertension may
suffer more serious damage to small vessels in the
brain [16]. Men lack the protection of endogenous
stimulating hormones, and the rates of awareness,
treatment and control of hypertension are low in
males [21]. Secondly, You et al. found that plasma
TC concentrations were higher in patients with small
arterial stroke than in those with other subtypes of
TOAST scores [35]. When serum TC concentrations
are increased, cholesterol accumulates in the tuni-
ca intima of the arteries, especially in perforating
branches, which may lead to atherosclerotic plaques
and arteriolosclerosis.

Ischemic cerebral SVD and LAA have some com-
mon risk factors and some different risk factors.
Therefore, measures for addressing the risk factors
for ischemic cerebral SVD may differ from those for
addressing the risk factors for LAA. The pathogene-
sis and classification of and targeted therapies for
ischemic cerebral SVD need to be examined further.

The limitations of this study should also be con-
sidered. First, as a single-centre trial, the number of
patients in the control group was small. Another study
with a large sample size is still needed in the future.
Second, the retrospective design cannot determine
the causality of the associations. Third, in this study,
we did not divide participants according to age which
should be further researched in the future.
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