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Abstract: The objective of this study was to investigate the risk factors for leukoaraiosis or white matter hyperin-
tensities (WMHs) in patients with cerebral infarction and the relevance of lipoprotein-associated phospholipase A2 
(Lp-PLA2) levels to leukoaraiosis. Two hundred and sixty seven patients with cerebral infarction were categorized 
into two groups of patients with leukoaraiosis (121 cases) and those with no leukoaraiosis (146 cases). The clini-
cal and laboratory variables including Lp-PLA2 levels were compared in both the groups. The morbidity associated 
with leukoaraiosis was 45.3% in the 267 cases of cerebral infarction. One-way analysis revealed significant differ-
ences between the leukoaraiosis and non-leukoaraiosis patient groups in terms of age, Lp-PLA2 level, and history 
of hypertension and lacunar infarction (LACI). Multivariate logistic regression analyses were performed to compare 
the contribution of Lp-PLA2, age, and LACI between the two groups. We did not observe a statistically significant dif-
ference between the leukoaraiosis group and the non-leukoaraiosis group in terms of sex, diabetes mellitus history, 
hyperlipemia, smoking, drinking, coronary disease, and cerebrovascular stenosis rate. The levels of low-density lipo-
protein (LDL), triglyceride (TG), total cholesterol (TC), and fasting blood sugar had no significant differences between 
the two groups of hyperlipoproteinemia (HLP) patients. Further analysis of cerebrovascular stenosis categorized 
into simple anterior circulation, simple posterior circulation, or multicirculation infarctions, did not show any statisti-
cally significant differences. Age, Lp-PLA2, and LACI were found to be independent risk factors for leukoaraiosis in 
cerebral infarction patients. Hypertension was the significant risk factor for leukoaraiosis whereas stenosis in the 
extracranial and intracranial arteries had no definite relationship with leukoaraiosis. Furthermore, diabetes mellitus, 
hyperlipidemia, smoking and drinking history, and CHD were the common risk factors for leukoaraiosis and stroke.
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Introduction

Leukoaraiosis, which was first proposed by 
Hachinski as an imaging concept in 1987, re- 
fers to the diffuse low-density areas on com-
puterized tomography scans or the diffuse 
high-intensity areas on T2-weighted magnetic 
resonance imaging (MRI) scans in periventri- 
cular white matter and centrum semiovale 
caused by various factors [1]. Although the defi-
nite pathogenesis remains unknown, leukoara-
iosis is commonly observed among the elderly, 
and is closely associated with the prognosis of 
ischemic stroke [2], brain microbleeds, cogni-
tion disorders, myocardial infarction, and late-
onset depression. Lp-PLA2, a new inflammatory 
marker, reflects internal oxidative stress [3]. A 
higher level of Lp-PLA2 is indicative of an 
increased risk of cardiovascular events [4]. The 

significance of Lp-PLA2 has been widely investi-
gated [5]. However, only a small number of stud-
ies have investigated the relationship between 
Lp-PLA2 and leukoaraiosis.

This study analyzes the levels of Lp-PLA2, and 
the clinical as well as laboratory examinations 
in cerebral infarction patients with or without 
leukoaraiosis. We also investigate the relation-
ship between artery stenosis and the occur-
rence of leukoaraiosis.

Methods

Patients

Data of 267 patients with cerebral infarction 
were prospectively collected from the First 
Affiliated Hospital of Xinxiang Medical Univer- 
sity between May 2010 and September 2010. 
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Patients were divided into two groups of cere-
bral infarction with leukoaraiosis (n = 121, 
45.3%) and cerebral infarction without leuko-
araiosis (n = 146, 54.7%) based on their imag-
ing results. Among these patients, 156 were 
male (58.4%) and 111 were female (41.6%). 
The age range was 31-88 years, and the aver-
age age was 65.97 ± 10.59 years. All pati- 
ents satisfied the modified diagnostic criteria 
according to the fourth cerebrovascular dis-
ease academic conference in 1995. After 
admission, Computerized Tomography (CT), 
MRI, Transcranial Doppler (TCD), and Magnetic 
Resonance Angiography (MRA) were performed 
to obtain the necessary data on the patients. 
The exclusion criteria were: 1) transient isch-
emic attack, hemorrhagic stroke and cerebral 
post-infarction hemorrhage; 2) the density of 
white matter that was caused by radiation 
encephalopathy, normal pressure hydrocepha-
lus, toxication, encephalitis, idiopathic leukoen-
cephalopathy, multiple sclerosis, and others;  
3) cerebral embolism caused by air, fat, atrial 
fibrillation, infective endocarditis, cancer cells, 
and others; 4) congenital dysplasia of cerebral 
infarction such as vascular malformation, aneu-
rysm, and others; and 5) cerebral infarction 
due to the abnormality of blood coagulation 
mechanism and hyperviscosity syndrome. Clini- 
cal features and biochemical data could not be 
obtained. This study was conducted in accor-
dance with the declaration of Helsinki. This 
study was conducted with approval from the 
Ethics Committee of First Affiliated Hospital of 
Xinxiang Medical University. Written informed 
consent was obtained from all participants.

Variables

Variables including age, gender, hypertension, 
diabetes, hyperlipidemia, coronary heart dis-
ease, history of smoking and alcohol consump-
tion were recorded. Smoking was described as 
continuous smoking or periodical smoking for 6 
months or more at any point in their lifetime 

of Lp-PLA2 was measured via enzyme-linked 
immunosorbent assay (ELISA) using a Human 
Lp-PLA2 quantitative detection kit (R&D Sys- 
tems, Inc., USA).

Statistical analysis

Continuous and categorical variables were 
described as the value ± standard deviation, 
and percentages were compared between the 
two patient groups using Student’s t-test and  
χ2 test. All variables with univariable P < 0.05 
were considered statistically significant for the 
logistic regression model using the backward 
method. Variables with an adjusted P < 0.1 
were retained in the final model. Statistical 
analysis was performed with SPSS software 
version 13.0 (SPSS, Chicago, USA).

Results

Clinical features

Two hundred and sixty seven patients with 
cerebral infarction were prospectively collect-
ed. Among them, 121 (45.3%) patients had leu-
koaraiosis and 146 (54.7%) did not have leuko-
araiosis There was no significant difference in 
terms of gender between the patient groups 
with and without leukoaraiosis. However, the 
leukoaraiosis group (70.01 ± 8.16 years) was 
older than the group without leukoaraiosis 
(62.43 ± 11.22 years) (Table 1).

Related risk factors

The incidence of diabetes, hyperlipidemia, his-
tory of smoking and alcohol consumption, and 
CHD did not differ significantly between the 
patient groups with and without leukoaraiosis. 
However, a significant difference between the 
two groups was observed on the history of 
LACI. The history of LACI was observed more 
frequently in the group with leukoaraiosis 
(79.4%) than in the group without leukoaraiosis 
(56.8%) (Table 2).

Table 1. General clinical data

Group Case Age (years)
Gender

M F
LA group 121 70.01 ± 8.16** 76 (62.8) 45 (37.2)
No LA group 146 62.43 ± 11.22 80 (54.8) 66 (45.2)
Notes: Percentage in brackets (%), compared LA group with no LA 
group **P < 0.01.

with at least one cigarette per day, and 
alcohol consumption was described as  
having a drink on average one time per 
week regardless of the type of alcohol. 
Lp-PLA2 levels, LDL, TGs, TC, and fast- 
ing glucose were measured on an empty 
stomach the second day of hospital admis-
sion. Cerebrovascular disease condition 
was examined within three days. The level 
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Biochemical index

The levels of LDL, TC, TGs, cholesterol of hyper-
lipidemia, and fasting glucose of diabetes were 
similar in these two groups. However, a signifi-
cant difference between the two groups was 
observed regarding the Lp-PLA2 levels. The 
Lp-PLA2 level in the group with leukoaraiosis 
(61.45 ± 15.92 ng/mL) was higher than that of 
the group without leukoaraiosis (36.25 ± 6.42 
ng/mL) (Table 3).

LACI. Among these factors, LACI had the high-
est positive correlation with leukoaraiosis, fol-
lowed by Lp-PLA2, and age.

Discussion

The levels of human plasma Lp-PLA2 normally 
secreted from macrophages, is a new kind of 
inflammatory marker, 80% of which is com-
bined with LDL via apolipoprotein B (ApoB). Its 
activity is inhibited by High-density lipoprotein 

Table 2. Related risk factors

Group Diabetes 
history Hypertension History of 

smoking

History of 
alcohol con-

sumption
Hyperlipidemia

Coronary 
heart 

disease

History of 
lacunar 

infarction
LA group 56 (46.3) 100 (82.6)** 24 (19.8) 22 (18.2) 56 (46.3) 13 (10.7) 96 (79.4)**

No LA group 62 (42.5) 94 (64.4) 32 (21.9) 28 (19.2) 63 (43.2) 23 (15.6) 83 (56.8)
P 0.532 0.00086 0.677 0.835 0.146 0.200 1.5425E-12
Notes: compared LA group with no LA group **P < 0.01.

Table 3. Biochemical index

Group LDL  
(mmol/L)

Triglycerides 
(mmol/L)

Cholesterol 
(mmol/L)

Fasting glucose 
(mmol/L)

Lp-PLA2  
(ng/mL)

LA group 3.80 ± 0.58 3.19 ± 1.51 6.56 ± 0.55 7.47 ± 2.16 61.45 ± 15.92**

No LA group 3.83 ± 0.85 2.93 ± 1.07 7.00 ± 1.21 7.79 ± 2.39 36.25 ± 6.42
P 7.55136E-95 0.014414966 0.00026687 0.040245945 4.48561E-46
Notes: compared LA group with no LA group **P < 0.01.

Table 4. The percent and location of cerebral vascular steno-
sis between LA group and no LA group

Group
Cerebral 
vascular 
stenosis

Anterior 
circulation 
stenosis

Posterior 
circulation 
stenosis

Anterior and 
posterior circu-
lation stenosis

LA group 64 (52.9) 33 (51.6) 15 (23.4) 16 (25.0)
No LA group 78 (53.4) 45 (57.7) 20 (25.6) 13 (16.7)
P 9.3368E-06 0.4172
Notes: percentage in brackets (%).

Table 5. Multiple regression logistic analysis result
Independent vari-
able

Regression 
coefficient OR 95% CI

Lp-PLA2 0.210 1.234** 1.153~1.320
Age 0.059 1.061* 1.008~1.117
HBP 0.331 1.392 0.346~5.605
Lacunar infarction 1.033 2.809Δ 0.833~9.477
SBP 0.018 1.018 0.992~1.045
Note: multiple regression analysis result ΔP < 0.1, *P < 0.05, **P 
< 0.01.

sis (Lp-PLA2, age, hypertension, and LACI) 
were included in the multiple logistic regres-
sion analysis model. Lp-PLA2 (OR 1.234; P = 
0.000), age (OR 1.061; P = 0.023), and LACI 
(OR 2.809; P = 0.096) were identified to  
have statistically significant differences. Their 
regression coefficients were all positive (as 
shown in Table 5), which proved that age, 
Lp-PLA2, and LACI, were independent risk fac-
tors for, and had positive correlations with, 
leukoaraiosis. The incidence of leukoaraiosis 
increased with increasing Lp-PLA2, age, and 

Cerebral vascular stenosis

The incidence of cerebral vascular 
stenosis had no influence on leu-
koaraiosis (Table 4).

Multiple regression analysis

The variables that were identified 
to have a statistically significant 
difference between the patient 
groups with or without leukoaraio-
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(HDL) [6]. In atherosclerosis, the two main 
sources of Lp-PLA2 were LDL-associated Lp- 
PLA2 accessing intima from the blood circula-
tion, and inflammatory cells in the plaque 
directly synthesizing Lp-PLA2. The presence of 
Lp-PLA2 triggers the reactive metabolin to pro-
duce inflammatory mediators such as platelet-
derived growth factor (PDGF), interleukins (ILs), 
and leukotriene. The latter can further be acti-
vated in the inflammatory cells, leading to in- 
creased production of Lp-PLA2 in a continuous 
positive feedback mechanism between the 
Lp-PLA2 and the inflammatory mediators in the 
endometrium. Finally, this mechanism results 
in deterioration and reduced stability of the 
atheromatous plaque. Numerous epidemiologi-
cal investigations confirmed that Lp-PLA2 was 
related to cardiovascular and cerebrovascular 
events and dementia [7]. Until now, the study  
of the relationship between leukoaraiosis and 
Lp-PLA2 was not conducted in China, and only a 
limited number of studies were conducted 
abroad. Our study revealed that the plasma 
Lp-PLA2 level (61.45 ± 15.92 ng/mL) in the  
leukoaraiosis group was significantly higher 
than that in the group without leukoaraiosis 
(36.25 ± 6.42 ng/mL). The logistic regression 
analysis indicated that Lp-PLA2 was an inde-
pendent risk factor for leukoaraiosis, which 
was in agreement with the findings of Wright  
et al. [8]. We suggest that a high Lp-PLA2 level 
triggers leukoaraiosis through the following 
mechanism: 1) Lp-PLA2 is expressed intensive-
ly both in the center of the ulcer plaque and 
around the macrophages in the vulnerable 
plaque with atherosclerosis. The inflammatory 
mediators that would reduce the stability of the 
plaque, facilitate arterial embolism, and cause 
long-term hypoperfusion of deep perforating 
branch arteries and small intracranial arteries 
that supply blood to the deep brain white mat-
ter are secreted, leading to leukoaraiosis. 2) 
The continuous positive feedback regulation 
between Lp-PLA2 and inflammatory mediators 
leads to the impairment of the vascular endo-
thelium and the reduction of nitric oxide (NO) 
secretion in the lesion, resulting in brain hypo-
perfusion. The decline of cerebrovascular 
reserve capacity resulting from the impairment 
of vascular endothelium function is another 
reason for leukoaraiosis. 3) Several investiga-
tions [9] indicated that the activity of Lp-PLA2 
was associated with the impairment of the 
small retinal vein. It is suggested that an 

increase in Lp-PLA2 levels results in a structural 
change of the small periventricular vein, caus-
ing damage to the venous reflux system, thus 
increasing capillary permeability, and destroy-
ing the blood-brain barrier. This condition fur-
ther results in the damage to neurons and the 
activation of glia due to toxic substances in the 
blood directly accessing the brain tissue 
through the tumid or collapsed vessel walls. 
The release of a series of toxic substances or 
inflammatory factors such as oxyradicals and 
TNF-α by the activated glial cells could lead to 
immunological damage of the brain white mat-
ter. We thereby depict how leukoaraiosis 
occurs.

Although it was commonly perceived that dis-
ease in small vessels was the main contributor 
to leukoaraiosis, the relationship between large 
vessel pathologies and leukoaraiosis was a 
matter of debate. A number of scholars sug-
gested that a combined action could cause leu-
koaraiosis in the white matter deep in the brain 
with lack of collateral circulation. The conse-
quences in the white matter were long-term 
hypoperfusion as well as hemodynamic disor-
der aggravated by hyaline degeneration, and 
circuitry stretch in the Alba vessel, all caused 
by the formation of plaque, arteriosclerosis, 
and stenosis in the carotid artery. Kurata et  
al. [10] found that the correlation between leu-
koaraiosis and hemodynamic changes result- 
ed from serious stenosis or obstruction of  
the internal carotid artery. The average and 
maximum intimal thickness of the internal 
carotid artery was related to leukoaraiosis. 
Ben-Assayag et al. [11] pointed out that long-
term carotid artery atherosclerosis was the 
basis for the occurrence and development of 
leukoaraiosis. Auriel et al. [12] measured the 
inner diameter of the blood vessels of 108 leu-
koaraiosis patients and 95 normal patients as 
control group, and showed that the develop-
ment of leukoaraiosis was related to the thick-
ness of the arterial wall.

Altaf et al. [13] found that instability of plaque 
in the carotid artery is closely related to the 
number of lesions in the ipsilateral brain white 
matter. Compared to cardiogenic cerebral em- 
bolism or LACI, the findings of Lee et al. [14] 
based on the data obtained from the South 
Korean population demonstrated that leukoar-
aiosis occurs more commonly in cerebral in- 
farction with atherosclerosis in the large artery, 
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and was closely associated with stenosis or 
obstruction in the large artery. Several investi-
gations [15] showed that thickening of the 
carotid artery wall was strongly associated with 
leukoaraiosis. Wang et al. showed that exten-
sive cerebral vascular hypoperfusion as well  
as cerebral arteriosclerosis in leukoaraiosis 
patients, in which the severity of cerebral vas-
cular hypoperfusion was in parallel with the 
trend of aggravation, supported the correlation 
between the decrease of cerebral perfusion 
and the development of leukoaraiosis. These 
data supported the finding that leukoaraiosis 
was correlated with lesions in the large artery. 
However, contradictory findings were report- 
ed. Using position emission tomography (PET), 
Rothewell et al. [16] did not identify any clear 
dynamic impairment or hypoperfusion in pati- 
ents even with serious stenosis, unless it was 
accompanied by factors such as decrease in 
blood pressure. Patankar et al. [17] found that 
the leukoaraiosis severity significantly incre- 
ased in patients with stenosis or obstruction in 
the carotid artery, but had no directly signifi-
cant relationship with cerebral blood flow. The 
reduction of total perfusion pressure had a  
limited influence on LA morbidity; however, 
microvessel disease might be the main cause 
of leukoaraiosis. In the group with carotid artery 
disease, high leukoaraiosis morbidity may only 
indicate a close relationship between arterio-
sclerosis in the large artery and the same  
pathological changes in the small perforating 
branches of the brain. Several investigations 
showed a lower incidence of leukoaraiosis in 
cerebral infarction patients, which supervened 
the occlusion in the intracranial and extracra-
nial artery. The occlusion resulted in the de- 
crease of intracranial blood perfusion, and 
reduced lateral pressure of blood on the vessel 
wall could decrease impairment on the wall  
of the small encephalic artery. This finding  
suggested a protective effect of large artery 
occlusion on distal small vessels. Pu et al.  
[18] conducted a cross-sectional study of 185 
patients with acute ischemic stroke, including 
121 patients (65.4%) with serious stenosis  
or occlusion. The study revealed no significant 
difference between the group with or without 
slight stenosis, and the group with serious ste-
nosis or occlusion. Meanwhile, serious leuko-
araiosis would more likely occur in patients 
with multiple stenosis than in those with single 
stenosis. While a relationship between steno-

sis in large vessels and leukoaraiosis was not 
established, multiple stenoses in large vessels 
could increase the risk of leukoaraiosis. In our 
study, the incidence of cerebrovascular steno-
sis was similar in the groups with leukoaraiosis 
(64 individuals, 52.9%), and without leukoarai-
osis (78 individuals, 53.74%). We found no con-
nection between leukoaraiosis and large vas-
cular stenosis when we used χ2 tests even 
though we divided the cerebrovascular steno-
sis group into smaller groups of isolated ante-
rior circulating stenosis, isolated posterior cir-
culating stenosis, and multiple stenoses. The 
authors identified the following as contradicto-
ry: 1) Stenosis of extracranial artery was higher 
in foreigners whereas that of intracranial artery 
was higher among Chinese population. 2) White 
matter hypoperfusion could not be judged sim-
ply by artery stenosis because cerebral perfu-
sion pressure depended not only on the severi-
ty of artery stenosis, but was also related to  
the state of collateral circulation as well as the 
capacity for automatic regulation of the extra-
cranial and intracranial artery. Thus, in this 
study, the incidence of cerebral stenosis there 
was no significant difference between with  
and without leukoaraiosis groups. This finding 
might be the reason patients in the leukoaraio-
sis group maintained a relatively normal cere-
bral perfusion. To study the relationship bet- 
ween cerebral white matter and leukoaraiosis, 
single-photon emission computed tomography 
(SPECT) should be applied to quantitate the 
cerebral blood flow at the stenosis in the  
ipsilateral region. 3) The blood supply of sub-
cortical white matter mainly came from long 
deep perforating arteries. These branches, 
originating from cortical arteries along with lep-
tomeninges, vertically accessed the white mat-
ter along with medullated fibers through the 
cortex. Different from the subcortical white 
matter, the blood supplies of periventricular 
and deep white matter came from central or 
eccentric arteries. The former had similar ori-
gins with blood-supplying arteries for subcorti-
cal white matter, whereas the latter were the 
branches of anterior choroidal arteries or len-
ticulostriate arteries. There is no anastomotic 
branch between them. Owing to different blood 
supplies, the pathogenesis of subcortical leu-
koaraiosis was different from periventricular 
and deep leukoaraiosis. The former result- 
ed from atherosclerosis of deep perforating 
branching artery, whereas the latter resulted 
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from the lack of systemic or partial blood perfu-
sion. Anoxia and ischemia in the brain would  
be exacerbated when these two lesions were 
coincident, and they could aggravate each 
other. The classifications for comparison, most-
ly according to the presence or absence of leu-
koaraiosis based on the location, were rare in 
recent investigations. Different pathogenesis 
could depend on the difference of location or 
type of leukoaraiosis, leading to contradictory 
conclusions. In other words, further studies 
taking cerebral perfusion status into consider-
ation is necessary to investigate whether a 
relationship between leukoaraiosis and the  
stenosis in extracranial and intracranial arter-
ies exists.

Leukoaraiosis was found to be related to arte-
riosclerosis, as demonstrated by a study, which 
showed that the prognosis of incorporate leu-
koaraiosis was worse after the occlusion of the 
large artery [19]. Risk factors for leukoaraiosis 
and cerebral arterial thrombosis were not iden-
tical. In this study, diabetes mellitus, hyperlipe-
mia, smoking, and drinking history and history 
of coronary heart disease were common risk 
factors. Thus far, nearly all the studies proved 
that age [20] was an independent risk factor for 
leukoaraiosis. The main components of white 
matter myelin, myelin basic protein and lecithin 
could ensure the normal transmission from 
nerve fibers, which had the capacity to main-
tain the structure and function of CNS myelin. 
The amount of myelin basic protein and lecithin 
increases as an adolescent grows older; how-
ever, they decrease with age in adults, and 
demyelination occurs. There is substantial evi-
dence showing that LACI is an independent risk 
factor for leukoaraiosis, which indicates a sig-
nificant pathogenesis caused by small vessel 
disease. In our study, there were significantly 
more hypertensive patients in the group with 
leukoaraiosis than in the group without leuko-
araiosis, as determined by one-way ANOVA. 
However, using multiple factor regression anal-
ysis, we could not establish a direct correlation 
between hypertension history and leukoaraio-
sis. This situation might be due to small sample 
size and an unstratified treatment. Therefore, 
we proposed that leukoaraiosis morbidity was 
related to the course and severity of hyperten-
sion, which resulted in different lesions in small 
intracranial vessels, and that long-range and 
serious hypertension led to leukoaraiosis.

In conclusion, we found that age, Lp-PLA2,  
and LACI are independent risk factors for  
leukoaraiosis. Hypertension is a significant risk 
factor for leukoaraiosis, whereas stenosis in 
extracranial and intracranial arteries has no 
direct relationship with leukoaraiosis. Further- 
more, diabetes mellitus, hyperlipidemia, smok-
ing, drinking history and CHD were the com- 
mon risk factors for leukoaraiosis and stroke. 
The occurrence of leukoaraiosis could be de- 
creased or delayed by regulating the identified 
risk factors.
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