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Abstract: Objective: To determine the diagnostic value of plasma D-dimer (DD) and serum lipoprotein phospholipase 
A2 (Lp-PLA2) in patients with cerebral small vessel disease (CSVD) and their association with severity of the disease. 
Methods: In this retrospective analysis, 84 patients with CSVD treated in Shangqiu First People’s Hospital from 
February 2020 to November 2021 were included in the study group, and 75 healthy individuals were assigned into 
the control group. The DD and Lp-PLA2 levels in the two groups were compared, and the diagnostic value of the two 
in CSVD was evaluated via receiver operating characteristic (ROC) curves. Patients were assigned to a mild group 
or a severe group based on Fazekas scale scores. Then, the two groups were compared in terms of the DD and 
Lp-PLA2 levels, and the association of the two with the severity of CSVD was determined through ROC curves. With 
the Montreal cognitive assessment (MoCA) scale, the patients were assigned to a cognitive impairment group or a 
non-cognitive impairment group. Then the two groups were compared in terms of the DD and Lp-PLA2 levels, and 
the association of the two with the cognitive function of CSVD patients was also determined by ROC curves. Results: 
The research group showed higher DD and Lp-PLA2 levels than the control group; the severe group showed higher 
DD and Lp-PLA2 levels than the mild group; the cognitive impairment group showed higher DD and Lp-PLA2 levels 
than the non-cognitive impairment group (all P < 0.001). The areas under the curves (AUCs) of DD and Lp-PLA2 in 
CSVD diagnosis were 0.902 and 0.907, respectively; the AUCs of DD and Lp-PLA2 in CSVD severity determination 
were 0.747 and 0.704, respectively; the AUCs of DD and Lp-PLA2 in cognitive impairment diagnosis were 0.736 and 
0.725, respectively. Conclusion: Plasma DD and Lp-PLA2 possess good diagnostic value in patients with CSVD, and 
also has certain clinical value in diagnosing patients’ severity and cognitive impairment.
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Introduction

With the general aging of the population and 
the wide application of neuroimaging technolo-
gy, more and more cerebral small vessel dis-
eases (CSVD) have been found [1]. CSVD refers 
to a group of pathological changes of cerebral 
arterioles, venules and capillaries triggered by 
a number of different factors and involving va- 
rious pathological processes and causes [2]. 
Because of the continuous progress of medical 
technology and the improvement of people’s 
living standards, the life expectancy of human 

beings has been prolonged, which increases 
the prevalence of CSVD, and almost all people 
over 90 years old are affected [3]. Cognitive 
impairment is one of the primary clinical mani-
festations of CSVD, and CSVD-triggered cogni-
tive impairment has become a primary cause of 
vascular dementia [4]. Currently, no clear pre-
vention plan or treatment measure has been 
discovered to alleviate CSVD. Therefore, it is of 
profound significance to find biomarkers asso-
ciated with the progression of CSVD and risk 
factors related to its onset for its early diagno-
sis, early intervention and alleviation [5].
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D-dimer (DD), which is an end product of cross-
linked fibrin, is produced under the action of 
coagulation factor XIIIa and degraded by plas-
ma fibrinolysis, and it is a unique marker of sec-
ondary fibrinolysis [6]. Past research has shown 
rapidly rising DD levels in patients with dam-
aged blood vessels, as well as an abnormally 
changed coagulation function. Especially for 
trauma-induced intracranial hematoma, the DD 
levels increase more significantly [7, 8]. Li- 
poprotein phospholipase A2 (Lp-PLA2) is a 
phospholipase secreted by macrophages, T 
cells and mast cells in vascular intima cells, 
which promotes the hydrolysis of oxidized phos-
pholipids [9]. It can oxidize and hydrolyse oxi-
dized phospholipids in low density lipoproteins 
(ox-LDL) to produce lipidic pro-inflammatory 
substances, resulting in the death and dysfunc-
tion of vascular endothelial cells and thus par-
ticipating in cardiovascular and cerebrovascu-
lar diseases [10]. One study has confirmed th- 
at Lp-PLA2 is a biomarker of oxidative stress 
and inflammatory reaction, and showed that its 
increase can increase the risk of cardiovascu-
lar and cerebrovascular diseases [11]. However, 
no relevant research on the association of DD 
and Lp-PLA2 with CSVD patients’ conditions 
and cognitive impairments has been reported.

This study analysed the clinical value of DD and 
Lp-PLA2 in patients with CSVD, with the pur-
pose of providing reference indicators for clini-
cians in the therapy and diagnosis of CSVD.

Methods and data

Clinical data

A retrospective analysis was conducted with a 
total of 84 patients having CSVD in the study 
group, who were treated in Shangqiu First 
People’s Hospital from February 2020 to 
November 2021, and 75 healthy individuals in 
the control group. This study was performed 
with permission from the Medical Ethics Com- 
mittee of Shangqiu First People’s Hospital, with 
ethics approval number 2020048.

Inclusion and exclusion criteria

Inclusion criteria of the research group were: 
Patients who were diagnosed with CSVD by  
MRI or brain CT and met the neuroimaging cri-

teria for CSVD proposed in the Standards for 
Reporting Vascular Changes on Neuroimaging 
[4], patients without a history of severe steno-
sis of internal and external cerebral arteries, 
patients who received conservative treatment 
such as thrombolysis and antiplatelet care, and 
patients with detailed clinical data. 

Exclusion criteria were: Patients with brain 
imaging changes triggered by special reasons 
such as multiple sclerosis, poisoning and se- 
vere sleep apnoea syndrome, patients with 
massive cerebral infarction, patients with a  
history of malignant tumour or traumatic brain 
injury, and patients with intracranial infection, 
vascular dementia, or cognitive impairment 
caused by other reasons (intracranial infection, 
Parkinson’s disease).

Instruments and reagents

The Lp-PLA2 kit was provided by Jiangsu 
Enzyme Immunity Industry Co., Ltd., and the 
instrument used was an Olympus AU2700 
automatic biochemical analyser from Japan. 
DD levels (kit batch number: ml092610) were 
quantified through an enzyme-linked immuno-
sorbent assay (ELISA) with kits from Shanghai 
Enzyme Linked Biotechnology Co., Ltd.

Detection methods

Fasting venous blood (5 mL) was extracted 
from each patient’ elbow on the next morning 
after admission, and was put in a standard 
anticoagulation blood vessel container with 0.2 
ml sodium citrate (0.129 mmol/L). After 2 h, 
the blood was subjected to 10 minutes of cen-
trifugation (3500 r/min, centrifugal radius: 16, 
25°C) to collect the serum, and each sample of 
serum was given a uniform number. Then, the 
amount of Lp-PLA2 in it was quantified by the 
double antibody sandwich method with an 
automatic biochemical analyser. Afterwards, 
the blood samples were collected and placed  
in a silicified test tubes, mixed with 109 mmol/L 
sodium citrate (State Food and Drug Admini- 
stration (SFDA) approval no.: H32022214) in 
the ratio of 1:9 for anticoagulation, and the  
DD levels were quantified using ELISA with a 
SYSMAX CA-1 500 automatic hemagglutination 
analyser and kit from Japan.
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Table 1. Comparison of clinical data

Items
Research 

group 
(n=84)

Control 
group 
(n=75)

x2 
value

P 
value

Age 0.529 0.467
    > 65 years old 54 44
    ≤ 65 years old 30 31
Sex 0.933 0.324
    Male 44 45
    Female 40 30
BMI (kg/m2) 0.701 0.402
    < 25 38 29
    ≥ 25 46 46
History of hypertension 0.182 0.669
    Yes 33 27
    No 51 48
History of diabetes mellitus 0.149 0.698
    Yes 18 18
    No 66 57
History of smoking 0.933 0.324
    Yes 44 45
    No 40 30
History of alcoholism 0.060 0.805
    Yes 10 8
    No 74 67
Note: BMI: Body Mass Index.

Outcome measures

As primary outcome measures, the DD and 
Lp-PLA2 levels in the two groups were com-
pared, and the diagnostic value of the two lev-
els in CSVD was evaluated via receiver operat-
ing characteristic (ROC) curves. Based on 
Fazekas scale [12], the patients were assign- 
ed to a mild group (grade 0-1) or a severe group 
(grade 2-3), and the two groups were compar- 
ed in the levels of DD and Lp-PLA2. The asso-
ciation of two with CSVD severity was evaluat- 
ed by ROC curves.

Secondary outcome measures: Clinical data of 
the two groups were compared. The Montreal 
cognitive assessment (MoCA) scale was adopt-
ed for evaluating cognitive impairment [13]. It 
has a total score of 30 points; scores < 26 
points were seen as cognitive impairment and 
scores ≥ 26 points as normal cognition. The  
DD and Lp-PLA2 levels were also compared 
between these two groups, and the value in the 
cognitive function diagnosis of CSVD patients 
was also evaluated through ROC curves.

Statistical analysis

Each assay was repeated three 
times, and the measurement data 
were described as Mean ± SD. This 
study used SPSS 20.0 software 
(USA) for data analysis, and adopted 
Graphpad 8.0 d for data visualiza-
tion and graphical illustration. The 
independent sample t-test was ad- 
opted for inter-group comparison of 
measurement data, and the Chi-
square test was adopted for analy-
sis of counting data. ROC was drawn 
to present the diagnostic curves of 
DD and Lp-PLA2. P < 0.05 suggest-
ed a significant difference.

Results

Comparison of clinical data

According to comparison of clinical 
data, the control and the research 
groups were similar in terms of age, 
sex, body mass index, and history  
of hypertension, diabetes mellitus 
smoking and drinking (P > 0.05, 
Table 1).

The level of DD Lp-PLA2 in CSVD patients

DD and Lp-PLA2 levels were notably higher in 
the research group than those in the control 
group (P < 0.001, Figure 1).

Value of DD and Lp-PLA2 in diagnosing CSVD 

Through ROC curves, the diagnostic value of 
DD and Lp-PLA2 in CSVD was evaluated. 
According to the results, the areas under the 
curves (AUCs) of DD and Lp-PLA2 in diagnos- 
ing CSVD were 0.902 and 0.907, respectively 
(Figure 2; Table 2).

DD and Lp-PLA2 levels in CSVD patients with 
different severity

According to Fazekas scale, CSVD patients 
were assigned to a mild group (n=44) or a 
severe group (n=40). Then DD and Lp-PLA2  
levels were compared between these two gr- 
oups. Notably higher DD and Lp-PLA2 levels 
were found in the severe group than those in 
the mild group (P < 0.001, Figure 3).
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Table 2. ROC parameters
Items AUC 95% Confidence interval Specificity Sensitivity Youden index Cut-off value
DD 0.903 0.854-0.951 77.40% 90.70% 68.00% 0.37
Lp-PLA2 0.907 0.864-0.952 82.10% 86.70% 68.80% 154.94
Note: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2; AUC: Area under the curve.

Figure 1. DD and Lp-PLA2 levels in healthy individuals and CSVD patients. A. DD level in healthy individuals and 
CSVD patients. B. Lp-PLA2 level in healthy individuals and CSVD patients. Notes: ***P < 0.001; DD: D-dimer; Lp-
PLA2: lipoprotein phospholipase A2.

Figure 2. Diagnostic value of DD and Lp-PLA2 in CSVD. A. ROC curve of DD in CSVD diagnosis. B. ROC curve of 
Lp-PLA2 in CSVD diagnosis. Notes: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2; ROC: Receiver operating 
characteristic.

Diagnostic value of DD and LP-PLA 2 in CSVD 
severity

The association of DD and Lp PLA2 with the 
severity of CSVD was evaluated by ROC curve. 
According to the results, the AUCs of DD and 
Lp-PLA2 in CSVD severity determination were 
0.747 and 0.704, respectively (Figure 4; Table 
3).

DD and Lp-PLA2 levels in patients with or with-
out cognitive impairment

With the MoCA scale, the patients were as- 
signed to a cognitive impairment group (n=32) 
or a non-cognitive impairment group (n=52). 
Then DD and Lp-PLA2 levels were compared 
between these two groups. The results reveal- 
ed notably higher DD and Lp-PLA2 levels in the 
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Table 3. ROC parameters
Items AUC 95% Confidence interval Specificity Sensitivity Youden index Cut-off value
DD 0.747 0.639-0.854 75.00% 70.50% 45.50% 0.50
Lp-PLA2 0.704 0.593-0.815 90.00% 45.50% 35.50% 165.23
Note: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2; AUC: Area under the curve.

Figure 3. DD and Lp-PLA2 levels in CSVD patients with different disease severity. A. Comparison of DD between 
the mild group and severe group. B. Comparison of Lp-PLA2 between the mild group and severe group. Note: DD: 
D-dimer; Lp-PLA2: lipoprotein phospholipase A2.

Figure 4. Diagnostic value of DD and Lp-PLA2 in CSVD severity. A. ROC curve of DD in diagnosing CSVD severity. B. 
ROC curve of Lp-PLA2 in diagnosing CSVD severity. Note: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2; ROC: 
Receiver operating characteristic.

cognitive impairment group than those in the 
non-cognitive impairment group (P < 0.001, 
Figure 5).

Diagnostic value of DD and Lp-PLA2 in cogni-
tive impairment 

Through ROC curves, the association of DD and 
Lp-PLA2 with cognitive impairment was evalu-
ated. According to the results, the AUCs of DD 
and Lp-PLA2 in cognitive impairment diagnosis 

were 0.736 and 0.725, respectively (Figure 6; 
Table 4).

Discussion

With a high incidence of cardiovascular disease 
and CSVD in China, stroke has become the pri-
mary cause of disease-triggered death [14]. 
The incidence of CSVD is up to 17.2% in China, 
and up to 25.0% worldwide [15]. According to 
prior research, CSVD, with characteristic clini-
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Table 4. ROC parameters
Items AUC 95% Confidence interval Specificity Sensitivity Youden index Cut-off value
DD 0.736 0.631-0.840 93.80% 48.10% 41.80% 0.41
Lp-PLA2 0.725 0.618-0.831 96.90% 42.30% 39.20% 164.21
Note: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2; AUC: Area under the curve.

Figure 5. DD and Lp-PLA2 levels in patients with or without cognitive impairment. A. Comparison of DD between the 
cognitive impairment group and non-cognitive impairment group. B. Comparison of Lp-PLA2 between the cognitive 
impairment group and non-cognitive impairment group. Note: DD: D-dimer; Lp-PLA2: lipoprotein phospholipase A2.

Figure 6. Value of DD and Lp-PLA2 in diagnosing cognitive impairment. A. ROC curve of DD in diagnosing cognitive 
impairment. B. ROC curve of Lp-PLA2 in diagnosing cognitive impairment. Note: DD: D-dimer; Lp-PLA2: lipoprotein 
phospholipase A2; ROC: Receiver operating characteristic.

cal and imaging manifestations, plays a crucial 
role in the diagnosis of comorbid cognitive 
impairment [16]. CSVD causes up to 45% of 
dementia cases, 20% of stroke cases, 25% of 
cases of ischemic strokes and 20% of disabi- 
lity cases [17]. Cognitive impairment includes 
mild cognitive impairment and dementia, which 
brings great burden to patients and society 
[18]. Therefore, it is relevant to explore bio-
markers strongly linked to the progress of CS- 

VD for the early diagnosis and treatment of 
CSVD and the prevention and therapy of 
dementia.

DD, a cross-linked fibrin clot derived from fibri-
nolysis, mainly reflects the fibrinolysis function, 
which can serve as a specific molecular marker 
of the hypercoagulable state and hyperfibri-
nolysis in vivo. The increase of its plasma level 
is significant for the diagnosis of thrombotic 
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diseases [19, 20]. In research by Ohara et al. 
[21], DD was found to be a crucial biomarker of 
ischemic stroke and cardiovascular disease. 
According to research by Choi et al. [22], DD 
can be adopted as a useful biomarker for risk 
assessment and for predicting the recurrence 
of stroke in patients with unknown origin, espe-
cially for embolic ischemic stroke. CSVD is a 
primary subtype of patients with CSVD, and it is 
speculated that the change of DD is connected 
with the development of CSVD. Lp-PLA2 has 
been verified to be a specific index of vascular 
inflammation and an independent risk factor 
for ischemic stroke, and its hydrolysate is a 
powerful inflammatory substance that const- 
antly stimulates Lp-PLA2 regeneration, result-
ing in a vicious circle to accelerate vascular 
injury [23, 24]. With a possible involvement in 
the development of cognitive impairment, high 
Lp-PLA2 can be adopted as an early serological 
marker for the diagnosis of non-dementia vas-
cular cognitive impairment [25]. Therefore, this 
study determined the DD and Lp-PLA2 levels in 
patients with CSVD. In this study, CSVD patients 
showed notably higher DD and Lp-PLA2 levels 
than healthy individuals. Moreover, a ROC 
curve-based analysis, distinguishing healthy 
people from patients with CSVD using DD and 
Lp-PLA2, showed AUC values larger than 0.9. 
Prior research by Zhao et al. [26] showed gre- 
atly increased serum exosome miRNA-223-3p 
levels in CSVD patients, with an AUC of 0.922. 
Also, Janes et al. [27] determined the AUC  
when distinguishing sporadic small vessel dis-
ease (SVD) using asymmetric dimethyl arginine 
(ADMA) as 0.70. The AUCs of the two indexes in 
the present research were 0.903 and 0.907, 
respectively, which were slightly lower than the 
AUC in the study by Zhao et al., but the de- 
tection method and sample acquisition in the 
present research are more convenient and 
cheaper.

Besides analysing DD and Lp-PLA2 levels in 
healthy individuals and CSVD patients, this 
study also compared the magnitude of CSVD in 
patients with different severity according to  
the Fazekas scale. According to the results,  
the mild group showed notably lower DD and 
Lp-PLA2 levels than the severe group, and the 
AUC of DD and Lp-PLA2 in diagnosing different 
severities were 0.747 and 0.704, respectively, 
according to ROC curve analysis. Qiu et al. [28] 
divided patients into a low-burden group and a 

high-burden group based on the Fazekas scale 
and found the AUC of serum cortisol for diag-
nosing patients with different burdens to be 
0.745 after analysing the expression of serum 
cortisol in patients with different burdens. With 
a value slightly lower than serum cortisol for 
Lp-PLA2 and of similar scale for DD, the results 
indicate a certain clinical value of DD and 
Lp-PLA2 in the diagnosis of CSVD patients with 
different severity.

CSVD is highly connected to neuroinflamma- 
tion and cognitive impairment. CSVD-triggered 
cognitive impairment is an important subtype 
of vascular cognitive impairment, which mainly 
manifests in the impairment of attention, mem-
ory, information analysis and executive ability 
[29]. In this study, patients were grouped by 
MoCA scale. Patients with cognitive impair- 
ment showed greatly higher DD and Lp-PLA2 
levels than those without it. Wang et al. [30] 
have found notably increased serum S100β 
levels in patients with both CSVD and cognitive 
impairment, and the AUC of S100β in predict-
ing cognitive impairment was 0.845. In the 
present research, the AUC value of DD and 
Lp-PLA2 in predicting cognitive impairment 
was lower at 0.7. This shows that DD and 
Lp-PLA2 are not ideal for the diagnosis of CSVD 
with cognitive impairment.

This study analysed the clinical value of DD and 
Lp-PLA2 in CSVD patients. However, this study 
also has some limitations. Firstly, the changes 
of DD and Lp-PLA2 levels after therapy have 
not been collected. Secondly, the patients were 
not followed up in this study, and the relation-
ship of DD and Lp-PLA2 with patients’ progno-
sis needs further study. Finally, the analysis in  
a retrospective study may be biased. Therefore, 
we hope to carry out more prospective resear- 
ch in the future with increased samples and  
follow up results to improve the research 
conclusions.

To sum up, the increase of plasma DD and 
LP-PLA2 indicates the aggravation of CSVD 
patients and is expected to become a potential 
outcome measure of CSVD in clinical practice.
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