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Abstract 

Background and aims:  Cerebral microbleeds (CMBs) increase the risk of stroke occurrence and recurrence,and affect 
the prognosis of stroke patients. Therefore, identifying biological markers that predict CMBs after stroke is urgently 
needed. This study explored whether high levels of lipoprotein-associated phospholipase A2(Lp-PLA2) are associated 
with an increased risk of CMBs in patients with acute ischaemic stroke (AIS).

Methods:  From April 2020 to October 2021, we enrolled 242 patients with AIS. At admission, the plasma levels of Lp-
PLA2 were measured in all patients as well as the number of CMBs and white matter lesions. According to the results 
of the Susceptibility Weighted Imaging (SWI), the patients were divided into a CMB group and a no-CMB group. The 
groups were compared with univariate and multivariate analyses to clarify the correlation between Lp-PLA2 levels 
and CMBs, and the optimal cut-off value of Lp-PLA2 that predicted CMBs was determined from the receiver-operating 
characteristic curve.

Results:  CMBs were detected in 71 (29.3%) of the 242 AIS patients. The median Lp-PLA2 level was 182.79 ng/ml. 
Using the 1st quartile of Lp-PLA2 levels (the lowest levels) as the reference group, univariate logistic regression analy-
sis showed that individuals in the 4th quartile (the highest levels) had a higher risk of CMBs (odds ratio [OR] = 1.460, 
95% confidence interval [CI]: 1.188–1.795, P = 0.000). This correlation persisted after adjusting for relevant risk factors 
(OR = 1.370, 95% CI: 1.096–1.713, P = 0.006). The optimal cut-off value of Lp-PLA2 that predicted the occurrence of 
CMBs was 184.36 ng/ml; at this threshold, the sensitivity was 69.0%, and the specificity was 60.2%.

Conclusions:  Our data suggest that a high level of Lp-PLA2 in patients with AIS is a potential risk factor for CMBs.
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Introduction
Cerebral microbleeds (CMBs) are subclinical damage 
of brain parenchyma characterized by microvascular 
lesions and microbleeds in the brain [1]. With advances 

in imaging technology, especially the development of sus-
ceptibility weighted imaging (SWI), the ability to detect 
CMBs has increased. Studies have shown that the pro-
portion of CMBs in patients with ischemic stroke is more 
than 5 times that of healthy people [2].

Generally, CMBs have no obvious clinical symptoms 
or signs, but studies have confirmed thatthat CMBs not 
only predict the risks of ischaemic stroke occurrence and 
recurrence [3, 4] but also increase the risk of intracerebral 
haemorrhage in patients receiving antiplatelet therapy [5] 
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and the risk of symptomatic intracerebral haemorrhage 
after thrombolytic therapy [6]. As the presence of CMBs 
seriously affects the occurrence, recurrence and progno-
sis of ischaemic stroke, it is highly important to identify 
the risk factors for CMBs.

In recent years, many studies have shown that CMBs 
are closely related to inflammatory factors such as high-
sensitivity C-reactive protein (hs-CRP), interleukin (IL)-
6, IL-18 and tumour necrosis factor alpha (TNF-α )[7, 
8]. Therefore, there may be a correlation between CMBs 
and inflammatory markers. Unlike systemic inflamma-
tory factors such as hs-CRP and ILs, lipoprotein associ-
ated phospholipase A2 (Lp-PLA2) is a vascular-specific 
inflammatory factor with a relatively stable concentration 
that is not affected by infection. The level of Lp-PLA2 
thus directly and accurately reflects the extent of intra-
vascular inflammation [9]. However, few studies have 
explored the correlation between Lp-PLA2 levels and 
CMBs.

Therefore, the aim of this study was to investigate 
the correlation between Lp-PLA2 levels and CMBs in 
patients with acute ischaemic stroke (AIS) and to deter-
mine the optimal cut-off value of Lp-PLA2 that predicts 
CMBs.

Materials and methods
Study population
The clinical data of 242 AIS patients admitted to our hos-
pital from April 2020 to October 2021 were collected and 
analysed. The inclusion criteria for patients were as fol-
lows: (1) met the diagnostic criteria of the World Health 
Organization (WHO) for AIS confirmed by craniocer-
ebral magnetic resonance imaging (MRI) or computed 
tomography (CT) scans [10]; (2) had an AIS onset time 
within 6–48 hours; (3) age ≥ 18 years; and (4) had com-
plete clinical data available. The exclusion criteria were 
as follows: (1) emergency intravenous thrombolysis or 
endovascular intervention; (2) previous history of intrac-
erebral haemorrhage, subarachnoid haemorrhage, brain 
trauma, or brain tumour; (3) severe infection, autoim-
mune disease, malignant tumour or blood system dis-
ease; and (4) severe dysfunction of the heart, liver, or 
kidney.

All of the participants signed an informed form to par-
ticipate in the study. The study design was approved by 
the Medical Ethics Committee of Huai’an Hospital affili-
ated to Xuzhou Medical University.

Collection of baseline data
Data on demographic and clinical characteristics were 
collected at admission, including age, sex, smoking status, 
alcohol consumption, history of related diseases (diabe-
tes, hypertension, stroke, atrial fibrillation and coronary 

heart disease), premorbid medications (antithrombotics, 
anticoagulants and statins), baseline systolic and dias-
tolic blood pressure, National Institutes of Health Stroke 
Scale (NIHSS) score, and Alberta Stroke Program Early 
CT (ASPECT) score. Laboratory data, including hs-CRP, 
lipid profle results, fasting plasma glucose (FPG), homo-
cysteine (HCY), blood coagulation indicators and creati-
nine (Cr), were also recorded. All tests were performed 
with a fully automated biochemical analyser (Beckman 
5811, Germany).

Lp‑PLA2 concentration assessment
Fasting venous blood was collected from all patients 
within 24 h of admission and placed in EDTA-treated 
tubes. Blood samples were centrifuged at 1500 r/min for 
10 minutes, and the separated plasma was stored at 4 °C. 
Next, the plasma levels of Lp-PLA2 were measured by 
magnetic microparticle chemiluminescence in an MQ60 
series automatic immune analyser according to the kit’s 
instructions. Reagents were provided by Beijing Rejing 
Biotechnology Co., Ltd.

MRI scans
Cranial MRI was performed using a 3.0 T MRI scanner 
(General Electric Medical Systems, USA). All patients 
completed the following sequences within 72 hours of 
admission: T1-weighted imaging (repetition time [TR], 
1750 ms; echotime [TE], 24 ms; fifield of view [FOV], 
24 × 18 cm; matrix, 320 × 224; slice thickness, 5 mm), 
T2- weighted imaging (TR, 4841 ms; TE, 102 ms; FOV, 
24 × 24 cm; matrix, 256 × 256; slice thickness, 5 mm), 
fluid-attenuated inversion recovery (FLAIR) (TR, 
9000 ms; TE, 130 ms; FOV, 24 × 24 cm; matrix, 256 × 192; 
slice thickness, 5 mm), diffusion weighted imaging 
(DWI) (TR, 4880 ms; TE, 65 ms; b-value, 0/1000;FOV, 
24 × 24 cm; matrix, 160 × 130; slice thickness, 5 mm), 
SWI (TR, 85 ms; TE, 45 ms;flip angle,15°;FOV, 24 × 22 cm; 
matrix, 384 × 320; slice thickness, 2 mm;slice gap, 0 mm). 
All imaging results were observed and assessed by two 
experienced neuroradiologists. If disagreements arose, 
the two doctors discussed the case until they reached an 
agreement.

The positive diagnostic criteria for CMBs in SWI 
results were as follows [11]: round or oval hypointense 
signals with a diameter of 2 ~ 5 mm (maximum of no 
more than 10 mm), with clear borders, without oedema 
around the focus, and excluding calcium or iron deposi-
tion, vascular flow void effect, diffuse axonal injury, cav-
ernous haemangioma or other conditions with similar 
imaging manifestations.

White matter lesions (WMLs) were defined as high 
signal intensity in T2-weighted images and FLAIR 
sequences of cranial MRI results, equal or slight signal on 
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T1-weighted images, and focuses that were punctate or 
patchy with blurred borders and diameters ≥5 mm [12].

WMLs were assessed according to the Fazekas score 
[13], which included two categories: periventricular 
hyperintensity (PVH) and deep white matter hyperinten-
sity (DWMH) scores. (1) PVH scores were as follows: 0 
for no lesions, 1 for cap or pencil-like thin-layer lesions, 
2 for smooth halo lesions, and 3 for lesions extending to 
deep white matter; (2) DWMH scores were as follows: 0 
for no lesions, 1 for spotted lesions, 2 for plaque-like par-
tial fusion lesions and 3 for diffuse large fusion lesions. 
The final Fazekas score was calculated as the sum of the 
PVH and DWMH scores.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 25.0 (SPSS Inc., Chicago, IL, USA). Normally dis-
tributed data are expressed as the mean ± standard 
deviation (SD), and group comparisons were performed 
by two independent-sample t tests. Nonnormally distrib-
uted data are expressed as the median and interquartile 
range. Group comparisons were made with the Mann–
Whitney U test. Count data are expressed as the number 
and percentage (n, %), and group comparisons were per-
formed using the chi-square test. Univariate and multi-
variate logistic regression analyses were used to evaluate 
the correlation between Lp-PLA2 levels and CMBs. A 
receiver-operating characteristic curve (ROC) was used 
to estimate the optimal cut-off value of Lp-PLA2 for pre-
dicting CMBs in patients with AIS, and the area under 
the curve (AUC), sensitivity and specificity of the ROC 
were evaluated. Statistical significance was established at 
P < 0.05 in all tests.

Results
Of 242 patients with AIS were included, the age of 
them ranged from 42 to 90 years, with an average age of 
67.52 ± 9.50 years. Among these patients, 158 were male 
(65.3%) and 84 were female (34.7%), 87 (36%) had a his-
tory of smoking, and 76 (31.4%) had a history of alco-
hol consumption. In addition, 158 (65.3%) patients had 
hypertension, and 69 (28.5%) patients had diabetes mel-
litus. Furthermore, 48 (19.8%) patients took antiplatelet 
drugs, and 13 (5.4%) patients took anticoagulants.

The 242 subjects were divided into a CMB group and 
a no-CMB group according to the presence or absence 
of CMBs. As shown in Table  1, age, hypertension and 
diabetes, Fazekas score, total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C) levels, and HCY 
and Lp-PLA2 levels were significantly higher in the CMB 
group than in the no-CMB group (P < 0.05). Furthermore, 
there were no significant differences between the two 
groups in sex, history of smoking or drinking, history of 

coronary heart disease, atrial fibrillation or stroke, use 
of antithrombotics and anticoagulants, Hs-CRP, FPG or 
blood coagulation indicators (P > 0.05).

The median Lp-PLA2 level at admission was 182.79 ng/
ml. Lp-PLA2 levels were divided into quartiles: 1st 
(< 158.56 ng/ml), 2nd (158.56–182.79 ng/ml), 3rd 
(182.79–204.67 ng/ml) and 4th (> 204.67 ng/ml). Logistic 
regression analysis was used to evaluate the relationship 
between Lp-PLA2 levels and CMBs. As shown in Table 2, 
using the 1st quartile of Lp-PLA2 levels (the lowest lev-
els) as the reference group, univariate logistic regression 
analysis showed that individuals in the 4th quartile (the 
highest levels) had a higher risk of CMBs (odds ratio 
[OR] = 1.460, 95% confidence interval [CI]: 1.188–1.795, 
P = 0.000). Moreover, this correlation persisted after 
adjusting for potential confounders such as age, hyper-
tension, diabetes, Fazekas score, TC, LDL-C, and HCY 
(OR = 1.370, 95% CI: 1.096–1.713, P = 0.006). In addi-
tion, when Lp-PLA2 was used as a continuous variable 
for logistic regression analysis, the level of Lp-PLA2 was 
also correlated with CMBs after adjusting for the above 
risk factors (OR = 1.014, 95% CI: 1.005–1.024, P = 0.004).

According to the ROC curve (Fig. 1), the optimal cut-
off value of Lp-PLA2 that predicted CMBs was 184.36 ng/
ml, which yielded a sensitivity of 69.0%, a specificity 
of 60.2%, and an AUC of 0.664 (95% CI: 0.587–0.741, 
P = 0.000).

Discussion
The purpose of this study was to investigate the correla-
tion between Lp-PLA2 levels and CMBs in patients with 
AIS. We found that a high level of Lp-PLA2 was a poten-
tial risk factor for CMBs and determined that the opti-
mal cut-off value of Lp-PLA2 that predicted CMBs was 
184.36 ng/ml according to the ROC curve.

Of the included patients with AIS, 29.3% (71/242) had 
CMBs; this proportion is slightly lower than the 34% 
observed in previous studies [2]. This difference may be 
due to differences in the MRI sequences used among 
studies. T2-weighted gradient echo sequence (T2*GRE) 
and SWI are the most commonly used methods to iden-
tify CMBs [14]. Compared with T2*GRE, SWI has a 
much higher spatial resolution and is more sensitive to 
iron atoms in haemosiderin [15, 16]; it is thus the most 
reliable method of detecting CMBs to date. In our study, 
SWI was used to detect CMBs, which excluded other 
imaging findings and decreased the false-positive rate.

Lp-PLA2 has emerged as an inflammatory marker; it 
is mainly secreted by inflammatory cells such as mac-
rophages and monocytes [17]. The expression of Lp-
PLA2 is regulated by proinflammatory factors, such as 
IL-6, TNF-α, colony stimulating factor, and glucocor-
ticoids [18]. Studies have demonstrated that Lp-PLA2 
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plays a role in the initiation, formation, development 
and rupture of atherosclerosis [19, 20]. Lp-PLA2 is also 
an independent risk factor for ischaemic stroke [21], pre-
dicting the occurrence, development and recurrence risk 
[22–24], and an independent marker of poor prognosis of 
stroke patients. The mechanism underlying this relation-
ship is as follows: Lp-PLA2 combines with LDL through 
apolipoprotein B100 and promotes the condensation and 
oxidation of LDL to form oxidized LDL (oxLDL), and 
by hydrolysing the phospholipid components in oxLDL, 
lipid proinflammatory substances such as lysophosphati-
dylcholine (LPC) and oxidized free fatty acids (oxFFAs) 
are produced [25]. Proinflammatory substances further 

damage vascular endothelial cells, causing vascular dys-
function and leading to atherosclerosis and stroke. Stud-
ies have suggested that the blood–brain barrier (BBB) is a 
downstream product of endothelial cells [26]. Therefore, 
it can be speculated that Lp-PLA2 and its products dam-
age the BBB, leading to an increase in its permeability 
allowing harmful toxins and immune cells to enter the 
brain and changing in the structure of small blood vessels 
[27], leading to the formation of CMBs.

To date, a few studies have explored the correlation 
between Lp-PLA2 levels and CMBs, but they have not 
reached unified conclusion. A study of 819 community-
living seniors [28] found that Lp-PLA2 levels were not 

Table 1  Comparison of general clinical data between the CMB and no-CMB groups

Abbreviations: CMBs Cerebral microbleeds, hs-CRP High-sensitivity C-reactive protein, FPG Fasting plasma glucose, TG Triglycerides, TC Total cholesterol, LDL-C Low-
density lipoprotein cholesterol, HDL High-density lipoprotein, PT Prothrombin time, APTT Activated partial thromboplastin time, INR International Normalized Ratio, 
FIB Fibrinogen, Cr Creatinine, HCY Homocysteine, Lp-PLA2 Lipoprotein associated phospholipase A2

Variables CMB group (n = 71) No-CMB group (n = 171) P value

Demographic data
  Age, years 69.5 ± 9.9 66.7 ± 9.2 0.036

  Sex, male (%) 48 (67.6) 110 (64.3) 0.626

  History of smoking (%) 26 (36.6) 61 (35.7) 0.889

  History of drinking (%) 24 (33.8) 52 (30.4) 0.605

  Hypertension (%) 54 (76.1) 104 (60.8) 0.023

  Diabetes mellitus (%) 27 (38.0) 42 (24.6) 0.035

  Coronary heart disease (%) 16 (22.5) 44 (25.7) 0.600

  History of stroke (%) 26 (36.6) 58 (33.9) 0.688

  Atrial fibrillation (%) 9 (12.7) 21 (12.3) 0.932

  Use of anticoagulants (%) 4 (5.6) 9 (5.3) 0.907

  Use of antithrombotics (%) 16 (22.5) 32 (18.7) 0.497

  Use of statins (%) 14 (19.7) 25 (14.6) 0.326

Clinical data
  Systolic blood pressure (mmHg) 146.4 ± 13.4 142.9 ± 13.1 0.066

  Diastolic blood pressure (mmHg) 87.9 ± 7.9 86.2 ± 8.4 0.144

  NIHSS score 7 (4, 10) 6 (3, 9) 0.063

  ASPECT score 7 (5, 8) 7 (6, 9) 0.175

  Fazekas score 3 (2, 4) 2 (1, 3) 0.001

Laboratory data
  Hs-CRP (mg/L) 2.83 (1.62, 4.42) 2.46 (1.48, 4.14) 0.525

  FPG (mmol/l) 5.69 (5.23, 6.77) 5.55 (5.0 6, 5.98) 0.242

  TG (mmol/L) 1.46 (0.78, 1.94) 1.31 (0.70, 1.67) 0.156

  TC (mmol/L) 4.34 ± 0.71 4.12 ± 0.84 0.041

  LDL-C (mmol/L) 2.64 ± 0.45 2.51 ± 0.46 0.047

  HDL (mmol/L) 1.20 ± 0.24 1.25 ± 0.25 0.214

  PT (s) 11.75 ± 1.07 11.89 ± 0.95 0.347

  APTT (s) 31.23 ± 3.32 30.55 ± 3.38 0.152

  INR 1.08 ± 0.12 1.07 ± 0.11 0.483

  FIB (g/L) 2.79 ± 0.80 2.75 ± 0.83 0.707

  Cr (umol/l) 76.43 ± 11.84 77.87 ± 17.98 0.465

  HCY (umol/l) 16.31 ± 3.68 14.34 ± 4.14 0.001

  Lp-PLA2 (ng/ml) 196.07 ± 35.36 176.96 ± 32.01 0.000
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significantly correlated with CMBs, but in patients with 
apolipoprotein (APOE) ε2 or ε4 alleles, deep CMBs were 
closely associated with high levels of Lp-PLA2. In con-
trast, a prospective study in China [29] showed that the 
Lp-PLA2 levels in the CMB group were significant higher 
than those in the normal control group (P < 0.05), indi-
cating that there was a correlation between Lp-PLA2 
levels and CMBs. Our study indicated that the Lp-PLA2 
levels in the CMB group were significantly higher than 
those in the no-CMB group. Using the 1st quartile of Lp-
PLA2 levels (the lowest levels) as the reference group, 

univariate logistic regression analysis showed that the 
4th quartile of Lp-PLA2 levels (the highest levels) had a 
higher risk of CMBs (OR = 1.460, 95% CI: 1.188–1.795, 
P = 0.000), and this association persisted after adjust-
ing for relevant risk factors (OR = 1.370, 95% CI: 1.096–
1.713, P = 0.006). In addition, when Lp-PLA2 was used 
as a continuous variable for logistic regression analysis, 
the level of Lp-PLA2 was also correlated with CMBs after 
adjusting for relevant risk factors (OR = 1.014, 95% CI: 
1.005–1.024, P = 0.004). Thus, a high level of Lp-PLA2 
was a potential risk factor for CMBs in patients with AIS. 
This conclusion is not completely consistent with the 
results of the above two studies, possibly due to differ-
ences in the enrolled population, CMB detection equip-
ment and Lp-PLA2 measurement methods.

Furthermore, the 2012 guidelines of the American 
Society of Endocrinologists recommend using a cut-off 
value of Lp-PLA2 concentration ≥ 200 ng/ml, which is 
associated with a higher risk of cardiovascular events 
(< 200 ng/ml is considered the normal range )[30]. How-
ever, some researchers have suggested that the threshold 
level of Lp-PLA2 varies according to sex and race [31]. 
Subsequently, a Chinese study reported that the cut-off 
value of Lp-PLA2 that predicted a risk of cardiovascu-
lar events was 159 ng/mL [32]. However, after reviewing 
the relevant literature, there are no reports on the cut-off 
value of Lp-PLA2 that predicts the risk of CMBs. In this 
study, the ROC curve was used to determine the opti-
mal cut-off value of Lp-PLA2 that predicted CMBs; an 
Lp-PLA2 level > 184.36 ng/ml indicates a higher risk of 
CMBs.

Nevertheless, this study has several limitations. First, 
our study was performed at a single centre, which could 
lead to selection bias and reduce the study’s generalizabil-
ity. Second, we only evaluated the plasma Lp-PLA2 level 
at admission and did not conduct dynamics observation 
of the Lp-PLA2 level; thus, our methods may not have 
been sufficiently comprehensive. Finally, this study was 
an observational study, which can only describe a cor-
relation between Lp-PLA2 levels and CMBs but cannot 
confirm a causal relationship. Therefore, interpretation 
of our data merits caution, and larger prospective cohort 
studies are required to confirm the causal relationship 
between Lp-PLA2 levels and CMBs in the future.

In summary, we found that a high level of Lp-PLA2 was 
a potential risk factor for CMBs in patients with AIS and 
established a (preliminary) optimal cut-off value of Lp-
PLA2 that predicted CMBs at 184.36 ng/ml. Therefore, 
patients with AIS whose Lp-PLA2 level is greater than 
184.36 ng/ml warrant timely screening for CMBs, delay 
or reduce the occurrence of CMBs by controlling risk 
factors, so as to reduce the risk of stroke occurrence and 
recurrence and improve the prognosis of stroke.

Table 2  Logistic regression analysis of the relationship between 
Lp-PLA2 levels and CMBs

Model 1: no adjustment for confounding factors; Model 2: adjusted for 
confounding factors such as age, hypertension, diabetes, Fazekas score, TC, LDL, 
and HCY; Model 3: Lp-PLA2 as a continuous variable, adjusted for confounding 
factors such as age, hypertension, diabetes, Fazekas score, TC, LDL, and HCY

Lp-PLA2 level OR 95% CI P value

Model 1

  1st quartile Reference

  2nd quartile 1.010 0.636–1.603 0.966

  3rd quartile 1.272 0.958–1.687 0.096

  4th quartile 1.460 1.188–1.795 0.000

Model 2

  1st quartile Reference

  2nd quartile 0.923 0.559–1.523 0.753

  3rd quartile 1.334 0.978–1.820 0.069

  4th quartile 1.370 1.096–1.713 0.006

  Model 3

1.014 1.005–1.024 0.004

Fig. 1  ROC curve for Lp-PLA2 levels and CMBs
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