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Abstract

Objective: Lipoprotein-associated phospholipase A2 (Lp-PLA2) is considered a biomarker for

systemic inflammation and the risk of myocardial infarction and stroke. However, little is known

about the effect of acute vascular events on marker levels. The purpose of this study was to

assess the potential association of early recovery with Lp-PLA2 levels in patients with acute

ischemic stroke (AIS) after intravenous thrombolysis (IVT).

Methods: Forty-three consecutive AIS patients who had their first stroke and were hospitalized

within 5 hours of the onset of stroke were enrolled. All patients were treated with IVT using

alteplase or urokinase. Plasma Lp-PLA2 levels were measured within 24 hours after IVT. Variables

that showed a significant association with Lp-PLA2 in univariate analysis were included in the

multivariate ordered logistic regression model.

Results: Early recovery was associated with Lp-PLA2 levels after IVT, and Lp-PLA2 levels tended

to decrease with increased probability of early recovery. This study is the first to report a

negative correlation between early recovery and Lp-PLA2 levels after IVT.

Conclusion: Early recovery after IVT was negatively correlated with Lp-PLA2 A2 levels.
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Introduction

Acute ischemic stroke (AIS) is a leading
cause of death and disability affecting soci-
eties around the world.1 Early thrombolytic
occlusion of arteries with a thrombolytic
drug is associated with better clinical effica-
cy.2 Intravenous thrombolysis (IVT) in AIS
is time-dependent.3 The functional progno-
sis after stroke depends on the recanaliza-
tion time,4 with earlier treatment having
a greater benefit. Patients with AIS can
benefit from IVT if they have evidence of
salvageable tissue in advanced imaging
studies. Treatment with alteplase, a throm-
bolytic drug, within 4.5 hours after the
onset of stroke can significantly increase
the overall probability of good prognosis,
and early treatment has a greater propor-
tional benefit.5 Among patients with ische-
mic stroke and salvageable brain tissue, the
use of alteplase 4.5 to 9.0 hours after the
onset of stroke or when the patient woke
up with stroke symptoms led to a higher
proportion of patients with no or mild
neurological deficits compared with the
placebo group.6,7 These results provide pre-
liminary evidence for extending the
time window of IVT in AIS patients.
Lipoprotein-associated phospholipase A2
(Lp-PLA2) is a calcium-independent serine
lipase that specializes in hydrolyzing sn-2
fatty acids from oxidized phospholipids.8

Lp-PLA2 is considered a biomarker for
systemic inflammation and the risk of myo-
cardial infarction (MI) and stroke.9–12

However, little is known about the effect

of acute vascular events on marker levels.

The purpose of this study was to assess the

potential association of early recovery with

Lp-PLA2 levels in AIS patients after IVT.

Methods

Subjects

AIS patients who had their first stroke and

were hospitalized within 5.0 hours of

the onset of stroke in the North China

University of Science and Technology

Affiliated Hospital from January 2020 to

December 2020 were enrolled in the study.

All patients were treated with IVT using

alteplase or urokinase, depending on their

choice. We excluded patients who matched

the following criteria: (I) age <36 years or

age >86 years; (II) National Institute of

Health Stroke Scale (NIHSS)13 score

at admission <4; (III) have neurological

abnormalities related to neurological disor-

ders; (IV) have a history of MI; (V) have a

history of cardiac failure; (VI) have a histo-

ry of IVT therapy; (VII) underwent endo-

vascular treatment after IVT. NIHSS scores

were measured at admission for all patients.

Early recovery was considered as an NIHSS

score reduction �3 after IVT compared

with the score at admission. Plasma

Lp-PLA2 levels were measured within

24 hours after IVT. Patients were divided

into three subgroups based on plasma Lp-

PLA2 levels: low (<50 ng/mL), medium

(50–150 ng/mL), and high (>150 ng/mL).

2 Journal of International Medical Research



Demographics included age, sex, time from

onset to admission, NIHSS score at admis-

sion, early recovery, thrombolytic drug, and

history of coronary heart disease, hyperten-

sion, diabetes mellitus, and atrial fibrilla-

tion. This study was approved by the

ethics committee of North China

University of Science and Technology

(20190038; 12 December 2019). Each

patient provided written informed consent

before participating.

Statistical analyses

SPSS software version 17.0 (SPSS Inc.,

Chicago, IL, USA) was used for statistical

analyses. Values are expressed as mean�
standard deviation (SD). Significant differ-

ences were defined as P< 0.05. Baseline and

clinical characteristics were compared

using the analysis of variance (ANOVA)

or Kruskal–Wallis test. Variables that

showed a significant association (P< 0.1)

with Lp-PLA2 using univariate analysis

were included in the multivariate ordered

logistic regression model. The existence of

the proportional advantage hypothesis was

determined by a parallel line test. A devi-
ance goodness of fit test was used to deter-
mine the fit of the model.

Results

In this study, early thrombolytic occlusion
of arteries with thrombolytic drug was asso-
ciated with better clinical efficacy. Early
recovery was associated with Lp-PLA2
levels after IVT, and Lp-PLA2 levels
tended to decrease with an increased prob-
ability of early recovery. This study is the
first to report a negative correlation
between early recovery and Lp-PLA2
levels after IVT.

Clinical characteristics of the patients
examined in the study are shown in
Table 1. Data are expressed as mean�SD.
Forty-three AIS patients were enrolled in
the study. There were no significant differ-
ences among the groups in age (L¼60.5�
10.3, M¼ 66.4� 13.7, and H¼ 62.7� 11.8
years, P¼ 0.431) or sex (P¼ 0.261). The
three groups were similar in the time from
onset to admission (P¼ 0.816), NIHSS
score at admission (P¼ 0.148), early

Table 1. Clinical characteristics of acute ischemic stroke (AIS) patients.

Lp-PLA2 (ng/mL)

L (<50) M (50–150) H (>150) P-Value

Number 13 16 14 –

Age (years), (mean� SD) 60.5� 10.3 66.4� 13.7 62.7� 11.8 0.431

Sex (female), n (%) 5 (38.5) 2 (12.5) 3 (21.4) 0.261

Time from onset to admission

(hours), (mean� SD)

3.0� 1.2 3.0� 1.3 2.8� 1.4 0.816

NIHSS score at admission, (mean� SD) 10.0� 6.4 8.8� 4.2 6.4� 2.1 0.148

Early recovery, n (%) 9 (69.2) 10 (62.5) 5 (35.7) 0.178

Thrombolytic drug (Alteplase), n (%) 11 (84.6) 12 (75.0) 12 (85.7) 0.713

Medical history, n (%)

Coronary heart disease 3 (23.1) 5 (31.3) 0 (0) 0.084

Hypertension 5 (38.5) 7 (43.8) 5 (35.7) 0.902

Diabetes mellitus 2 (15.4) 2 (12.5) 3 (21.4) 0.804

Atrial fibrillation 0 (0) 2 (12.5) 1 (0.1) 0.430

Lp-PLA2, Lipoprotein-associated phospholipase A2; L, low; M, medium; H, high; SD, standard deviation; NIHSS, National

Institute of Health Stroke Scale.
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recovery (P¼ 0.178), and thrombolytic
drug (P¼ 0.713). There were no significant
differences among the groups in medical his-
tory, including coronary heart disease
(P¼ 0.084), hypertension (P¼ 0.902), diabe-
tes mellitus (P¼ 0.804), and atrial fibrillation
(P¼ 0.430).

The effects of NIHSS score at admission
and early recovery on plasma Lp-PLA2
levels were analyzed using multivariate
ordered logistic regression consistent with
the proportional advantage hypothesis
(Table 2). The results of the parallel line
test were v2¼ 0.968, P¼ 0.616, indicating
the existence of the proportional advantage
hypothesis. Deviance goodness of fit test
results showed that the model fit well,
v2¼ 24.263, P¼ 0.760. The model fitting
information showed that this model was
superior to the model with only constant
terms, v2¼ 10.550, P< 0.01. The odds
ratio (OR) value of plasma Lp-PLA2 in
patients with early recovery was 4.559
times lower than that in patients without
early recovery (95% confidence interval
(CI): 1.283–16.198), v2¼ 5.501, P¼ 0.019.
The plasma Lp-PLA2 level decreased
by 16.9% (OR¼ 0.831, 95% CI: 0.721–
0.958) for each increase of NIHSS score at
admission, v2¼ 6.532, P< 0.05.

Discussion

In this study, we showed that there was a
negative correlation between early recovery

and Lp-PLA2 levels after IVT. Starting
intravenous alteplase treatment within 4.5
hours after the onset of stroke increases
the chance of achieving functional improve-
ment in patients with AIS.5 Recent studies
have extended the time window for IVT to
9.0 hours.6,7 The earlier treatment starts,
the greater the benefit.14,15 The time
window for IVT in this study was 5.0
hours after stroke onset. Earlier IVT after
stroke is associated with faster IVT-induced
early recanalization (ER).16 A total of 43
patients were enrolled, and 24 patients
(55.81%) achieved early recovery after
IVT. We believe that patients with early
recovery after IVT might have had an
early complete or partial recanalization of
the cerebrovascular vessels, despite the lack
of a vessel imaging assessment (either inva-
sive or noninvasive), as stated below in
limitations.

ER proved to be a strong predictor of
improved patient prognosis by intravenous
alteplase treatment.16–18 However, despite
intravenous alteplase treatment, most
patients (59.0%) did not achieve ER.17

One out of every two mesovascular occlu-
sion patients did not achieve good clinical
results for 90 days under the best medical
management.17 The overall incidence of ER
after IVT is considerable, emphasizing the
importance of reliably predicting ER to
limit ineffective transfers between hospi-
tals.19 Our results show that the early
recovery rate after IVT was 55.8% in

Table 2. Predictors of Lipoprotein-associated phospholipase A2 (Lp-PLA2) levels and odds ratios (ORs)
according to early recovery.

Variables B Std. Error Wald OR 95% CI P-Value

Early recovery

[Early recovery¼ 0] 1.517 0.647 5.501 4.559 1.283–16.198 0.019

[Early recovery¼ 1] 0a 1

NIHSS score at admission �0.185 0.072 6.532 0.831 0.721–0.958 0.011

ORs were calculated using a logistic regression model.

CI, confidence interval; NIHSS, National Institute of Health Stroke Scale.
aThis was set to zero because this parameter is redundant.
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patients with AIS, similar to the results of
previous studies.

The incidence of no-ER is particularly
high in cases of proximal occlusion and
severe stroke.19 In the multimodal magnetic
resonance imaging protocol, delayed
gadolinium-enhanced T1 (dGE-T1) is
obtained by simply adjusting the scan
sequence. This is a useful tool for estimating
thrombus length and predicting middle
cerebral artery recanalization after IVT.20

Measuring thrombus volume can
help determine recanalization strategies
and may identify patients suitable for
direct intravascular thrombus removal.21

Recanalization after early thrombolysis
depends not only on the location and
length of the thrombus, but also on the
severity of ischemia.22 The severity of the
stroke and results of vascular imaging on
admission may help identify high-risk
patients with worsening arterial patency
within 24 hours.18 There is less time depen-
dence for penumbra rescue and infarct
growth, but more for the measurement of
collateral blood flow.23 For patients with
large infarctions, good collaterals can
improve the prognosis and help select
patients with IVT.24 If IVT is not used for
recanalization, good collateral blood flow
may have limited prognostic value.25

Lp-PLA2 is a calcium-independent phos-
pholipase A2 that circulates in plasma with
lipoprotein particles. Increased circulating
LP-PLA2 levels can help predict increased
risks of MI, stroke, and cardiovascular
death.26 Elevated serum Lp-PLA2 levels
have been reported in patients with ische-
mic stroke,27,28 and is an independent risk
factor for AIS.29,30 The Lp-PLA2 G994T
gene polymorphism may be an independent
risk factor for ischemic stroke in a Chinese
population.31 Higher levels of Lp-PLA2 in
the acute phase were associated with an
increased short-term risk of recurrence
of vascular events.32 Furthermore, high
serum LP-PLA2 levels are associated with

the incidence, severity, and recurrence of
AIS, which can be used to guide clinical
practice.29

Lp-PLA2 is at the crossroads of lipid
metabolism and the inflammatory response.
This protein is produced by inflammatory
cells, binds to low-density lipoprotein
(LDL) and other lipoproteins, and
participates in the metabolism of LDL
into pro-inflammatory mediators.33 The
dysregulation of lipid metabolism may be
an important factor in central nervous
system injury and disorders. Lp-PLA2 is
highly expressed in the necrotic core of ath-
erosclerotic plaques, which is related to
their instability.34 Inflammation is being
increasingly associated with a greater risk
of stroke,35,36 and the role of Lp-PLA2 as
an inflammatory marker associated with
stroke risk and prognosis is of particular
interest.36 Lp-PLA2 is a vascular-specific
inflammatory enzyme associated with
vascular inflammation,37 producing two
pro-inflammatory mediators: lysophospha-
tidylcholine and oxidized non-esterified
fatty acids. These mediators play roles in
the development of atherosclerotic lesions
and formation of necrotic cores, leading to
more vulnerable plaques.26 These inflam-
matory responses can promote the forma-
tion and release of atherosclerotic plaques
and thrombosis, and thus ischemic stroke.38

Several limitations of this study are
acknowledged. First, computed tomo-
graphic angiography (CTA) should be per-
formed for further follow-up radiological
assessment to clarify the ER of occluded
vessels after IVT. Second, ultrasonography
should be used for vessel evaluation.
Furthermore, magnetic resonance angiog-
raphy (MRA) studies in association with
dGE-T1 sequences were not carried out
because of research funding constraints.
Finally, this was a single-center study with
a limited sample size. Data from only
43 patients were available for analysis.
The limited number of subjects may not
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have provided sufficient comparisons of

risk factors associated with stroke in

patients with different levels of Lp-PLA2.
Our results suggest that early recovery

after IVT was negatively correlated with

Lp-PLA2 levels. This may be because of

the early complete or partial recanalization

of occluded vessels, recovery of nerve func-

tion, and reduction of the inflammatory

response and Lp-PLA2 levels in stroke

patients after IVT.
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