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Summary

Background: The aim of this study was to carried out an
exploration of the predictive value of serum high-sensitivity
C-reactive protein (hs-CRP) plus high levels of lipoprotein-
associated phospholipase A2 (Lp-PLA2) for the onset of
ischemic stroke (IS). This study extends the understanding
of their interplay by highlighting their mechanistic contribu-
tions to vascular inflammation and plaque instability, fac-
tors crucial in IS onset.

Methods: 526 IS patients were selected as the experimen-
tal group (EG). During the same period, 463 healthy indi-
viduals served as the control group (CG). The levels of Lp-
PLA2, myeloperoxidase (MPO), total cholesterol (CHO),
low-density lipoprotein cholesterol (LDL-C), triglyceride
(TG), hs-CRP, and serum ferritin (SF) in the serum of sub-
jects were compared. The predictive efficacy of combina-
tion of two for the onset of IS was assessed.

Results: The levels of Lp-PLA2, MPO, CHO, LDL, TG, hs-
CRP and SF in patients with IS were all markedly higher as
against the CG (P<0.05). Multivariate Logistic regression
analysis (MLRA) suggested that both hs-CRP and Lp-PLA2
were independently associated with the risk of IS
(OR=1.334, 95% Cl=1.713~1.954; 1.251, 1.011~1.921).
The ROC curve analysis revealed that the predictive effica-
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Kratak sadrzaj

Uvod: Cilj ove studije bio je istraZivanje prediktivne vredno-
sti serumskog visokosenzitivnog C-reaktivnog proteina (hs-
CRP) i visokih nivoa lipoproteinima povezanog fosfolipaze
A2 (Lp-PLA2) za nastanak ishemijskog mozdanog udara
(IS). Ova studija prosiruje razumevanje njihovog medu-
sobnog delovanja, isti¢u i njihove mehanisticke doprinose
vaskularnoj inflamaciji i nestabilnosti plaka, faktore klju¢ne
za nastanak IS.

Metode: 526 pacijenata sa IS odabrano je kao eksperimen-
talna grupa (EG). Tokom istog perioda, 463 zdrave osobe
sluzile su kao kontrolna grupa (CG). Uporedeni su nivoi Lp-
PLA2, mieloperoksidaze (MPOQO), ukupnog holesterola
(CHO), holesterola niskog gustinskog koeficijenta (LDL-C),
triglicerida (TG), hs-CRP i serumskog feritina (SF) u seru-
mu ispitanika. Procena prediktivne efikasnosti kombinacije
ova dva faktora za nastanak IS je izvedena.

Rezultati: Nivoi Lp-PLA2, MPO, CHO, LDL, TG, hs-CRP i
SF kod pacijenata sa IS bili su zna¢ajno visi u poredenju sa
CG (P<0.05). Multivariatna logisti¢ka regresija (MLRA) je
pokazala da su i hs-CRP i Lp-PLA2 nezavisno povezani sa
rizikom od IS (OR=1.334, 95% Cl=1.713~1.954; 1.251,
1.011~1.921). Analiza ROC krive je pokazala da je predik-
tivna efikasnost za IS kombinacije hs-CRP i Lp-PLA2
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cy for IS of hs-CRP in combination with Lp-PLA2 (area
under the ROC curve (AUC)=0.786) was markedly better
as against hs-CRP alone (0.713) or Lp-PLA2 alone (0.698)
(P<0.05). Mechanistically, their interaction may exacer-
bate vascular inflammation, promoting plaque instability, a
crucial process in IS development.

Conclusions: This study reinforces that the combined detec-
tion of hs-CRP and Lp-PLA2 significantly improves IS risk
prediction by offering a more comprehensive assessment of
inflammatory and atherosclerotic status. Their interplay sug-
gests potential therapeutic targets for preventing IS.

Keywords: IS, hs-CRP, Lp-PLA2, inflammation factors,
predictive value

Introduction

IS stands as a major contributor to mortality and
chronic disability globally, representing a substantial
burden to individuals, families, and society (1, 2).
Despite certain advancements in the understanding
of its pathophysiological mechanisms, early preven-
tion and accurate prediction still faced great chal-
lenges. Inflammation is pivotal in the etiology and
progression of IS, and the detection of inflammatory
markers is of significant importance for the early iden-
tification of high-risk groups (3, 4).

hs-CRPis an acute-phase reactant protein syn-
thesized by the liver, present in trace amounts in the
body but markedly elevated by inflammatory respons-
es. hs-CRP is widely recognized as an important
marker of inflammation and cardiovascular diseases
and is extensively used for risk assessment of cardio-
vascular diseases (5). Increased hs-CRP levels obvi-
ously correlated with the development of IS (6). High
levels of hs-CRP are considered a marker of systemic
inflammatory status, possibly reflecting the presence
of atherosclerosis and the formation of unstable
plaques (7, 8). Some studies indicated that hs-CRP
could not only serve as a predictive factor for IS but
also be adopted for assessing the prognosis of stroke
patients. The levels of hs-CRP are closely related to
the severity of stroke patients’ conditions, functional
recovery, and long-term prognosis (9). The detection
of hs-CRP is meaningful in clinical practice, especially
in primary and secondary prevention. By detecting
the levels of hs-CRP doctors could identify high-risk
patients earlier and take corresponding intervention
measures (10).

Lp-PLA2is an enzyme closely related to athero-
sclerosis and vascular inflammation (11, 12), mainly
secreted by macrophages, and its elevated levels are
also considered an independent predictor of cardio-
vascular events, acting in atherosclerosis (13). Lp-
PLA2 intensifies arterial inflammation and plaque
instability by hydrolyzing oxidized phospholipids, pro-
ducing inflammatory and cytotoxic products (such as
oxidized fatty acids) (14). Although the independent
roles of hs-CRP and Lp-PLA2 in predicting and

(povrsina ispod ROC krive (AUC)=0.786) bila znacajno
bolja u poredenju sa samim hs-CRP (0.713) ili samim Lp-
PLA2 (0.698) (P<0.05). Mehanisti¢ki, njihovo delovanje
moze pogorsati vaskularnu inflamaciju, podsti¢u i nestabil-
nost plaka, klju¢ni proces u razvoju IS.

Zakljuéak: Ova studija potvrduje da kombinovano otkriva-
nje hs-CRP i Lp-PLA2 znacajno poboljSava prediktivnu pro-
cenu rizika od IS, nude i sveobuhvatniju procenu inflama-
tornog i aterosklerotskog statusa. Njihovo medusobno
delovanje sugeriSe potencijalne terapijske ciljeve za preven-
ciju IS.

Kljuéne reéi: IS, hs-CRP, Lp-PLA2, inflamatorni faktori,
prediktivna vrednost

assessing IS had been widely studied, there were rel-
atively fewer studies on the combined application of
the two to improve predictive efficacy.

This study hypothesizes that hs-CRP and Lp-
PLA2 interact synergistically, enhancing predictive
accuracy for IS by reflecting distinct yet complemen-
tary inflammatory pathways. By elucidating their
mechanistic relationship, this study aims to provide
novel insights into IS risk stratification and prevention.

Materials and Methods
Subjects

This article retrospectively analyzed the data of
526 patients with IS treated at Chongqing Jiangjin
District Traditional Chinese Medicine Hospital from
January 2021 to December 2023 as the EG. Another
463 healthy individuals from the physical examination
center of Chongging Jiangjin District Traditional
Chinese Medicine Hospital from June 2021 to
November 2023 served as the CG. The EG had 261
men and 265 women, aged (57.86%9.61) years.
The CG had 237 men and 226 women, aged
(58.45%11.72) years; the contrast of gender, age,
and body mass index among the subjects suggested
no visibledistinction (P >0.05). All patients clearly
understood the content of the trial, voluntarily signing
the informed consent form, and this trial was also
reviewed and obtained the approval by Chongging
Jiangjin District Traditional Chinese Medicine Hospital
Ethics Committee.

Inclusion: (1) Patients with IS in the EG must
meet the diagnostic criteria for IS published by the
International Stroke Association (ISA) in 2021 and be
confirmed by imaging (CT or MRI) (Bernhardts2023);
(2) All subjects were aged 18 and above. (3) Patients
with IS were admitted to the hospital for treatment
within 72 hours of onset; (4) The vital signs of the
patients were monitored and stable, and they had the
tolerance for treatment; (5) The participants and their
legal guardians provided consent for trial involvement
and executed the informed consent documents.
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Exclusion: (1) People with severe mental illness
or intellectual disability, affecting their understanding
and cooperation with intervention measures; (2)
Those with severe heart, liver, kidney dysfunction,
malignant tumors, severe infections, etc.; (3) People
with autoimmune diseases: such as systemic lupus
erythematosus, rheumatoid arthritis; (4) A history of
acute or chronic inflammatory diseases within one
month before the start of the trial; (5) Those who
were taking medications affecting inflammation or
lipid metabolism within one month before the start of
the trial, such as statins, immunosuppressants; (6)
Other important comorbidities or clinical conditions,
such as severe anemia, malignant tumors, severe car-
diovascular diseases, that might affect the interpreta-
tion of the study results.

Sample collection

All subjects had 6 mL of fasting elbow venous
blood collected the next morning after admission, in
a resting state. First, anticoagulant treatment was per-
formed, and the collected 6 mL blood sample was
divided into two parts. 3 mL of blood was placed in an
anticoagulant tube containing EDTA or heparin, gen-
tly mixed, and then centrifuged at 4 °C at 3,000 rpm
for 15 min. Later, the plasma was collected, storingat
-80 °C for later use to avoid repeated freezing and
thawing, for the detection of MPO and Lp-PLA2 lev-
els. Then, blood lipid detection was performed, and
the remaining 3 mL of blood was placed in a regular
biochemical tube for the detection of CHO, TG, high-
density lipoprotein cholesterol (HDL-C), and LDL-C.

Detection methods

ELISA was used to determine the serum Lp-
PLA2, MPO levels.The reagents were provided by
Tianjin Kangerke Biological Technology Co., Ltd.

The serum TG, CHO, and LDL were measured
by the enzymatic method. The measurement instru-
ment was the Hitachi 7600 automatic biochemical
analyzer. The reagents were provided by Beijing
Strong Biotechnologies, Inc.

The nephelometric turbidimetric method was
employed for determining the serum hs-CRP and SF.

Statistical processing

SPSS$19.0 software was employed, and the
measurement data were presented by mean * d
(xxs). The Logistic P regression model could be
used to analyze the risk factors for IS, and the diag-
nostic test and ROC curve were used to determine
the assessment threshold of the model. The Youden
index in the diagnostic test was used to determine
the optimal threshold, and the ROC curve was
adopted to assess the diagnostic value of hs-CRP
plus Lp-PLA2 and the use of hs-CRP or Lp-PLA2
alone for IS. The difference was statistically consider-
able with P <0.05.

Results
Contrast of test results in subjects

In this study, the levels of Lp-PLA2 and hs-CRP
were significantly elevated in IS patients compared to
the control group (P<0.05). The mean Lp-PLA?2 level
in IS patients was (487.5+74.6) U/L, while in the
control group, it was (121.4+31.3) U/L, demonstrat-
ing a marked increase (Figure 7A). Similarly, hs-CRP
levels were significantly higher in IS patients, with a
mean value of (30.4+7.62) mg/L compared to
(2.53+0.32) mg/L in the control group. These find-
ings indicate a strong association between inflamma-
tion markers and IS risk (Figure 1B).
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Figure 1 Lp-PLA2 and hs-CRP test results in subject.
(Note: A:Lp-PLA2; B: hs-CRP; * as against the CG, P <0.05)



J Med Biochem 2025; 44 (7)

1561

(mmol/L)

CHO LDL TG
B Experimental group [ Control group
Figure 2 Contrast of CHO, LDL, and TG in subjects.
(Note: * as against the CG, P <0.05)
A 3004 B 50+
* %
250 40—
2 200 3
— -
. & 30-
w150 o
7 £ 20
1004 =
50 104
0 — T | 0 . | 1
xperimental Control Experimental Control
group group group group

Figure 3 Serum SF and MPO test results in subjects.
(Note: A:SF; B:MPO; * as against the CG, P <0.05)

Additionally, individual variations in Lp-PLA2
and hs-CRP levels were observed. The highest Lp-
PLA2 level recorded in IS patients was 720 U/L,
while the lowest was 350 U/L. Similarly, hs-CRP val-
ues ranged from 18.2 mg/L to 42.7 mg/L among IS
patients, indicating substantial inflammatory variation
within the group.

Contrast of serum CHO, LDL, and TG test results
in the subjects

The serum CHO, LDL, and TG levels were also
significantly higher in IS patients than in controls. The
CHO level in IS patients was (7.13%=1.06) mmol/L,
whereas in the control group, it was (4.16%=1.03)
mmol/L. LDL levels followed a similar trend, being
(3.43+0.75) mmol/L in IS patients and (1.93+0.47)
mmol/L in the control group (P<0.05). TG levels
were significantly elevated in IS patients at (2.75%

0.82) mmol/L versus (1.76=+0.61) mmol/L in con-
trols. These lipid profile differences suggest a direct
relationship between lipid metabolism disturbances
and IS risk (Figure 2).

Interestingly, patients with the highest LDL lev-
els (>4.0 mmol/L) also exhibited significantly elevat-
ed hs-CRP levels (>35 mg/L), suggesting a possible
correlation between lipid metabolism dysfunction and
systemic inflammation in IS pathogenesis.

Serum SF and MPO test results of the subjects

Interestingly, patients with the highest LDL levels
(>4.0 mmol/L) also exhibited significantly elevated
hs-CRP levels (>35 mg/L), suggesting a possible cor-
relation between lipid metabolism dysfunction and
systemic inflammation in IS pathogenesis (Figure 3A).
Similarly, MPO levels were (32.5+8.29) pg/L in IS
patients compared to (9.35%+3.21) pg/L in controls
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Table 1 MLRA of IS.

Variables B S.EE Wald OR 95%Cl P
Lp-PLA2 0.135 0.081 6.613 1.251 1.011~1.921 0.004
hs-CRP 0.143 0.065 4.455 1.334 1.713~1.954 0.008
CHO 0.308 0.234 3.017 2.53 1.806~2.713 0.013
LDL 0.351 0.543 0.635 3.312 1.913~3.908 0.003
TG 0.513 0.654 1.654 1.375 1.146~2.937 0.004
SF 0.416 0.095 13.154 1.623 1.321~20.915 0.005
MPO 0.317 0.054 7.602 2.814 1.152~9.542 0.011
Table Il ROC curve analysis results of hs-CRP, Lp-PLA2, and their combined detection.
Variables AUC Sensitivity (%) Specificity (%) Optimal threshold
Lp-PLA2 0.698 72.5 71.4 4.5 mg/L
hs-CRP 0.713 68.3 78.9 190 ng/mL
Lp-PLA2+hs-CRP 0.786 83.6 83.5 _

ROC Curve for hs-CRP, Lp-PLA2, and Combined Detection
Qe e ——
./—/v
r
s
|

0.8}
o f
2 i
T 06
o
2
f'_;.;
o
-
S o4
e

0.2

hs-CRP
== Lp-PLAZ
Py —— hs-CRP +Lp-PLA2
0.0k H H L L .
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate
Figure 4 AUC.

(P<0.05). These findings support the hypothesis that
increased inflammatory activity contributes to IS
pathogenesis (Figure 3B).

Patients with the most severe IS cases (NIHSS
>15) exhibited the highest MPO levels, averaging
38.2+9.1 pg/L, compared to 28.5+5.3 pg/L in
patients with NIHSS scores below 10. This suggests
that MPO could serve as a supplementary biomarker
for stroke severity assessment.

MLRA of IS

The results of Logistic regression model sug-
gested that Lp-PLA2 and hs-CRP were risk factors for
IS (P<0.05) (Table I). Additional risk factors identified
included CHO, TG, and MPO.

Clinically, an OR of 1.334 for hs-CRP suggests
that for each unit increase in hs-CRP levels, the risk of
IS increases by approximately 33.4%. Similarly, an OR
of 1.251 for Lp-PLA2 implies a 25.1% higher likeli-
hood of IS per unit increase. The strongest predictor
among lipid markers was LDL (OR=3.312), suggest-
ing a more than threefold increased risk of IS per unit
increase. These findings reinforce the importance of
monitoring these biomarkers in individuals at risk of
IS, as elevated values significantly contribute to dis-
ease occurrence.

AUC

In Figure 4 and Table II, The ROC curve analysis
demonstrated that the combined predictive efficacy
of hs-CRP and Lp-PLA2 was superior to their individ-
ual predictive values. The AUC for hs-CRP alone was
0.713, while Lp-PLA2 alone had an AUC of 0.698.
However, when both biomarkers were combined, the
AUC increased to 0.786 (P<0.05), indicating en-
hanced predictive power.

The optimal thresholds for hs-CRP and Lp-PLA2
were determined using the Youden Index, which iden-
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tifies the point that maximizes the sum of sensitivity
and specificity, ensuring optimal classification per-
formance. At the optimal threshold, the sensitivity
and specificity of the combined detection were 83.6%
and 83.5%, respectively, surpassing individual bio-
marker detection methods.

These values indicate a strong predictive capa-
bility compared to other models in the literature,
where typical inflammatory biomarker models report
sensitivity and specificity values around 70-80%.
Previous studies using single inflammatory biomark-
ers for IS prediction reported AUC values around
0.72-0.75. In contrast, our combined detection
method achieved an AUC of 0.786, suggesting that
integrating hs-CRP and Lp-PLA2 enhances predictive
accuracy beyond traditional models. The superior per-
formance of this combined detection highlights its
clinical applicability in IS risk assessment.

Discussion

The important pathological basis of IS is athero-
sclerosis, and the essence of atherosclerosis is a
chronic inflammatory response process (15, 16). A
single biomarker often has certain limitations when
predicting disease risk. hs-CRP and Lp-PLA2 respec-
tively reflect the state of inflammatory response and
atherosclerosis, and their combined detection can
provide more comprehensive pathophysiological
information, thereby markedly improving the predic-
tive accuracy of the risk of IS occurrence. hs-CRP is a
sensitive marker of systemic inflammation, while Lp-
PLAZ2 is closely correlated with the instability of ather-
osclerotic plaques (AP) (17). The combined detection
of the two can comprehensively assess the patient’s
inflammatory state and the degree of atherosclerosis,
providing clinicians with more detailed pathological
information. This article found that hs-CRP and Lp-
PLA2 have visible combined predictive value in pre-
dicting the risk of IS. These results provide new ideas
and methods for the early prediction and prevention
of IS.

IS is caused by the interruption of blood flow in
the brain, leading to ischemia and necrosis of brain
tissue. Numerous investigations have demonstrated
that inflammation is crucial in the pathophysiology of
IS (18). Inflammatory factors are not only involved in
the formation and progression of atherosclerosis but
also affect the damage and repair of brain tissue after
a stroke attack. Zheng et al. (19) indicated that in-
flammatory factors determine the prognosis of
patients with ischemic stroke. Jianget al. (20) stated
that inflammatory factors are closely related to the
pathogenesis of IS. In this article, it was found that
both hs-CRP and Lp-PLA2 were independent predic-
tion factors of IS. hs-CRP is a classic inflammatory
marker, and its elevated levels reflect a systemic
inflammatory state. hs-CRP markedlycorrelates with

the risk factors of cardiovascular diseases and stroke,
and its mechanism may be related to the instability of
AP (21). Liu et al. (22) indicated that HS-CRP level
has a regulating effect on the correlation between
platelet count and clinical outcome in patients with
ischemic stroke. C-reactive protein is a marker of
inflammation, and Viktoria et al. (23) indicated that
hs-CRP is somewhat associated with depressive symp-
toms in stroke patients.

Lp-PLA2 activity had an independent prognostic
correlation with major coronary events. In addition,
Lp-PLA2 is mainly combined with LDL, producing
pro-inflammatory and cytotoxic products by hydrolyz-
ing oxidized phospholipids, thereby exacerbating ath-
erosclerosis and vascular inflammation (24, 25).
Specifically, Lp-PLA2 hydrolyzes oxidized phospho-
lipids in LDL, generating lysophosphatidylcholine and
oxidized fatty acids, which act as potent inflammatory
mediators. These byproducts promote the recruit-
ment and activation of macrophages, leading to fur-
ther inflammation and the formation of foam cells
within the atherosclerotic plaque. Moreover, Lp-
PLA2-induced inflammation weakens the fibrous cap
of the plaque, making it more prone to rupture and
triggering the thrombotic events that lead to ischemic
stroke. Increased levels of Lp-PLA2 were independ-
ently associated with the incidence of cognitive
impairment in adults. Additionally, Xi et al. (26)
remarked that increased Lp-PLA2 degrees link to a
heightened risk of cardiovascular events or mortality
in the Chinese middle-aged population. In this article,
for each unit increase in hs-CRP, the likelihood of IS
occurrence increased by about 27.8% (OR=1.278),
and for each unit increase in Lp-PLA2, the likelihood
increased by about 36.6% (OR=1.366). These
results suggest that they can serve as independent
prediction factors of IS, and combined detection can
help enhance the assessment of the IS risk. The inter-
play between hs-CRP and Lp-PLA2 creates a vicious
cycle of vascular inflammation and plaque vulnerabil-
ity. Elevated hs-CRP levels contribute to endothelial
dysfunction, promoting the adhesion and infiltration
of inflammatory cells into the arterial wall. Lp-PLA2
exacerbates this process by generating pro-inflamma-
tory mediators, amplifying the inflammatory cascade
and increasing oxidative stress within the plaque.
This chronic inflammatory milieu further destabilizes
the plaque, increasing its susceptibility to rupture and
subsequent ischemic stroke. Combined detection can
improve the accuracy of stroke risk prediction, and
the study results support these theories, indicating
that both can serve as effective biomarkers for IS.

In this article, the ROC curve analysis suggested
that the predictive performance of combined detec-
tion for the occurrence of IS was better than using
either biomarker alone. The AUC value of the com-
bined detection was markedly higher than the AUC
values of the single method alone, indicating that
combined detection has higher predictive accuracy.
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At the optimal threshold, the sensitivity and specificity
of the combined detection were both better as
against individual detections. This result emphasizes
the effect of using hs-CRP and Lp-PLA2 together in
the risk assessment of IS, which helps to improve the
ability to identify high-risk patients early, thus achiev-
ing more effective prevention and intervention meas-
ures (17) The improved predictive accuracy offered
by combined detection of hs-CRP and Lp-PLA2 pro-
vides clinicians with a valuable opportunity for early
intervention. By identifying individuals at higher risk,
lifestyle modifications such as diet and exercise, along
with pharmacological interventions like statins or anti-
inflammatory agents, can be implemented to miti-
gate the risk of IS. In addition to predicting the risk of
IS, the combined detection can also be used to assess
the long-term prognosis of patients. Elevated degrees
of hs-CRP and Lp-PLA2 correlate with inferior func-
tional rehabilitation and an escalated likelihood of
recurrence, which helps doctors to manage and fol-
low up patients more effectively during the treatment
process (27). The main findings of this article provide
new ideas and methods for the early prediction and
prevention of IS.

While this study focused on the combined pre-
dictive value of hs-CRP and Lp-PLA2 for IS risk, it is
important to acknowledge that other inflammatory
markers may also play a significant role in IS patho-
genesis. For instance, studies have shown that elevat-
ed levels of fibrinogen, a key mediator of coagulation
and inflammation, are associated with an increased
risk of IS and may contribute to poor functional out-
comes (28). Moreover, recent research suggests that
microRNAs, small non-coding RNA molecules that
regulate gene expression, may also be involved in the
inflammatory processes underlying IS (29, 30).
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