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Objective: To explore the association between lipoprotein-associated
phospholipase A2 (Lp-PLA2) and the risk of cognitive impairment in Parkinson'’s
disease (PD-CI).

Methods: A case—control study involving 100 hospitalized PD patients and
60 healthy controls was carried out. Serum Lp-PLA2 level was detected by
automatic biochemical analyzer. Based on whether Parkinson’s patients have
cognitive impairment, PD patients were subdivided to analyze the clinical
value of Lp-PLA2. Relationship between Lp-PLA2 and PD-CI risk was analyzed
by logistic regression. Diagnostic value of Lp-PLA2 in PD-CI patients was
investigated using receiver’s operator characteristic curves.

Results: The levels of serum Lp-PLAZ2 activity in Parkinson’s disease with normal
cognition (PD-NC) and PD-CI patients were significantly higher than those
in healthy controls (HCs), respectively. Furthermore, compared to the PD-
NC group, the serum Lp-PLA2 activity level was significantly higher in PD-CI
patients. Multivariable logistic regression analysis indicated that higher Lp-PLA2
level was an independent risk factor for PD patients with cognitive impairment.
Moreover, the area under the efficacy curve of Lp-PLA2 for predicting PD-Cl is
0.659.

Conclusion: Our study shows that higher levels of Lp-PLA2 activity in PD patients
are associated with the risk of developing cognitive impairment. Therefore,
given the wide availability, safety, and convenience of monitoring serum Lp-
PLA2 activity, it may serve as an early biomarker for cognitive impairment in PD
patients.
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1 Introduction

Parkinsons disease (PD) is one of the most common
neurodegenerative disorders affecting individuals worldwide
(Aarsland et al., 2021). It is characterized by a progressive loss of
dopaminergic neurons in the substantia nigra region of the brain
leading to motor symptoms that include tremors, rigidity, and
bradykinesia. PD has been identified as a multifactorial disorder with
both genetic and environmental factors contributing to its
pathogenesis (Bloem et al., 2021). In addition to motor symptoms, PD
also has a variety of non-motor symptoms. Among them, the most
common is cognitive impairment, which can occur in any disease
stage of PD and seriously affect the patient’s quality of life. In recent
years, there has been growing interest in the relationship between PD
and cognitive impairment (Aarsland et al, 2021). Cognitive
impairment refers to a decline in intellectual and cognitive functions,
including memory loss and attention deficits (Weintraub et al., 2022).
Depending on the severity, cognitive impairment can be divided into
mild cognitive impairment (MCI) and Parkinson’s disease dementia
(PDD). In most cases, cognitive decline is usually slow and insidious.
In recent years, many studies on PD and cognitive impairment have
focused on early cognitive changes, especially actively screening for
better biomarkers to predict cognitive decline and quickly identify
patients at risk of early cognitive impairment (Aarsland et al., 2021).
Recent research indicates that a substantial proportion, approximately
30-40%, of individuals with Parkinson’s disease (PD) encounter mild
cognitive impairment, with a subset of 10-20% advancing to
Parkinson’s disease-related cognitive impairment (PD-CI) (Aarsland
et al., 2021; Wallace et al., 2022). Investigations have proposed a
potential correlation between PD-CI and the inherent pathological
transformations in PD, as well as modifications in neurotransmitter
activity (Zaman et al., 2021; Ye et al., 2023).

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an
enzyme synthesized by macrophages, monocytes, and other
inflammatory cells, including endothelial cells in atherosclerotic
plaques. It is also found in circulating low-density lipoprotein (LDL)
particles. Lp-PLA2 catalyzes the hydrolysis of oxidized phospholipids
(OxPLs) which can result in the generation of pro-inflammatory and
pro-apoptotic products (Huang et al., 2020). Lp-PLA2 levels have been
associated with the severity of atherosclerosis, and high levels of
Lp-PLA2 are considered a risk factor for cardiovascular disease
(Ridker et al., 2022).

Recent research has suggested that Lp-PLA2 may also
be involved in the pathogenesis of cognitive impairment. In one
study, Lp-PLA2 levels were found to be higher in individuals with
mild cognitive impairment (MCI) and Alzheimer’s disease (AD)
compared to controls (Davidson et al., 2012; Pokharel et al., 2019;
Liu et al., 2023). Another study found that Lp-PLA2 levels were
elevated in individuals with type 2 diabetes and that Lp-PLA2 levels
were higher in diabetic individuals with cognitive impairment
compared to those without cognitive impairment (Cai et al., 2017).
Studies have reported the role of Lp-PLA2 in cognitive impairment-
related diseases such as Alzheimer’s disease and diabetes (Davidson
et al., 2012; Feng et al., 2022). These results have shown elevated
plasma levels of Lp-PLA2 in patients with these diseases, which are
strongly associated with cognitive decline. We have also found in
previous studies that serum Lp-PLA?2 levels are significantly higher
in PD patients compared to healthy individuals, and that Lp-PLA2
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levels are positively correlated with disease severity (Wu et al., 2021).
However, the relationship between Lp-PLA2 and cognitive
impairment associated with PD is unclear. Given the important role
of Lp-PLA2 in neurodegenerative diseases such as Alzheimer’s
disease, it is suspected that they may also play significant roles
in PD-CL

In conclusion, recent research suggests that Lp-PLA2 may play an
important role in the development and progression of PD and
cognitive impairments. Further investigation is required to determine
the exact mechanisms by which Lp-PLA2 contributes to the
development of cognitive impairment in PD, and whether Lp-PLA2
could be a potential therapeutic target for the treatment of cognitive
impairment in PD.

2 Subjects and methods
2.1 Subjects

A total of 100 hospitalized PD patients from the Department of
Neurology, Tongji Medical College Affiliated Union Hospital,
Huazhong University of Science and Technology between June 2022
and March 2023 were recruited. There were 58 males and 42 females,
and they were aged from 31 to 85years, with an average of
62.28 £ 11.51 years. All cases were diagnosed by specialists according
to typical clinical symptoms and imaging examinations, and in
accordance with the diagnostic criteria of PD in the UK Brain Bank
(Hughes et al.,, 2001). The exclusion criteria are as follows: (1)
Parkinson’s symptoms caused by brain trauma, encephalitis and drugs;
(2) essential tremor; (3) PD with tumors, severe infection of the whole
body or CNS; (4) PD with severe diseases of the heart, liver and
kidney. In addition, a Montreal Cognitive Assessment (MoCA) scale
was performed on PD patients to assess their cognitive status. MoCA
is mainly based on clinical experience and reference to the cognitive
items in the Simple Mental State Assessment Scale (MMSE). The test
time is short, and the total score is 0-30 points. The cut-off value is 26,
that is, >26 is classified as normal cognitive function, <26 is classified
as cognitive impairment. According to the MoCA points, PD patients
were divided into a PD-NC group (n=46) and a PD-CI group (n=54).
The age- and gender-matched control group consisted of 60 healthy
subjects (28 males/32 females, median age 55.97 + 11.23 years), who
were recruited from the medical examination center in our hospital
and had no evidence of cerebrovascular or inflammatory disease. All
subjects were Chinese Han from the same area in Middle China and
all gave informed consent. Our study was approved by the ethics
committee at Tongji Medical College, Huazhong University of Science
and Technology.

2.2 Data collection

After PD patients were admitted to the hospital, their demographic
data were obtained in time, including age, gender, disease course, past
history, family history, and smoking and drinking habits. Clinical
characteristic parameters of PD patients were also collected, such as
diastolic blood pressure (DBP), systolic blood pressure (SBP),
dyslipidemia, hypertension, diabetes, heart rate, respiratory rate, and
body temperature. Patients with a history of hypertension or
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TABLE 1 Demographic and clinical characteristics of PD patients and HCs.

10.3389/fnins.2024.1374567

Variables HCs (n=60) PD-NC (n =46) PD-CI (n=54) P-value
Gender (Male/Female) 28/32 28/18 30/24 0.592
Age (years) 57 (49 ~63) 57 (51~63) 71 (63~75) <0.001
Disease duration (years) N.A. 2 (1.0~5.0) 2(1.0~6.0) 0.812
Family history [n (%)] N.A. 3(6.52) 3(5.56) 0.839
Dyslipidemia [ (%)] N.A. 8(17.39) 11 (20.37) 0.705
Diabetes mellitus [# (%)] N.A. 2 (4.35) 4(7.41) 0.521
Hypertension [n (%)] N.A. 17 (36.96) 20 (37.04) 0.993
Smoking [# (%)] N.A. 9(19.57) 4(7.41) 0.072
Drinking [# (%)] N.A. 5(10.87) 1(1.85) 0.058
SBP/ (mmHg) NA. 134 (122 ~ 146) 134 (123 ~151) 0.544
DBP/ (mmHg) N.A. 84 (77 ~93) 83 (78~90) 0.579
H&Y stage N.A. 2.00 (1.50 ~2.50) 2.75 (1.75~3.00) 0.019
BMI N.A. 23.16 (21.22~24.97) 22.69 (20.60 ~ 25.68) 0.750

N.A., not available.

SBP2140mmHg or DBP290 mmHg at rest were all diagnosed as
hypertension. Diabetes mellitus was diagnosed if the patient was being
treated with antidiabetic medications or insulin therapy or had a
fasting blood glucose level 27.0mmol/L. We also collected other
laboratory parameters upon admission, including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), glutamyl transpeptidase (GGT), urea nitrogen
(BUN), creatinine (Cr), uric acid (UA), cystatin C (Cys C), fasting
blood glucose (Glu), cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), low-density lipoprotein (LDL), apolipoprotein A
(ApoA), apolipoprotein B (ApoB), serum amylase A (SAA),
Lipoprotein (a) [Lp(a)], homocysteine (HCY), glucose (GLU),
glomerular filtration rate (GFR) and other blood coagulation
related indicators.

2.3 Preparation of blood samples

Within 24h of admission, blood samples were collected with
BD™ vyellow tubes from peripheral veins of PD patients who had
fasted for 12h. The blood samples were centrifuged at 3,000 rpm and
room temperature for 10 min to separate serum. Then the serum was
immediately transferred to Eppendorf tubes (EP tubes), labeled and
stored in a refrigerator at —80°C until the detection of
biochemical factors.

2.4 Measurement of Lp-PLA2

Serum Lp-PLA2 activity was determined by automatic
biochemical analyzer AU5800 (Beckerman Coulter). Commercial
Lp-PLA2 kits were also provided by Beijing Baiding Bioengineering
Co., LTD. The method of Lp-PLA2 activity detection is to use
enzymatic method. Lp-PLA2 decomposes the substrate to produce
colored products, and the activity results can be obtained by
continuous monitoring method. All operations were performed in
accordance with the reagent instructions. Strict calibration and quality
control procedures were also carried out.
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2.5 Statistical analysis

SPSS 22.0 (IBM Co., Armonk, NY, United States) was used for
statistical analysis. Normality data was expressed as mean + standard
deviation (SD), and statistically analyzed among groups by ¢ test.
Non-normally distributed data were expressed as [median (P50),
25th to 75th percentile (P25~ P75)] and compared among groups
using Mann-Whitney U test. Relationship between any two variables
was analyzed using Spearman correlation. The risk factors for PD-CI
were determined by logistic regression analysis. After analyzing the
difference between the PD-CI group and the PD-NC group, we chose
to incorporate those significant indicators into the logistic regression
analysis model. The diagnostic value of Lp-PLA2 for PD-CI was
evaluated by calculating the area under receiver’s operator
characteristic (ROC) curve (AUC). In the two-tailed test, p < 0.05 was
considered statistically significant.

3 Results

3.1 Demographic and clinical
characteristics of PD patients with or
without cognitive impairment and healthy
controls

A total of 100 PD patients and 60 healthy controls (HCs) were
recruited in this study. According to the level of cognitive function,
the PD patients were divided into 2 groups: 54 PD-CI patients and 46
PD-NC patients. The demographic and clinical characteristics of all
participants were summarized in Table 1. The three groups were
matched for sex, and there was no age difference between PD-NC and
HCs. However, the age of patients in the PD-CI group was significantly
higher than in the other two groups. Compared with the PD-NC
group, the PD-CI patients had significantly higher H&Y stage than
PD-NC group (p<0.05). However, there were no significant
differences between the two groups in disease course, family history,
dyslipidemia, diabetes history, hypertension, smoking, drinking, BMI,
etc. (all p>0.05).
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TABLE 2 Comparison of clinical indicators among PD-NC and PD-CI patients and healthy controls.

Variables

HCs (Group A)

PD-NC (Group B)

PD-CI (Group C)

P (A vs. B)

10.3389/fnins.2024.1374567

P (Avs.C)

P (B vs.C)

UA/ (pmol/L) 275.4(224.1~330.2) 269.5 (216.1~339.3) 297.4(239.8~358.7) 0.975 0.489 0511
Cys C/ (mg/L) 0.67 (0.63~0.76) 0.76 (0.66~0.81) 0.81 (0.72 ~0.90) 0.002 <0.001 0.010
TC/ (mmol/L) 4.53 (4.16~4.90) 4.09 (3.77 ~4.82) 4.15 (3.31~5.11) 0.060 0.125 0.817
TG/ (mmol/L) 0.96 (0.78~1.21) 1.10 (0.85~1.34) 0.95 (0.67 ~1.42) 0.049 0.966 0.167
HDL/ (mmol/L) 1.47 (1.31~1.65) 1.21 (103~ 1.43) 1.10 (0.93 ~ 1.41) <0.001 <0.001 0.448
LDL/ (mmol/L) 244 (2.16~2.82) 2.38 (2.10~2.79) 2.36 (1.65~3.06) 0.975 0.986 0.977
sdLDL/ (mmol/L) 0.56 (0.41~0.78) 0.72 (0.51~0.86) 0.63 (0.46 ~0.92) 0.027 0.299 0.274
ApoA/ (g/L) 1.53 (138~ 1.64) 1.26 (1.12~ 1.40) 1.17 (102~ 1.43) <0.001 <0.001 0.189
ApoB/ (g/L) 0.93 (0.79~1.05) 0.85 (0.77~1.00) 0.84 (0.66~1.10) 0317 0.768 0.934
Lp(a) / (mg/dL) 113 (5.9~20.8) 16.0 (6.9 ~32.4) 17.7 (7.4 ~33.4) 0.110 0.026 0.559
Glu/ (mmol/L) 5.0 (4.7~5.1) 5.0 (4.6~5.2) 52 (4.7~5.9) 0.868 0.075 0.106
SAA/ (mg/L) 4.1(3.1~5.8) 4.8 (3.4~6.5) 4.9 (3.6~ 14.6) 0.120 0.011 0.265
HCY/ (pmol/L) 102 (8.1~12.0) 125 (10.8~15.9) 13.5(10.3~17.7) 0.001 <0.001 0.457
GFR 101.48 (94.10 ~ 108.48) 99.50 (94.38 ~ 104.25) 88.94 (81.60 ~99.31) 0.344 <0.001 0.001
Lp-PLA2/ (U/L) 394 (333 ~ 426) 415 (363 ~477) 481 (386 ~ 547) 0.019 <0.001 0.006

PD, Parkinson’s disease; HCs, healthy controls; PD-NC, PD with normal cognition; PD-CI, PD with cognitive impairment.

3.2 Comparison of clinical indicators

among PD-NC and PD-CI patients and p<0.001

healthy controls |

p=0.019 p=0.006
Compared with the HCs group, the levels of Cys C, HCY and S ' I I

Lp-PLA2 in the PD-NC group and PD-CI group were all significantly 51000' .

higher, while the levels of HDL and ApoA were significantly lower 5 200

(p<0.05). In addition, only the TG and sdLDL levels in the PD-NC _Ic'z

group were found to be higher than that in the HCs group, but no S §00- :

difference was found between the PD-CI group and the HCs group [ seset

. . i ] ...O..o'... Hr

(p>0.05). Besides, only the Lp(a) and SAA levels in the PD-CI group = 400- ...M... P i

were found to be higher than those in the HCs group, but no difference 3 ':l-.. *oset 332

was found between the PD-NC group and the HCs group (p>0.05). 3 200- ] fee

More importantly, the levels of Cys C, GFR, Lp-PLA2 were §

significantly increased in PD-CI patients compared with PD-NC 0 T T T

. . . HCs PD-NC PD-CI
patients (p<0.05). However, there was no difference in other
indicators between the two groups (p>0.05) (Table 2). FIGURE 1
Comparison of Lp-PLA2 level among PD-NC, PD-Cl and healthy
controls.

3.3 The levels of serum Lp-PLA2 activity in
PD patients and healthy controls

The levels of serum Lp-PLA2 activity in PD-NC and PD-CI patients
were significantly higher than that in HCs, respectively. In addition,
compared with the PD-NC group, the serum Lp-PLA2 activity level was
significantly higher in PD-CI patients (p <0.05) (Figure 1).

3.4 Correlation analysis between Lp-PLA2
activity and clinical characteristics of PD-CI
patients

The correlation between Lp-PLA2 activity and clinical

characteristics of PD-CI patients was performed. Our results showed
that serum Lp-PLA?2 activity level in PD-CI patients was positively
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correlated with TC (r=0.346, p=0.014), LDL (r=0.382, p=0.006),
sdLDL (r=0.349, p=0.010), and ApoB (r=0.449, p <0.001). However,
no significant correlations were observed between Lp-PLA2 activity
and other laboratory test results (all p>0.05) (Table 3).

3.5 Logistic regression analysis of the risk
factors for PD patients with cognitive
impairment

A univariate logistic regression analysis was performed to
“crudely” explore independent factors that lead to an increased risk of
PD-CI, and then multivariate logistic regression was also conducted
to further study the risk factors of PD-CI. All variables in Table 4 were
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TABLE 3 Correlation analysis between Lp-PLA2 activity and clinical
characteristics of PD-CI patients.

Lp-PLA2 Lp-PLA2
Variables p- Variables p-
value value

SBP 0.166 0.235 DBP 0.177 0.205
H&Y stage —0.124 0.371 BMI —-0.031 = 0.825
TC 0.346 0.014 TG 0.214 0.135
HDL 0.098 0.498 LDL 0.382 0.006
sdLDL 0.349 0.010 ApoA 0.176 0.202
ApoB 0.449 <0.001 Lp(a) 0.017 0.901
SAA —0.073 0.598 Glu 0.086 0.554
UA —0.008 0.958 CysC —0201 = 0.144
GFR 0.179 0.208 HCY 0.049 0.727

10.3389/fnins.2024.1374567

entered into the univariate logistic regression model. The results
showed that age [odds ratio (OR) 95% confidence interval (CI) =1.087
(1.042-1.135), p<0.001], Cys C [OR (95%CI)=23.065 (1.216-
437.417), p=0.037], Lp-PLA2 activity [OR (95%CI) =1.006 (1.002-
1.010), p=0.006] were all significantly associated with PD-CI, and
higher levels of GFR might be a protective factor for PD-CI [OR
(95%CI)=0.956 (0.926-0.987), p=0.006]. In the multivariate logistic
regression analysis in Table 5, we adjusted separately for possible
confounders such as age and gender (model 1); age, gender, smoking,
drinking (model 2); age, gender, smoking, drinking, hypertension,
diabetes, dyslipidemia (model 3). The results revealed that in the
above factor-adjusted models, Cys C level was not associated with
PD-CI, while the association between Lp-PLA2 activity and the risk
of PD-CI was still significantly correlated. In the three models, the OR
were 1.008 [(95% CI:1.004-1.013), p=0.001], 1.010 [(95%
CL:1.005-1.016), p<0.001] and 1.010 [(95% CI:1.005-1.016),
p<0.001], respectively.

TABLE 4 univariate logistic regression analysis of the risk factors for PD patients with cognitive impairment.

B S.E. Walds P-value OR (95%Cl)
Gender 0.219 0.408 0.288 0.592 1.244 (0.560, 2.767)
Age 0.084 0.022 14.830 <0.001 1.087 (1.042, 1.135)
Disease duration 0.013 0.056 0.052 0.820 1.013 (0.908, 1.129)
Family history 0.171 0.842 0.041 0.839 1.186 (0.228, 6.182)
Smoking 1.112 0.639 3.030 0.082 3.041 (0.869, 10.635)
Drinking 1.866 1.115 2.801 0.094 6.463 (0.727, 57.486)
Dyslipidemia —0.195 0.515 0.143 0.705 0.823 (0.300, 2.259)
Hypertension —0.003 0.416 0.000 0.993 0.997 (0.441, 2.250)
Diabetes mellitus —0.565 0.890 0.403 0.525 0.568 (0.099, 3.254)
SBP 0.012 0.011 1.136 0.287 1.012 (0.990, 1.035)
DBP —0.010 0.019 0.288 0.591 0.990 (0.955, 1.027)
H&Y stage 0.498 0.254 3.857 0.050 1.646 (1.001, 2.706)
BMI —0.008 0.013 0.374 0.541 0.992 (0.967, 1.018)
TC —0.022 0.226 0.009 0.924 0.979 (0.629, 1.523)
TG —0.047 0.279 0.028 0.867 0.954 (0.552, 1.650)
HDL —0.258 0.605 0.183 0.669 0.772 (0.236, 2.527)
LDL 0.016 0.264 0.004 0.951 1.016 (0.606, 1.706)
sdLDL —0.153 0.635 0.058 0.809 0.858 (0.247, 2.978)
ApoA —0.706 0.788 0.804 0.370 0.493 (0.105, 2.312)
ApoB 0.445 0.712 0.392 0.531 1.561 (0.387, 6.296)
Lp(a) 0.007 0.009 0.635 0.426 1.007 (0.989, 1.026)
UA 0.001 0.002 0.305 0.581 1.001 (0.997, 1.006)
Cys C 3.138 1.501 4.370 0.037 23.065 (1.216, 437.417)
GFR —0.045 0.016 7.516 0.006 0.956 (0.926, 0.987)
Glu 0.392 0.250 2471 0.116 1.480 (0.908, 2.415)
SAA 0.023 0.015 2.251 0.134 1.023 (0.993, 1.053)
HCY 0.025 0.036 0.483 0.487 1.025 (0.956, 1.099)
Lp-PLA2 0.006 0.002 7.612 0.006 1.006 (1.002, 1.010)

CI, confidence interval; OR, odds ratio.
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TABLE 5 multivariate logistic regression analysis of the association
between PD patients with cognitive impairment and serum Cys C and
Lp-PLA2 activity.

B SE Walds - OR (95%CI)
value

Model 1

CyS C 1.033 1.645 0.394 0.530 2.809 (0.112, 70.615)
Lp-PLA2 0.008 0.002 11.560 0.001 1.008 (1.004, 1.013)
Model 2

CyS C 0.707 1.682 0.177 0.674 2.028 (0.075, 54.831)
Lp-PLA2 0.010 0.003 12.932 <0.001 1.010 (1.005, 1.016)
Model 3

Cys C 0.875 1.769 0.244 0.621 2.398 (0.075, 76.915)
Lp-PLA2 0.010 0.003 12.424 <0.001 1.010 (1.005, 1.016)

CI, confidence interval; OR, odds ratio.

Model 1: adjusting for age, gender; Model 2: adjusting for age, gender, smoking and
drinking; Model 3: adjusting for age, gender, smoking, drinking, hypertension, diabetes,
dyslipidemia.

3.6 Diagnostic value of Lp-PLA2 for
identification of parkinsonian cognitive
impairment

ROC analysis was applied to investigate the diagnostic accuracy
of Lp-PLA2 activity in distinguishing PD-CI from PD-NC. The area
under the curve of Lp-PLA2 activity for PD-CI diagnosis was 0.659
(95% CI: 0.552-0.765). Based on the ROC curve, the Lp-PLA2
concentration cutoff of 523 U/L was relatively high in specificity
(91.3%) and low in sensitivity (37%) for distinguishing between
PD-CI group and PD-NC group, with a Youden index of 0.283. The
ROC curve of Lp-PLA2 activity for discrimination between the PD-CI
group and the PD-NC group was shown in Figure 2.

4 Discussion

More and more studies have shown that there are many
pathological factors causing cognitive impairment, which may involve
oxidative stress, impaired synaptic function, mitochondrial
dysfunction, central nervous inflammatory response and other
aspects, among which the inflammatory mechanism plays a crucial
role (Duggan et al., 2023). Therefore, researchers have been trying to
use some relevant biomarkers reflecting vascular and
neuroinflammatory damage to diagnose the occurrence of cognitive
impairment in the early stage of disease. As an indicator closely related
to vascular inflammatory injury, Lp-PLA2 has attracted much
attention in cardiovascular and cerebrovascular diseases. Although the
roles of Lp-PLA2 in cognitive impairment have been reported, its roles
in PD-associated cognitive impairment are still unknown. Continuing
our previous research, we collected relevant clinical and laboratory
data and conducted a correlation study between Lp-PLA2 and
cognitive impairment in patients with Parkinsons disease. In this
investigation, we have observed that individuals with Parkinson’s
disease (PD) who experienced cognitive impairment exhibited
elevated levels of serum Lp-PLA2 activity in comparison to PD

patients with intact cognitive function. Moreover, we have identified
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FIGURE 2
The ROC curve of Lp-PLA2 for discrimination between PD-CI
patients and PD-NC patients.

a positive correlation between serum Lp-PLA?2 activity and TC, LDL,
sdLDL, and ApoB. Furthermore, univariate and multivariate logistic
regression analyses were employed to demonstrate that increased
Lp-PLAZ2 activity served as an independent risk factor for cognitive
impairment in PD. In addition, we have constructed an ROC
diagnostic model centered around Lp-PLA2, which has shown
promise in aiding the differentiation between cognitively normal PD
patients and those experiencing cognitive impairment. Collectively,
these findings provide support for the notion that elevated levels of
serum Lp-PLA2 activity may serve as a potential predictive biomarker
for cognitive impairment in individuals with PD.
Lipoprotein-associated phospholipase A2 (Lp-PLA2), also
referred to as platelet-activating factor acetylhydrolase (PAF-AH), is
primarily biosynthesized and excreted by macrophages and
lymphocytes. Lp-PLA2 mainly produces Lys phosphatidylcholine
(lysoPC) and oxidized non-esterified fatty acids (oxNEFAs) by
hydrolyzing oxidized LDL (ox-LDL) to exert pro-inflammatory
effects, thereby participating in the occurrence and development of
atherosclerosis, as well as plaque stability and plaque rupture (Huang
et al,, 2020). Therefore, Lp-PLA?2 is regarded as a reliable marker
reflecting vascular inflammatory injury closely related to
atherosclerotic diseases, and has been widely studied in cardiovascular
and cerebrovascular diseases. Studies have confirmed that higher level
of Lp-PLA2 is an independent predictor of coronary heart disease
(Yang et al., 2017), myocardial infarction (Sun et al., 2021), acute
cerebral infarction (Tao et al., 2020), and cerebral artery stenosis
(Wang et al., 2018), and is also closely related to the patients
admission severity, later treatment, and prognosis. At present, there
are still few studies on the roles of Lp-PLA2 in PD. In one of our
earlier studies, we have found that higher level of Lp-PLA2 mass is an
independent risk factor in PD patients, which is related to the Hoehn-
Yahr (H&Y) stage, disease course, and severity of PD, respectively (Wu
et al,, 2021). In this study, we observed that the Lp-PLA2 activity in
PD patients was also significantly higher than that in normal controls.
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These results indicate that Lp-PLA2 plays a crucial role in
PD. Considering the correlation between Lp-PLA2 and cognitive
impairment, we further investigated its relationship with cognitive
impairment in PD.

Although some studies have reported the relationship between
Lp-PLA2 and cognitive impairment, their conclusions are not
consistent. In an earlier study, a small cross-sectional study of 78 AD
cases, 59 amnestic mild cognitive impairment cases, and 66 cognitively
healthy subjects by Davidson et al. found no significant association
between Lp-PLA2 and AD (Davidson et al., 2012). Similar results were
also found in the other two researches, which showed no significant
correlation between Lp-PLA2 mass or activity and AD (van
Himbergen et al., 2012; Savas et al., 2016). However, a recent case-
control study revealed that higher Lp-PLA2 was independently
associated with AD (Doody et al., 2015). Subjects with higher levels of
Lp-PLA2 were almost twice as likely to have AD compared with
subjects with Lp-PLA2 levels below the median. In addition, there is
also some evidence that Lp-PLA2 is negatively related to cognitive
function, and high levels of Lp-PLA2 can contribute to prevent the
occurrence of cognitive impairment. Zhu et al. analyzed 87 patients
with cerebral small vessel disease (CSVD) and found that Lp-PLA2
was independently associated with cognitive impairment and white
matter hyperintensities (WMHs) lesions. The level of Lp-PLA2 mass
in CSVD patients with mild or severe cognitive impairment was
significantly lower than that in patients with normal cognition. These
results may be related to the antioxidant effect of Lp-PLA2 (Zhu et al.,
2019). However, a recent study supports the opposite conclusion.
Huang et al. also proposed that Lp-PLA2 was an independent risk
factor for WMHs, but the level of Lp-PLA2 mass was significantly
higher in cognitively impaired CSVD patients than in cognitively
normal controls (Huang et al., 2021). Currently, increasing evidence
suggest that higher levels of Lp-PLA?2 are risk factors for cognitive
impairment. In a case—control study, high levels of Lp-PLA2 increased
the risk of vascular dementia (VD) and AD, independent of other
cardiovascular and inflammatory factors (van Oijen et al., 2006;
Doody et al,, 2015). In addition, Fitzpatrick et al. conducted a
population-based longitudinal study of community residents over the
age of 65 years, and the results also confirmed that individuals with
elevated Lp-PLA2 mass and activity levels were related to increased
risk of dementia at an average of 5.4 years of follow-up. And it was not
associated with cardiovascular disease (CVD) and its risk factors.
Participants in the highest quartile of Lp-PLA2 mass were 50% more
likely to develop dementia than those in the lowest quartile
(Fitzpatrick et al., 2014). Jiang et al. performed a large cross-sectional
study in a Chinese community population, and the results also showed
that elevated level of Lp-PLA2 mass was independently associated
with the prevalence of cognitive impairment in Chinese adults (Jiang
etal,, 2016). Based on the sample size of the study and the duration of
follow-up, the conclusion that Lp-PLA2 is regarded as a risk factor for
cognitive impairment may be convincing. In addition, Cai et al. also
found that the mass and activity of Lp-PLA2 were associated with the
risk of mild cognitive impairment in Chinese patients with type 2
diabetes (Cai et al.,, 2017). Although the above-mentioned multiple
studies suggest that Lp-PLA2 may be involved in the pathogenesis of
cognitive impairment, the role of Lp-PLA2 in cognitive impairment
in PD remains unknown.

Our findings not only indicate an elevation in Lp-PLA2 activity
levels in PD patients, but also reveal a significant association between
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higher Lp-PLA2 activity levels and the risk of cognitive impairment
in PD. We first screened for meaningful variables by comparing PD
patients with cognitive impairment and cognitively normal patients.
Compared with cognitively normal PD patients, we found no
statistically significant difference in UA. However, some studies had
shown that low levels of UA were associated with cognitive impairment
in PD patients, and a decrease in UA levels led to a decrease in
antioxidant capacity in PD patients (Pellecchia et al., 2016). But we did
not find that in our study. This may be related to the different exclusion
criteria. They excluded factors that could possibly modify UA levels in
the study, such as treatment with diuretics, non-steroidal anti-
inflammatory drugs, or other UA altering agents. In our study, we did
not exclude these patients with PD. In addition, we found that Cys C
and Lp-PLA2 were significantly elevated in cognitively impaired PD
patients compared with cognitively normal PD patients. The elevation
of Cys C in PD patients with cognitive impairment was consistent with
some researches (Hu et al., 2016). Furthermore, in the univariate
logistic regression analysis, both Lp-PLA2 and Cys C were
independent risk factors for cognitive impairment in PD. However,
after adjustment for different PD risk factors, in the multivariate
logistic regression analysis model, only Lp -PLA2 had the value of risk
prediction. In order to better distinguish PD patients with cognitive
impairment, we further analyzed the diagnostic characteristics of
Lp-PLA2 for cognitive impairment in PD using ROC curve, and
determined the appropriate diagnostic cut-off value.

Although our findings suggest that higher levels of Lp-PLA2 may
be a risk factor for cognitive impairment in PD, its mechanistic roles
remain unclear. At present, more evidence supports the formation of
cerebrovascular atherosclerosis as important factors in cognitive
impairment (Shabir et al., 2018). Given that Lp-PLA2 is involved in
the formation and progression of vascular atherosclerosis, we speculate
that Lp-PLA2 may lead to cognitive impairment by increasing vascular
damage and promoting neurodegeneration. Doody RS et al. did not
detect the expression of Lp-PLA2 in the brain tissue of AD patients
and controls, but they also suggested that the involvement of
Lp-PLA2 in the pathogenesis of AD may be related to its vascular
injury (Doody et al,, 2015). It has been confirmed that Lp-PLA2 and
its main enzyme product lysoPC can participate in diabetic
retinopathy by disrupting the blood retinal barrier (BRB) (Canning
etal, 2016; Acharya et al,, 2017). Based on the structural similarity of
the BRB and the blood-brain barrier (BBB), we believe that Lp-PLA2
may also disrupt the BBB, thereby indirectly participating in the
development of cognitive impairment in PD. In addition, Lp-PLA2
can also hydrolyze ox-LDL to produce OxNEFA. Therefore, high
concentrations of fatty acids make the brain more susceptible to
oxidative stress, which may be another important mechanism for
triggering cognitive dysfunction (Swomley and Butterfield, 2015).
More interesting to us is whether Lp-PLA2 can directly or indirectly
participate in the pathogenesis of cognitive impairment in PD by
affecting key molecules associated with dementia, such as amyloid
or Tau, which requires further researches to reveal this issue.

Although our study suggests that Lp-PLA2 activity is associated
with the risk of cognitive impairment in PD, some limitations remain
in this study. First, it is necessary to continue to expand the sample
size of PD patients with or without cognitive impairment to further
confirm the relationship between Lp-PLA2 and the risk of cognitive
impairment in PD. Second, long-term follow-up studies for early PD
patients are needed to observe whether subjects with high levels of
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Lp-PLA2 develop PD cognitive impairment in later follow-up studies.
Third, in our study, we do not consider whether the subjects use lipid-
lowering drugs. Some PD patients or the elderly population of normal
controls may have taken oral lipid-lowering drugs, which may lead to
a decrease in Lp-PLA2 levels to a certain extent, but it generally will
not have much impact on our conclusions. Fourth, in our study, some
PD patients had a history of hypertension, diabetes, and cerebral
infarction, which may have a certain effect on Lp-PLA2 levels.
However, considering that the distribution of the above factors was
not significantly different between patients with cognitive impairment
in PD and cognitively normal patients, we believe that the impact of
this potential bias on the conclusions is limited. Fifth, MOCA is used
to assess cognitive status in PD patients, and this score does not always
accurately reflect cognitive function as it is sometimes affected by the
subject’s education level. Finally, we only detect the activity of
Lp-PLA2, but not its mass. Based on the above problems, whether
Lp-PLA2 can be used as a predictive biomarker for the diagnosis of
cognitive impairment in PD may require more scientific researches
to verify.

5 Conclusion

In conclusion, our study shows that higher levels of Lp-PLA2
activity in PD patients are associated with the risk of developing
cognitive impairment. Therefore, given the wide availability, safety,
and convenience of monitoring serum Lp-PLA2 activity, it may serve
as a predictive biomarker for cognitive impairment in PD patients.
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