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ABSTRACT

Background: The significance of lipoprotein — associated phospholipase A2 (Lp-PLA2) for predicting
cardiovascular and inflammatory disorders is garnering attention in the medical field. Moreover, a strong
association has been observed between metabolic syndrome and persistent inflammation. This research
focused on exploring possible link among metabolic syndrome and Lp-PLA2 levels.

Methodology: In this retrospective study, we analyzed the relationship among metabolic disorder and the
Lp-PLAZ2 levels, aiming to identify a threshold value for Lp-PLA2. Atotal of 549 patients contributed in study,
aged between 18-50 years. Additionally, an evaluation of the variation in Lp-PLA2 across different genders
and age groups were analyzed.

Results: The study revealed that the participants had an average age of 43.6 years and an average Lp-
PLA2 levels of 592.41 IU/L, with metabolic syndrome being prevalent in 21% of them. Furthermore,
variances in Lp-PLA2 levels were detected between male and female participants. A notable association
between levels of Lp-PLA2 and various health markers including body mass index (BMI), cholesterol levels,
and triglycerides. The Lp-PLA2 was identified as a promising indicator for metabolic syndrome, particularly
in female subjects, despite the fact that other markers like TG/HDL-C ratio and waist-hip ratio (WHR) had
slightly more vigorous results in some assessments.

Conclusion: The findings indicated that Lp-PLA2 might serve as an effective biomarker for detecting a
heightened risk of metabolic syndrome, especially among women. It warrants further exploration to
elucidate the diagnostic potential as well as therapeutic effect of Lp-PLA2 in relation to metabolic syndrome.
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Introduction

The initial interest in lipoprotein — related
phospholipase A2 (Lp-PLA2) emerged during the
1980s, focusing on its role in the oxidative
deterioration of low-density lipoprotein (LDL) and
the subsequent influence on cardiovascular
health!. Studies, including those by Brilakis et al.,
have shown a linkage between average Lp-+LA2
levels and various lipid profiles such as LDL, HDL
as well as total cholesterol, creatinine, and
fibrinogen2. Additionally, Lp-PLA2 was identified
as an independent indicator for coronary artery
disease (CAD), complementing markers like C-

reactive protein (CRP)3.

The dual function of Lp-PLA2 in the body
encompasses both antioxidative and
inflammatory functions. Produced by various
cells including macrophages, mast cells, and T
cells within the blood vessel walls, Lp-PLA2
works alongside LDL in the bloodstream. It plays
a major part in neutralizing oxidative elements of
partially oxidized LDL*. On the other hand, in
response to oxidative stress, these cells ramp up
Lp-PLA2 production, leading to increased
infiltration of macrophages into the inner layers of
blood vessels and the absorption of oxidized
LDL5. This process results in the formation of
foam cells, contributing to plaque buildup and
elevating cardiovascular risk, hence linking Lp-

PLA2 directly to inflammation.

The relationship between metabolic syndrome
and inflammation is well — established. Modern
lifestyle factors, particularly sedentary behavior
and poor diet, have escalated the prevalence of

metabolic syndrome, a condition not only

associated with cardiovascular diseases and
diabetes but also with chronic ailments like
polycystic ovarian syndrome and non-alcoholic
fatty liver disease (NAFLD). The metabolic
syndrome usually triggers metabolic overwork,
causing a surge in reactive oxygen species
(ROS) and cytokines, and causing oxidative
stress. This exacerbates inflammation and insulin
resistance by promoting adipocyte enlargement

and macrophage aggregation®7.

Therefore, our research seeks to assess the
effectiveness of Lp-PLA2 as a marker for
metabolic syndrome. We aim to analyze its
correlation with various risk factors of metabolic
syndrome in patients undergoing medical
investigations. Moreover, we plan to establish the
threshold level of Lp-PLA2 in individuals at
elevated risk for the metabolic syndrome, aiming
to enhance health managing strategies as well as
mitigate severity and progression of metabolic

syndrome in these patients.

Materials and Methods

In this retrospective study, we analyzed medical
history of participants aged between 18 to 55
years who received health screening at tertiary
care hospital during 2021-2022. Exclusion criteria
included pregnancy, less than 12 hours of fasting,
treatment for hypertension or hyperlipidemia,
chronic thyroid, liver disorders, and incomplete
record data. A total of 549 patients were selected
consisting of 182 males and 368 females. The
selected participants underwent a series of
anthropometric and biochemical tests, measuring

factors like height, blood pressure, weight, waist
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circumference, fasting glucose, total cholesterol,
triglycerides, HDL, and LDL.

A range of clinical biochemistry analyses were
performed, such as fasting serum glucose levels
determined by Hexokinase enzyme assay
(Cobas Mira). We also measured cholesterol
profiles and triglycerides using an automatic
analyzer. Lp-PLA2 was assessed through a
turbidimetric immunology assay. Anthropometric
measurements, such as height and weight, were
taken by standardized instruments, and BMI
(weight (kg) divided by height (m?).
Circumference of waist was assessed midway
among lowest rib and the iliac crest. Blood
pressure was recorded after 15 minutes of rest
using an automated device, and mean arterial
pressure was calculated. Diabetes was
recognized as a level of fasting serum glucose of
7 mmol/L or increased. Metabolic syndrome was
identified in subjects meeting three of more
criteria, including specific threshold for waist
circumference, HDL, triglycerides, fasting

glucose, and blood pressure.

By identifying normal distribution, we chose to
use the mean and standard deviation for central
tendency analyses. Comparative analyses
between subjects involving by independent t-
tests for continuous variables and chi-square
tests for categorical variables. Furthermore, we
explored relationship between levels of Lp-PLA2
and various health conditions, such as diabetes,
hypertension, metabolic syndrome, and lipid
profiles, with sex — based stratification. Pairwise
comparisons were made with Bonferroni
correction in cases of significant overall tests.

Logistic regression was used to analyze Lp-PLA2

levels, adjusting for age and BMI. All tests were
two — tailed, with a significant levels of p<0.05.

Data analyses was performed using SPSS 24.

Results

The study includes 549 participants, with an
average age among them was 43.6 years. The
mean Lp-PLA2 levels across participants was
592.41 IU/L. Basic participant characteristics and
cardiometabolic risk factors are summarized in
Table 1. Average levels of Lp-PLA2 were
distinctly different between genders, being
615.87 £ 155.70IU/L in men and 541.81 + 149.91
IU/L in women. This significant gender — based
difference in Lp-PLA2, along with other factors, is

summarized in in Table 1.

Table 2 displays association between Lp-PLA2
levels and various metabolic and clinical features,
segregated by genders. In both genders,
variables such as BMI, waist-to-height ration,
waist circumference, total cholesterol, HDL
cholesterol, triglycerides, LDL cholesterol, and
TG/HDL-C showed a significant association with
levels of Lp-PLA2 (p<0.05). Moreover, among
males, systolic blood pressure, diastolic blood
pressure, and mean arterial pressure were
significantly correlated to Lp-PLA2 (p<0.05),
whereas among females, fasting levels of

glucose were significantly correlated (p<0.05).

To explore association between specific
Lp-PLA2,

participants were divided into tertiles for

characteristics and levels of

Pearson’s correlation analysis (Table 3). This
analysis revealed a significant statistical linear

trend through all features in Lp-PLA2 level —
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based subgroups (p<0.05). Notable, incidence of
metabolic syndrome in females increased with
increasing levels of Lp-PLA2, showing various
prevalence rates through different tertiles
(p<0.05).

Regression analyses, adjusting for age and BMI,
further supported these findings, as shown in
Table 4. In female group, levels of Lp-PLA2
remained significantly associated (p<0.05) even
after adjustment, suggesting its utility as an

indicator of MetS in women.

Predictive powers for 3 biomarkers stratified by
gender are presented in Table 5. In males, C
value for TG/HDL-C, WHtR, and Lp-PLA2 were
0.86, 0.84, and 0.53 respectively, whereas, in
females, these values were 0.93, 0.87, and 0.59.
While TG/HDL-C and WHtR showed better
predictive accuracy, Lp-PLA2 still emerged as a

potential MetS indicator, especially in females.

Discussion

This study included 182 men and 367 women to
assess the connection among Lp-PLA2 and
metabolic syndrome. The findings revealed an
important relationship between levels of Lp-PLA2
and indicators of metabolic syndrome, especially
among females. Even after BMI and age
adjustment, a strong link between levels of Lp-
PLA2 and metabolic syndrome in females was
observed, having a critical threshold. These
findings indicate potential of Lp-PLA2 being
marker of detecting and preventing MetS in
females, offering essential insights for healthcare

experts and decision — makers in creating target
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- specific prevention and management plans for

metabolic syndrome.

The research examined significance of Lp-PLA2
in indicating MetS across different age groups.
Participants were divided by age to assess MetS
risk. Results confirmed an important relationship
among total cholesterol, LDL, and levels of Lp-
PLA2, regardless of age, indicating a
simultaneous presence of LDL and Lp-PLAZ2 in
blood and strong link between LDL and total
cholesterol levels. These findings are steady with
findings of Huang et al., which also identified a
significant connection between LDL and Lp-PLA2
in patients of acute coronary syndrome or those
with post — recovery LDL levels, suggesting that
LDL might be a crucial factor in determining

serum Lp-PLA2 levels®.

Beyond total cholesterol and LDL, additional
parameters of lipid including TG and HDL-C
showed noteworthy relationship between levels
of Lp-PLA2. These components are thought to
originate from fat tissue. Evidence for this link
was found in studies demonstrating that
atorvastatin reduced mass of Lp-PLA2 in patients
of coronary heart disease®''. Moreover, our
research revealed an important relationship
among ration of TG/HDL and Lp-PLAZ2 levels.
Elevated TG/HDL ratios have been linked with
coronary disease, insulin resistance, and

atherosclerosis in other studies’213,

Additionally, our research noted a significant
linear correlation between waist circumference, a
critical MetS diagnostic criterion, and Lp-PLA2
levels. This is favored by Silva et al. that also
found a positive association among levels of Lp-

PLA2 and waist circumference in teenagers’™. A
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similar link in adults suggests its relevance across and WHIR by gender, with WHtR known as the
different age groups. Our study further identified predictor marker for coronary diseases and an

a significant relationship between the Lp-PLA2 obesity — related marker for metabolic syndrome

Table 4: General Characteristics of Participants (n=549)

Variables Male Female Total p-value
Age (years) 42.78 £ 6.88 43.87 £7.01 43.98 £ 6.98 <0.001
BMI (kg/m?) 2419 + 3.98 23.85 + 3.81 2415+ 3.53 <0.001
Waist circumference (cm) 88.42 + 8.35 79.23 + 8.11 82.44 + 8.59 <0.001
Waist-to-height ratio 0.51+0.04 0.49 £ 0.04 0.50 £ 0.04 <0.001
SBP (mmHg) 125.32+£16.19 | 115.32+17.45 | 121.39+ 18.21 | <0.001
DBP (mmHg) 79.22 +12.01 69.31 + 11.93 75.87 £12.09 | <0.001
MAP (mmHg) 94.89 +12.34 84.41+12.98 88.78 + 13.24 <0.001
Fasting glucose (mmol/L) 5.40 £ 1.41 499 +1.01 5.19+1.29 <0.001
TC (mmol/L) 5.22 £ 1.01 497 +0.97 5.15+0.99 <0.001
TG (mmol/L) 1.91+1.58 1.21+1.01 1.66 + 1.51 <0.001
LDL-C (mmol/L) 3.61+0.92 3.29+0.98 3.39+£1.01 <0.001
HCL-C (mmol/L) 1.28 £0.22 1.51+0.29 1.43 £ 1.59 <0.001
TG/HDL-C 1.79+2.19 0.91+1.23 1.39+1.79 <0.001
Lp-PLA2 (IU/L) 615.87 + 155.70 | 541.81 £ 149.91 | 592.41 + 152.84 | <0.001
Diabetes (in %) 79 30 48 <0.001
Metabolic syndrome (in %) 65 58 21 <0.001

BMI, body mass index; SBP, systolic blood pressure; DPB, diastolic blood pressure; MAP, mean arterial
pressure; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; Lp-PLAZ2,
lipoprotein-related phospholipase A2; TC, total cholesterol

Table 5: Pearson Correlation between Lp-LPA2 and Risk Factors of Metabolic Syndrome (n=549)

Variables Male Female

r p-value r p-value
Age (years) 0.03 0.24 0.06 0.003
BMI (kg/m?2) 0.06 <0.001 0.05 0.02
Waist circumference (cm) 0.13 <0.001 0.07 0.002
Waist-to-height ratio 0.1 <0.001 0.08 0.001
SBP (mmHg) 0.04 0.02 0.03 0.23
DBP (mmHg) 0.05 0.01 0.04 0.25
MAP (mmHg) 0.07 0.02 0.04 0.24
Fasting glucose (mmol/L) 0.04 0.16 0.08 0.01
TC (mmol/L) 0.40 <0.001 0.33 <0.001
TG (mmol/L) 0.06 0.02 0.08 0.002
LDL-C (mmol/L) 0.46 <0.001 0.38 <0.001
HCL-C (in mmol/L) -0.09 <0.001 -0.05 0.04
TG/HDL-C 0.05 0.04 0.05 0.01

. __________________________________________________________________________________________|
ISSN: 3006-516X, 3006-5151 22



| AJMAHS. Vol. 2, Iss. (1) — Jan-Mar 2024

Table 6: Metabolic and Clinical Characteristics of Patients according to Lp-PLA2 (n=549)

Variables Lp-PLA2 (in IU/L) p-value

Male Tertile 1 Tertile 2 Tertile 3
Age (years) 44.32 £ 6.98 4481 +7.01 | 44.51+6.92 0.08
BMI (kg/m?) 25.42 + 3.87 25.85+3.48 | 27.64+3.19 <0.002
Waist-to-height ratio 0.53 £ 0.04 0.52 £ 0.04 0.55 1+ 0.05 <0.001
MAP (mmHg) 9422 +12.59 | 94.87 £ 12.88 | 95.52 + 12.88 0.15
Fasting glucose (mmol/L) 5.89 + 1.87 572 + 1.81 548 + 1.58 0.07
TC (mmol/L) 5.04 + 0.91 5.57 + 1.01 6.45 + 1.02 <0.001
TG (mmol/L) 1.92 +1.51 1.88 + 1.61 211 +1.84 0.02
LDL-C (mmol/L) 3.87 £ 0.97 4.09 +0.87 4.87 +1.02 <0.001
HCL-C (mmol/L) 1.38 £ 0.41 1.31+£0.33 1.22+0.29 <0.001
TG/HDL-C 1.78 £+ 1.98 1.71+£1.91 2.01+2.31 0.02

Females
Age (years) 4412 £6.95 4531 +6.81 | 37.13+6.88 <0.001
BMI (kg/m?) 23.21 1+ 2.81 23.81+3.11 | 24.21+3.42 0.02
Waist-to-height ratio 0.51+0.04 0.51+0.04 0.53 £ 0.05 <0.001
MAP (mmHg) 84.21+12.91 | 8542+ 13.19 | 85.71 £+ 13.28 0.07
Fasting glucose (mmol/L) 5.01+£0.78 5.18 + 1.01 5.32+1.18 0.002
TC (mmol/L) 4.81+0.94 512+ 0.77 6.81+ 1.02 <0.001
TG (mmol/L) 1.12+0.89 1.25+0.91 149+1.12 <0.001
LDL-C (mmol/L) 2.92+0.82 3.29 £ 0.66 3.91 1+ 0.91 <0.001
HCL-C (mmol/L) 1.62 + 0.51 1.68 + 0.55 1.47 £ 0.39 0.04
TG/HDL-C 0.98 £ 0.95 1.02 £ 0.98 1.14+£1.28 0.003

Table 7: Analysis of Logistic Regression of Lp-PLA2 and Metabolic Syndrome (n=549)

Variables Crude OR p-value Adjusted OR p-value
(C1 95%) (Cl 95%)

Male 1.00 (1.000-1.001) 0.03 1.00 (1.000-1.001) 0.03

Female 1.00 (1.000-1.002) 0.001 1.00 (1.000-1.002) 0.01

Table 8: Threshold Value and Predictive Capability for Parameters of Metabolic Syndrome (n=549)

Variables AUC Cl (95%) Cut-off Point Sensitivity (%) Specificity (%)
(according to
Youden’s Index)
Male
TG/HDL-C 0.85 (0.83-0.89) 1.36 0.87 0.72
WHR 0.82 (0.83-0.87) 0.54 0.85 0.71
Lp-PLA2 0.55 (0.51-0.57) 691.81 0.39 0.70
Female
TG/HDL-C 0.94 (0.90-0.95) 1.02 0.88 0.89
WHR 0.86 (0.82-0.87) 0.47 0.90 0.69
Lp-PLA2 0.61 (0.56-0.67) 631.48 0.36 0.81

ISSN: 3006-516X, 3006-5151

23




| AJMAHS. Vol. 2, Iss. (1) — Jan-Mar 2024

and hypertension and, ultimately supporting
relationship among metabolic syndrome and Lp-
PLA2.

The study also explored the role of Lp-PLA2
being a MetS biomarker among genders. Recent
research involving diabetic  participants
underscored the effect of obesity, blood pressure,
and, lipid profiles on levels of Lp-PLA2, revealing
gender—specific differences'®16, This
corroborates our findings, suggesting the utility of
Lp-PLA2 being a predictor marker of MetS in
Asian demographic. Further studies indicate that
Lp-PLA2 may contribute to resistance of insulin
and the onset of diabetes type 2, likely due to the
inflammatory response from breakdown of Lp-
PLA2 for oxidized phospholipids, potentially
leading to resistance of insulin and dysfunction of

pancreatic B-cell'”:18,

The impact of estrogen, particularly 173-estradiol
(E2) on Lp-PLA2 activity is noteworthy. E2
enhances endothelial cell repair and reduces
inflammation. Its role in modulating lipid profile of
liver and prevention of non-alcoholic fatty liver
disease (NAFLD)/Steatohepatiis is essential.
Lower levels of estrogen in men and
postmenopausal women might elevate the risk of
NAFLD/steatohepatitis because of compromised
assembly of lipid and its secretion in liver.('9
Understanding these gender differences is key to
comprehending lipid profile and MetS

progression.

Our analyses underscore the importance of
gender in considering Lp-PLAZ2 being a biomarker

for metabolic syndrome. The research revealed a

more robust relationship among MetS and levels
of Lp-PLAZ2 in women. This highlights the need to
factor in gender in diagnosing and managing
MetS.

While our study benefits from significant results,
it has limitations. Its cross — sectional nature
precludes establishing causality, and sample
derived from routine health checks may not
accurately represent the broader population.
Furthermore, personal data gathered through
questionnaires could miss certain medical
histories, and socio-economic factors were not
accounted for. The study assessed mass of Lp-
PLA2 rather than its functionality, warranting
further investigation to fully understand
relationship between levels of Lp-PLA2 and

metabolic syndrome.

Conclusion

The findings of this investigation indicates an
essential link among Lp-PLA2 and numerous
indicators of metabolic development risk,
highlighting its importance as independent
predictor of metabolic syndrome, particularly in
female population. Our results argument to
probability of Lp-PLA2 as an effective tool for
recognizing individual at risk for development of
metabolic syndrome, by specific emphasis on its
impact among women. It is essential to conduct
further studies to comprehensively understand
diagnostic and treatment possibilities for Lp-

PLAZ2 in the context of metabolic syndrome.
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