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Abstract

Traditionally cardiovascular disease (CVD) risk has been assessed through

blood lipids and inflammatory marker C-reactive protein (hsCRP). Recent clin-

ical interest in novel pro-inflammatory markers platelet-activating factor

(PAF) and lipoprotein-associated phospholipase A2 (Lp-PLA2) recognizes that

vascular damage can exist in the absence of traditional risk factors. This cross-

sectional study investigated the potential relationship between circulating

PAF, Lp-PLA2, hsCRP, and traditional risk factors for CVD. One hundred

adults (49 ± 13 years, 31% male) with variable CVD risk were recruited. Fast-

ing inflammatory markers PAF, Lp-PLA2 and hsCRP and total, high-density

lipoprotein (HDL), low-density lipoprotein (LDL) cholesterol, and triglycerides

were measured. Blood pressure, body mass index, and waist circumference

were measured. Medical and physical activity data were self-reported. Linear

and multiple regressions were performed. PAF, Lp-PLA2, and hsCRP indepen-

dently correlated with several CVD risk factors. PAF was correlated signifi-

cantly with risk factors in an unexpected way; there was a medium positive

correlation between PAF and HDL cholesterol (r = 0.394, p < 0.001) and

medium negative correlations with Total:HDL cholesterol; (r = �0.436,

p < 0.001) systolic blood pressure; (r = �0.307, p = 0.001); BMI (r = �0.381,

p < 0.001); and waist circumference (r = �0.404, p < 0.001). There were large

positive correlations between Lp-PLA2 and LDL (r = 0.525, p < 0.001) and

non-HDL cholesterol (r = 0.508, p < 0.001). There were large positive correla-

tions between hsCRP and Total:HDL cholesterol (r = 0.524, p < 0.001); BMI

(r = 0.668, p < 0.001); and waist circumference (r = 0.676, p < 0.001). PAF,

Lp-PLA2, and hsCRP are implicated in the pathophysiology of inflammation in

CVD; however, the relationships between each marker and traditional risk

Abbreviations: CVD, cardiovascular disease; hsCRP, high-sensitive C-reactive protein; Il-6, interleukin 6; Lp-PLA2, lipoprotein-associated
phospholipase A2; PAF, platelet-activating factor; PAF AH, platelet-activating factor acetylhydrolase; TNF-α, tumor necrosis factor alpha.
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factors were different suggesting they may be involved in different atherogenic

pathways.

KEYWORD S

cardiovascular disease, inflammation, lipoprotein-associated phospholipase A2, Lp-PLA2,
PAF, platelet-activating factor, risk factors

1 | INTRODUCTION

Inflammation plays a key role in the development and
progression of atherosclerosis from initial insult of the
endothelium to the formation of fatty streaks, plaque rup-
ture, platelet activation, and ensuing thrombosis.1,2

Recent research has focused on identifying biomarkers
that play a pathological role in this inflammatory process
that can be used to improve assessment of risk, diagnosis,
and prognosis of cardiovascular disease (CVD). C-reactive
protein (CRP) is a widely recognized and well-researched
inflammatory marker involved in CVD. CRP has been
shown to be associated with various traditional cardio-
vascular risk factors and may actively contribute to the
development of atherosclerotic plaques and their instabil-
ity, however, more research is needed to confirm this.3–5

Increasing evidence suggests that in inflamed tissues,
pentameric CRP dissociates into monomeric CRP with a
distinct biological role, mediated by bioactive lipids,
resulting in an aggravation of inflammation.6 CRP has
been shown to be associated with an increased risk of
heart attack, stroke, sudden death and vascular disease7;
however, there are limitations in using CRP for CVD risk
prediction, due to the inability of current assays to differ-
entiate between pentameric and the more atherogenic
monomeric isoforms. In addition, CRP has a significant
within-person variability requiring repeated testing to
confirm levels.8

Two novel markers of inflammation involved in CVD
identified in recent literature are platelet-activating factor
(PAF) and lipoprotein-associated phospholipase A2 (Lp-
PLA2).

9 PAF, an ether-linked glycerophospholipid, is one
of the most potent inflammatory mediators in the body
and plays a major role in atherosclerosis. PAF is pro-
duced by numerous cells such as platelets, endothelial
cells and leukocytes and triggers an inflammatory cas-
cade through the stimulation of numerous inflammatory
mediators such as interleukin-6 (IL-6), interleukin-8,
monocyte chemoattractant protein-1, and tumor necrosis
factor alpha (TNF-α).10–15 PAF triggers the release of
adhesion molecules and acts as a chemoattractant to
monocytes.11,14,16 PAF increases reactive oxygen species
leading to LDL oxidation, increases endothelial perme-
ability and stimulates the differentiation of monocytes
into macrophages.17–21 PAF is associated with numerous

CVDs such as, heart failure, acute myocardial infarction,
coronary heart disease (CHD), and stroke22–25 and other
related inflammatory chronic diseases such as diabetes and
nonalcoholic fatty liver disease where PAF stimulates
hepatic lipid synthesis and causes hypertriglyceridemia.26–28

Lp-PLA2 is a 50-kD, Ca2+independent phospholipase
(EC 3.1. 1.47) which belongs to Group VII of the super-
family of PLA2 enzymes.29,30 Like all PLA2 enzymes it
hydrolyses the sn-2 ester bond of glycerophospholipids,
such as the acetyl group at the sn-2 position on PAF,
which led to its original name, PAF acetylhydrolase (PAF
AH). However, Lp-PLA2 is not specific only to PAF but
has a high degree of specificity toward oxidatively
modified (sn-2) phospholipids including ether-linked gly-
cerophospholipids.31 A number of immune cells (macro-
phage, monocytes, mast cells, and T lymphocytes)
produce and secrete Lp-PLA2 into plasma where it is car-
ried bound to LDL, HDL, and lipoprotein (a) (Lp(a))32,33

with the majority carried on LDL, particularly small
dense fractions.34 Lp-PLA2 associated with HDL is con-
sidered protective.35,36 However, when associated with
LDL, Lp-PLA2 is atherogenic as it is responsible for
hydrolyzing oxidized phospholipids on the surface of LDL
generating pro-inflammatory by-products such as lysopho-
sphatidylcholine and oxidized, nonesterified fatty acids.37

These by-products mimic PAF and mediate inflammation
by attracting monocytes to the area, activating leukocytes
and stimulating the production of other inflammatory cyto-
kines such as IL-6 and TNF-α. Lp-PLA2 further promotes
atherosclerosis by attracting smooth muscle cells to the
intima as well as contributing to the apoptosis and necrosis
of macrophages in plaque.36,38–41 Lp-PLA2 activity is a vas-
cular specific marker with a low biological fluctuation42

and studies have shown it to be an independent risk marker
for CHD events, stroke, calcific aortic valve stenosis, and
plaque stability.43–46

There is a paucity of clinical research examining PAF
and CVD due to the sheer novelty of this marker. In addi-
tion, there are limitations to previous research examining
Lp-PLA2. The majority of previous research on Lp-PLA2

measured plasma concentrations (mass) instead of enzy-
matic activity. Results from mass and activity assays have
shown poor concordance between each other due to Lp-
PLA2 mass assays detecting only a small and variable
fraction of total Lp-PLA2.

47 Lp-PLA2 activity is now

2 ENGLISH ET AL.
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considered the more accurate measure as it captures a
greater proportion of the Lp-PLA2 located in LDL choles-
terol48 as only 5% of total plasma enzyme activity is asso-
ciated with HDL in plasma with normal LDL levels.49

However, there is no established cut-off for Lp-PLA2

activity levels for identifying those at risk of CVD and dif-
ferent assays all have different reference intervals which
limits the comparison of data across studies.50 Another
limitation in previous Lp-PLA2 research is the inclusion
of diverse ethnic groups which results in large variability
in reported Lp-PLA2 activity levels, potentially due to
genetic differences.51–53 Previous research across
European, South Asian, and East Asian populations has
identified five functional variants including four loss of
function variants resulting in up to 64% lower levels of
Lp-PLA2 activity.54 In addition, past studies have not
excluded participants who are consuming medications
known to lower Lp-PLA2 levels such as statins, ezetimibe,
fibrates, PCSK9 inhibitors, hormone replacement ther-
apy, niacin or orlistat,55–58 or dietary supplements such
as fish oils and omega-3 fatty acids.59,60

To date, no study has examined the relationship
between these two novel markers and traditional risk fac-
tors in a western population where strict exclusion criteria
were applied. This is the first study examining PAF and
Lp-PLA2 levels in an Australian population. More evi-
dence is needed to discern PAF's independent influence
on CVD.61 Similarly, despite Lp-PLA2 having the potential
to become an important diagnostic marker for risk predic-
tion and prognosis of CVD, controversy about Lp-PLA2's
role in CVD exists because of inconsistent and limited
research and complexity of the enzyme, and more research
is needed to validate the practicability and utility of mea-
suring Lp-PLA2.

62

The aim of this study was to determine the relation-
ship between circulating PAF, Lp-PLA2 activity, and
high-sensitivity CRP (hsCRP) and traditional risk factors
of CVD in a mostly Caucasian population residing in
Australia. The identification of specific risk factors that
most strongly associate with each inflammatory marker
can allow for a better understanding of how these novel
markers are involved in atherosclerosis, and tailor future
CVD interventions to mitigate vascular inflammation
within this population to reduce the risk of CVD.

2 | MATERIALS AND METHODS

2.1 | Study design and setting

This study used a cross-sectional design and was carried
out on the Gold Coast, Queensland, Australia. A conve-
nience sampling technique was used, and participants

were recruited through non-health community settings
such as sporting clubs, surf life savings clubs, fitness cen-
ters, council libraries, community centers, and through
social media and online/email methods to obtain a repre-
sentative community sample of healthy adults at varying
risk of CVD. Recruitment began in February 2021 and
samples were collected over four 2-week periods begin-
ning May 3, 2021 to April 14, 2022.

This study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by
the Bond University Human Research Ethics Committee
(approval DR03194).

2.2 | Study population and sample size

Eligible participants included adults between 18 and
70 years old who were classified as either higher or lower
risk of CVD. To be classified as higher risk of CVD partic-
ipants had to either have confirmed type 2 diabetes OR
have two or more of the following risk factors for CVD:
systolic blood pressure ≥140 mm Hg or diastolic ≥90 mm
Hg or receiving medication for high blood pressure; total
cholesterol ≥5.2 mmol/L; LDL cholesterol ≥4.1 mmol/L;
HDL cholesterol <=1 mmol/L; family history of prema-
ture CHD (≤60 years); or excess weight (BMI ≥25 kg/
m2). To be considered lower risk, participants had to
report having no existing chronic disease or be on any
routine medication, be below the cut-offs listed for higher
risk individuals for blood pressure, cholesterol, BMI, and
have no family history of premature CHD.

Participants who reported a history of angina, myo-
cardial infarction, peripheral vascular disease, congenital
heart disease, or stroke were excluded. In addition, cur-
rent smokers and those taking certain medications or
supplements known to impact measurements of PAF
and/or Lp-PLA2 including statins, niacin, fenofibrate,
ezetimibe, orlistat, omega 3, fish oil supplements, and
hormone replacement therapy were excluded. Any partic-
ipant reporting Asian or African ethnicity were excluded.
All participants provided written informed consent before
participating in the study. With 100 participants, there
was an 80% power to detect a correlation between out-
comes and explanatory variables of 0.4 or greater assum-
ing a level of significance of 5%. A correlation of 0.4 is a
medium effect size for a correlation according to
Cohen.63

2.3 | Data collection

Data were collected through face-to-face visits held at the
Bond Institute of Health and Sport, Bond University,

ENGLISH ET AL. 3
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Queensland, Australia and included anthropometric,
clinical, and biochemical measurements.

Anthropometric data were measured in the fasting
state with light clothing but without shoes. Standing
height was measured to the nearest 0.1 cm using a wall
mounted stadiometer. Weight was measured with a cali-
brated digital scale to the nearest 0.1 kg. Waist circumfer-
ence was measured six times, three times at the
umbilicus and three at minimum waist.64 BMI was calcu-
lated as (weight (kg)/height (m2).

Blood pressure was measured with a Creative Medical
PC-900 Pro Vital Signs monitor in the nondominant arm,
seated, with a clinical cuff and measured in triplicate,
2 min apart. The first measurement was disregarded and
the second and third measurements were averaged.65

Information on age, sex, medical history, menopausal
status, medication and supplement intake, smoking sta-
tus, and alcohol consumption was self-reported from
questionnaires completed during the study visit.

Physical activity was measured using the World Health
Organization (WHO) Global Physical Activity Question-
naire.66 Participant's metabolic equivalent (MET) minutes
per week were calculated based on the participant
responses from 16 questions assessing time spent physically
active during work, travel, and recreation in addition to sed-
entary time. Physical activity levels were categorized into
tertiles based on WHO's physical activity recommendation
where 0 = low MET <600 min/week, 1 = moderate MET
≥600 to <1500 min/week, and 2 = high MET
≥1500 min/week.

2.4 | Assessment of biomarkers

Fasting blood samples were collected in EDTA tubes and cen-
trifuged within 30 min of collection at 4�C and 1.3 relative
centrifugal force (rcf) for 15 min. Plasma was aliquoted and
immediately frozen at�80�C until assays were performed.

Lipids were measured with AfinionTM point of care
machine (Abbott, Australia) within 10 min of blood col-
lection. Measurements included LDL, HDL, triglycerides,
non-HDL cholesterol, and Total:HDL cholesterol. All
values that exceeded detection range of the instrument
were recorded as the value at the top of detection range.

Lp-PLA2 activity was determined using a commercial
colorimetric assay (Cayman Chemical Co, USA) with
2-thio-PAF as substrate. Briefly, Lp-PLA2 hydrolyzes the
acetyl thioester bond at the sn-2 position of the substrate,
2-thioPAF, creating free thiols which are detected using
5,50dithio-bis-(2-nitrobenzoic acid). Absorbance was mea-
sured at 412 nm using an OMEGA Fluostar microplate
plate reader. High sensitivity CRP was assayed by Queens-
land Health, Pathology Queensland. PAF was measured
using a PAF ELISA assay based on competitive-ELISA

detection method (Assay Genie, Ireland), according to the
manufacturer's protocol. Briefly, microtiter plates were pro-
vided pre-coated with PAF. During the reaction, PAF in the
samples or standards competed with a fixed amount of tar-
get on the solid-phase supporter for sites on biotinylated
detection antibody. Excess conjugate and unbound sample
or standard were washed from the plate, HRP-streptavidin
enzyme and TMB substrate were added, and color change
was measured spectrophotometrically at 450 nm on an
OMEGA Fluostar microplate plate reader.

Absolute CVD risk scores were calculated for each par-
ticipant. The CVD risk score is a composite score that com-
bines multiple traditional cardiovascular risk factors into a
single risk score which was developed by the National Vas-
cular Disease Prevention Alliance based on the Framing-
ham Risk Equation.67 The CVD risk score assesses
traditional risk factors such as age, gender, smoking status,
blood pressure, total cholesterol, HDL, diabetes status, and
existence of left ventricular hypertrophy.

2.5 | Data analysis

All data were analyzed using SPSS version 28.0.0.0(190)
(SPSS Inc., Chicago, USA). Data were assessed for normal-
ity using Q-Q plots. Variables that were not normally dis-
tributed (PAF, hsCRP, triglycerides) were log transformed
prior to analysis. Independent t tests were performed on
normally distributed variables to test for differences
between males and females, higher risk and lower risk, and
year of data collection. Mann–Whitney U tests were per-
formed for non-normally distributed variables. Chi-squared
tests were performed on categorical data.

Linear associations between markers of inflammation
(log PAF, Lp-PLA2, and log hsCRP) and risk factors were
estimated using linear regression and reported as Pear-
son's correlations. Subgroup analysis was performed by
level of risk of CVD (high or low). To compare associa-
tions in the two risk groups, a test for interaction was
conducted. This was achieved by creating a new variable
for each of the traditional risk factors by multiplying the
risk factor by the level of risk (0 for low or 1 for high)
which was then entered into a regression model with the
risk factor and level of risk as main effects and markers
of inflammation as the dependent variable.

Multiple linear regression was performed with log
PAF, Lp-PLA2, and log hsCRP as dependent variables
and independent variables that included measures of dys-
lipidemia, including HDL and LDL cholesterol, and tri-
glycerides, systolic and diastolic blood pressure, waist
circumference, physical activity levels and year of data
collection. Checks for multicollinearity were conducted
using variance inflation factor and tolerance indices and
revealed no variables were highly correlated.

4 ENGLISH ET AL.
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3 | RESULTS

3.1 | Clinical characteristics

A total of 100 participants were recruited and attended a
study data collection visit. Demographic and clinical
characteristics represented as a total cohort, males and
females, and individuals at higher versus lower CVD risk
are shown in Table 1. The mean age was 49 (range 20–
69) years and 92% of the cohort was Caucasian.

The mean BMI was 28.3 ± 6.5 kg/m2. Mean waist cir-
cumference of males was 95.9 ± 12.6 cm and for females
95.7 ± 18.4 cm. Four participants had type 2 diabetes.
Mean systolic blood pressure was 119 ± 13 mm Hg and
mean diastolic blood pressure was 73 ± 8.5 mm
Hg. Mean level of HDL cholesterol was 1.84

± 0.48 mmol/L and was significantly higher in females
compared to males (1.94 ± 0.49 vs. 1.61 ± 0.37
p < 0.001). Mean LDL cholesterol was 3.16
± 1.11 mmol/L and triglycerides were 1.40 ± 0.82 mmol/
L. Although not an exclusion criterion, none of the par-
ticipants reported taking PCSK9 inhibitor medications.

3.2 | Inflammatory marker results

3.2.1 | Platelet-activating factor

Median PAF level was 7.96 (3.89–16.77) ng/ml (Table 1).
No significant difference was seen between males and
females. Median PAF was higher for those at lower risk
of CVD compared to those at higher risk (13.27 [9.59–

TABLE 1 Demographic and clinical characteristics of study subjects

Mean ± SD or N (%) or median (IQR range)
Mean ± SD or N (%) or median (IQR
range)

Characteristics
Total
n = 100

Male
n = 31

Female
n = 69 p-Valuea

Higher risk of
CVD n = 68

Lower risk of
CVD n = 32

p-
Valuea

Age, yearsb 49 ± 13 46 ± 13 50 ± 13 0.120 53 ± 13 38 ± 14 <0.001

Race, Caucasian n (%) 92 (92) 25 (86) 67 (94) 65 (96) 27 (84)

Male n (%) 21 (31) 10 (31)

BMI, kg/m2b 28.3 ± 6.5 27.41 ± 5.0 28.65 ± 7.2 0.729 30.65 ± 6.4 23.19 ± 2.7 <0.001

Waist circumference
(cm) umbilicusb

95.8 ± 6.7 95.99 ± 12.60 95.70 ± 18.40 0.526 102.36 ± 15.40 81.83 ± 9.15 <0.001

Type 2 diabetes
diagnosis %

4 (4) 3 (10) 1 (1) - 4 (6) 0 (0) -

Physical activity METs
tertiles

1.41 ± 0.65 1.61 ± 0.72 1.32 ± 0.83 0.193 1.28 ± 0.84 1.69 ± 0.65 0.193

n (%) low PA 20 (20) 4 (13) 16 (23) - 17 (25) 3 (9) -

n (%) medium PA 19 (19) 4 (13) 15 (22) - 15 (22) 4 (13) -

n (%) high PA 61 (61) 23 (74) 38 (55) - 36 (53) 25 (78) -

SBP, mm Hg 119 ± 13.1 119 ± 13 119 ± 13 0.883 124 ± 12.41 110 ± 8.71 <0.001

DBP, mm Hg 73 ± 8.50 74 ± 10.42 73 ± 7.56 0.783 76 ± 7.69 67 ± 7.07 <0.001

Total cholesterol, mmol/L 5.68 ± 1.32 5.59 ± 1.13 5.71 ± 1.41 0.678 6.02 ± 1.32 4.94 ± 1.01 <0.001

HDL cholesterol, mmol/L 1.84 ± 0.48 1.61 ± 0.37 1.94 ± 0.49 <0.001 1.69 ± 0.47 2.14 ± 0.36 <0.001

LDL cholesterol, mmol/Lc 3.16 ± 1.11 3.28 ± 1.00 3.11 ± 1.17 0.493 3.55 ± 0.97 2.34 ± 0.95 <0.001

Non HDL cholesterol,
mmol/L

3.84 ± 1.38 3.98 ± 1.11 3.77 ± 1.49 0.481 4.33 ± 1.26 2.81 ± 1.03 <0.001

Triglycerides, mmol/Lb 1.40 ± 0.82 1.56 ± 0.79 1.33 ± 0.84 0.055 1.58 ± 0.91 1.02 ± 0.38 <0.001

PAF, ng/mlb 7.96 (3.89–16.77) 9.95 (4.31–15.33) 6.45 (3.81–18.90) 0.814 4.84 (3.24–14.57) 13.27 (9.59–21.63) <0.001

Lp-PLA2, nmol/min/ml 14.91 ± 4.29 16.98 ± 4.90 13.98 ± 3.65 <0.001 15.30 ± 4.42 14.09 ± 3.94 0.19

hsCRP, mg/Lb,c 0.96 (0.49–2.98) 0.93 (0.41–2.1) 1.1 (0.5–3.14) 0.392 1.79 (0.64–3.80) 0.56 (0.22–1.01) <0.001

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high density lipoprotein; hsCRP, high sensitivity Creactive protein; LDL,
low density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2; mg/L, milligrams per liter; mm Hg, millimeters of mercury; mmol/L,
millimoles per liter; ng/L, nanograms per liter; nmol/min/ml, nanomoles per min per milliliter; PA, physical activity; PAF, platelet activating factor;
SBP, systolic blood pressure; SD, standard deviation. Bolded p-values denotes statistical significance.
aIndependent t test performed p < 0.05 represents significant difference.
bMann–Whitney U test performed p < 0.05 represents significant difference.
cn = 99.
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21.63] ng/ml vs. 4.84 [3.24–14.57] ng/ml, p < 0.001). A
significant difference was seen between blood samples
taken in 2021 (3.3 ± 1.66 ng/ml) compared to samples
taken in 2022 (19.82 ± 12.95 ng/ml), t(85) = � 13.96,
p < 0.001 with a large effect size (eta squared 0.665).

There was a significant medium positive correlation
between PAF and HDL and significant medium nega-
tive correlations with Total:HDL cholesterol, systolic
blood pressure, BMI, and waist circumference
(Tables 2). Subgroup analysis comparing higher to
lower CVD risk groups found no evidence of a differ-
ence in correlations between any of the explanatory
variables and dependent variable logPAF at the 5%
level (Table 3).

As shown in Table 4, multiple regression showed the
date of data collection was the only statistically signifi-
cant variable (at the 5% level) contributing to the model.

3.2.2 | Lipoprotein-associated
phospholipase A2

As shown in Table 1, mean circulating levels of Lp-
PLA2 activity were 14.91 ± 4.29 nmol/min/ml and

were significantly higher in males than females (16.98
± 4.90 nmol/min/ml vs. 13.98 ± 3.65 nmol/min/ml,
p < 0.001). There was no significant difference in Lp-
PLA2 activity between those at lower risk versus higher
risk of CVD. There was no significant difference
between blood samples taken in 2021 (14.62
± 3.65 nmol/min/ml) compared to samples taken in
2022 (15.16 ± 4.78 nmol/min/ml), t(98) = �6.32,
p = 0.529.

There was a significant large positive correlation
between Lp-PLA2 and LDL and non-HDL cholesterol
(Table 2). There was a significant medium positive corre-
lation with total cholesterol and Total:HDL cholesterol.
There was a medium positive correlation between Lp-
PLA2 and absolute CVD risk score.

Subgroup analysis comparing higher to lower CVD
risk groups found no evidence of a difference in correla-
tions between any of the explanatory variables and
dependent variable Lp-PLA2 at the 5% level with the
exception of absolute CVD risk score (Table 3).

As shown in Table 5, multiple regression identi-
fied HDL, LDL, and date of data collection to be the
statistically significant variables contributing to the
model.

TABLE 2 Pearson's correlations between inflammatory markers and traditional risk factors of cardiovascular disease

Log PAF Lp-PLA2 Log hsCRP

Risk factor n = 100 r p-Value r p-Value r p-Value

Log hsCRP, mg/L �0.261 0.005 0.047 0.643 - -

Lp-PLA2, nmol/min/ml �0.032 0.376 - - - -

Lipids

Total cholesterol, mmol/L �0.152 0.065 0.435 <0.001 0.284 0.002

LDL-C, mmol/L �0.211 0.018 0.525 <0.001 0.338 <0.001

HDL-C, mmol/L 0.394 <0.001 �0.262 0.004 �0.413 <0.001

Log triglycerides, mmol/L �0.281 0.002 0.284 0.002 0.455 <0.001

Non HDL-C, mmol/L �0.283 0.002 0.508 <0.001 0.413 <0.001

Total:HDL-C, mmol/L �0.436 <0.001 0.468 <0.001 0.524 <0.001

Blood pressure

Systolic, mm Hg �0.307 0.001 0.177 0.039 0.366 <0.001

Diastolic, mm Hg �0.215 0.016 0.196 0.025 0.408 <0.001

BMI, kg/m2 �0.381 <0.001 0.113 0.131 0.668 <0.001

Waist circumference, cm �0.404 <0.001 0.162 0.053 0.676 <0.001

Physical activity level, MET minutes 0.097 0.168 0.005 0.481 �0.314 0.001

CVD risk score �0.246 0.007 0.330 <0.001 0.245 0.007

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL, high density lipoprotein; hsCRP, high sensitivity C- reactive protein; LDL, low
density lipoprotein; Lp-PLA2, lipoprotein-associated phospholipase A2; mg/L, milligrams per liter; mm Hg, millimeters of mercury; mmol/L, millimoles per
liter; ng/L, nanograms per liter; nmol/min/ml, nanomoles per min per milliliter; PA, physical activity; PAF, platelet activating factor; SBP, systolic blood
pressure; SD, standard deviation. Bolded p-values denotes statistical significance.
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3.2.3 | High-sensitivity C-reactive protein

Median hsCRP levels were 0.96 (0.49–2.98) mg/L
(Table 1). No significant difference was seen between
males and females; however, hsCRP levels were higher in
those at high risk of CVD 1.79 (0.64–3.80) mg/L com-
pared to those at low risk 0.56 (0.22–1.01) mg/L,
p < 0.001.

As shown in Table 2, there was a significant large
positive correlation between hsCRP and Total:HDL cho-
lesterol, BMI and waist circumference. There was a
medium negative correlation between hsCRP and HDL
cholesterol and physical activity, and a medium positive
correlation with LDL cholesterol, log triglycerides, non-
HDL cholesterol, and systolic and diastolic blood
pressure.

Subgroup analysis comparing higher to lower CVD
risk groups found no evidence of a difference in correla-
tions between any of the explanatory variables and
dependent variable loghs CRP at the 5% level (Table 3).

Multiple regression showed waist circumference and
physical activity to be the only statistically significant var-
iables contributing to the model (Table 6).

3.3 | Correlations between inflammatory
markers

There was a small negative correlation between PAF and
hsCRP but no significant correlation between PAF and
Lp-PLA2 or between Lp-PLA2 and hsCRP (Table 2).

4 | DISCUSSION

This cross-sectional study investigated the association
between PAF, Lp-PLA2, and CRP and traditional CVD
risk factors in 100 adults with varying levels of risk of
CVD in an Australian population. It is the first such
study that included strict exclusion criteria, and ana-
lyzed PAF and Lp-PLA2 activity in a broadly Cauca-
sian population, outside of Greece.68 Correlations
between PAF, Lp-PLA2, and CRP levels and risk fac-
tors for CVD were examined including blood pressure,
lipids, BMI, waist circumference, and physical activity
levels.

Although a key finding from this study was that sev-
eral traditional cardiovascular risk factors are related to
circulating levels of both novel and traditional inflamma-
tory markers, there was also an unexpected finding with
PAF. Notably, levels of PAF significantly differed based
on the year of data collection. The blood samples col-
lected in 2022 coincided with the Omicron variant
COVID-19 outbreak in Australia, and a boost in vaccina-
tion rates with adenovirus vector and mRNA vaccines

TABLE 4 Standard multiple regression analysis of relationship

between various cardiovascular risk factors and logPAF in the

subjects

Variable Standardized coefficients p-Value

HDL cholesterol �0.001 0.989

LDL cholesterol 0.032 0.623

Log triglycerides �0.139 0.072

Systolic BP �0.004 0.968

Diastolic BP 0.087 0.305

Waist circumference �0.098 0.280

Physical activity �0.060 0.316

Data collection date 0.802 <0.001

Note: Bolded p-values denotes statistical significance.

TABLE 5 Standard multiple regression analysis of relationship

between various cardiovascular risk factors and Lp-PLA2 activity in

the subjects

Variable Standardized coefficients p-Value

HDL cholesterol �0.291 0.007

LDL cholesterol 0.545 <0.001

Log triglycerides 0.087 0.434

Systolic BP 0.109 0.396

Diastolic BP �0.039 0.746

Waist circumference �0.191 0.144

Physical activity 0.033 0.705

Data collection date 0.277 0.004

Note: Bolded p-values denotes statistical significance.

TABLE 6 Standard multiple regression analysis of relations of

various cardiovascular risk factors to logCRP in the subjects

Variable Standardized coefficients p-Value

HDL cholesterol �0.053 0.552

LDL cholesterol 0.083 0.330

Log triglycerides 0.036 0.362

Systolic BP �0.161 0.165

Diastolic BP 0.124 0.259

Waist circumference 0.596 <0.001

Physical activity �0.165 0.037

Data collection date 0.029 0.738

Note: Bolded p-values denotes statistical significance.
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which may explain these unexpected results. Although
vaccination status was not collected, the Gold Coast
region had a vaccination rate of 90.9% for first dose and
88.5% for second dose of the vaccine by the end of
January 2022 (unchanged by April 2022), the timeframe
for 2022 data collection.69 Both the adenovirus-vector
and mRNA vaccines increase inflammation and platelet
activation following COVID-19 vaccination.70 Individuals
who had recently had their second vaccination were
found to have an 83% decrease in EC50 PAF levels
(a measure of concentration that induces 50% of maximal
aggregation) in platelet rich plasma in response to PAF
as a agonist, with this increase in platelet sensitivity
hypothesized to be attributed to an enhancement of PAF
production and/or upregulation of PAF receptor expres-
sion.71 The addition of the SARS-CoV-2 spike protein to a
U-937 cell line has been shown to cause a two-fold
increase in intracellular PAF levels71 and lipidomic anal-
ysis of in vitro human cells demonstrated a 3.5-fold
increase in PAF levels when infected with coronavirus.72

Despite temperature checks before proceeding with data
collection, it is possible some of the participants in the
2022 batch for the current study may have had COVID-
19, or were recovering from COVID-19, resulting in ele-
vated levels of PAF.

Surprisingly, mean PAF was higher in participants at
lower risk of CVD compared to those at higher risk. In
contrast, people with atherosclerosis and CHD have been
reported to have significantly higher PAF than healthy
controls.24,73 However, these studies examined adults
diagnosed with CVD compared to the “higher risk” (but
without a diagnosis of CVD) group in the current study.
The different findings are most likely explained by con-
founding from COVID-19 vaccination or disease, as the
majority of the lower risk group were recruited in 2022
whereas 65% of the higher risk group were recruited in
2021 when vaccination and diagnosed COVID-19 rates
were low.

Another surprising finding was the lack of significant
difference in mean Lp-PLA2 levels between those at
higher risk versus lower risk of CVD, in contrast to previ-
ous research57 and also potentially due to COVID-19 vac-
cination or infection. Although the relationship between
COVID-19 vaccination and Lp-PLA2 levels is unknown,
patients infected with COVID-19 have been reported to
have significantly higher levels of plasma Lp-PLA2 com-
pared to healthy controls.74 Although t tests found no sig-
nificant difference between blood samples taken in 2021
and 2022, the multiple regression analysis found that
data collection date was a statistically significant variable
contributing to the model for Lp-PLA2 in the current
study.

4.1 | Lipids

The large positive correlation between Total:HDL choles-
terol and medium positive correlation between LDL cho-
lesterol and hsCRP was unexpected, and contrasts with
previous research that found minimal or no correlation
between these markers75,76 except in children.77

The medium negative correlation between hsCRP
and HDL was also unexpected, as other studies have
found no correlation between these two markers.76,78

Similarly, the medium positive correlation between PAF
and HDL cholesterol seems counter intuitive, given HDL
is anti-inflammatory. An interaction between PAF and
COVID-19 vaccination/disease status may be one expla-
nation. However, highly elevated HDL has been associ-
ated with inflammation and increased risk of CVD.79

Lower levels of HDL are known to be associated with
increased mortality, CHD and stroke yet pharmacological
trials to raise HDL have not resulted in significant reduc-
tions in risk.80–82 HDL at both high and low levels appear
to increase CVD risk and a U-shaped curve characterizes
the relationship between HDL and CVD risk.83–85

Upon further examination of the literature, HDL
appears to become dysfunctional at higher levels
resulting in inflammation and impairment of choles-
terol efflux, reduction in the inhibition of adhesion
molecules, and a decrease in antioxidant capacity, all
functions that HDL normally undertake.86 Dysfunc-
tional HDL has an altered lipid core with higher levels
of triglycerides and oxidized phospholipids, lower
levels of cholesterol,87 and a reduction in anti-
inflammatory enzymes such as paraoxonase (PON-1)
and Lp-PLA2.

88 Functionality of HDL may be more
important than circulating HDL-C levels for accurate
risk prediction.89 Notably, 75% of the participants in
the current study had HDL levels above 1.5 mmol/L,
and 40% had levels above 2.0 mmol/L (with 13% having
values above 2.59 mmol/L, the top of the detection
range of the AfinionTM instrument) which may explain
the large and significant correlation with PAF. There-
fore, it is unlikely that these results adequately reflect
the complexity of functionality of HDL and more
research is needed to elucidate the true relationship.

4.2 | Blood pressure, BMI, and WC

Results for blood pressure, BMI, and waist circumference
were unsurprising, showing a strong positive correlation
with hsCRP. There was a positive correlation between
blood pressure and Lp-PLA2, no correlation between Lp-
PLA2 and BMI, and only a small positive correlation with
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waist circumference with previous research reporting
similar results.57,90,91 However, a strong correlation was
reported between Lp-PLA2 and central obesity in a Chi-
nese population.92

The negative correlation between systolic blood
pressure and PAF may be expected as animal studies
show PAF induces systemic hypotension93,94 and in
humans, some biological actions of PAF include induc-
ing vascular hyper-permeability and hypotension.95

The current study found a medium negative correlation
between PAF and both waist circumference and BMI.
Interestingly, a very similar study in Greece had simi-
lar results showing a positive correlation between Lp-
PLA2 and waist circumference and a negative correla-
tion with PAF despite the mean waist circumference
being much higher in the present study, especially for
females.68

4.3 | Physical activity levels

Physical activity levels were associated with CRP but not
Lp-PLA2 in the current study. A strong correlation
between CRP and physical activity levels exists.96–99

While there is evidence exploring the relationship
between Lp-PLA2 and physical activity, previous studies
have reported mass (which is less reliable) rather than
activity. However, most studies report a positive relation-
ship between the two.100–104 The lack of research on Lp-
PLA2 activity and physical activity, and the novel result
of a lack of a correlation between physical activity and
PAF highlights gaps in the literature for future research
to examine.

4.4 | CVD risk score

There was a moderate positive correlation between Lp-
PLA2 and absolute CVD risk score and only small corre-
lations seen with PAF and hsCRP. The results for hsCRP
were surprising as higher CRP levels significantly corre-
lated with the Europe SCORE risk, a risk score that esti-
mates 10-year risk of CVD.105

4.5 | Correlations between each marker

In this study, there was no correlation between Lp-PLA2

and CRP, in agreement with numerous studies,106–110

with the exception of one study in Chinese patients with
CHD.111 Despite each marker being associated with risk
factors for CVD, each appear to work independently yet
complementarily to improve CVD risk prediction.

No correlation was seen between PAF and Lp-PLA2,
which is unexpected due to the relationship between
PAF and its regulating enzyme, with previous literature
suggesting that Lp-PLA2 could be used as a surrogate
marker for PAF.112 However, this finding should be inter-
preted with caution, given the potential confounding
effect of COVID-19 vaccines and possible disease at the
time of data collection for some of the participants in the
current study.

There was a small negative correlation between PAF
and CRP in this study. Early studies found CRP inhibits
PAF-induced platelet aggregation suggesting CRP may
act as an early protective anti-inflammatory mechanism
in acute inflammation.113 However, CRP enhances PAF-
induced inflammatory activity through binding to PAF114

and recent research found a significant positive correla-
tion between PAF and CRP and concluded that although
hsCRP was a valuable diagnostic marker for coronary
atherosclerosis, PAF was a better prognostic indicator for
coronary atherosclerosis.73

4.6 | Strengths and weaknesses

Strengths of this study include strong exclusion criteria to
minimize confounders including medication, smoking,
and diagnosed CVD. Ethnicities previously reported to
have lower levels of Lp-PLA2 activity due to genetic poly-
morphisms were excluded, allowing a more homogenous
population for analysis.

There were, however, some limitations. This was a
cross-sectional study examining inflammatory levels at one
point in time and thus causal relationships between the
markers and CVD cannot be confirmed. Second, most par-
ticipants recruited were female thus this study may not
accurately reflect levels of these markers across the broader
Australian population. In addition, half of the data collec-
tion was undertaken during a COVID-19 Omicron outbreak
and aggressive mRNA vaccination roll out, which may have
affected results.115 Further, data on vaccination status was
not collected from participants so the true relationship
between an individual's PAF levels and the vaccine cannot
be determined. An estimate of 13% of HDL results was
made, as those participants had levels above the range of
the point of care machine. There was no adjustment for
multiple comparisons in the statistical analysis; hence; our
results should be interpreted cautiously.

5 | CONCLUSION

In conclusion, all three markers of inflammation inde-
pendently correlated with several traditional
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cardiovascular risk factors in a broadly Caucasian popu-
lation. A large positive correlation exists between Lp-
PLA2 and LDL while a medium positive correlation was
seen between PAF and HDL. A small negative correlation
between PAF and CRP was seen, and no significant cor-
relation was shown between PAF and Lp-PLA2. Although
Lp-PLA2 and CRP are both related to the pathophysiol-
ogy of inflammation in CVD, there was no correlation
with one another suggesting each marker is involved in
separate atherogenic pathways. Further studies are
needed to elucidate the true relationship between PAF
and traditional risk factors in a non-epidemic setting.
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