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Abstract
Background
Lipoprotein-associated Phospholipase A2 (Lp-PLA2), can exert proinflammatory as well as proatherogenic properties on the vascular wall. The current study sought to evaluate the influence of high Lp-PLA2 levels on indices of arterial wall properties in patients with stable coronary artery disease (CAD).

Methods
Three hundred seventy-four consecutive patients with stable CAD (mean age 61 ± 11 years, 89% males) were enrolled in this single-center cross-sectional study. Flow-mediated dilation (FMD) was used to assess endothelial function and augmentation index (AIx) of the central aortic pressure was used to assess reflected waves. ELISA was used to determine Lp-PLA2 serum levels.

Results
After dividing the participants in 3 equal groups based on the tertiles of circulating Lp-PLA2 values, no significant differences were demonstrated between those in the 3rd tertile with Lp-PLA2 values > 138 μg/L, in the 2nd tertile with Lp-PLA2 values between 101 and 138 μg/L and in the 1st tertile (Lp-PLA2 values < 101 μg/L) regarding age, male gender, smoking habits, family history of CAD or history of a previous myocardial infarction, diabetes mellitus, arterial hypertension, hyperlipidemia, duration of CAD and treatment with relevant medication. Importantly, subjects with Lp-PLA2 values in the highest tertile, had significantly reduced FMD values compared to the middle and lower tertile (4.43 ± 2.37% vs. 4.61 ± 1.97% vs. 5.20 ± 2.52% respectively, P = 0.03). Patients in the highest tertile of Lp-PLA2 values had significantly higher AIx values (24.65 ± 8.69% vs. 23.33 ± 9.65%, P = 0.03), in comparison to the lowest tertile, with Lp-PLA2 values < 101 μg/L. A linear regression analysis showed that Lp-PLA2 values > 138 μg/L negatively correlated to FMD [b = − 0.45 (95% CI: − 0.79 – -0.11), P = 0.01] and AIx values [b = 1.81 (95% CI: 0.57–3.05), P < 0.001] independently of cofounders like gender, age, diabetes mellitus, arterial hypertension, dyslipidemia, smoking habits, family history of CAD, history of previous myocardial infarction, serum glucose, circulating lipid levels, duration of CAD, antihypertensive medication, antidiabetic drugs, statin therapy and treatment with β-blockers.

Conclusions
Elevated Lp-PLA2 levels relate to endothelial dysfunction and arterial stiffness in patients with stable CAD independently from classical risk factors for CAD, statin use, antihypertensive treatment, and duration of the disease.
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Introduction
Coronary artery disease (CAD) is a complex pathology with manifold aspects, which include systematic inflammation, structural changes on the vascular wall, endothelial dysfunction, arterial stiffness and discrete plaque formation within the coronary arteries [1].
Lipoprotein-associated phospholipase A2 (Lp-PLA2), also referred to as platelet-activating factor acetylhydrolase (PAF-AH), is predominantly secreted de novo from inflammatory cells or bound to circulating low density lipoprotein (LDL) and in a much smaller proportion to circulating high density lipoprotein (HDL) [2]. The fact that it is detected in high concentration in atherosclerotic plaques combined with its ability to hydrolyze phospholipids in LDL, which in turn results in proinflammatory and proatherogenic products such as oxidized free fatty acids, have supported the idea that Lp-PLA2 is strongly involved in the acceleration of the atherosclerotic process [3]. The suggestion that the inhibition of Lp-PLA2 could benefit patients with CAD, led to the conduction of randomized, clinical studies such as the Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy (STABILITY) trial [4] and The Stabilization Of pLaques usIng Darapladib-Thrombolysis In Myocardial Infarction 52 Trial (SOLID-TIMI 52) [5]. Although darapladib-induced Lp-PLA2 inhibition could not reduce major adverse cardiovascular events (MACE), a subsequent interleukin (IL)-6 and C-reactive protein (CRP) reduction observed in these studies, may associate with better cardiovascular outcomes [4, 5].
Endothelial dysfunction is well recognized as an early-occuring, fundamental component in the pathophysiology of cardiovascular disease [6]. Endothelial function can be non-invasively estimated by flow-mediated dilation (FMD), typically in the brachial artery. It is an established risk factor which independently predicts cardiovascular events [7]. Impaired vascular wall properties, including wave reflection and arterial stiffness, also possess a prognostic capacity for cardiovascular disease and early appearance of reflected waves in systole associates with reduced coronary perfusion [8, 9].
Since only a few studies have investigated the interplay between non-invasive biomarkers of arterial wall properties and Lp-PLA2 in stable CAD, the current study aims to examine the relationship between Lp-PLA2, endothelial function and arterial stiffness in stable CAD patients.
Materials and methods
Study design and population
In this single-center cross-sectional study, 374 consecutive patients (mean age 61 ± 11 years) with history of stable CAD were enrolled, after the application of the exclusion criteria and after signing the consent form. As history of stable CAD was defined the evidence of a narrowing of more than 50% of at least one major epicardial coronary artery in a diagnostic coronary angiography, which was conducted after a positive stress test, angina or chest pain or in the context of an acute coronary syndrome (ACS). Participating subjects were at stable clinical condition after receiving appropriate treatment and/or free of an ACS for the last 6 months before entering the study. The recruitment took place between February 2016 and March 2019. At least two experienced cardiologists interpreted the coronary angiographies. Several demographic and clinical data, among which age, weight, height, blood pressure, the history of diabetes mellitus, arterial hypertension, hyperlipidemia and family history of cardiovascular disease were also recorded. Subjects smoking at least one cigarette/day or those that quitted smoking less than a year from the time of the index coronary angiography were defined as current smokers, patients reporting ever smoking before this point of time were defined as former smokers and those who never consumed tobacco products were defined as non-smokers.
Patients with evidence of reduced left ventricle ejection fraction < 50%, severe valvulopathies, ACS in the last 6 months, chronic kidney failure, osteoporosis, malignant or immunological diseases, under systemic glycorticoid or immunosuppressive therapy were defined as exclusion criteria of the study.
Coronary angiography
All patients underwent an elective coronary angiography by experienced interventional cardiologists from a radial or femoral arterial access. Vessel stenosis and magnitude of lesions were assessed with a quantitative coronary angiography system. Significant CAD was defined as the narrowing of the luminal diameter of a major epicardial coronary artery ≥50%.
Assessment of endothelial function
Flow-mediated dilation (FMD) in the brachial artery was used to estimate endothelial dysfunction. The assessment process is previously described [10]. Following a 10 min rest, the examiner scans and measures the right brachial artery in a longitudinal direction, with the use of a linear array ultrasound transducer attached to a Vivid e ultrasound device (General Electric, Milwaukee, (WI), USA). This is followed by an induction of a 5-min reactive hyperemia, by adjusting and inflating a pneumatic cuff distally to the ultrasound transducer to an increased systolic pressure compared to that measured on the forearm. Subsequently to releasing the ischemia cuff, the manual estimation of the diameter of the brachial artery using electronic calipers in intervals of 15 s for 2 min was conducted. The evaluation of FMD was conducted by estimating the % change of the brachial artery diameter of the measurement taken at 60 s after releasing ischemia compared to the measurements taken at baseline (at rest). A consequent measurement was conducted after resting for 10 min, which was used to assess the endothelium-independent dilation (EID), after administrating a single, sublingual dose (400 μg) of glyceryl trinitrate by comparing it with the maximal diameter measured on 2 and 5 min after glyceryl trinitrate administration. All examinations were carried out by the same person; a blinded observer carried out the measurements through the study [10]. A repeatability coefficient of 5% was calculated based on the Bland-Altman method.
Assessment of wave reflections
Augmentation index (AIx) of the central (aortic) pressure waveform was evaluated to estimate wave reflections. This was achieved by applanation tonometry, which was used to appropriately capture and analyze non-invasively the arterial pulse using a validated acquisition system (SphygmoCor, AtCor Medical, Sydney (NSW), Australia). AIx is an index of the severity of wave reflection and higher values reflect enhanced arterial stiffness. AIx can be strongly influenced from heart rate, which is why a correction of AIx on a stable heart rate of 75 beats per min follows. The calibration of radial pressure waveforms is achieved by sphygmanometrically measuring blood pressure values on the forearm [11].
Biochemical measurements
After being centrifuged at 906 x g, venous blood samples were stored at − 80 °C until assay. The assay of the circulating levels of Lp-PLA2 was conducted in the biochemistry laboratory of the 1st University Cardiology Clinic of the University of Athens with a commercially available enzyme-linked immunoassay (ELISA) (PLAC test, diaDexus, Inc., San Francisco, (CA), USA). According to the data provided from the manufacturer, the minimum detection limit of the used test is 0.34 μg/L, the intra-essay precision rate lies between 4,3–5,8% of coefficient of variation (%CV) and the inter-assay precision rate ranges from 6.3%CV to 8.7%CV. Commercially enzymatic methods were used to assay circulating lipid and glucose levels.
Statistical analysis
Normal distribution of the variables was tested with the use of P-P plots. Data with normal distribution are expressed as means ± standard deviation and skew variables as median with first and third quartiles. Categorical variables are reported as exact number of participants with the respective proportion in the study (sub)population. An initial analysis in which patients were divided in in groups based on the median of Lp-PLA2 (that being 125 μg/L in the current study) was initially conducted. Differences between these 2 groups were tested with t-test or with Wilcoxon-test for continuous variables with normal and non-normal distribution respectively. Another analysis, in which patients were categorized according to the tertiles of Lp-PLA2 values was conducted (1st tertile: Lp-PLA2 values < 101 μg/L, 2nd tertile: Lp-PLA2 values between 101 and 138 μg/L and 3rd tertile: Lp-PLA2 values > 138 μg/L) Differences between the 3 groups were tested with one way ANOVA and Kruskal-Wallis H Test for continuous variables with normal and non-normal distribution respectively, along with Bonferroni test. Chi-square test was performed to assess differences regarding categorical variables. Linear correlations between continuous variables with non-normal distribution were assessed by Spearman’s correlation coefficient. To furtherly reduce confounding, a multiple linear regression analysis model was used to explore the correlation of Lp-PLA2 levels with AIx and FMD, after adjustment for multiple cofounders. All reported p-values correspond to two-sided tests and P-values were considered statistically significant at the level of < 0.05. Data were analyzed using SPSS software, version 26.0 (IBM, Chicago, (IL), USA).
Results
Baseline characteristics of the study population depending on Lp-PLA2 values
The median value of serum Lp-PLA2 levels in the study population was 125 (96–152) μg/L. Using the median of Lp-PLA2 levels as a threshold, 2 patient groups were formed. Demographic and clinical characteristics between patients who had circulating Lp-PLA2 values < 125 μg/mL and those with ≥125 μg/L are shown in Table S1. A further analysis was consequently conducted with patients being categorized by tertiles of Lp-PLA2 values. The clinical and demographic characteristics and differences between the 3 groups of the study are shown in Table 1.
Table 1Comparison of demographic, clinical and laboratory characteristics based on Lp-PLA2 tertiles


	Characteristics
	T1
< 101 μg/L
	T2
101-138 μg/L
	T3
> 138 mg/L
	P value

	Male Gender (n, %)
	109 (90)
	114 (93)
	113 (89)
	0.43

	Age (years)
	63 ± 10
	62 ± 12
	61 ± 11
	0.44

	Body mass index (kg/m2)
	28.04 ± .4
	28.58 ± 3.79
	28.02 ± 3.40
	0.43

	Diabetes mellitus (n, %)
	39 (30)
	31 (25)
	29 (23)
	0.28

	Hypertension (n, %)
	96 (78%)
	92 (76)
	99 (79)
	0.88

	Hyperlipidemia (n, %)
	98 (80)
	91 (75)
	89 (73)
	0.25

	Smoking history (n, %)
	100 (82)
	102 (84)
	102 (84)
	0.91

	 Current smokers (n, %)
	29 (22)
	24 (20)
	34 (28)
	 
	 Former smokers (n, %)
	71 (60)
	78 (64)
	68 (56)
	 
	Heart Failure (n, %)
	20 (16)
	26 (22)
	22 (18)
	0.57

	Family History for CAD (n, %)
	31 (25)
	33 (26)
	33 (26)
	0.94

	Previous myocardial infarction (n, %)
	52 (43)
	47 (39)
	58 (46)
	0.51

	CAD Duration (months)
	40 (26–55)
	47 (32–61)
	46 (24–62)
	0.15

	Statins (n, %)
	110 (91)
	101 (82)
	105 (84)
	0.19

	β-blockers (n, %)
	83 (68)
	80 (66)
	93 (74)
	0.33

	Antidiabetic agents (n, %)
	32 (27)
	30 (25)
	26 (21)
	0.25

	ACEi or ARBs
	81 (68)
	75 (61)
	77 (62)
	0.51

	Systolic arterial pressure (mm Hg)
	126 ± 20
	125 ± 15
	128 ± 19
	0.42

	Diastolic arterial pressure (mm Hg)
	77 ± 12
	77 ± 10
	78 ± 10
	0.82

	Serum glucose (mg/dL)
	119 ± 44
	116 ± 43
	110 ± 40
	0.30

	Cholesterol (mg/dL)
	156 ± 35a
	165 ± 40a
	171 ± 46a
	0.03

	LDL (mg/dL)
	93 ± 30a
	100 ± 32a
	104 ± 35a
	0.04

	HDL (mg/dL)
	40 ± 10
	42 ± 11
	41 ± 10
	0.57

	Triglycerides (mg/dL)
	129 ± 54
	141 ± 74
	136 ± 74
	0.42

	Lp-PLA2 (μg/L)
	75 (60–92)
	120 (113–130)
	160 (149–179)
	< 0.001

	EID (%)
	14.62 ± 7.51
	14.42 ± 5.17
	14.05 ± 3.92
	0.29

	FMD (%)
	5.20 ± 2.52
	4.61 ± 1.97
	4.43 ± 2.37
	0.03

	AIx (%)
	22.36 ± 8.92a
	24.33 ± 9.65a
	24.65 ± 8.69a
	0.12


Data are presented as mean ± SD or range between q1-q3 or n, (%)
P values are calculated using χ2 for categorical independent variables and one way ANOVA or Kruskal-Wallis H test for continuous independent normally distributed and non-normally distributed variables respectively
aBonferroni test showed a significant difference between T3 -T1 at the level of p=0.04
CAD Coronary artery disease, LDL Low density lipoprotein, HDL High density lipoprotein, Lp-PLA2 Lipoprotein-associated phospholipase A2, EID Endothelial-independent dilatation, FMD Flow-mediated dilatation, AIx Augmentation index, ACEi Angiotensin-converting-enzyme, ARBs Angiotensin-II -receptor Type 1 blocker



Comparisons between study groups depending on Lp-PLA2 values
No differences between patients with Lp-PLA2 < 101 μg/L (T1), 101–138 μg/L (T2) and those with Lp-PLA2 values > 138 μg/L (T3) regarding age (63 ± 10 vs.62 ± 12 vs.61 ± 11 respectively, P = 0.43), male gender (90% vs. 93% vs. 90% respectively, P = 0.44), smoking history (82% vs. 84% vs. 84% respectively, P = 0.91), diabetes mellitus (30% vs. 25% vs. 23% respectively, P = 0.28) and hyperlipidemia (80% vs. 75% vs. 73% respectively, P = 0.25) were observed.
Subjects in T3 had higher total cholesterol levels (171 ± 46 mg/dL vs. 156 ± 35 mg/dL, P = 0.03), LDL (104 ± 35 mg/dL vs. 93 ± 30 mg/dL, P = 0.04) when compared to the lowest tertile of the study. No significant differences were observed concerning the levels of HDL (P = 0.57), triglycerides (P = 0.42) or glucose (P = 0.30), as well as statin use (P = 0.19), treatment with angiotensin converting enzyme inhibitors (ACEi) or angiotensin-II -receptor Type 1 blockers (ARB), (P = 0.51) or antidiabetic treatment coverage (P = 0.25) in the three groups of the study (Table 1).
EID values did not differ between T3, T2 and T1 (P = 0.29). More importantly, patients with Lp-PLA2 > 138 μg/L presented with significantly lower FMD (4.43 ± 2.37% vs. 4.61 ± 1.97% vs. 5.20 ± 2.52%, P = 0.03) when compared to those with Lp-PLA2 values between 101 and 138 μg/L and those with values < 101 μg/L respectively. AIx values did not differ between the 3 groups (P = 0.12). When a separate comparison was conducted, patients in the highest tertile had significantly increased AIx compared to those in the lowest tertile (24.65 ± 8.69% vs. 22.36 ± 8.92 P = 0.04) (Fig. 1).
[image: ../images/12944_2021_1438_Fig1_HTML.png]
Fig. 1Differences in FMD and AIx values according to Lp-PLA2 levels by tertiles. a Box-plots of FMD values in the Lp-PLA2 < 101 μg/L, Lp-PLA2 101–138 μg/L group and Lp-PLA2 > 138 μg/L group in subjects with stable CAD. b Bar graph of Aix values in subjects with Lp-PLA2 < 101 μg/L, Lp-PLA2 101–138 μg/L compared to subjects with Lp-PLA2 values > 138 μg/L. AIx differs significantly between 1st and 3rd tertile of Lp-PLA2 values. Lp-PLA2: Lipoprotein-associated phospholipase A2; FMD: flow-mediated dilatation; AIx: Augmentation Index


Factors affecting FMD values
To examine how demographic or clinical factors and biomarkers may affect FMD values, multiple factors were examined in correlation with FMD within the study population (Table S2a). Importantly, a negative linear correlation between FMD and circulating Lp-PLA2 levels (rho = − 0.13, P = 0.02) was demonstrated.
Furthermore, the impact of increased Lp-PLA2 on FMD values, independently from other cofounders, was investigated through a multiple linear regression analysis, as shown in Table 2. According to these findings, values of circulating Lp-PLA2 > 138 μg/L correlate to worse FMD values [b = − 0.45 (95% CI: − 0.79 – -0.11), P = 0.01] when compared to the lowest tertile, independently of factors such as gender, age, diabetes mellitus, arterial hypertension, dyslipidemia, smoking, family history of CAD or previous myocardial infarction, serum glucose, circulating total cholesterol and LDL levels, duration of CAD, antihypertensive medication, antidiabetic drugs, statin therapy and treatment with β-blockers.
Table 2Multiple linear regression analysis for the association of FMD and AIx with several variables


	Variables
	Regression analysis for the association of FMD (dependent variable) with Lp-PLA2 after adjustment for multiple classical risk factors for CAD
	Regression analysis for the association of AIx (dependent variable) with Lp-PLA2 after adjustment for multiple classical risk factors for CAD

	b coefficient
	95% CI
	P value
	b coefficient
	95% CI
	p-value

	Gender
	− 0.30
	− 1.48 – 0.87
	0.61
	−7.16
	− 11.30 – 3.03
	< 0.001

	Age (years)
	− 0.01
	− 0.04 – 0.03
	0.69
	0.22
	0.11 – − 0.34
	< 0.001

	Duration of CAD (months)
	0.01
	− 0.01 – 0.02
	0.59
	0.01
	−0.05 – 0.07
	0.68

	Arterial hypertension
	0.76
	−0.18 – 1.69
	0.11
	−0.94
	−4.12 – 2.25
	0.56

	Diabetes mellitus
	−0.25
	−2.07 – 1.57
	0.79
	5.89
	0.01–11.78
	0.05

	Hyperlipidemia
	−0.20
	−1.10 – 0.70
	0.66
	1.43
	−1.74 – 4.59
	0.37

	Smoking history
	−0.18
	−0.64 - 0.28
	0.44
	1.66
	0.07–3.25
	0.04

	Family history for CAD
	0.74
	−0.07 – 1.55
	0.07
	−1.26
	−4.12 – 1.60
	0.39

	Previous MI
	0.08
	−0.60 – 0.77
	0.81
	0.07
	−2.40 – 2.53
	0.96

	Statins
	−1.12
	−2.32 – 0.08
	0.07
	−1.98
	−5.96 – 1.99
	0.33

	Antidiabetic agents
	−0.01
	−1.80 – 1.78
	0.99
	−5.49
	−11.31 – 0.33
	0.06

	ACEi/ARBs
	−0.18
	−0.94 – 0.57
	0.63
	1.61
	−1.13 – 4.35
	0.25

	β-blockers
	0.04
	−0.72 – 0.81
	0.91
	0.29
	−2.46 – 3.04
	0.83

	Cholesterol (mg/dL)
	0.01
	−0.001 – 0.02
	0.55
	0.01
	−0.04 – 0.06
	0.66

	LDL (mg/dL)
	−0.01
	−0.03 – 0.01
	0.19
	0.02
	−0.04 – 0.08
	0.50

	Glucose (mg/dL)
	0.01
	−0.01 – 0.01
	0.73
	−0.01
	−0.04 – 0,02
	0.54

	Lp-PLA2 > 138 μg/L
	− 0.45
	−0.79 - -0.11
	0.01
	1.81
	0.57 - 3.05
	< 0.001


For categorical variables, reference category was set the absence of male gender, diabetes mellitus, hyperlipidemia, smoking history, arterial hypertension, family history for CAD, previous myocardial infarction, statin therapy, treatment with ACEi/ARBs, antidiabetic agents or with β-blockers and Lp-PLA2 < 101 μg/L (1st tertile). AIx Augmentation Index, FMD Flow-mediated dilatation, CAD Coronary artery disease, Lp-PLA2 Lipoprotein-associated phospholipase A2, ACEi Angiotensin converting enzyme inhibitors, ARBs Angiotensin II receptor blockers, MI Myocardial infarction



Factors affecting AIx values
To examine how demographic or clinical factors and biomarkers may affect AIx values, multiple factors were examined in association with AIx within the study population (Table S2b). AIx positively correlated with age (r = 0.32, p < 0.001), total cholesterol (r = 0.21, P = 0.01), LDL (r = 0.14, P = 0.02), and HDL levels (r = 0.13, P = 0.02). More importantly, AIx values correlated to circulating Lp-PLA2 levels (rho = 0.11, P = 0.04).
The impact of increased Lp-PLA2 on AIx values, independently from other cofounders, was furtherly investigated in a multiple linear regression analysis model as demonstrated in Table 2. According to the analysis, factors like age, gender, diabetes mellitus and smoking correlated positively with AIx values, independently from the other classical risk factors for CAD and circulating lipids like total cholesterol, LDL and glucose levels. Moreover, the highest tertile, that being Lp-PLA2 values > 138 μg/L, was associated with impaired AIx values [b = 1.81 (0.57–3.05), P < 0.001] when compared to patients with Lp-PLA2 values < 101 μg/L.
Discussion
Wave reflection and arterial stiffness are broadly used as indices of vascular wall dysfunction and can be used as clinical biomarkers and predictors in the context of cardiovascular disease, along with other pro-inflammatory regulators [12]. In the current study, worse AIx values were associated with elevated circulating Lp-PLA2 levels and this observation was consistently demonstrated, independently of other confounders, among which lipid lowering and antihypertensive agents and the duration of CAD. Only a limited series of studies exists in the literature which have investigated the relationship between circulating Lp-PLA2 and arterial stiffness indices. Schnabel et al. demonstrated that higher AIx measurements were related to increased circulating proinflammatory mediators, including Lp-PLA2 in 2409 participants of the Framingham Heart Study [13]. Further studies showed that Lp-PLA2 values > 234.5 μg/L correlate to augmented arterial stiffness and could hold a prognostic role in patients with stable CAD [14]. The hydrolysis of oxidized-LDL by Lp-PLA2 may be the joining link between Lp-PLA2 unfavorable effects on wave reflection and arterial stiffness [15]. Acting as a proinflammatory and proatherogenic agent, Lp-PLA2 suggestively affects not only the markers of vascular function of the peripheral but also the coronary arterial tree, in terms of wave reflection and abnormal coronary flow reserve respectively [16].
In this study, it was also shown that patients with stable CAD, presenting with higher circulating Lp-PLA2 levels, have also impaired endothelial function, as assessed by FMD in the brachial artery. Only a few studies exist in the literature which examine the relation between Lp-PLA2 and endothelial dysfunction in the context of stable CAD, despite the fact that Lp-PLA2 is considered to act as a mediator between systemic inflammatory state, severity of CAD and plaque progression and vulnerability [17]. Yang EH et al. have previously demonstrated that patients with subclinical or mild CAD, with serum Lp-PLA2 concentrations above the second tertile, presented with significantly worse intracoronary function, in terms of impaired flow and vasoconstriction [18]. Moreover, another study showed that increased intracoronary Lp-PLA2 secretion correlated strongly with intracoronary dysfunction and the atheromatic volume of coronary plaques [19]. Supportive evidence deriving from smaller patient cohorts strengthen the suggestion of an Lp-PLA2 and endothelial function interplay, which correlates to the global coronary atherosclerotic burden assessed by coronary flow reserve [15]. Lp-PLA2 is considered as an important regulator between systemic inflammation and the progression of atherosclerosis, something which is also reflected on endothelial dysfunction surrogate markers like increased adhesion molecules and impaired NO-secretion [17].
Lp-PLA2 is part of a complex interplay between systemic inflammation, functional and structural changes of the arterial wall changes, which in whole could furtherly accelerate the progression of CAD. Early studies have suggested that Lp-PLA2 could be used as a useful tool for better risk stratification in CAD [20]. Several guidelines suggest cut-off values to identify patients in greater risk for cardiovascular events. For example Lp-PLA2 values ≥200 μg/L in combination with other biomarkers, e.g. CRP may predict a higher atherosclerotic cardiovascular disease risk [21]. Darapladib is a pharmaceutical agent that can attenuate plasma Lp-PLA2 activity [22]. Findings from 2 large randomized, clinical studies were not conclusive on the additional benefit after Lp-PLA2 inhibition with darapladib on patients after ACS [5] or with stable CAD regarding the midterm prognosis for MACE or in delaying the progression of vulnerable plaque formation [4]. This could be partly attributed to the fact that most of the patients participating in STABILITY and SOLID-TIMI 52 trials were concurrently receiving statins, which in high doses exert a capacity of lowering Lp-PLA2 up to 20%, something that also adds to their known anti-inflammatory properties [23]. However, a further analysis of these data suggests that Lp-PLA2 pharmaceutic suppression associates with a concomitant IL-6 and CRP reduction, which in turn may beneficially influence cardiovascular outcomes by reducing total or major coronary events [24]. Based on these mixed findings, many international guidelines do not currently strongly support measurements of Lp-PLA2 to better characterize the absolute risk for MACE in patients with CAD. However, Lp-PLA2 may, synergistically to CRP, contribute to better risk assessment and guided management in patients with specific characteristics and complementary to established risk factors, e.g. patients with very high baseline LDL-values, with diabetes mellitus or history of cardiovascular events [25]. To add to that, other studies show that elevated CRP and Lp-PLA2 levels correlate to increased circulating von Willebrand factor (vFW) [26]. vVF is an important regulator of systemic inflammation and thrombosis and its interplay with other inflammatory mediators like Lp-PLA2 may be of great significance in the progression of CAD [27, 28]. Recent animal studies also show a favorable effect of darapladib on the preservation of retina-barrier, indicating novel possible treatment options for high risk populations (e.g. patients with diabetes mellitus) [29]. Specially designed studies which will assess the supplementary value of Lp-PLA2 in risk stratification or its inhibition as an adjuvant therapeutic option specifically in these subgroups were not yet conducted. Further clinical studies should follow to evaluate the additional benefit in risk assessment in specific CAD patient subgroups, e.g. patients with diabetes mellitus, high cholesterol or LDL-levels despite statin treatment or recurrent ischemic events by assessing Lp-PLA2 conjointly to CRP, other surrogate markers of systemic inflammation and impaired vascular wall function, including FMD and AIx.
Study strengths and limitations
One of the strengths of this single-center, cross-sectional study is that endothelial function was assessed with brachial FMD, a biomarker which appears more sensitive on estimating endothelial dysfunction in CAD in comparison to other methods. Another advantage is that a statistically significant predictive role for Lp-PLA2 regarding FMD and AIx values was demonstrated after adjusting for numerous clinically relevant confounders in the multiple linear regression model. More importantly, all classical cardiovascular risk factors were adjusted in this model. These results highlight the association of Lp-PLA2 with other surrogate markers of inflammation and arterial wall properties in patients with stable CAD and its role in the pathophysiology of CAD.
The study had however limitations. Despite adjustment for numerous confounders, the risk of bias and residual confounding may have not been avoided. Existing guidelines suggest that Lp-PLA2 levels ≥200 ng/ml should be used to reclassify patients as high-risk, who need a more aggressive lipid lowering approach. Only 14 participants had Lp-PLA2 values ≥200 μg/L in the study population. A reason for this observation could be that the great majority of patients were already on statin therapy and had not extremely high LDL-levels (mean value 92 ± 32 mg/dL). In comparison with previous studies, an “all-comer” population of stable CAD-patients and not only those with high LDL values was included in the study, which may have added to this observation. Differences regarding AIx values between hypertensive and non-hypertensive patients or patients with smoking history and non-smokers were not significant, as shown in other studies. This could be attributed to the fact that our study focused on the relationship between Lp-PLA2, FMD and AIx and not on exploring differences of AIx between subgroups of patients with CAD. Other confounders, including differences in medical treatment, duration of CAD or comorbidities may have contributed to this finding.
Conclusion
Elevated Lp-PLA2 levels relate to endothelial dysfunction and arterial stiffness in patients with stable CAD independently from classical risk factors for CAD, statin use, antihypertensive treatment and duration of the disease.
Acknowledgements
Not applicable.

Authors’ contributions
K.M. conceptualized the overall study with contribution from G.S. G.S. and K.M. collected and analyzed data and cowrote the paper. M.Z. V.T. and A.A. screened and recruited patients, collected demographic and clinical data. E.B. and P.S. conducted the biochemical measurements and provided administrational support. E. O, K.M. and K.V. carried statistical analysis, discussed and edited the paper. M.V. and G.S. discussed, edited and proofed the paper. D.T. supervised this study, designed experiments, analyzed data, wrote, proofed and approved the paper. All authors contributed in writing the paper and gave the final approval to the manuscript.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Ethics approval and consent to participate
All participants signed written informed consent. The study conforms to the ethical guidelines of the Declaration of Helsinki. The study protocol was a priori approved by the ethics committee of the Hippokration General Hospital of Athens (Ethics Committee Approval Number: 15/10-2-2011). All participants were appropriately informed and gave written consent before entering the study.

Consent for publication
All authors consent to publish the present results.

Competing interests
The authors declare that there is no conflict of interest.


References
	1.
Gragnano F, Calabro P. Role of dual lipid-lowering therapy in coronary atherosclerosis regression: evidence from recent studies. Atherosclerosis. 2018;269:219–28.Crossref

	2.
Santoso A, Heriansyah T, Rochman S. Phospholipase a 2 is an inflammatory predictor in cardiovascular diseases: is there any spacious room to prove the causation? Curr Cardiol Rev. 2019;16:3–10.Crossref

	3.
Wallentin L, Held C, Armstrong PW, Cannon CP, Davies RY, Granger CB, et al. Lipoprotein-associated phospholipase A2 activity is a marker of risk but not a useful target for treatment in patients with stable coronary heart disease. J Am Heart Assoc. 2016;5:1–16.Crossref

	4.
STABILITY Investigators, White HD, Held C, Stewart R, Tarka E, Brown R, et al. Darapladib for preventing ischemic events in stable coronary heart disease. N Engl J Med. 2014;370:1702–11.Crossref

	5.
O’Donoghue ML, Braunwald E, White HD, Lukas MA, Tarka E, Steg PG, et al. Effect of darapladib on major coronary events after an acute coronary syndrome: the SOLID-TIMI 52 randomized clinical trial. JAMA. 2014;312:1006–15.Crossref

	6.
Matsuzawa Y, Lerman A. Endothelial dysfunction and coronary artery disease: assessment, prognosis, and treatment. Coron Artery Dis. 2014;25:713–24.Crossref

	7.
Oikonomou E, Siasos G, Tsigkou V, Bletsa E, Panoilia ME, Oikonomou IN, et al. Coronary artery disease and endothelial dysfunction: novel diagnostic and therapeutic approaches. Curr Med Chem. 2020;27:1052–80.Crossref

	8.
Li JK. Arterial Wall properties in men and women: hemodynamic analysis and clinical implications. Adv Exp Med Biol. 2018;1065:291–306.Crossref

	9.
Ikonomidis I, Makavos G, Lekakis J. Arterial stiffness and coronary artery disease. Curr Opin Cardiol. 2015;30:422–31.Crossref

	10.
Rodriguez-Miguelez P, Seigler N, Harris RA. Ultrasound assessment of endothelial function: a technical guideline of the flow-mediated dilation test. J Vis Exp. 2016;110:54011.

	11.
Wilkinson IB, MacCallum H, Flint L, Cockcroft JR, Newby DE, Webb DJ. The influence of heart rate on augmentation index and central arterial pressure in humans. J Physiol. 2000;525(Pt 1):263–70.Crossref

	12.
Chi C, Teliewubai J, Lu YY, Fan XM, Yu SK, Xiong J, et al. Comparison of various lipid parameters in association of target organ damage: a cohort study. Lipids Health Dis. 2018;17:199.Crossref

	13.
Schnabel R, Larson MG, Dupuis J, Lunetta KL, Lipinska I, Meigs JB, et al. Relations of inflammatory biomarkers and common genetic variants with arterial stiffness and wave reflection. Hypertension. 2008;51:1651–7.Crossref

	14.
Ikonomidis I, Kadoglou NN, Tritakis V, Paraskevaidis I, Dimas K, Trivilou P, et al. Association of Lp-PLA2 with digital reactive hyperemia, coronary flow reserve, carotid atherosclerosis and arterial stiffness in coronary artery disease. Atherosclerosis. 2014;234:34–41.Crossref

	15.
Kim M, Yoo HJ, Kim M, Ahn HY, Park J, Lee SH, et al. Associations among oxidative stress, Lp-PLA2 activity and arterial stiffness according to blood pressure status at a 3.5-year follow-up in subjects with prehypertension. Atherosclerosis. 2017;257:179–85.Crossref

	16.
Tritakis V, Tzortzis S, Ikonomidis I, Dima K, Pavlidis G, Trivilou P, et al. Association of arterial stiffness with coronary flow reserve in revascularized coronary artery disease patients. World J Cardiol. 2016;8:231–9.Crossref

	17.
Tousoulis D, Papageorgiou N, Androulakis E, Stefanadis C. Lp-PLA2--a novel marker of atherosclerosis: to treat or not to treat? Int J Cardiol. 2013;165:213–6.Crossref

	18.
Yang EH, McConnell JP, Lennon RJ, Barsness GW, Pumper G, Hartman SJ, et al. Lipoprotein-associated phospholipase A2 is an independent marker for coronary endothelial dysfunction in humans. Arterioscler Thromb Vasc Biol. 2006;26:106–11.Crossref

	19.
Lavi S, McConnell JP, Rihal CS, Prasad A, Mathew V, Lerman LO, et al. Local production of lipoprotein-associated phospholipase A2 and lysophosphatidylcholine in the coronary circulation: association with early coronary atherosclerosis and endothelial dysfunction in humans. Circulation. 2007;115:2715–21.Crossref

	20.
Zannad F, De Backer G, Graham I, Lorenz M, Mancia G, Morrow DA, et al. Risk stratification in cardiovascular disease primary prevention - scoring systems, novel markers, and imaging techniques. Fundam Clin Pharmacol. 2012;26:163–74.Crossref

	21.
Jellinger PS, Handelsman Y, Rosenblit PD, Bloomgarden ZT, Fonseca VA, Garber AJ, et al. American Association of Clinical Endocrinologists and American College of endocrinology guidelines for Management of Dyslipidemia and Prevention of cardiovascular disease. Endocr Pract. 2017;23:1–87.Crossref

	22.
Mohler ER 3rd, Ballantyne CM, Davidson MH, Hanefeld M, Ruilope LM, Johnson JL, et al. The effect of darapladib on plasma lipoprotein-associated phospholipase A2 activity and cardiovascular biomarkers in patients with stable coronary heart disease or coronary heart disease risk equivalent: the results of a multicenter, randomized, double-blind, placebo-controlled study. J Am Coll Cardiol. 2008;51:1632–41.Crossref

	23.
O'Donoghue M, Morrow DA, Sabatine MS, Murphy SA, McCabe CH, Cannon CP, et al. Lipoprotein-associated phospholipase A2 and its association with cardiovascular outcomes in patients with acute coronary syndromes in the PROVE IT-TIMI 22 (PRavastatin or atorVastatin evaluation and infection therapy-thrombolysis in myocardial infarction) trial. Circulation. 2006;113:1745–52.Crossref

	24.
Held C, White HD, Stewart RAH, Budaj A, Cannon CP, Hochman JS, et al. Inflammatory biomarkers Interleukin-6 and C-reactive protein and outcomes in stable coronary heart disease: experiences from the STABILITY (stabilization of atherosclerotic plaque by initiation of Darapladib therapy) trial. J Am Heart Assoc. 2017;6:e005077.Crossref

	25.
Sachdeva A, Cannon CP, Deedwania PC, Labresh KA, Smith SC Jr, Dai D, et al. Lipid levels in patients hospitalized with coronary artery disease: an analysis of 136,905 hospitalizations in get with the guidelines. Am Heart J. 2009;157:111–7.Crossref

	26.
Corsetti JP, Ryan D, Moss AJ, Rainwater DL, Zareba W, Sparks CE. Glycoprotein Ibalpha polymorphism T145M, elevated lipoprotein-associated phospholipase A2, and hypertriglyceridemia predict risk for recurrent coronary events in diabetic postinfarction patients. Diabetes. 2007;56:1429–35.Crossref

	27.
Calabro P, Gragnano F, Golia E, Grove EL. von Willebrand factor and venous thromboembolism: pathogenic link and therapeutic implications. Semin Thromb Hemost. 2018;44:249–60.Crossref

	28.
Gragnano F, Golia E, Natale F, Bianchi R, Pariggiano I, Crisci M, et al. Von Willebrand factor and cardiovascular disease: from a biochemical marker to an attractive therapeutic target. Curr Vasc Pharmacol. 2017;15:404–15.Crossref

	29.
Acharya NK, Qi X, Goldwaser EL, Godsey GA, Wu H, Kosciuk MC, et al. Retinal pathology is associated with increased blood-retina barrier permeability in a diabetic and hypercholesterolaemic pig model: beneficial effects of the LpPLA2 inhibitor Darapladib. Diab Vasc Dis Res. 2017;14:200–13.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Lipoprotein-associated phospholipase A2 levels, endothelial dysfunction and arterial stiffness in patients with stable coronary artery disease


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12944_2021_1438_Fig1_HTML.png
El Flow mediated dilatation in patients with Augmentation Index in patients with

stable coronary artery disease stable coronary artery disease
107 p=0.03 407 * p=0.04
8- * T hd
—_— 301 T
B 6 I B
[a] X 204 Q
Ee == IAN
i 10
2-
0 L T T 0 L] T
T T2 T3 T T2 T3
<101pg/L  101-138ug/L  >138ug/L <101pg/L  101-138ug/L  >138pg/L

Lp-PLA2 Lp-PLA2





OEBPS/css/sidebar.gif





