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Abstract

Objective: Lipoprotein-associated phospholipase A2 (Lp-PLA2) is deemed to play a role in atherosclerosis and plaque
destabilization as demonstrated in animal models and in prospective clinical studies. However, most of the literature is
either focused on high-risk, apparently healthy patients, or is based on cross sectional studies. Therefore, we tested the
hypothesis that serum Lp-PLA2 mass and activity are useful for predicting cardiovascular (CV) events over the coronary
atherosclerotic burden and conventional risk factors in high-risk coronary artery disease patients.

Methods and Results: In a prospective cohort study of 712 Caucasian patients, who underwent coronary angiography and
measurement of both Lp-PLA2 mass and activity at baseline, we determined incident CV events at follow-up after splitting
the patients into a high and a low Lp-PLA2 mass and activity groups based on ROC analysis and Youden index. Kaplan-Meier
and propensity score matching analysis were used to compare CV event-free survival between groups. Follow-up data were
obtained in 75% of the cohort after a median of 7.2 years (range 1–12.7 years) during which 129 (25.5%) CV events were
observed. The high Lp-PLA2 activity patients showed worse CV event-free survival (66.7% vs. 79.5%, p = 0.023) and acute
coronary syndrome-free survival (75.4% vs. 85.6%, p = 0.04) than those in low Lp-PLA2 group.

Conclusions: A high Lp-PLA2 activity implies a worse CV prognosis at long term follow up in high-risk Caucasian patients
referred for coronary angiography.
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Introduction

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a Ca2+-

independent protein produced by monocytes/macrophages [1],

which acts by hydrolyzing the sn-2 acyl chain of the phospholipid

substrate [2]. It circulates in plasma associated preferably with the

densest and more electronegative fractions of low-density lipopro-

teins (LDLs) [3], and to a much lesser extent to high-density

lipoproteins (HDLs) [4].

It has been contended that Lp-PLA2 can be pro-atherogenic

owing to the fact that it was found within atherosclerotic plaques

where it co-localized with macrophages and foam cells [5],

particularly in regions abundant in lipids and oxidation products,

in thin-cap fibroatheromas, necrotic cores of ruptured plaques,

and in advanced atherosclerotic lesions rich in apoptotic

macrophages [6]. The pro-atherogenic mechanism of Lp-PLA2

could be related to the hydrolysis of oxidized phospholipids on the

LDL surface [7], forming oxidized fatty acids and lysophospha-

tidylcholine, two important triggers of the inflammation cascade

[7–9]. These substances stimulate the expression of adhesion

molecules and cytokines by endothelial cells, macrophages, and

leukocytes; moreover, they down-regulate the endothelial nitric

oxide, enhance the production of reactive oxygen species and

oxidative stress, and induce endothelial cell apoptosis [10–12]. In

addition, selective Lp-PLA2 inhibition prevented the generation of

lysophosphatidylcholine and oxidized fatty acids in oxidized LDLs,

which resulted in inhibition of monocyte chemotaxis and

protection of macrophages against apoptotic death [7]. Hence, it

is conceivable that raised Lp-PLA2 activity could predict

cardiovascular (CV) events.

Consistent with this contention the West Of Scotland Coronary

Prevention Study (WOSCOPS) first reported an association

between increased baseline levels of Lp-PLA2 mass and risk of

CV events in dyslipidemic patients [13]. This association was
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thereafter found in other epidemiologic studies of patients with

and without prior history of CV disease [14,15] (reviewed in

[16,17]), but was not detected in apparently healthy populations

[18–20]. The prognostic role of either Lp-PLA2 mass or activity

was found also in patients with CV disease, including high-risk

patients undergoing coronary angiography [21–23]. Lp-PLA2

mass or activity were found to predict CV events also in patients

with coronary artery disease (CAD) [24,25], including survivors of

myocardial infarction (MI) [26], and acute coronary syndromes

(ACS) [27]. A meta-analysis of all the prospective studies of Lp-

PLA2 performed by the Lp-PLA2 Studies Collaboration group

also showed an association of both Lp-PLA2 activity and mass

with a worse prognosis of CAD, ischemic stroke, and vascular

mortality [28]. However, it remained uncertain if activity was

better than, or equivalent to mass as a risk biomarker because a

head-to-head comparison of Lp-PLA2 mass and activity was

performed only in few studies. Prospective cohort studies and large

meta-analysis are unlikely to be affected by selection bias and

serendipitous findings. Nonetheless, an uneven distribution of

variables relevant for outcome between groups can affect results

even when data are analyzed with multivariate techniques owing

to the limited number of covariates that can be adjusted for [29].

Thus, in the long-term prospective branch of the Genetic and

Environmental factors In Coronary Artery disease (GENICA)

study we tested the hypothesis that Lp-PLA2 mass and activity

predict CV events by using for the first time a statistical approach

that allows balancing of the groups based on known baseline

determinants of CV events, thus minimizing the chances for a

selection bias [30].

Methods

Study Participants
The protocol of the GENICA study will be briefly recalled as it

was previously detailed [31,32]. The study enrolled consecutive

Caucasian patients referred for coronary angiography to investi-

gate chest pain and/or suspected CAD between 1999 and 2001.

All signed a consent form to participate in this study and the

Medical Ethics Committee (Comitato Etico dell’Azienda Ospeda-

liera di Padova) approved the protocol. Refusal to participate was

the only exclusion criterion. Information on medical history,

smoking habits, presence/absence of arterial hypertension, diabe-

tes mellitus, dyslipidemia, and current medications was gathered

with a staff administered questionnaire [31,32]. Definitions for

body mass index (BMI), smoking status, diabetes mellitus,

impaired glucose tolerance, hypercholesterolemia, and hypertri-

glyceridemia were already reported [31,32]. Blood pressure was

measured by mercury sphygmomanometer using Korotkoff phase

V for diastolic, according to the WHO guidelines. Hypertension

was defined as systolic blood pressure $140 mmHg and/or

diastolic blood pressure $90 mmHg and/or use of antihyperten-

sive drugs.

Coronary angiography
Measurement of left ventricular ejection fraction (LVEF) and

the grading of the CAD burden at coronary angiography (with a

modified Duke Prognostic Index score)were carried out as

described [33]. This score considers major epicardial coronary

arteries with $50% diameter stenosis and goes from 0 (all major

coronary arteries with lesions ,50% diameter stenosis) to 100

($95% left main stenosis). It was shown to accurately predict 5-

year mortality of medically treated patients [34].

Laboratory measurements
All patients were studied between 8.30 a.m. and noon. Blood

samples were taken immediately before coronary angiography, put

on ice, and centrifuged at 30006g (at 4uC for 10 min). Total

cholesterol, HDL-cholesterol, triglycerides, glycaemia, sodium,

potassium, blood urea nitrogen and creatinine levels were

measured with conventional methods.

Lp-PLA2 mass and activity were assayed in a centralized way at

diaDexus (San Francisco, USA) blindly with respect to the clinical

data. The Lp-PLA2 concentration (mass) was measured by an

ELISA method (PLACH test, diaDexus), which is a sandwich

enzyme immunoassay that uses two highly specific monoclonal

antibodies for the direct measurement of Lp-PLA2 concentration.

A set of calibrators is used to plot a standard curve of absorbance

versus Lp-PLA2 concentration from which the Lp-PLA2 concen-

tration in the test sample can be determined. The Lp-PLA2

activity was determined using a Colorimetric Activity Method

(CAM assay, diaDexus). The assay is performed in a 96-well

microplate with a colorimetric substrate that is converted, via

hydrolysis, by the phospholipase enzyme. Briefly, 25 mL of

standard or control samples are added per well, followed by

addition of assay buffer plus substrate. The change in absorbance

is immediately measured at 405 nm. The level of Lp-PLA2 activity

in nmol/min/ml was calculated from the slope of the signal

generated over time, based on a standard conversion factor from a

p-Nitrophenol calibration curve.

For the Lp-PLA2 mass assay the coefficient of variation was

within 3% in control samples and between 7.5% and 10% in 89%

of the samples. For the Lp-PLA2 activity assay the coefficient of

variation was within 2% in control samples and between 2.5% and

5% in 79–97% of the samples.

Follow-up data
Information on the long-term outcome of the patients was

gathered blindly to their biochemical profile with a predefined

form through review of medical charts for the patients regularly

seen at referring hospitals, and through telephone interviews of

family doctors, and/or patients, and/or first-degree relatives for

those not attending regular follow-up visits. Predetermined

primary endpoint were CV events, including acute coronary

syndromes (ACS), stroke, and CV deaths. Secondary endpoints

included: ACS, acute myocardial infarction (AMI), and stroke.

The endpoints were defined following the guidelines: acute

myocardial infarction was defined as a typical rise and fall of

biochemical markers of myocardial necrosis (troponin T or CK-

MB) with at least one of the following: a) ischemic symptoms; b)

development of pathologic Q waves on the ECG; c) ECG changes

indicative of ischemia (ST segment elevation or depression); or d)

need for coronary artery angioplasty [35]. Acute coronary

syndrome was defined in the presence of an appropriate clinical

setting (chest discomfort or anginal equivalent), by ECG changes

indicative of ischemia and/or positive biomarkers of necrosis

above the 99th percentile of the upper reference limit. Congestive

heart failure was defined by the presence of at least one among the

following symptoms/signs, dyspnoea, ankle oedema or crepita-

tions, and the necessity of treatment with diuretics, vasodilators, or

antihypertensive drugs [36]. Stroke was defined as a neurological

deficit with symptoms lasting for more than 24 h or leading to

death with no apparent cause other than vascular [37].

Cardiovascular death was defined as sudden death or due to

congestive heart failure, ACS, or stroke according to the Syst-Eur

Trial criteria [36]. All events were validated by the adjudication

committee (GPR, MZ, and GM) blinded to patients’ biochemical

profile.

LpPLA2 Predicts CV Events in CAD Patients
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Statistical analysis
Serum triglycerides, HDL- and LDL-cholesterol, age, creati-

nine, CAD Duke index score, LVEF, Lp-PLA2 mass and activity

were examined after achievement of a Gaussian distribution by log

or square root transformation, as appropriate. With single random

number generation through SPSS we selected 1000 patients who

had the LpPLA2 mass and activity determined, 712 of whom had

significant CAD at coronary angiography (see Fig. 1). The reason

for this is due to a power analysis. We had calculated that 700

patients could provide enough power to demonstrate a clinically

meaningful difference in the primary endpoint. Oversizing studies

usually allows demonstration of statistically significant differences

that can be meaningless clinically. Furthermore, it usually results

in waste of money, time and resources. Standardized z scores were

calculated to identify univariate outliers and exclusion of cases

with z scores exceeding |3.29|that corresponded to a p,0.001,

was decided a priori. Mahalanobis distance was assessed by

regression analysis to identify multivariate outliers; cases with c2

in excess of 32.909 (12 df at a= 0.001) were considered outliers

and removed from further analysis (18 patients) [38].

Comparison of quantitative variables across groups was done by

ANOVA followed by Bonferroni’s post hoc test. Chi-square analysis

was used to compare the frequencies of categorical CAD risk

factors. Pearson product-moment correlation coefficient, r, was

calculated to measure the association between Lp-PLA2 mass and

activity.

To identify variables independently associated with Lp-PLA2

mass and activity we performed a regression analysis using

inclusion and exclusion criteria of 0.05 and 0.10, respectively. The

backward variable elimination was preferred to the forward

inclusion because it carries a lower risk of missing relevant

predictor variables. We explored the relationship between Lp-

PLA2 mass and activity by using Bland and Altman plot. Given

the different units of measures of the two assays we computed their

standardized scores (Z-score) in order to avoid generating an

artificial proportional error. Therefore, we plotted the Z-score of

the Lp-PLA2 mass vs. the difference of the Lp-PLA2 activity and

mass Z-scores.

The area under the receiver operating characteristic (ROC)

curve was used as an estimate of diagnostic accuracy. The Youden

Index (YI) ( = max (c) [sensitivity (c)+specificity (c)21]) was used to

identify the Lp-PLA2 mass and activity threshold values corre-

sponding to the value of the ROC curve farthest from the identity

line. This index corresponds to the optimal cutoff, defined as the

value with the highest average of sensitivity and specificity.

Therefore, based on the YI we divided the cohort in two groups, a

high and a low Lp-PLA2 mass and activity.

Standard multiple regression analysis was used beforehand to

verify the assumption that cases lost at follow up did not differ

significantly from those available for survival analysis. Propensity

score was calculated with logistic regression analysis including all

available variables (including gender, age, BMI, LDL- and HDL-

cholesterol, triglycerides, serum creatinine, homocysteine, arterial

hypertension, smoking habit, LVEF, the Duke Prognostic Index of

coronary atherosclerotic burden, length of follow up, history, and

treatment variables) that are known to potentially affect the

outcomes. To correct for the imbalance of the variables

distribution between the patients with low and high Lp-PLA2

mass and activity we did a greedy matching without replacement

using a caliper of 0.2 standard deviations of the logit of the

propensity score [39].

The distribution of measured baseline covariates between low

and high Lp-PLA2 mass and activity groups was compared

between the matched samples, assessing the balance in measured

variables with standardized differences (Table S1) [29]. The event

occurrence with time was plotted using the Kaplan-Meier method

and the survival curves for the matched set was compared with the

test proposed by Klein and Moeschberger [40].

Statistical significance was defined as P,0.05. SPSS 18 for

Windows (SPSS Italy Inc., Bologna, Italy) and MedCalc Software

(Mariakerke, Belgium) were used for all analyses.

Figure 1. Data analysis flow chart. The flow chart shows the selection process by which the patients were submitted to statistical analysis.
doi:10.1371/journal.pone.0048171.g001
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Results

Clinical Characteristics
According to the ATP III NCEP criteria 96% of the patients

enrolled in the GENICA Study were considered to be at high CV

risk, e.g. to have a 20% risk of major CV events at 10 years [41].

For this study we selected the patients with documented CAD and

therefore the cohort available for this study was at even higher CV

risk. The anthropometric and clinical features of the patients

divided according to the Lp-PLA2 mass and activity quartiles are

shown in Table 1 and 2, respectively. There were significant

differences across quartiles of Lp-PLA2 mass for heart rate, total

cholesterol, LDL-cholesterol, triglycerides, and LVEF. The Lp-

PLA2 activity quartiles differed significantly for total cholesterol,

HDL-cholesterol, LDL-cholesterol, triglycerides, homocysteine,

LVEF. At variance, the CAD burden at baseline showed no

association with either Lp-PLA2 mass or activity quartiles.

Linear regression analysis showed that predictors of the Lp-

PLA2 mass were HDL (ß = 20.163), serum creatinine (ß = 0.191),

and LDL (ß = 0.302) plasma levels (adjusted R2 = 0.125, F = 13.96,

p,0.0001) (Table 3), and that significant predictors of Lp-PLA2

activity were gender (ß = 20.122), HDL cholesterol (ß = 20.228),

LDL cholesterol (ß = 0.280), and homocysteinemia (ß = 0.116)

(adjusted R2 = 0.13, F = 11.12, p,0.0001) (Table 3). The overall

use of lipid-lowering drugs was small in the GENICA study as

reported [42]. Of the 529 patients with available Lp-PLA2 mass

determination only 182 (34%) were on statins at enrolment; they

had lower Lp-PLA2 mass than those not on statins (338.667.3 vs.

376.465.5 ng/ml, p,0.0001). Of the 506 patients with available

Lp-PLA2 activity determination only 173 (34%) were on statins at

enrollment; they also had lower Lp-PLA2 activity than those not

on statins (108.2627.2 vs. 116.4626.51 ng/ml, p,0.0001).

Relationship between Lp-PLA2 mass and activity
There was a moderate positive linear relationship between

Lp-PLA2 mass and activity (r = 0.60, p,0.0001). Increasing

levels of the Lp-PLA2 mass (Z-scores) corresponded to more

negative values of difference between Lp-PLA2 activity and

mass and vice versa (Fig. S1). Moreover, the most extremes Lp-

PLA2 mass Z-score values fell outside the 95% confidence

interval. These results imply that the proportion of active Lp-

PLA2 enzyme varies much less than that of Lp-PLA2 mass and,

conversely, that the biological effects of the enzyme are only

partially accounted for by its circulating mass. These findings

might therefore explain the prognostic value on CV events of

plasma Lp-PLA2 activity as well as the lack of prognostic value

of the Lp-PLA2 mass.

Follow up data
After exclusion of patients with incomplete follow-up data and

of multivariate outliers according to the procedure of Tabachnick

and Fidell [38], full data were available for 521 (75%) patients.

Fifteen cases of perioperative death related to coronary artery by-

pass surgery or its complications were also excluded from the

analysis. Thus, the final analysis was carried out in 506 patients.

The median length of follow-up was 7.2 years (range 1–12.7 years)

during which 62 (12.3%) CV deaths and 129 (25.5%) CV events

Table 1. Demographic and clinical characteristics of the subjects classified by Lp-PLA2 mass quartiles.

Quartile of Lp-PLA2 mass

Variable 1st (n = 133) 2nd (n = 132) 3rd (n = 132) 4th (n = 132) P =

Age (yrs) 63.1469.01 62.6469.34 64.4769.76 62.39610.40 NS

Gender (M/F %) 75.2/24.8 82.6/17.4 78.8/21.2 81.8/18.2 NS

Non-Smokers/Smokers/Ex (%) 41/16/43 35/14/51 38/8/54 32/21/47 NS

BMI (Kg/m2) 26.363.5 26.463.0 27.463.9 26.663.9 NS

Serum Creatinine (mmol/L) 90626 89621 95626 96628 NS

Serum K+ (mmol/L) 4.260.3 4.160.3 4.060.3 4.260.3 NS

Serum Na+ (mmol/L) 14062 14063 14063 14062 NS

Heart Rate (b/min) 6469 66610 66610 6769 0.037

Systolic BP, (mmHg) 134618 135617 135617 132617 NS

Diastolic BP, (mmHg) 7869 78610 7868 7869 NS

Serum Glycemia, (mmol/L) 6.361.9 6.462.1 6.262.0 6.161.6 NS

Total Cholesterol, (mg/dL) 191637 207643 211638 224647 ,0.001

Mean HDL-Chol. (mg/dL) 47612 47611 45610 46611 NS

LDL Cholesterol, (mg/dL) 121629 131631 136632 146637 ,0.001

Triglycerides, (mg/dL) 126.8657.7 140.5688.3 142.6659.8 164.16131.4 0.008

Homocysteine, (mmol/L) 11.365.2 12.566.9 13.265.8 13.369.1 NS

Left Ventricular EF (%) 65612 62612 60614 61615 0.049

Lp-PLA2 mass (ng/ml) 253.5641.6 337.8617.2 393.2614.2 490.2679.0 ,0.001

Lp-PLA2 activity (nmol/ml/min) 91.6620.6 105.5619.7 119.8620.3 136.0624.7 ,0.001

Duke CAD score 35621 38618 37619 36621 NS

Follow-up (years) 7.161.9 7.161.9 7.162.3 6.662.5 NS

Results are expressed as mean 6 SD. BMI, body mass index; K+, potassium; Na+, sodium; BP, Blood Pressure; HDL, high density lipoprotein; LDL, low density lipoprotein;
EF, ejection fraction; CAD, coronary artery disease.
doi:10.1371/journal.pone.0048171.t001
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were observed. The CV death and event rate according to the Lp-

PLA2 mass and activity quartiles (Fig. 2 and 3, respectively)

evidenced a stepwise increase of CV deaths (p = 0.020 and

p = 0.012, respectively), CV events (p = 0.016 for Lp-PLA2

activity), and AMI (p = 0. 019 for Lp-PLA2 activity), but not for

strokes, for either variable. However, it has to be noted that only

Table 2. Demographic and clinical characteristics of the subjects classified by Lp-PLA2 activity quartiles.

Quartile of Lp-PLA2 activity

Variable 1st (n = 127) 2nd (n = 126) 3rd (n = 126) 4th (n = 127) P =

Age (yrs) 61.769.2 62.568.7 64.769.9 63.3610.6 NS

Gender (M/F %) 72.4/27.6 79.4/20.6 81/19 79.8/20.2 NS

Non-Smokers/Smokers/Ex (%) 16/37/47 14/38/48 11/35/54 18/38/44 NS

BMI (Kg/m2) 26.463.3 26.763.9 26.863.6 27.363.9 NS

Serum Creatinine (mmol/L) 89626 92622 92626 95627 NS

Serum K+ (mmol/L) 4.160.3 4.260.3 4.260.3 4.260.3 NS

Serum Na+ (mmol/L) 14063 13963 14063 14063 NS

Heart Rate (b/min) 6469 66610 6669 6769 NS

Systolic BP, (mmHg) 134617 135617 134619 133617 NS

Diastolic BP, (mmHg) 7869 7869 7869 7869 NS

Serum Glycemia, (mmol/L) 6.461.8 6.362.1 6.161.8 6.261.9 NS

Total Cholesterol, (mg/dL) 194642 208637 213641 218644 ,0.001

Mean HDL-Chol. (mg/dL) 48613 47610 46611 43610 ,0.001

LDL Cholesterol, (mg/dL) 121631 134631 136634 142635 ,0.001

Triglycerides, (mg/dL) 125670 136661 145679 158679 ,0.001

Homocysteine, (mmol/L) 11.567.0 11.464.3 12.465.5 14.669.3 ,0.001

Left Ventricular EF (%) 65612 64612 60613 61615 0.037

Lp-PLA2 mass (ng/ml) 294.3671.5 359.9675.4 392.3682.0 442.3696.9 ,0.001

Lp-PLA2 activity (nmol/ml/min) 80.7611.6 104.164.9 121.065.5 148.7616 ,0.001

Duke CAD score 34620 37619 37620 37620 NS

Follow-up (years) 7.161.7 7.062.3 6.962.3 6.762.4 NS

Results are expressed as mean 6 SD. BMI, body mass index; K+, potassium; Na+, sodium; BP, Blood Pressure; HDL, high density lipoprotein; LDL, low density lipoprotein;
EF, ejection fraction; CAD, coronary artery disease.
doi:10.1371/journal.pone.0048171.t002

Table 3. Stepwise linear regression analysis of determinants of Lp-PLA2 mass and activity.

Lp-PLA2 Mass

Variables in the model b P =

HDL-cholesterol 20.163 0.007

LDL-cholesterol 0.302 0.001

Creatinine 0.191 0.001

Overall model statistics
Adjusted R2 = 0.125 F = 13.96 p,0.0001

Lp-PLA2 Activity

Variables in the model b P

Gender 20.122 0.039

HDL-cholesterol 20.228 0.001

LDL-cholesterol 0.280 0.001

Homocysteinemia 0.116 0.043

Overall model statistics
Adjusted R2 = 0.130 F = 11.12 p,0.0001

Significant predictors of Lp-PLA2 mass were creatinine, HDL- and LDL. Significant predictors of Lp-PLA2 activity were gender, HDL- and LDL-cholesterol, and
homocysteinemia.
doi:10.1371/journal.pone.0048171.t003
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22 and 20 strokes were observed at follow up, for Lp-PLA2 mass

and activity, respectively, in this cohort of CAD patients.

Receiver operating characteristic curve analysis
The YI cut-off value that best predicted CV events for Lp-PLA2

mass was 405.9 ng/ml(AUC 0.551, 95% confidence interval (CI)

0.507–0.595, p = 0.076). For Lp-PLA2 activity the corresponding

YI was 136.1 nmol/ml/min (AUC 0.707, 95% CI 0.663–0.749,

p,0.0001). Therefore we used the YI values for our predefined

primary endpoint to split our cohort into a high and a low Lp-

PLA2 mass and activity, which were thereafter analyzed in terms

of death and CV events free survival. The concordance between

Lp-PLA2 mass and activity for classification into a high vs. a low

level group was moderate (kappa = 0.40, p,0.0001).

Lipoprotein associated-PLA2 mass and activity survival
analysis at Kaplan-Meier

At Kaplan-Meier analysis the group with high Lp-PLA2 mass

had worse CV-death-free survival (80.6% vs. 91.2, respectively,

p,0.0001), CV event-free survival (65.6% vs. 77.0%, respectively,

p = 0.008), ACS-free survival (75.2% vs. 84.6%, respectively,

p = 0.011), and AMI-free survival (82.7% vs. 91.1%, respectively,

p = 0.005) compared to the low Lp-PLA2 mass. The patients in the

high Lp-PLA2 activity group also had worse CV-death-free

survival (77.6% vs. 90.2%, respectively, p = 0.001), CV event-free

survival (63.5% vs. 76.4%, respectively, p = 0.011), ACS-free

survival (76.0% vs. 84.3%, respectively, p = 0.043), and AMI-free

survival (81.6% vs. 91.1%, respectively, p = 0.004)than those in the

low Lp-PLA2 activity group.

Survival analysis after propensity score matching
We used a propensity score matching analysis to rule out the

possibility that the association of Lp-PLA2 mass and activity with

worse survival rates were due to an unbalanced distribution of

confounding variables between the high and the low Lp-PLA2

mass and activity groups.

This analysis was feasible for 496 patients who had complete

data for all the variables necessary to compute the propensity

score. The high Lp-PLA2 mass group comprised 203 patients and,

among these, 83% (n = 168) of patients could be matched by

propensity score with an equal number in the low Lp-PLA2 mass

group. Overall 24 (7.1%) CV deaths and 73 (21.7%) CV events

were observed in these 336 patients. The patients in the high Lp-

PLA2 mass group tended to have a worse CV death- (91.1% vs.

94.6%, p = NS) and event-free survival (75.0% vs. 80.5%, p = NS)

than the low Lp-PLA2 mass group, but the differences were not

statistically significant.

Of the patients in the high Lp-PLA2 activity group 94%

(n = 126) could be matched with an equal number in the low Lp-

PLA2 activity group. Compared to the patients in the low Lp-

PLA2 activity group those in the high Lp-PLA2 activity group

showed a trend toward worse CV death- (81.4% vs. 91.6%,

Figure 2. Cardiovascular events by Lp-PLA2 mass. The bar graphs show cardiovascular death and events rate by quartiles of Lp-PLA2 mass (the
absolute number of events is shown above each column). Cardiovascular deaths (p = 0.020) were significantly different across Lp-PLA2 mass quartiles.
AMI: acute myocardial infarction.
doi:10.1371/journal.pone.0048171.g002

LpPLA2 Predicts CV Events in CAD Patients

PLOS ONE | www.plosone.org 6 October 2012 | Volume 7 | Issue 10 | e48171



p = 0.1) and AMI-free survival (81.2% vs. 91.5%, p = 0.07), but

significantly worse CV event- (66.7% vs. 79.5%, p = 0.023) and

ACS event-free survival (75.4% vs. 85.6%, p = 0.04) (Figure 4).

These results were substantially similar to those obtained at Cox

regression analysis (data S1).

Discussion

After the report that Lp-PLA2 mass in the WOSCOPS Study

was directly associated with a worse CV prognosis in dyslipidemic

patients [13], a prognostic role of Lp-PLA2 has been suggested by

several studies that, however, paid little attention to many

potential confounding factors. For example, the direct association

of Lp-PLA2 mass and activity with the atherogenic LDL fraction,

and the inverse correlation with the ‘‘protective’’ HDL-cholesterol

fraction could explain, at least in part, the adverse prognostic role

of Lp-PLA2 that was observed.

This study is novel in that it investigated patients unequivocally

at very high CV risk in which demonstration of the prognostic role

of novel markers could be most difficult. Moreover, this study

exploited for the first time in the field of Lp-PLA2 research use of

the propensity score matching analysis, a technique that allows

comparison of survival between groups after individual matching

of the patients in each group for all potentially relevant variables.

At variance with classical multivariate Cox’s regression analysis

where the number of covariates that can be included in the model

is limited, this score took into due account most potentially

relevant variables, including lipoprotein fractions, ongoing treat-

ment with lipid-lowering agents and also the coronary atheroscle-

rotic burden. It is, therefore, interesting to find that a high Lp-

PLA2 activity was associated with a worse CV prognosis, both in

terms of major CV events and of acute coronary syndromes

(Fig. 4), independent from all major CV risk factors, as shown by

the consistent results of univariate Kaplan-Meier analysis and of

the propensity score matching. Thus, with fresh novel long-term

data the present findings lend support to those of studies in

different patients populations (reviewed in [16,17]) and to the

conclusions of a large meta-analysis [28], which incorporated a

much shorter follow-up, and therefore a much smaller number of

CV events in this cohort.

The propensity score matching analysis confirmed the prog-

nostic role of Lp-PLA2 found at univariate Kaplan-Meier analysis

only for activity and not for mass, even though a larger number of

patients could be matched for Lp-PLA2 mass than for Lp-PLA2

Figure 3. Cardiovascular events by Lp-PLA2 activity. The bar graphs show cardiovascular death and events rate by quartiles of Lp-PLA2
activity (the absolute number of events is shown above each column). Cardiovascular deaths (p = 0.012), events (p = 0.016), acute myocardial
infarction (AMI) (p = 0.019) were significantly different across Lp-PLA2 activity quartiles.
doi:10.1371/journal.pone.0048171.g003
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activity. Our results were opposite to those reported by Cook et al.

that Lp-PLA2 mass and not activity was associated to CV events in

postmenopausal women [15]. This difference is probably due to

the tight correlation of Lp-PLA2 activity with HDL, as reported by

the authors, which might have introduced a collinearity problem

in their Cox regression analysis. Brilakis et al. also found an

independent association between Lp-PLA2 mass and CV events in

patients undergoing coronary angiography after a shorter median

follow up [21], but they did not support their finding by a

propensity score matching analysis. Hence, while it is likely that

propensity score matching analysis can provide more robust results

than univariate analysis, our data show that the activity of the Lp-

PLA2 enzyme in the plasma, rather than its simple detection as

mass, conveys prognostic information. The strength of this

conclusion is supported by our use of a head-to-head comparison

of the two assays that were performed in a way totally blinded to

the clinical data and centralized in the same laboratory at

diaDexus. There are several potential explanations why Lp-PLA2

activity can predicts outcome more accurately that Lp-PLA2 mass.

The former reflects the biological function of the enzyme, and

probably macrophage activation in unstable atherosclerotic

plaques, better than the latter. Moreover, at Bland and Altman

plot (Fig. S1) it appeared that there was a proportional error that

affected the agreement between the assays for the most extreme

Lp-PLA2 mass values. Regardless of the explanation, these results

have sound practical implications for the selection of the type of

Lp-PLA2 assay to be chosen for the risk stratification purposes in

clinical practice.

Another interesting finding, which extends previous findings on

Lp-PLA2 mass [21], is the lack of association of Lp-PLA2 mass

and activity with the angiographically determined CAD burden.

This result, which might seem to contrast with the prognostic role

of Lp-PLA2 activity, could be explained on the ground of the

different determinants of plaque destabilization and plaque growth

[43]. It is worth remembering in this context that the culprit

vulnerable plaque causing acute coronary syndromes commonly

occurs at sites determining stenosis ,50% [44,45]. The view that

the CAD atherosclerotic burden can be a poor surrogate for

coronary plaque destabilization and coronary events is also

supported by recent findings on Lp-PLA2 activity. Using virtual

histology intravascular ultrasound no differences in atheroma

volume were found between 330 patients with angiographically

documented CAD randomized to the selective Lp-PLA2 inhibitor

darapladib or to placebo [46]. However, darapladib inhibited the

increase of necrotic core volume, an index of plaque instability.

Thus, available data from prospective cohort observational studies

and from the only randomized clinical trial published thus far are

consistent with an involvement of Lp-PLA2 activity in the

progression of coronary atherosclerosis leading to coronary events.

Of further interest our study evidenced in these high-risk

patients an association of homocysteine with Lp-PLA2 activity, but

not Lp-PLA2 mass, a finding that is in line with those of a much

smaller study performed by Atik et al. [47] in 42 patients

undergoing elective carotid endoatherectomy. It might be

contended that this direct relationship is explained by considering

that a) Lp-PLA2 activity is markedly reduced in vivo when the

enzyme is bound to HDL [48], b) a methionine-rich diet, which

raises homocysteine, has a blunting effect on HDL production in

mice [49]. However, since the Lp-PLA2 activity assay is carried

out after the enzyme is completely released from its lipoprotein

carrier, and therefore, measured Lp-PLA2 activity is similar

regardless of which particle the Lp-PLA2 is trafficking with, this

explanation is in our view unlikely.

Limitations and strengths of the study
Some potential limitations must be underscored: it could be

argued that the 25% rate of patients lost at follow up have biased

our results. However, considering the length of our follow up this

drop-out rate is comparable to that found in similar studies

[50,51]. Moreover, it seems unlikely that a selection bias affected

Figure 4. Cardiovascular events- and acute coronary syndromes-free survival. Kaplan-Meier curves show cardiovascular (CV) events- (left
Panel) and acute coronary syndromes (ACS)-free survival (right Panel) in the propensity score-matched high-risk patients divided into the high and
low Lp-PLA2 activity group. Patients with high Lp-PLA2 activity had a significantly lower CV events-free survival and a significantly lower ACS-free
survival.
doi:10.1371/journal.pone.0048171.g004
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our results and conclusions owing to the fact that the cases lost did

not differ significantly for any variables at baseline from those

available at follow up.

The GENICA study enrolled patients with coronary artery

disease who, therefore, had a rather small number of strokes at

follow-up. Hence, it is likely that the study was underpowered to

show a prognostic effect of Lp-PLA2 activity and mass on stroke.

Finally, albeit the study size might seem small at first look,

matching as many as 252 and 336 patients for Lp-PLA2 activity

and mass, respectively, with the propensity score for all the

relevant variables should be seen as a relevant accomplishment.

Hence, these limitations are outweighed by several strengths

including the head-to-head comparison of Lp-PLA2 mass and

activity assayed in a centralized way, the long-term follow-up, the

comprehensive information on anthropometric, biochemical, and

clinical features at baseline, and an accurate assessment of CV

events at follow-up.

Conclusions
Lipoprotein-PLA2 activity, but not Lp-PLA2 mass, predicts

cardiovascular events and acute coronary syndromes in high-risk

Caucasian patients with coronary artery disease. Moreover, the

prognostic information conveyed by plasma Lp-PLA2 activity was

independent of and additive to that of other common major

cardiovascular risk factors and also of coronary atherosclerotic

burden. Hence, these data implicate Lp-PLA2 activity in

atherosclerotic plaque erosion and rupture, a contention support-

ed also by the results of a pilot randomized controlled trial [46].

Two ongoing clinical trials involving the use of thedarapladibLp-

PLA2 inhibitor, the STABILITY [52] and the SOLID-TIMI 52

[53] trials are expected to provide further proof of Lp-PLA2 role

in progression and/or destabilization of the atherosclerotic plaque.

Supporting Information

Figure S1 Lp-PLA2 Z-scores Bland and Altman plot.
Increasing Lp-PLA2 mass z-score is associated with more negative

values of the difference between Lp-PLA2 activity and mass and

vice versa. The most extremes Lp-PLA2 mass Z-score values fell

outside the confidence interval. Methods. We explored the

relationship between lipoprotein-associated phospholipase A2 (Lp-

PLA2) mass and activity by using Bland and Altman plot. Given

the different units of measures of the two assays we computed their

standardized scores (Z-score) in order to avoid generating an

artificial proportional error. The z-score of the Lp-PLA2 mass vs.

the difference of the Lp-PLA2 activity and mass z-scores was

therefore plotted. Results. As shown in the supplemental figure,

increasing levels of the Lp-PLA2 mass z-score corresponded to

more negative values of the difference between Lp-PLA2 activity

and mass and vice versa. Moreover, the most extremes Lp-PLA2

mass Z-score values fell outside the confidence interval. These

results indicate that the proportion of the active counterpart of Lp-

PLA2 varies much less than that of Lp-PLA2 mass and therefore

that he biological effects of the enzyme are only partially

accounted for by its circulating mass. These findings might

explain why plasma Lp-PLA2 activity and not mass had

prognostic value on cardiovascular events.

(PPTX)

Table S1 Standardized differences of low and high Lp-
PLA2 activity after matching.

(DOC)

Data S1 Lp-PLA2 mass and activity Cox’s regression analyses.

(DOC)
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