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Lipoprotein-associated phospholipase A2 single-nucleotide
polymorphisms and cardiovascular events in patients with
coronary artery disease
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Teresa Maria Secciaa, Anna Chiara Frigoc, Giacomo Rossittoa,
Brasilina Carocciaa and Gian Paolo Rossia
Aims We tested the hypothesis that variations in the

PLA2G7 gene encoding the lipoprotein-associated

phospholipase A2 (Lp-PLA2), an enzyme deemed to have

proatherogenic activity, affect the Lp-PLA2 levels and

predicts cardiovascular events.

Methods Using a prospective cohort study design, we

investigated incident cardiovascular events as a function of

the PLA2G7 gene for rs1805017, rs1805018, and rs1051931

single-nucleotide polymorphisms (SNPs) in 643 randomly

selected white patients from the GENICA Study, who at

baseline underwent coronary angiography, measurement of

Lp-PLA2 mass and activity. Cardiovascular event-free

survival was compared across the genotypes by Cox

regression, propensity score matching, and haplotype

analysis.

Results The rs1805018 SNP did not follow the Hardy–

Weinberg equilibrium and was not further explored. The

rs1805017 GG genotype had a lower Lp-PLA2 mass and a

higher Lp-PLA2 activity, thus suggesting that this SNP is

functional. Long-term follow-up (median 7.8 years) was

obtained in 75% of the cohort and allowed recording of

incident cardiovascular events in 25.8% of the patients. On

Cox regression analysis, the common rs1805017 GG

genotype predicted acute myocardial infarction (AMI)
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[hazard ratio 1.75, 95% confidence interval (CI) 1.03–2.99,

P U 0.041]; this finding was confirmed on propensity score

matching (82.6% AMI-free survival in GG vs. 94.4% in

GA R AA, P U 0.003). The rs1805017 and rs1051931 G/G

haplotype was also associated with AMI (52.7 vs. 42.2%,

P U 0.026) and cardiovascular event incidence (49.5 vs.

41.7%, P U 0.025).

Conclusion In high-risk coronary artery disease

patients of European ancestry, the PLA2G7 rs1805017 GG

genotype is associated with increased Lp-PLA2 plasma

activity and AMI.
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Introduction
The PLA2G7 gene encodes the lipoprotein-associated

phospholipase A2 (Lp-PLA2), a Ca2þ-independent

enzyme mostly produced by monocytes/macrophages,1

which hydrolyzes oxidized phospholipids on the surface

of low-density lipoproteins (LDLs),2 producing oxidized

fatty acids and lysophosphatidylcholine. These sub-

stances are pro-atherogenic,2,3 as they induce expression

of adhesion molecules and cytokines, downregulate nitric

oxide, increase oxidative stress, and induce endothelial

cell apoptosis.4,5

By contrast, atherosclerosis,6,7 stroke,8 and dilated cardio-

myopathy9 are associated with a point mutation

(rs76863441) near the active site of the enzyme,10 which

is found in 4% of the Japanese11 and implies undetectable
plasma Lp-PLA2 activity. However, the opposite results

were found in a Korean population for the same variant.12

A proatherogenic role of Lp-PLA2 is supported by results

from meta-analysis and prospective studies,13,14 but it

remains uncertain whether variations in the PLA2G7 gene

are associated with altered Lp-PLA2 activity or cardio-

vascular risk in non-Asian populations, as data on

three nonsynonymous single-nucleotide polymorphisms

(SNP)s of the PLA2G7 gene (rs1805017, rs1805018,

and rs1051931) are conflicting. The rs1805017 G and

rs1051931 A alleles were found to be associated with

coronary artery disease (CAD),15 but only the latter SNP

correlated with severity of CAD in the Taiwanese

people,16 and with myocardial infarction in case–control

studies.15,16 No such associations,17,18 or even an opposite

relationship,19 were seen in white patients harbouring the
uthorized reproduction of this article is prohibited.
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rs1051931 A allele.19–21 Moreover, two recent meta-

analyses including more than 10 000 individuals of Euro-

pean ancestry also found no association of any of the

PLA2G7 SNPs with a risk of CAD.22,23

Therefore, using a prospective cohort study design, Cox

regression, and propensity score matching, which are

regarded as providing more solid findings,24 we sought

to test the hypothesis that the rs1805017, rs1805018, and

rs1051931 SNPs determine Lp-PLA2 mass and activity,

and predict cardiovascular events.

Materials and methods
Study participants and design
The GENICA is a prospective cohort study that enrolled

consecutive white patients referred for coronary angio-

graphy. The protocol will be only briefly described as it

was previously detailed.25,26 Patient recruitment and

baseline evaluation took place between 1999 and 2001.

Predetermined follow-up evaluations were carried out

after 5 (2004) and 10 (2009) years from the start of the

recruitment. The protocol was approved by the institu-

tional Ethics Committee (Comitato Etico dell’Azienda

Ospedaliera di Padova) and all patients signed a consent

form to participate in this study. Refusal to participate

was the only exclusion criterion. All investigations were

conducted according to the principles of the Declaration

of Helsinki. Only two of the 1273 eligible patients denied

consent. Information on medical history, smoking habits,

presence/absence of arterial hypertension, diabetes

mellitus, dyslipidaemia and current medications was

gathered with a staff-administered questionnaire.25,26

Definitions for BMI, smoking status, diabetes mellitus,

impaired glucose tolerance, hypercholesterolaemia, and

hypertriglyceridaemia were already reported.25,26 Blood

pressure was measured by mercury sphygmomanometer

using Korotkoff phase V for diastolic, according to the

WHO guidelines. Hypertension was defined as SBP of at

least 140 mmHg or DBP of at least 90 mmHg, or use of

antihypertensive drugs.

Coronary angiography
The measurement of left ventricular ejection fraction

(LVEF) and of the CAD atherosclerotic burden (with a

modified Duke Prognostic Index score) was carried out as

described.27,28

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

samples were taken immediately before coronary angio-

graphy, put on ice, and centrifuged at 3000 g (at 48C for

10 min). Total cholesterol, high-density lipoprotein

(HDL)-cholesterol, triglycerides, glycaemia, sodium,

potassium, blood urea nitrogen, and creatinine levels

were measured using conventional methods.

Lp-PLA2 mass and activity assays were centralized at

diaDexus (San Francisco, USA) and performed blindly
pyright © Italian Federation of Cardiology. Unau
with respect to the clinical data as described in the

Supplemental Data: http://links.lww.com/JCM/A43.14

PLA2G7 genotyping
Blood was collected in EDTA acid and stored at �208C
until DNA was extracted using standard procedures and

quantified by spectrophotometer as already reported.26

Genotyping at the PLA2G7 gene (NM_005084) SNPs

þ495 (Arg92His; rs1805017), þ813 (Thr198Ile;

rs1805018), and þ1356 (Ala379Val; rs1051931) positions

of mRNA sequence was performed with real-time PCR

and TaqMan probes using the Roche LightCycler

480 Instrument and LightCycler 480 Probes Master

(Roche Diagnostics Corporation) according to the manu-

facturer’s instructions. Primers and probes sequences are

reported as supplemental data (Supplemental Table 1,

http://links.lww.com/JCM/A43). In a random sample of

the patients, genotype results were confirmed by sequenc-

ing.

Follow-up and endpoints definition
Information on long-term outcome of the patients was

gathered blind to their biochemical profile and genotype

with a predefined form. Predetermined primary endpoint

[cardiovascular events, including acute coronary syn-

drome (ACS), stroke and cardiovascular death] were

defined following guidelines as reported.14 Death due

to congestive heart failure, ACS, stroke, and sudden

death represented cardiovascular death.29–31 A detailed

definition of the other endpoints [acute myocardial

infarction (AMI), ACS, stroke, and congestive heart fail-

ure] is provided in the Supplemental Data, http://

links.lww.com/JCM/A43. All events were validated by

the adjudication committee (G.P.R. and G.M.) blinded to

patient data.

Statistical analysis
Utmost attention was put into minimizing the chances of

selection, detection, and attrition bias.

The variables with a skewed distribution [serum trigly-

cerides, high-density lipoprotein (HDL) and LDL-

cholesterol, age, creatinine, modified Duke Prognostic

Index score of coronary atherosclerotic burden, LVEF,

Lp-PLA2 mass] were examined after achievement of a

Gaussian distribution with log or square root transform-

ation. From the entire GENICA cohort, we selected 853

patients who were genotyped at the PLA2G7 gene SNPs

using a single random number generation. Of these, 643

had an angiographic demonstration of CAD and were

further analysed (see Fig. 1).

Comparison of quantitative variables across SNPs was

performed by analysis of variance (ANOVA) followed by

Bonferroni’s post-hoc test. The frequencies of categorical

CAD risk factors were compared with x2 analysis. Agree-

ment with the Hardy–Weinberg equilibrium of the

genotypes for the three SNPs was verified beforehand
thorized reproduction of this article is prohibited.
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Fig. 1

Initial GENICA cohort
(n = 1271)

n = 418 excluded

n = 210 excluded

n = 149 excluded

n = 10 excluded

n = 30 excluded

N = 180N = 180

Propensity score matching

rs1805017 GA+AArs1805017 GG

Random selection for PLAG7 SNP
determination (n = 853)

Selection of CAD patients
(n = 643)

Exclusion of those with missing/incomplete
follow-up data (n = 494)

Exclusion of peri-operative CABG deaths
(n = 484)

Exclusion of pts w/o complete data for
propensity score calculation (n = 454)

Data analysis flow chart. Flow chart of the study. CABG, coronary artery bypass graft; CAD, coronary artery disease.
using a x2 goodness-of-fit test, and SNPs that fulfilled this

criterion were analysed further.

The assumption that cases lost were similar to those

available at follow up for the baseline variables and

genotypes was verified beforehand using multiple

regression analysis. The predictors of cardiovascular

events were investigated by Cox stepwise (Wald)

regression analysis, using inclusion and exclusion criteria

of 0.10 and 0.05, respectively. The variables were entered

in blocks and the covariates meeting the exclusion

criteria were removed at each step before proceeding

with the next block according to Tabachnick and

Fidell.32 All blocks were sized conservatively to include

a number of variables not exceeding one-tenth of the

total number of cardiovascular events analysed. The

following blocks were used: block 1: age and BMI; block

2: LDL and HDL-cholesterol, estimated glomerular

filtration rate; block 3: statin therapy; block 4: LVEF

and Duke Prognostic Index of coronary atherosclerotic

burden; block 5: PLA2G7 genotypes (SNP).

Propensity score was calculated using logistic regression

analysis by including all variables that could affect the

outcomes which comprised sex, age, BMI, LDL and

HDL-cholesterol, triglycerides, estimated glomerular

filtration rate, homocysteine, arterial hypertension, smok-

ing habit, LVEF, the CAD Duke index score, length of

follow up, past medical history, and treatment variables.33

To adjust for the imbalanced distribution of variables

between rs1805017 G homozygotes patients and the A

allele carriers, we performed a greedy 1 : 1 matching
opyright © Italian Federation of Cardiology. Una
without replacement using a calliper of 0.2 standard

deviations of the logit of the propensity score.34 The

even distribution of baseline variables between geno-

types was then verified by comparing the standardized

differences between the matched samples35 (supple-

mental Table 2, http://links.lww.com/JCM/A43). We plot

the event incidence, using the Kaplan–Meier method

and compared the survival for the matched set with the

test proposed by Klein and Moeschberger.36

Statistical significance was defined as a P value of less

than 0.05. SPSS 20 for Mac (SPSS Italy Inc., Bologna,

Italy) was used for all analyses.

Haplotype analysis
Linkage disequilibrium testing and haplotype analysis

were performed with Haploview (Vers. 4.2 at http://

www.broadinstitute.org/scientific-community/science/

programs/medical-and-population-genetics/haploview/

haploview)37 using an accelerated expectation-maximiza-

tion algorithm. A global test of association between hap-

lotypes and cardiovascular events was performed by means

of a x2 test, followed by permutation of the significant

association results in order to obtain a measure of signifi-

cance corrected for multiple testing bias.

Results
Clinical characteristics at baseline
Tables 1 and 2 show the distribution of genotypes and

the baseline clinical characteristics across the rs1805017

and rs1051931 polymorphisms, respectively (see also
uthorized reproduction of this article is prohibited.

http://links.lww.com/JCM/A43
http://www.broadinstitute.org/scientific-community/science/programs/medical-and-population-genetics/haploview/haploview
http://www.broadinstitute.org/scientific-community/science/programs/medical-and-population-genetics/haploview/haploview
http://www.broadinstitute.org/scientific-community/science/programs/medical-and-population-genetics/haploview/haploview
http://www.broadinstitute.org/scientific-community/science/programs/medical-and-population-genetics/haploview/haploview


Co

32 Journal of Cardiovascular Medicine 2015, Vol 16 No 1

Table 1 Demographic and clinical characteristics of the individuals according to rs1805017 genotype

rs1805017 allele

Variable GG (n¼299, 53.5%) GA (n¼214, 38.9%) AA (n¼47, 7.6%) P

Age (years) 63.0�10 63.0�10 63.0�12 0.73
Sex (male, %) 75.6 80.5 83.0 0.66
Nonsmokers/smokers/Ex (%) 40/14/46 33/13/54 23/15/62 0.15
BMI (kg/m2) 26.9�4 27.1�4 26.7�4 0.58
Serum creatinine, (mmol/l) 91�26 94�27 92�26 0.69
Serum Kþ (mmol/l) 4.2�0.4 4.2�0.4 4.2�0.4 0.77
Serum Naþ (mmol/l) 140�3 140�2 139�3 0.74
Heart rate (beats/min) 65�9 66�11 68�10 0.60
SBP (mmHg) 135�18 134�17 132�14 0.34
DBP (mmHg) 78�10 77�9 79�9 0.28
Serum glucose (mmol/l) 6.3�1.9 6.4�2.4 5.8�1.3 0.48
Total cholesterol (mg/dl) 205�39 208�46 204�46 0.46
HDL-cholesterol (mg/dl) 46�11 46�10 47�11 0.57
LDL-cholesterol (mg/dl) 131�31 135�37 126�31 0.40
Triglycerides (mg/dl) 140�71 148�97 160�195 0.46
Homocysteine (mmol/l) 12.4�7.4 12.1�6.0 13.0�6.2 0.51
Left ventricular EF (%) 64�14

�
61�14 55�15

�
0.015

Lp-PLA2 mass (ng/ml) 365.2�103
��

383.5�81
��

393.1�111 0.047
Lp-PLA2 activity (nmol/ml/min) 116.9�28

���
113.5�26 105.1�24

���
0.020

Atherosclerotic burden (Duke score) 37�21 39�21 38�24 0.82
Follow-up (years) 7.1�2.4 6.9�2.5 7.0�3.4 0.33

Results are expressed as mean�SD or percentages; comparisons across genotypes were made by ANOVA or x2. BP, blood Pressure; CAD, coronary artery disease; EF,
ejection fraction; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Bonferroni post-hoc test comparisons:

�
left ventricular EF GG vs. AA, P¼0.024;

��
Lp-PLA2

mass GG vs. GA, P¼0.038;
���

Lp-PLA2 activity GG vs. AA, P¼0.020.
supplemental Tables 3–6, http://links.lww.com/JCM/

A43). For rs1805017, the G and A allele frequency was

0.73 and 0.27, respectively. For rs1051931, the G and A

allele frequency was 0.67 and 0.33, respectively. For the

rs1805018 polymorphism, the genotype distribution was

TT¼ 74.7%, TC¼ 20.4% and CC¼ 4.9%, with a T and C

allele frequency of 0.85 and 0.15, respectively. The three

SNPs were in low linkage disequilibrium: rs1051931 and

rs1805018 r2¼ 0, rs1051931 and rs1805017 r2¼ 0.061,

rs1805018 and rs1805017 r2¼ 0.014.
pyright © Italian Federation of Cardiology. Unau

Table 2 Demographic and clinical characteristics of the individuals ac

Variable GG (n¼289, 46.5%)

Age (years) 63.8�10
Sex (male, %) 81.0
Nonsmokers/smokers/Ex (%) 31/18/51
BMI (kg/m2) 26.7�4
Serum creatinine (mmol/l) 96�42
Serum Kþ (mmol/l) 4.2�0.4
Serum Naþ (mmol/l) 139�3
Heart rate (beats/min) 66�10
SBP (mmHg) 133�18
DBP (mmHg) 78�9
Serum glucose (mmol/l) 6.4�2.4
Total cholesterol (mg/dl) 205�44
HDL-cholesterol (mg/dl) 45�10
LDL-cholesterol (mg/dl) 132�35
Triglycerides (mg/dl) 143�89
Homocysteine (mmol/l) 11.8�6.3
Left ventricular EF (%) 60�15
Lp-PLA2 mass (ng/ml) 382.4�98
Lp-PLA2 activity (nmol/ml/min) 112.8�26
Atherosclerotic burden (Duke score) 41�20
Follow-up (years) 6.6�3

Results are expressed as mean�SD or percentages; comparisons across genotype
significant difference for Lp-PLA2 mass between groups GG vs. GA and GG vs. AA and
pressure; CAD, coronary artery disease; EF, ejection fraction; HDL, high-density lipop
The rs1805017 polymorphism affected the Lp-PLA2

mass (Table 1), while both the rs1805017 (Table 1)

and the rs1805018 SNPs influenced the Lp-PLA2 activity

(Supplemental Table 7, http://links.lww.com/JCM/A43).

Apart from the Lp-PLA2 mass and activity, the LVEF

also differed (P¼ 0.015) across the rs1805017, but not the

rs1051931, genotypes. Moreover, there was no association

between the CAD burden and the rs1805017 genotype.

These findings suggest that the rs1805017 SNP is func-

tional, as it affects the synthesis and activity of Lp-PLA2.
thorized reproduction of this article is prohibited.

cording to rs1051931 genotype

rs1051931 allele

GA (n¼256, 41.3%) AA (n¼76, 12.2%) P

64.0�9 62.4�10 0.43
77.8 82.9 0.52

38/12/50 36/17/47 0.20
27.3�4 27.4�4 0.10

97�80 93�20 0.79
4.3�0.4 4.2�0.3 0.33

140�2 140�3 0.29
65�10 68�12 0.28

134�18 136�21 0.47
78�10 79�11 0.68
6.3�2.0 6.4�2.2 0.75

205�46 209�38 0.78
46�13 45�12 0.89

131�34 134�29 0.83
145�81 144�87 0.96
12.6�7.5 10.7�4.6 0.10

62�14 62�14 0.21
368.3�96 365.8�92 0.22
116.2�28 117.9�26 0.26

38�20 38�19 0.25
6.9�2 6.8�2 0.59

s were made by ANOVA or x2. Using the Bonferroni post-hoc test there was a
for Lp-PLA2 activity and left ventricular EF between groups GG vs. AA. BP, blood

rotein; LDL, low-density lipoprotein.
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On the basis of the different Lp-PLA2 mass and activity

values between the patients carrying the A allele and

those homozygous for the G allele, further analyses were

performed assuming the A allele to play a dominant

effect, for example by comparing AAþAG vs. GG gen-

otypes. These genotype groups were compared using the

propensity score matching. Interestingly, the A allele was

associated with a higher Lp-PLA2 mass and a lower Lp-

PLA2 activity. The survival analysis was undertaken only

for the rs1805017 (x2¼ 0.15, P¼NS) and the rs1051931

(x2¼ 2.54, P¼NS) SNPs, as they agreed with the

Hardy–Weinberg equilibrium.

Follow-up data
Seventy-five percent (n¼ 484 patients) of the total cohort

was available for the survival analysis after exclusion of

those with missing follow-up data (n¼ 149) and patients

(n¼ 10) who did not meet the end-point definition for

cardiovascular death as they died perioperatively due to

the coronary artery bypass surgery or its complications.

Multiple regression analysis showed that the cases lost

and those available at follow up were similar for all

baseline variables potentially affecting the outcomes,

including risk factors, past medical history, therapy and

genotype distribution.

The median length of follow-up was 7.8 years (inter-

quartile range 7.4–8.3 years). On x2 and Kaplan–Meier
opyright © Italian Federation of Cardiology. Una

Fig. 2
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analysis, we found no differences in cardiovascular death

and event rates across rs1051931 genotypes (see Supple-

mentary Figure 1 and 2, http://links.lww.com/JCM/A43).

Of the 484 patients with available rs1805017 genotype

data, 64 (13.2%) had a cardiovascular death, 87 (18.0%) an

ACS, 59 (12.2%) an AMI and 125 (25.8%) a cardiovascular

event. Figure 2 shows the cardiovascular death and

events according to rs1805017 genotype.

Cox regression analysis showed that although the

rs1805017 showed no association with cardiovascular

death and events, the rs1805017 GG genotype predicted

AMI [hazard ratio 1.75, 95% confidence interval (CI)

1.03–2.99, P¼ 0.041] along with LVEF (hazard ratio

0.97, 95% CI 0.95–0.98, P< 0.0001) and Duke prognostic

index of coronary atherosclerotic burden (hazard ratio

1.01, 95% CI 1.00–1.03, P¼ 0.045).

To verify the robustness of this association, we performed

propensity score matching analysis in the 454 patients

who had complete data for all the variables necessary to

compute the score. Among these patients, 180 (83%) of

the 217 patients carrying the A allele, either homozygous

or heterozygous, could be matched with an equal number

of GG homozygous patients by propensity score. Overall,

these patients had 51 (14.2%) cardiovascular deaths, 73

(20.3%) ACSs, 43 (11.9%) AMIs and 102 (28.3%) cardio-

vascular events. Patients carrying the GG genotype
uthorized reproduction of this article is prohibited.
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Table 3 Estimated haplotype frequencies

Haplotype rs1805017/rs1051931 Frequencies

G/G 0.440
G/A 0.289
A/G 0.235
A/A 0.037
showed a similar cardiovascular death rate (87.3 vs.

92.0%, respectively, P¼NS), a borderline significantly

worse cardiovascular event-free survival (73.3 vs. 80.8%,

respectively, P¼ 0.066) and a worse AMI-free survival

(82.6 vs. 94.4%, respectively, P¼ 0.003) than the patients

carrying the GA or AA genotypes (Fig. 3).

Haplotype analysis
The rs1805017 and rs1051931 genotypes for the PLA2G7
gene generated four possible haplotypes (Table 3). The

G/G haplotype was more common in patients with AMI

(52.7 vs. 42.2%, P¼ 0.026) and cardiovascular events

(49.5 vs. 41.7%, P¼ 0.025) than in those experiencing

no events. This finding was confirmed after correction

with permutation test (P¼ 0.040 and P¼ 0.020, respect-

ively). Notably, in spite of this association with AMI,

there was no association between any haplotype and

cardiovascular death.

Discussion
We previously found that high Lp-PLA2 activity pre-

dicted cardiovascular events in this prospectively studied

cohort of white patients with angiographically detected

CAD.14 We extended this finding by showing that

variation at the PLA2G7 gene involving three common

nonsynonymous SNPs, the rs1805017, rs1805018, and

rs1051931, affected the Lp-PLA2 mass and activity,

and predicted cardiovascular events.
pyright © Italian Federation of Cardiology. Unau

Fig. 3
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PLA2G7 genotypes, Lp-PLA2 mass and activity, and
coronary artery disease burden
We found that the rs1805017 A allele exerted opposite

effects on Lp-PLA2 activity and mass levels, which were

reduced and increased, respectively, which agrees with

available data,18,22,23 and suggests that the A allele may

be associated with the production of a higher amount of a

less active form of the enzyme. The underlying mech-

anisms are worth further specific research.

In spite of this functional effect of the rs1805017 SNP,

we found no association of any PLA2G7 SNPs with the

angiographically determined CAD burden, a finding

that at first sight might seem contradictory given the

effect of Lp-PLA2 activity and SNPs (see later) on

cardiovascular events. However, it has to be remem-

bered that plaque growth and plaque destabilization,

the latter occurring mostly at sites determining stenoses

less than 50%,38,39 were repeatedly shown to have

different determinants.14

rs1805017 and rs1051931 effects on cardiovascular
events
Of the three SNPs, only the rs1805017 and the rs1051931

followed the Hardy–Weinberg equilibrium in our cohort

and, therefore, were further analysed, which disclosed a

novel finding: in CAD patients, the rs1805017 GG geno-

type implied an increased incidence of AMI, a finding

that was confirmed after correction for baseline coronary

atherosclerotic burden and LVEF (Fig. 3). This result

is partly at variance with previous negative find-

ings,15,18,20,22,40 and with two recent meta-analyses.22,23

For the rs1051931 A allele, in keeping with most

reports,17,18,22,40,41 but at variance with the detrimental

effect found in cohorts comprising Asian or African-

American individuals, and also with the protective effect

observed in patients of European ancestry,15,16,42 we

found no association of the SNP with cardiovascular

events.19,20 These conflicting results could be explained

by several reasons, including serendipity, differences of

ethnicity, inclusion criteria,15–20 study design and end-

points. Of note, a prospective cohort study design was

used in only two cases;18,20 adjustment for potential

confounders by a multivariate analysis was not consist-

ently performed, and propensity score matching had

never been used prior to the present study. As a result

of all these reasons, even the results of meta-analyses on

SNPs performed on thousands of patients should be

taken cautiously. It has to be acknowledged that our
thorized reproduction of this article is prohibited.
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study differs from most previous reports in that: (a) it

exploited use of a prospective cohort design; (b) it

included patients with angiographically documented

CAD, thus allowing to incorporate the baseline coronary

atherosclerotic burden as a covariate; (c) it used propen-

sity score matching to balance the uneven distribution of

a large number of cardiovascular risk factors at baseline

between genotype groups.

Haplotype effects on cardiovascular events
Given the observed trend towards differences in cardio-

vascular events distribution across alleles (see supple-

mental Figure 1, http://links.lww.com/JCM/A43), we

undertook a haplotype analysis, which showed that the

presumably functional SNP rs1805017 and the rs1051931

G/G was the only haplotype (Table 3) associated with

AMI and cardiovascular events, albeit not with cardio-

vascular death. This finding may reflect the higher

Lp-PLA2 activity of carriers of the rs1805017 G allele.

It differs from the protective effect of the G/A haplotype

on cardiovascular events reported in the only previous

study demonstrating an effect of the PLA2G7 haplotypes

on cardiovascular events.20

Limitations and strengths of the study
As in many other prospective long-term follow up

studies,43–45 the patients lost at follow up and those with

uncertain outcomes collectively comprised a nontrivial

part of our cohort (25%). It might therefore be argued that

a selection bias affected our results. However, compari-

son for genotype distribution and all relevant baseline

covariates showed no significant differences between the

cohort available and those lost to follow up. This finding

indicates that they were similar in terms of overall

cardiovascular risk profile, PLA2G7 genetic profile, and

CAD burden.

As we explored only the three most thoroughly investi-

gated SNPs that were known to be common in Europe up

to 2009, when our second follow-up assessment started

we cannot exclude the possibility that other SNPs

demonstrated subsequently as affecting Lp-PLA2

activity22,23,46 could improve the precision of PLA2G7
genotyping in predicting cardiovascular events.

This study has, however, several strong points, including

the prospective design and the comprehensive infor-

mation on the patients’ features at baseline. The latter

allowed calculation of the propensity score, which over-

comes the limitation in number of covariates to be

considered in classical multivariate Cox’s regression.

We could therefore consider some major determinants

of cardiovascular events at follow up in CAD patients that

were never examined before, such as the atherosclerotic

burden and the LVEF. Thus, even though the study

might seem small in size, it was highly powered as a result

of the very high incidence (25.8%) of cardiovascular

events observed. Moreover, matching such a number
opyright © Italian Federation of Cardiology. Una
of patients (n¼ 180) for all the potentially relevant vari-

ables affecting cardiovascular outcomes with a propensity

score is an important accomplishment that supports the

strength of our findings.

Conclusion
We found an association between variation at the

PLA2G7 gene and Lp-PLA2 mass and activity, and also

with cardiovascular events in white patients with CAD.

Specifically, we showed that the rs1805017 SNP not only

influenced Lp-PLA2 mass and activity but also predicted

AMI, independently of all the major cardiovascular risk

factors including the coronary atherosclerotic burden.

This finding suggests a role of Lp-PLA2 in atherosclerotic

plaque destabilization, thus pointing to Lp-PLA2 activity

as therapeutic target for preventing cardiovascular events

in high-risk patients. Given its design, our study cannot

provide mechanistic insight; therefore, the causal role of

Lp-PLA2 could be conclusively proven or challenged by

the results of ongoing clinical trials involving the use of

Lp-PLA2 inhibitors: the STABILITY47 and the SOLID-

TIMI 52.48
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