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Lipoprotein-Associated Phospholipase A2: A Risk Marker
or a Risk Factor?

Amir Lerman, MD,a,* and Joseph P. McConnell, PhDa,b

Multiple cardiovascular biomarkers are associated with increased cardiovascular
disease (CVD) risk. Lipoprotein-associated phospholipase A2 (Lp-PLA2) appears to
be relatively unique in its high specificity for and the causal pathway of plaque
inflammation. In both primary and secondary prevention study populations, Lp-
PLA2 was consistently associated with higher cardiovascular risk, and the risk
estimate appears to be relatively unaffected by adjustment for conventional CVD risk
factors. Risk ratios were similar, whether the mass concentration or activity of the
enzyme was measured. The purpose of this article is to review the evidence for the
clinical utility of Lp-PLA2, both as a risk marker and as a risk factor involved in
the causal pathway of plaque inflammation and the formation of rupture-prone
plaque. © 2008 Elsevier Inc. All rights reserved. (Am J Cardiol 2008;101[suppl]:

11F–22F)
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ipoprotein-associated phospholipase A2 (Lp-PLA2) is
mong the multiple cardiovascular biomarkers that have
een associated with increased cardiovascular disease
CVD) risk. Lp-PLA2 appears, however, to be relatively
nique in its high specificity for vascular inflammation as
pposed to systemic inflammation, its low biologic variabil-
ty, and its direct role in the causal pathway of plaque
nflammation. In a recent meta-analysis by Garza et al,1 14
rospective epidemiologic studies of �20,000 patients were
ooled in an examination of Lp-PLA2 as an independent
isk factor for cardiovascular events. For quantile-based
upper quantile vs bottom quantile) comparisons, the risk
atios were 1.86 (95% confidence interval [CI], 1.47–2.34)
nd for risk per 1 change in standard of deviation in the
arker, the relative risk was 1.21 (95% CI, 1.11–1.32). In

oth primary and secondary prevention study populations,
p-PLA2 was consistently associated with a higher cardio-
ascular risk, and as stated by the investigators, “the risk
stimate appears to be relatively unaffected by adjustment
or conventional CVD risk factors.” Risk ratios were simi-
ar, whether the mass concentration or activity of the en-
yme was measured. They found that Lp-PLA2 levels may
e useful to further stratify patients with an intermediate
robability of developing cardiovascular events by the Fra-
ingham score. The purpose of this article is to review the

vidence for the clinical utility of Lp-PLA2 both as a risk
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arker and as a risk factor involved in the causal pathway
f plaque inflammation and the formation of rupture-prone
laque. Thus, it may be speculated that specific therapies
fter Lp-PLA2 measurement may be of beneficial effect to
ecrease cardiovascular risk.

athophysiology of Lipoprotein-Associated
hospholipase A2 and Mechanism of Action

cardiovascular biomarker should be directly involved in
he causal pathway of plaque formation and inflammation.
p-PLA2 is a member of a family of intracellular and
ecretory phospholipase enzymes that are capable of hydro-
yzing the sn-2 ester bond of phospholipids of cell mem-
ranes and lipoproteins.2 In fact, Lp-PLA2 attached to low-
ensity lipoprotein (LDL) is the enzyme solely responsible
or the hydrolysis of oxidized phospholipid (oxPL) on the
DL particle.3 It differs from the other phospholipase en-
ymes in that its activity is calcium independent and it lacks
ctivity against the naturally occurring phospholipids pre-
ent on the cellular membrane.4,5 Thus, Lp-PLA2 hydro-
yzes oxPL on the surface of lipoproteins but has weak
ctivity against non-oxPL. In terms of location on apoli-
oprotein B–containing lipoproteins, Stafforini et al6 dem-
nstrated that Lp-PLA2 interacts directly with apolipopro-
ein B-100, and that the carboxyl terminus of this
polipoprotein is required for such interaction.

Earlier reports found that approximately 80% of Lp-
LA2 (a subtype of the PLA2 family) circulates bound to
DL, whereas the other 20% is bound to high-density li-
oprotein (HDL) and remnant lipoprotein particles. How-
ver, the distribution of Lp-PLA2 between HDL and LDL
articles may be more variable than previously reported.7 It
as been shown that the distribution of Lp-PLA2 between

DL and HDL depends on the extent of its glycosylation,
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hich can affect plasma Lp-PLA2 activity.8 Lp-PLA2 is also
he enzyme that hydrolyzes oxPL on HDL particles, where
t may play a role in the antioxidant function of HDL.9

nterestingly, in mice, in which the main component of
holesterol is HDL, Lp-PLA2 is protective against the de-
elopment of atherosclerotic disease and is bound almost
xclusively to HDL particles.

The activity of the Lp-PLA2 enzyme is increased in
mall, dense LDL and electronegative LDL species.10 Gazi
t al11 reported that 1 in 100 small/dense LDL particles are
ssociated with the Lp-PLA2 enzyme, but only 1 in 4,000
arge LDL particles are associated with the enzyme. Elec-
ronegative LDL is toxic to endothelial cells (because of its
xidized lipid content), and elevated levels of electronega-
ive LDL have been associated with an increased risk of
therosclerosis.12,13 Similarly, oxidized LDL has also been
hown to be associated with atherosclerosis. If oxidized
DL, or rather its oxPL, is the substrate for the Lp-PLA2

nzyme, then it would be expected that patients with a high
oncentration of oxPL and high levels of Lp-PLA2, might
e at higher cardiovascular risk. In fact, this finding was
eported recently in a study of 765 men and women aged
0–79 years observed prospectively for incident cardiovas-
ular events (cardiac death, myocardial infarction [MI],
troke, and transient ischemic attack) in a 10-year prospec-
ive follow-up study in Bruneck, Italy.14 The investigators
ound that Lp(a) may be equivalent to the oxPL measure-
ent determined with the antibody to oxPL, and they spec-

lated that Lp(a) acts as a sink or trap for oxPL. In the
runeck study, elevated Lp(a) and elevated Lp-PLA2 (top

ertiles vs bottom tertiles) exhibited an almost 4-fold hazard
atio (HR) for cardiovascular events.

When an LDL particle enters the intimal space, it may be
xidized by a number of enzymes, including myeloperoxi-
ase and nicotinamide adenine dinucleotide phosphate ox-
dase. Macphee and colleagues15 demonstrated that as the
xPL surface of LDL particles becomes oxidized, the Lp-
LA2 begins to hydrolyze oxPL, forming 2 molecular trig-
ers of the inflammation cascade: oxidized fatty acids and
ysophosphatidylcholine (lysoPC). Using a potent azetidi-
one to inhibit the activity of Lp-PLA2, these same inves-
igators demonstrated that Lp-PLA2 was solely responsible
or the increase of lysoPC in oxidized LDL. Oxidized fatty
cids and lysoPC, in turn, stimulate expression of adhesion
olecules and cytokines by endothelial cells and plaque-

ased macrophages and other leukocytes.16 As monocytes
arginate along and adhere to the endothelium, cytokines,

uch as monocyte chemoattractant protein, attract them into
he subendothelial space where they become activated and
ifferentiate into macrophages. An apparent role of the
acrophage is to phagocytose LDL particles, with a pref-

rence for oxidized LDL. Lipids from the engulfed lipopro-
eins accumulate in the macrophage, forming lipid-laden
acrophages known as foam cells. Studies of Lp-PLA2

essenger RNA expression have shown that these same

ntimal-based macrophages and foam cells are the primary p
ource of Lp-PLA2 production.17 Although in vitro studies
ave shown that peripheral mononuclear cells and platelets
ay produce Lp-PLA2, in vivo, it is almost exclusively

roduced by macrophages and foam cells based in the
ntima.18 The fact that Lp-PLA2 is produced locally within
therosclerotic plaque itself likely accounts for its high
pecificity for vascular as opposed to systemic inflamma-
ion. A proposed mechanism of action was originally illus-
rated in a review article by Sudhir19 and is presented here
n a modified version (Figure 1).

Confirmation of this hypothetical mechanism of action of
p-PLA2 was recently reported in an in vivo study showing

he net production of Lp-PLA2 in blood flowing across an
therosclerotic versus nonatherosclerotic coronary vascular
ed.20 In 30 patients with minimal (�0%) angiographic
oronary stenosis, Lavi and colleagues20 obtained blood
amples from the aorta at the coronary os, and simulta-
eously, blood on the venous side of the coronary circula-
ion in the coronary sinus. The difference between levels of
p-PLA2 at the entrance to the coronary circulation and in

he coronary sinus reflects the gradient of either net produc-
ion or net absorption of Lp-PLA2 as blood traverses the
oronary circulation. As reviewed previously, when Lp-
LA2 hydrolyzes the sn-2 fatty acids of oxPL, both lysoPC
nd oxidized fatty acids are produced. Because lysoPC is
ssociated with endothelial dysfunction (ED), the gradient
f lysoPC across the coronary vascular bed was also exam-
ned. To separate the cases (modest atherosclerosis) from
ontrols (no atherosclerosis), 3-dimensional intravascular
ltrasound was used. The results showed that atheroscle-
otic plaque in human coronary arteries in vivo is associa-
ed with local coronary production of both Lp-PLA2 and
ysoPC (Figure 2).

There was net production of Lp-PLA2 in patients with
oronary atherosclerosis versus patients with no atheroscle-
osis (p � 0.001). This study supports the notion that the
p-PLA2 enzyme is present in the early stage of the disease.
here was also a statistically significant correlation between

he amount of Lp-PLA2 produced in atherosclerotic arteries
nd the percent atheroma volume measured by 3-dimen-
ional intravascular ultrasound. There was no net coronary
roduction of C-reactive protein (CRP), a finding consistent
ith the hypothesis that CRP may be a systemic inflamma-

ory marker. When the patients were categorized according
o their epicardial artery endothelial function (based on a
ecrease in the coronary artery diameter in response to
cetylcholine infusion), the group with ED showed a net
roduction of lysoPC (�87 ng/min) versus a net reduction
n lysoPC (�590 ng/min, p � 0.03) for the group without
D. LysoPC net production correlated statistically signifi-
antly with the degree of ED. Thus, it is the lysoPC product
f Lp-PLA2-mediated hydrolysis of oxidized LDL particles
hat may participate in driving ED. Possible mechanisms by
hich lysoPC may affect endothelial function include (1)
ownregulation of endothelial nitric oxide, (2) enhanced

roduction of reactive oxygen species and oxidative stress,



F
p
l
c
s
a

F
[
(
c
N

13FLerman and McConnell/Lipoprotein-Associated Phospholipase A2: A Risk Marker or a Risk Factor?
igure 1. Lipoprotein-associated phospholipase A2 (Lp-PLA2) as a trigger of inflammation and rupture-prone plaque formation. The Lp-PLA2 enzyme is
roduced by intraplaque macrophages and foam cells and is released by plaque into the circulation, where it binds to lipoproteins. Approximately 1 in 500
ow-density lipoprotein (LDL) particles has an Lp-PLA2 enzyme bound to it. On entry into the intimal space, the phospholipid surface of the LDL particle
an oxidize. Lp-PLA2 hydrolyzes oxidized phospholipids into oxidized fatty acids (oxFA) and lysophosphatidylcholine (lysoPC) products. These products
timulate adhesion molecule expression and release of cytokines, which recruit more leukocytes to the lesion. A vicious cycle of more Lp-PLA production
2

ppears to ensue. (illustration by Scott Barrows, medical illustrator, University of Illinois at Chicago.)
igure 2. Lipoprotein-associated phospholipase A2 (Lp-PLA2) enters the coronary circulation when coronary atherosclerosis (by intravascular ultrasound
IVUS]) is present. A total of 15 patients with early coronary atherosclerosis by IVUS were compared with 15 controls. Lp-PLA2 levels in the coronary os
aorta) were compared with levels in the coronary sinus (vein), the difference reflecting either coronary production versus absorption of Lp-PLA2. When
oronary atherosclerosis was present, there was net production of Lp-PLA as blood flowed across the coronary vascular bed. CRP � C-reactive protein;
2

S � not significant. (Courtesy of Amir Lerman, MD.)
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3) induction of endothelial cell apoptosis, and (4) blocking
f the repair mechanism by inhibition of endothelial cell
igration to sites of endothelial damage.21–24 In summary,

his study in human subjects provides important confirma-
ion of the mechanism of action and the functional signifi-
ance of Lp-PLA2 in that early atherosclerotic plaques ap-
ear to produce Lp-PLA2, and that Lp-PLA2 appears to
rigger an inflammation cascade via production of lysoPC.

vidence for the Role of Lipoprotein-Associated
hospholipase A2 in the Causal Pathway of Plaque
nflammation and Endothelial Dysfunction

vidence implicating the role of Lp-PLA2 in the formation
f inflamed, rupture-prone plaque has emerged in the last
ecade. This evidence includes histopathologic studies of
therosclerotic plaque for Lp-PLA2, in vitro and in vivo
pplication of a novel inhibitor of the Lp-PLA2 enzyme, and
nally, studies of endothelial function and its association
ith Lp-PLA2. Kolodgie et al25 demonstrated that whereas

upture-prone and ruptured plaques using monoclonal anti-
odies showed intense Lp-PLA2 staining, early plaques with
atty streaks or thick fibrous caps showed minimal Lp-PLA2

taining. Similarly, Vickers et al26 stained carotid plaques
sing Lp-PLA2 antibodies and found that Lp-PLA2 was
ost abundant in the shoulder region of fibrous caps and

hat Lp-PLA2 co-localized with extracellular pools of oxi-
ized LDL, as well as in the cytosol of foam cells. Both of
hese histopathologic studies of Lp-PLA2 suggest that in-
ense concentration of the enzyme is found in the vulnerable
houlder region of thin fibrous cap atheromas, where plaque
upture typically occurs.

A further support for the role of Lp-PLA2 in the forma-
ion of atherosclerotic plaque arises from the use of inhib-
tors of the enzyme. Azetidinones have been shown to
nhibit Lp-PLA2 activity. Recently, a novel azetidinone
SB0848) was shown to inhibit 80% of the enzyme activity
f atherosclerotic plaques within 14 days of treatment.27

ubsequently, Shi et al28 studied human leukocytes in vitro
o examine their production of cytokines when either native
DL or oxidized LDL were added. The cytokines, interleu-
in-6 and interleukin-1�, and tumor necrosis factor–� were
xpressed by the leukocytes when oxidized LDL was added,
ut not when normal LDL was added. However, when an
zetidinone was added along with oxidized LDL, the Lp-
LA2 hydrolysis of oxPL was abolished, and cytokine pro-
uction was abrogated. In an ex vivo culture of the carotid
laque tissue, interleukin-18 expression was increased when
xidized LDL was added.29 The addition of an Lp-PLA2

nzyme inhibitor decreased the production of the interleu-
in-18 cytokine by about one third. These Lp-PLA2 inhib-
tor studies provide further evidence of the role of the
nzyme in the causal pathway of cytokine production and
laque inflammation.
Most MIs and cases of sudden death are attributable to p
laque rupture at the sites of moderate stenosis, so it would
e highly useful clinically to have a means to assess the
onobstructive atherosclerosis disease activity in these pa-
ients.25,30 Atherosclerosis is a gradual process generally
nvolving decades of plaque formation and progression.
hus, a noninvasive test identifying persons whose athero-
clerosis has progressed to the point where their plaque is
eset by inflammation and ED would be valuable. To iden-
ify and implement a clinically relevant biomarker, a focus
n markers present in the early stages of the disease will
rove more productive than relying on those at the end
tages of the disease when patients present with cardiovas-
ular events.

An approach to identify the activity of atherosclerotic
isease is to measure endothelial function. The endothelium
ines the arteries and serves as the physical and metabolic
arrier between the blood and the underlying vascular in-
ima. It may be measured peripherally by evaluating the
esponse to ischemia induced in the brachial artery with an
nflated sphygmomanometer. The normal response of a bra-
hial artery with healthy endothelium to postischemic res-
oration of blood flow is vasodilation, which may be as-
essed quantitatively with ultrasound. A more direct
pproach to the assessment of coronary artery endothelial
unction is to infuse intracoronary acetylcholine, which
auses vasoconstriction in the presence of ED. This ap-
roach is, by definition, invasive and uses both coronary
ngiography and intracoronary Doppler. Measurement of
oth peripheral and coronary artery ED provides an impor-
ant means of assessing atherosclerosis disease activity and
as been shown to predict both coronary events and
troke.31,32 The utility of a simple laboratory test as a marker
f ED would be practical. In a clinical study by Yang et al,33

72 patients with �30% stenosis were evaluated for coro-
ary artery ED with an intracoronary infusion of acetylcho-
ine. Patients in the high tertiles 2 and 3 for Lp-PLA2

ass concentration had a significantly lower attenuated
hange in coronary blood flow and greater epicardial
oronary artery vasoconstriction in response to acetyl-
holine (Figure 3). The odds ratio for coronary ED in
atients with Lp-PLA2 in the highest tertile was 3.3 (95%
I, 1.6 – 6.6). This finding was independent of other car-
iac risk factors (Figure 4).

As has been reported previously, although there were
odest associations of Lp-PLA2 to serum lipids, Lp-PLA2

emained an independent predictor of coronary ED after full
ultivariate adjustment. Thus, by identifying which patients

ave coronary ED despite having only minimal-to-modest
�30%) coronary artery stenosis, Lp-PLA2 may help re-
olve an important clinical need.

laque Burden May Not Reflect Plaque “Quality”

t is clinically reasonable to shift our focus to identifying

ersons with highly active atherosclerotic disease instead
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igure 3. Endothelial dysfunction in coronary arteries worsens as lipoprotein-associated phospholipase A2 (Lp-PLA2) increases. Unadjusted and adjusted
ssociation between percent change (�SE) in coronary blood flow in response to the maximal dose of intracoronary acetylcholine (microvascular endothelial
unction) and Lp-PLA2 is shown. Values are adjusted for age, sex, body mass index, serum creatinine, total cholesterol, low-density lipoprotein cholesterol,
igh-density lipoprotein cholesterol, triglycerides, and the use of lipid-lowering medication. Analysis of variance for trend: p �0.001 for unadjusted and

� 0.008 for adjusted data. (Reprinted with permission from Arterioscler Thromb Vasc Biol.33)
igure 4. Odds ratio for coronary artery endothelial dysfunction for different lipid markers and lipoprotein-associated phospholipase A2 (Lp-PLA2). Elevated
p-PLA2 in the top tertile (�240 ng/mL) was associated with a statistically significant 3.3 odds ratio for coronary endothelial dysfunction (post acetylcholine
hallenge). Commonly measured lipids did not achieve significance as predictors of endothelial dysfunction in this cohort of 172 patients with �30%
ngiographic coronary stenosis. CI � confidence interval; HDL � high-density lipoprotein; LDL � low-density lipoprotein. For cholesterol, 1 mg/dL �

.02586 mmol/L; for triglycerides, 1 mg/dL � 0.0113 mmol/L. (Courtesy of Amir Lerman, MD.)
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f those with luminal narrowing. It should be further
oted that many patients with a high degree of stenosis
ut whose plaques have been stabilized with medical
anagement will often have low levels of Lp-PLA2.

ribarren et al34 found a significant association between
p-PLA2 mass concentration and coronary artery calci-
cation, and Kardys et al35 did not find an association
etween Lp-PLA2 activity and coronary artery calcifica-
ion.35 In the latter study, Lp-PLA2 was not associated
ignificantly with other measures of extracoronary ath-
rosclerosis, including carotid intima-media thickness
nd the ankle-arm index.35 In a study performed at the
ayo Clinic, Brilakis and colleagues36 found a strong

nd independent association between Lp-PLA2 and cor-
nary artery disease (CAD) events. However, although
p-PLA2 levels correlated with the extent of angio-
raphic coronary disease on univariate analysis, the as-
ociation was no longer significant after adjustment for
linical and traditional lipid risk factors.

Thus, there is a dichotomy between Lp-PLA2 as reflec-
ive of atherosclerosis disease activity versus Lp-PLA2 as
eflective of plaque burden. Another inflammatory risk
arker (CRP) that has been associated consistently with
AD events also has not been associated consistently with
therosclerotic burden (angiographic stenosis or coronary
alcification). This suggests that risk markers for CAD
vents that may be predictive of plaque rupture are different
rom markers of atherosclerotic progression or plaque bur-

igure 5. Specificity and biologic variability of cardiac risk markers. Lipop
iologic variability than other inflammatory markers and is specific to vas
olunteers (average age, 34 years). Using roughly the top tertile of each bi
n these healthy individuals, whereas 46% of the individuals had elevated h
dults 7 times for a 4-week period. Lp-PLA2 is shown to exhibit low biolog
easured lipids but in contrast to high biologic variability for hs-CRP.

ipoprotein; TG � triglycerides. (Adapted from Circulation.37)
en. w
linical Laboratory Characteristics of
ipoprotein-Associated Phospholipase A2 Testing

o have practical clinical utility, a biomarker of atheroscle-
osis disease activity should have high specificity and low
iologic variability. Most inflammatory markers are in-
reased in the presence of infections, rheumatologic disor-
ers, or the inflammation that accompanies excessive mes-
nteric adipose tissue and insulin resistance. Wolfert et al37

ave reported that Lp-PLA2 is not increased in patients with
heumatoid arthritis, osteoarthritis, chronic bronchitis
chronic obstructive pulmonary disease), or sinusitis. In
ddition, a study of patients with systemic lupus erythem-
tosus found that patients with CVD had elevated Lp-PLA2

ctivity and that lupus patients without a history of CVD
ad low Lp-PLA2 activity.38 Koenig et al39 reported that
p-PLA2 was significantly associated with CAD indepen-
ently from 24 other cardiac risk markers, including a mul-
itude of inflammatory and hemostatic markers. Also, ele-
ated Lp-PLA2 is not associated with the severity of insulin
esistance in subjects without diabetes mellitus.40 As de-
icted in Figure 5, Wolfert et al37 reported that although
ystemic inflammation (as reflected by high-sensitivity CRP
hs-CRP] �3 mg/L) may be present in young, healthy
ndividuals (average age, 34 years), the increase of Lp-
LA2 is relatively rare in this demographic.

Figure 5A shows that in 90 apparently healthy young
dults, only 4% had elevated Lp-PLA2 levels �250 ng/mL,

ssociated phospholipase A2 (Lp-PLA2) has a higher specificity and lower
flammation. (A) Inflammatory markers were drawn in 90 young, healthy
r, lipoprotein-associated phospholipase A2 (Lp-PLA2) was rarely elevated
sitivity C-reactive protein (hs-CRP). (B) Blood was drawn from 43 healthy
ility (fluctuation within an individual over time) comparable to commonly
cardiovascular; HDL � high-density lipoprotein; LDL � low-density
rotein-a
cular in
omarke
igh-sen
ic variab

CV �
hereas 46% had a CRP level �3 mg/L. Both cut points
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eflect approximately the top tertile for each biomarker. As
hown in Figure 5B, blood was drawn in the same 43
ealthy individuals 7 times each over a 4-week period. The
ercent coefficient of variation within an individual was
0%, similar to LDL cholesterol, whereas CRP varied as
uch as 42.6% within the same individual. For this reason,
p-PLA2 can be reliably followed serially over time,
hereas CRP cannot.41 Thus, the corollary of being highly

pecific for vascular inflammation is that Lp-PLA2 levels
re stable over time.

The selection of the clinically useful biomarkers and
heir incremental value in risk stratification over traditional,
stablished predictors has been the subject of much study
nd debate. Part of the debate and controversy is a result of
he assessment of biomarkers as “screening tests” in pri-
ary prevention populations using the area under the curve

or c statistic) to evaluate biomarkers in a receiver operating
haracteristic analysis. Basically, this kind of analysis
hows how often a given test scores higher in cases than in
ontrols, and a c statistic reflecting a “worthless” test would
e 0.50 whereas a “perfect” test would be 1.00. In the
omen’s Heart Study, age alone yielded a c statistic of

.70, meaning that 70% of the time, age would be higher in
case with a cardiovascular event. Adding LDL cholesterol

o age only increased the c statistic from 0.70 to 0.71,
nderscoring the limitation of the c statistic in predicting the
uture importance of a cardiac biomarker.42 More impor-
antly, this example illustrates that it is difficult to increase
he c statistic above age alone in a screening population. In
act, in a recent review of the Framingham Heart Study of
0 novel biomarkers in the general population, age and sex
ogether produced a c statistic of 0.75, and the addition of
raditional risk factors increased it to 0.80, versus the 10
iomarkers together only increasing it to 0.79.43 This again
llustrates that novel biomarkers are probably not going to
e very useful in low-risk persons with only 0 or 1 tradi-
ional risk factor. However, biomarkers should not be dis-
ounted based on their failure to predict events in a low-risk
opulation. The utility of these markers improves when
ntermediate- or high-risk persons are evaluated. Because
y definition intermediate- and high-risk persons typically
ave �2 traditional risk factors including older age, these
isk factors do not increase the c statistic by much in these
on–low-risk groups. In fact, in the setting of intermediate-
r high-risk patients, several biomarkers have been shown
o significantly increase the c statistic, including tropo-
in, N-terminal pro– brain natriuretic peptide, and Lp-
LA2.44 – 46 In addition, these biomarkers provide useful and
pecific clinical information about the pathophysiology of
he cardiovascular system (elevated troponin signals myo-
ardial damage, N-terminal pro–brain natriuretic peptide
ignals myocardial stretch and early heart failure, and Lp-
LA2 may signal that atherosclerotic plaque has become

nflamed and rupture-prone).
There are now �25 prospective epidemiologic studies
hat consistently show that elevated Lp-PLA2 levels predict t
ardiovascular events.14,36,39,44 – 69 Of these, 2 studies
howed that adjustment for LDL cholesterol significantly
ttenuated risk prediction for the biomarker: the Women’s
ealth Study (WHS) and the Atherosclerosis Risk in Com-
unities (ARIC) study.46,47 In the WHS trial, there were a

mall number of cases, and the small size of this study likely
xplains the lack of statistical significance. The ARIC study
omprised a larger cohort, and although LDL significantly
ttenuated the ability of Lp-PLA2 to predict coronary events
n the whole cohort, examination of the subcohort with
DL cholesterol values �130 mg/dL (1 mg/dL � 0.02586
mol/L) resulted in reestablishment of the typical HR of an

pproximate doubling of risk for coronary events.
For stroke, LDL is not a reliable predictor of risk,53

hereas Lp-PLA2 has been shown to significantly predict
schemic stroke in both primary and secondary prevention
tudies.52,53,58,67–69 Because LDL does not predict stroke, it
s less likely to attenuate the stroke risk associated with high
evels of Lp-PLA2. Such is the case in the ARIC study,
here Lp-PLA2 predicts the risk of stroke even after ad-

ustment for LDL and all traditional risk factors (top tertile
o bottom tertile HR, 1.91; 95% CI, 1.15–3.18).47 The ARIC
troke results have been further analyzed to see if Lp-PLA2

nd CRP together would lead to a significant reclassification
f persons deemed at only moderate risk of ischemic stroke
ased on traditional risk factors. Ballantyne et al70 reported
hat 37% of persons at moderate risk for stroke would have
een correctly reclassified to either higher- or lower-risk
ategories when Lp-PLA2 and hs-CRP were added to tra-
itional risk assessment.

Although there appears to be a strong positive correlation
etween Lp-PLA2 mass and activity in general white pop-
lations, this correlation may theoretically be weakened if
n individual has a polymorphism or mutation that influ-
nces activity of the gene product.2 Overall, both Lp-PLA2

ass concentration and Lp-PLA2 enzyme activity seem to
redict higher cardiovascular risk to a similar magnitude.1

A panel of national experts recommended a cut point for
irculating Lp-PLA2 mass concentrations for risk stratifica-
ion.71 Levels �235 ng/mL in an intermediate-risk patient
hould prompt the clinician to consider treating that patient
s if they were in the next higher cardiovascular risk cate-
ory (high risk instead of intermediate risk). An Lp-PLA2

ass concentration of 235 ng/mL is the 50th percentile in
he healthy, adult population. Lp-PLA2 values in the general
opulation are not normally (Gaussian) distributed. Instead,
0% of healthy adults have Lp-PLA2 values �290 ng/mL,
ith the upper 20% found in a long tail of higher Lp-PLA2

alues. This cut point has been confirmed by 2 subsequent
tudies: the Mayo Olmsted County study44 and the North

uerttemberg and Berlin Infarction Study–II (NOBIS-II).66

n the Mayo Olmsted County study, the risk of death 1 year
fter MI was examined. They concluded that an Lp-PLA2

evel of 225 ng/mL was consistently associated with in-
reased mortality, regardless of the model used, and can

herefore be supported by the present data. Similarly, in the
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OBIS-II study, risk of cardiovascular events within 42
ays of presentation to the emergency room with chest pain
onsistent with acute coronary syndrome was assessed.
lassification and regression tree analysis was used to de-

ermine that the ideal cut point for risk stratification for
p-PLA2 was 210 ng/mL, which was associated with an HR
f 2.6 (95% CI, 1.1–1.6). There appears to be a risk thresh-
ld for Lp-PLA2 mass concentration around the lowest
ertile, based on data from the Mayo Heart Study and the
angzeiterfolge der Kardiologischen Anschlussheil-Behan-
lung (KAROLA) study (Figure 6).36,39

Whether Lp-PLA2 mass concentration is in the middle or
op tertile, the cardiovascular risk ratios are similar, sug-
esting that a risk threshold for this biomarker is equal to or
lightly above 200 ng/mL.

ipoprotein-Associated Phospholipase A2 is Lowered
y Lipid-Modifying Medications

p-PLA2 is implicated in the formation of rupture-prone
laque, and its inhibition is associated with decreased cy-
okine production. However, prospective outcome studies
sing a specific Lp-PLA2 enzyme inhibitor are not available
t this time. Lipid-modifying medications stabilize plaques,
ith regression of the size of the lipid core, decreased
acrophage infiltration, and thickening of the fibrous cap.

igure 6. Apparent cardiovascular risk threshold above the bottom tertile fo
atients. In 504 patients with angiographic coronary artery disease in the
oronary revascularization in the Langzeiterfolge der Kardiologischen A
ardiovascular events increases steeply at the middle tertile for the Lp-PLA
his has been shown in coronary plaque with statins, as well s
s with combination lipid-modifying therapy in carotid
laques.72–74 This raises questions of whether Lp-PLA2 lev-
ls are modifiable, and whether lowering levels of Lp-PLA2

ay lead to improved clinical outcomes. Although it does
ot prove cause and effect, practically all lipid-modifying
edications that have been previously been shown to re-

uce risk for cardiovascular events also reduce Lp-PLA2.
ravastatin, fluvastatin, atorvastatin, simvastatin, and rosu-
astatin all lower levels of Lp-PLA2.51,59,75–78 In the Prav-
statin or Atorvastatin and Infection Therapy (PROVE-IT)
tudy, even with intensive LDL cholesterol reduction in the
roup taking atorvastatin 80 mg/day, the LDL cholesterol
eduction only accounted for 25% of the Lp-PLA2 reduction
n Lp-PLA2 mass concentration.59 At first glance, this is not
ntuitive because LDL particles carry most of the Lp-PLA2

n most humans. However, only 1 in 500 apolipoprotein
–containing particles carry Lp-PLA2 (based on ratios of

he molar concentrations of apolipoprotein B and Lp-PLA2

n human plasma), so a 1-to-1 correspondence between the
eduction in LDL cholesterol (or LDL particle number) and
p-PLA2 would not be expected. It seems likely that statins

ower Lp-PLA2 because they stabilize plaques, with a sub-
equent decreased production of Lp-PLA2. This is consis-
ent with studies of fenofibrate and omega-3 fatty acids,
hich lower Lp-PLA2 although they do not change or even

ncrease LDL cholesterol levels.76,79 Importantly, lipid-
odifying therapies combining a statin with niacin or a

evation of lipoprotein-associated phospholipase A2 (Lp-PLA2) in high-risk
Heart Study (A), and in 1,051 patients post acute coronary syndromes or
ssheil-Behandlung (KAROLA) study (B), the risk for subsequent hard
rker. (Adapted from Eur Heart J36 and Arterioscler Thromb Vasc Biol.39)
r the el
Mayo
nschlu
tatin with omega-3 fatty acids significantly lower Lp-
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LA2, even when the statin had already lowered LDL cho-
esterol to optimal levels.79,80 Kuvin et al80 added 1 g/day of
n extended-release niacin preparation to the regimen of
atients with stable CAD who were already receiving a
tatin. After 3 months, the niacin lowered the Lp-PLA2 level
significantly additional 20%, although the baseline level

f LDL cholesterol of the patients receiving statin mono-
herapy was already in the therapeutic range. Similarly, in a
tudy of patients with hypertriglyceridemia (triglyceride
evels, 200–499 mg/dL [1 mg/dL � 0.0113 mmol/L]) with
n achieved LDL cholesterol level of 80 mg/dL while re-
eiving simvastatin 40 mg/day, the addition of a prescrip-
ion omega-3 fatty acid preparation for 2 months resulted in

highly significant reduction in Lp-PLA2 mass concentra-
ions.80 In both of these studies, there appeared to be addi-
ional “opportunity” to lower Lp-PLA2 despite baseline
chievement of LDL levels in the range of 70–80 mg/dL
ith statin monotherapy. Interestingly, the change in small
DL particle concentration in the statin plus omega-3 fatty
cids study was significantly but relatively weakly corre-
ated with the reduction in Lp-PLA2 levels (r2 � 0.06, p �
.02). In the statin plus niacin study, the 20% decrease in
p-PLA2 with niacin exceeded the 8% decrease in small
DL particle number. These findings suggest pleiotropic
nti-inflammatory actions of both omega-3 fatty acids and
iacin that are uncoupled from their favorable influences on
DL particle size. Finally, in a recent study of patients with
tatin-intolerant type IIa or type IV dyslipidemia, the cho-
esterol absorption inhibitor ezetimibe lowered Lp-PLA2

ass concentration significantly, by 18% (from 397 ng/mL
o 325 ng/mL, p �0.05).77 In summary, statins, fenofibrate,
iacin, omega-3 fatty acids, and ezetimibe all lower Lp-
LA2 mass concentrations.

onclusion

he independent association between Lp-PLA2 levels and
ardiovascular risk among different populations and across
ifferent levels of cholesterol lends support to the hypoth-
sis that Lp-PLA2 has a causative role in the progression of
arly, relatively stable atherosclerotic plaque to advanced,
upture-prone plaque. In the last few years, �25 prospective
pidemiologic studies have established Lp-PLA2 as an im-
ortant aid to improve risk stratification. In addition, histo-
athology studies show that Lp-PLA2 is particularly local-
zed to the vulnerable shoulder region of rupture-prone
laques. The biomarker has been demonstrated to reflect
therosclerosis disease activity in studies of ED and in
tudies showing decreased cytokine production when Lp-
LA2 enzyme activity is inhibited both in vitro and in vivo.
here is a net production of Lp-PLA2 in the coronary
irculation when coronary plaque is present, and its byprod-
ct lysoPC seems to trigger the inflammation cascade along
ith ED. The Lp-PLA2 biomarker is highly specific and has
ow biologic variability, making it attractive relative to
ther inflammatory markers, which may reflect systemic
nflammation more than vascular inflammation. Lp-PLA2

redicts risk independently of traditional risk factors, in-
luding body mass index, and independently from other
ardiac risk markers. Its ability to predict future cardiovas-
ular events in higher-risk populations is evidenced by a
ignificant increase of the c statistic (or area under the
urve) in receiver operating characteristic analysis.

These recent findings suggest that Lp-PLA2 may be a
isk factor involved in the causal pathway of plaque inflam-
ation and ultimate plaque rupture. The goal of inflamma-

ory markers is to enhance stratification of at-risk patients so
hat the intensity of treatment can be matched to the appro-
riate level of risk. Lp-PLA2 levels are modifiable, but there
re no completed prospective treatment studies to establish
t as a target of treatment. Although outcome studies will be
equired before Lp-PLA2 can be considered as a target of
herapy, lipid-modifying treatments that have already been
roved to lower primary and secondary cardiovascular
vents coincidentally lower Lp-PLA2. Although there is
nsufficient evidence to support the use of Lp-PLA2 as a test
n screening populations, it is conceivable that Lp-PLA2

esting may prove to be a practical diagnostic tool in inter-
ediate- and high-risk patients to aid in risk stratification

or coronary events and stroke. If Lp-PLA2 levels are ele-
ated, patients should be closely monitored and their global
ipid and nonlipid risk factors should be treated intensively.
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