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Aims

and results

To identify factors that influence plasma levels and assess the prognostic value of lipoprotein-associated phospho-
lipase A2 (Lp-PLA2) activity in a prospective, population-based survey of the epidemiology and pathogenesis of
atherosclerosis.

The Bruneck study is a prospective, population-based survey initiated in 1990. Lp-PLA2 activity and baseline variables
for the current analysis were measured in 765 subjects aged 45—84 years in 1995. Incident cardiovascular disease
(CVD) (cardiovascular death, myocardial infarction, stroke, and transient ischaemic attack) and rates of non-CVD
mortality were assessed between 1995 and 2005.

Subjects with incident CVD had higher levels of Lp-PLA2 activity (884 + 196 vs. 771 + 192 wmol/min/L,
P < 0.001). Increased Lp-PLA2 activity was significantly related to incident CVD [age- and sex-adjusted hazard
ratio (95%Cl) 2.9 (1.6—5.5); third vs. first tertile group; P < 0.001] and with vascular mortality but not with non-
CVD mortality. Lp-PLA?2 activity was enhanced in subjects with the metabolic syndrome and showed highly significant
positive associations with LDL-C, apoB-100, ferritin, and HOMA-IR, and inverse associations with HDL-C and anti-
oxidant levels.

Conclusion Increased Lp-PLA?2 activity is associated with metabolic syndrome and incident fatal and non-fatal CVD, but not with
non-CVD mortality. Furthermore, Lp-PLA2 activity is strongly influenced by ferritin levels, LDL-C, and apoB-100 sup-
porting its integral role in lipid peroxidation. Clinical utility of Lp-PLA2 activity for prediction of cardiovascular risk
has to be explored in future studies.
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Introduction immunogenic, and pro-atherogenic.* Oxidative stress can be

- enhanced by non-enzymatic pathways, such as by copper and

Oxidative stress is a key mechanism through which atherosclerosis  : iron cations, as well as by enzymatic pathways, such as by lipoxy-

and cardiovascular disease (CVD) develops. It is mediated by reac- . genases, myeloperoxidase, and NADPH oxidase.>

tive oxygen species that alter the fundamental properties of These pro-oxidant pathways are balanced by anti-oxidant mech-

cholesterol, cholesteryl esters, and phospholipids on lipoproteins, : anisms, such as anti-oxidant vitamins (alpha-tocopherol and caro-

as well as other proteins, to make them dysfunctional, : tenoids) present within lipoproteins, and anti-oxidant enzymes,
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such as superoxide dismutase and glutathione peroxidase.* Many
of these enzymes and products of oxidation can be measured in
the circulation, including oxidized low-density lipoprotein, oxidized
phospholipids, isoprostanes, and myeloperoxidase, and have been
shown to predict the presence of CVD and incident cardiovascular
events (reviewed by Tsimikass).

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an
enzyme with broad specificity in cleaving oxidized fatty acids at
the sn-2 positions of oxidized phospholipids thereby generating
lysophosphatidylcholine and free oxidized fatty acids. Based on
studies in Lp-PLA2-deficient individuals and overexpression
studies in animals, it was proposed that Lp-PLA2 has anti-
atherogenic properties.” However, studies in animals with
Lp-PLA2 inhibitors® and most clinical evaluations,” ' but not
all,’°=2 involving plasma measurements of Lp-PLA2 mass or
activity, suggest that elevated levels of Lp-PLA2 enhance cardio-
vascular risk.

The Bruneck study is a prospective, population-based survey on
the epidemiology and pathogenesis of atherosclerosis. The cohort
consists of men and women 45-84 years old (1995 evaluation)
and was followed for 10 years. The subjects are extremely well
characterized in terms of demographic, vascular, coagulation,
lipid and biochemical factors, and life-style parameters.B The
Bruneck cohort represents a unique opportunity to identify
factors that predict new cardiovascular events in an unselected
population. Therefore, the aim of this study was to assess the pre-
dictive value of Lp-PLA2 activity for incident CVD, vascular and
non-vascular mortality and to identify potential determinants of
Lp-PLA2 activity.

Methods

Baseline demographics, laboratory, and
life-style measure of the study subjects

The study population was recruited in 1990 as a sex- and age-stratified
random sample of all inhabitants of Bruneck, Italy (125 women and 125
men in the fifth to eighth decades each, n = 1000). The current study
focuses on the 1995 re-examination of 765 subjects and a 10-year
follow-up period (1995—2005).%* Detailed information about incident
cardiovascular events was available in all of these subjects (100%
follow-up). The study protocol was approved by the appropriate
ethics committees and all study subjects gave their written informed
consent before entering the study.

All risk factors were assessed by validated standard procedures.
Study methodology and laboratory methods for factors listed in
Table 1 were previously described in detail**** and are summarized
in the Supplementary material online. The metabolic syndrome was
defined as having three out of five of the following parameters: waist
circumference in men >102cm (>40 in.) and women >88cm
(>35 in.), triglycerides >150 mg/dL, HDL cholesterol in men <40
and women <50 mg/dL, blood pressure >130/>85 mm, and fasting
glucose >110 mg/dL.*®

Determination of lipoprotein-associated
phospholipase A2 activity

Lp-PLA2 activity was measured with a commercially available kit
(Azwell Inc., Osaka, Japan) as previously described.** Reference

normal values provided by the manufacturer are <800 IU/L
(mmol/min/L).

Assessment of future cardiovascular events

Assessment of non-cardiovascular death and future cardiovascular
events in the Bruneck population was described previously** and
detailed in the Supplementary material online. In brief, the primary
analysis was comprised of composite CVD, which included all inci-
dent cases of cardiovascular death, myocardial infarction (WHO defi-
nition), ischaemic stroke, and transient ischaemic attack (TIA)
(criteria of the National Survey of Stroke) (n = 82). Extended com-
posite endpoints additionally included revascularization procedures
which increased the number of individuals affected from 82 to 98
and new onset symptomatic peripheral arterial disease which
further increased the number to 108. Ascertainment of events was
based on a careful review of medical records provided by the
general practitioners and files of the Bruneck Hospital and the exten-
sive clinical and laboratory examinations performed as part of the
study protocols.

Statistics

Calculations were performed using the SPSS 15.0 and BMDP soft-
ware packages. Continuous variables were presented as means +
SD or medians (interquartile range), and dichotomous variables as
percentages. Differences in baseline levels of vascular risk attributes
between subjects with and without subsequent CVD (1995-2005)
were analysed with the Student’s t-test and x’-test. Variables with
a skewed distribution were loge-transformed. Correlations between
Lp-PLA2 activity and potential determinants were estimated by calcu-
lation of partial (age-/sex-corrected) Pearson correlation coefficients.
The multivariable association was analysed by means of linear
regression analysis (see Supplementary material online). Cox pro-
portional hazard models were used to assess whether baseline
Lp-PLA2 activity levels were independently related to incident
CVD and both vascular und non-vascular mortality (see Supplemen-
tary material online). For this purpose, Lp-PLA2 activity was either
modelled as a categorical (tertile or sextile groups) or as a continu-
ous variable. Two models were run: the first one included age and
sex; the second model was additionally adjusted for numerous estab-
lished and putative vascular risk factors. Added predictive ability of
Lp-PLA2 as a novel risk marker for CVD (model discrimination
and calibration, reclassification characteristics) was assessed by stan-
dard procedure, see Supplementary material online. A two-sided
P-value <0.05 was considered statistically significant except for
Table 1 in which P-values <0.00147 indicate significance (Bonferroni
correction for multiple comparisons).

Results

Baseline demographic, clinical, and
laboratory characteristics of the study
subjects

Baseline demographic, clinical, and laboratory characteristics of
study subjects (all of Caucasian origin) are shown in Table 1.
Data are presented for subjects with (CVD+) and without
(CVD—) incident CVD over the 10-year follow-up period.
Those with incident CVD had significantly higher levels
of Lp-PLA2 activity (884 + 196 vs. 771 £ 192 pmol/min/L,
P < 0.001 for difference) and were more likely to be older,
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Table | Baseline characteristics of study subjects and age-/sex-adjusted correlations with Lp-PLA2 activity (n = 765)

Variable Mean + SD, Median (IQR)* or % P-value® R®
“ns (n - 683) .................... s (n = 82)
Age (year) 61.8 + 109 702 +10.3 <0.001 —
Female sex (%) 51.0 37.8 0.024 —
Lp-PLA2 activity (wmol/min/L) 770.7 + 1921 884.1 + 196.0 <0.001 —
Vascular risk factors
Hypertension (%) 67.5 69.5 0.712 —
Systolic BP (mmHg) 1474 + 203 1523 + 224 0.041 0.104
Diastolic BP (mmHg) 86.9 + 9.0 871+95 0.832 0.090
Current smoking (%) 20.1 183 0.711 —
Smoking (cigarettes/day) 2.6 + 6.1 28+ 71 0.705 0.043
Diabetes (WHO) (%) 8.8 14.6 0.087 —
Fasting glucose (mmol/L) 5.64 + 1.37 599 +1.57 0.033 0.107
Ferritin (pmol/L) 295.7 + 344.2 368.1 + 3842 0.076 0.163
C-reactive protein (mg/L) 27471 37+ 66 0.030 0.033
HOMA-IR? 1.98 (1.41-2.96) 2.4 (1.65-4.05) 0.022 0.163
Microalbuminuria (g/L)* 9.0 (7.0-16.0) 11.5 (8.0-54.8) 0.003 —0.006
Coagulation
Fibrinogen (pumol/L) 7.61 +2.14 9.03 +2.08 0.013 0.006
Antithrombin Il (%) 99.6 + 11.5 973 +11.6 0.094 —0.058
Activated protein C ratio 32406 31406 0.119 —0.014
Lipids and lipoproteins
Total cholesterol (mmol/L) 5.90 + 1.09 6.22 +1.13 0.013 0.424
Triglycerides (mmol/L)? 2.74 (2.07-4.06) 3.05 (2.33-4.24) 0.226 0.170
HDL cholesterol (mmol/L) 153 + 042 147 + 047 0.238 —-0.132
LDL cholesterol (mmol/L) 3724097 4.03 + 1.02 0.007 0.450
Apolipoprotein A-l (g/L) 1.66 + 0.27 1.65 + 0.30 0.698 —0.036
Apolipoprotein B-100 (g/L) 115 4+ 0.31 125+ 034 0.005 0.442
OxPL/apoB* 0.05 (0.03-0.13) 0.070 (0.04-0.22) 0.008 0.052
Lipoprotein(a) (nmol/L)? 0.41 (0.16-1.23) 0.74 (0.28-1.80) 0.010 0.058
Nutrition, activity, and body composition
Sports index (Beacke) 24+09 21+08 0.001 0.007
Energy intake (kJ) 11874 + 3647 11648 + 3391 0.591 —0.037
Fat intake (g/day) 148.0 + 48.6 1452 +45.3 0.615 —0.049
Alcohol consumption (g/day) 240 + 314 239 +294 0.986 0.022
Body-mass index (kg/m?) 25.6 + 3.7 260+ 45 0.307 0.068
Waist—hip ratio (cm/cm) 0.928 + 0.071 0.948 + 0.075 0.017 0.071
Levels of vitamins and antioxidants (available in a subgroup of 390 subjects)
Retinol® 0.018 + 0.009 0.014 + 0.007 0.031 —0.206
Tocopherol* 0.179 + 0.081 0.160 + 0.065 0.275 —0.150
Carotene® 0.010 + 0.005 0.007 + 0.004 0.022 —0.110

“Median and interquartile range (IQR) is presented for skewed variables.

®Partial Pearson correlation coefficients between Lp-PLA2 activity and given variable, corrected for age and sex. When accounting for the multiple comparisons performed,
P-values <0.00147 (in bold) are considered statistically significant (Bonferroni correction).

“Ratio of retinol, carotene, and tocopherol plasma levels and LDL level.

tP-values for difference in variable levels between subjects with and without incident CVD (1995—2005).

male, physically inactive, and had higher levels of systolic blood
pressure, fasting glucose, C-reactive protein, homeostasis model
of insulin resistance (HOMA-IR), microalbuminuria, fibrinogen,
total cholesterol, LDL-C, apoB-100, OxPL/apoB, Lp(a), and

lower levels of retinol and carotene (normalized for LDL-C)
(Table 1). Lp-PLA2 activity was higher in men than in women
(817 £ 205 vs. 749 + 179 pmol/min/L, P < 0.001) and modestly
increased with age (r = 0.073, P = 0.045).
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Association of Lp-PLA2 activity with
vascular, coagulation, lipid and lifestyle
variables, and antioxidant levels

Distribution of Lp-PLA2 activity approximates a normal distri-
bution. Level of Lp-PLA2 activity was strongly correlated with fer-
ritin, HOMA-IR, total cholesterol, triglycerides, LDL-C, and
apoB-100, and inversely with HDL-C and anti-oxidant levels
(Table 1 and Supplementary material online, Figure STA). Moreover,
level of Lp-PLA2 activity steadily increased with an increasing
number of components of the metabolic syndrome clustering in
individuals (age-/sex-adjusted Lp-PLA2 activity in subjects with O
to 5 components: 736, 755, 769, 837, 869, and 851 wmol/min/L;
P < 0.001) (Supplementary material online, Figure S1B). No associ-
ation was noted with life-style variables including smoking, alcohol,
diet, body mass index (BMI), and sports activity.

In a multivariable stepwise linear regression analysis (forced
entry of age and sex), LDL-C or apoB-100 and ferritin level
emerged as highly significant, independent determinants of
Lp-PLA2 activity (P <0.001 each). The metabolic syndrome
added significantly to the model composed of age, sex, LDL-C,
and ferritin (Table 2). In this model, metabolic syndrome could
be substituted by the number of metabolic abnormalities clustering
in individuals (P = 0.028). When allowing for antioxidant levels
(available in 390 subjects), retinol levels additionally showed an
independent relation with Lp-PLA2 activity (P = 0.002).

Relationship of Lp-PLA2 levels with
cardiovascular disease and mortality

In Cox regression analysis, the risk of incident composite CVD
gradually increased across tertile groups for Lp-PLA2 activity
(Table 3). This finding applied to base models adjusted for age
and sex [hazard ratio (HR) (95%Cl) 1.7 (0.9-3.4) and 2.9 (1.6—
5.5) for comparison between the middle and highest vs. lowest
tertile group; P < 0.001 for trend], and to multivariable models
[HR 1.6 (0.8-3.2) and 22 (1.1-4.8), P=0.019 for trend].
Similar HR was noted for the extended composite CVD endpoints,
which included revascularization and peripheral arterial disease,
and for individual disease endpoints (stroke and TIA, myocardial

Table 2 Multivariable association of Lp-PLA2 activity
with potential determinants in the Bruneck Study
(n=765)

Variables Regression 95% Confidence P-value
coefficient interval

Age 8.98 —3.11 t0 21.08 0.146

Male gender 69.29 42.96 to 95.62 <0.001

LDL cholesterol 83.72 71.40 to 96.04 <0.001

Ferritin 29.53 16.43 to 42.63 <0.001

Metabolic syndrome 35.49 8.40 to 62.57 0.010

Regression coefficients (95%Cl) were calculated for a 1-SD unit increment of
continuous variables. Metabolic syndrome was defined according to AHA-NHLBI
criteria.

infarction) (Table 2). Cox models calculated for a 1-SD unit incre-
ment in Lp-PLA; activity showed similar and consistent results
(Table 3, right columns). Additional adjustment for statins and
other standard cardiovascular therapies had no influence on the
results (data not shown). Interestingly, the findings extended to
vascular mortality [HR 2.0 (0.8—-5.2) and 2.7 (1.1-6.5) for com-
parison between the middle and highest vs. lowest tertile group;
P =0.044 for trend] but not to non-CVD death [HR 0.9 (0.5—
14) and 0.9 (0.5-1.6), P=10.56 for trend]. Cumulative hazard
plots are depicted in Figure 1.

Supplementary analysis using sextiles of Lp-PLA2 activity indi-
cate a gradual increase in CVD risk (data not shown). When
using orthogonal polynomials, the linear term was highly significant
(P =10.001) with no evidence of additional non-linear components.

Lp-PLA2 activity and cardiovascular risk

in subgroup analysis

Associations were consistent in subgroups, including men vs.
women [HR per 1-SD unit increment in Lp-PLA2, 1.62 (1.28—
2.06) in men and 1.28 (0.90—-1.81) in women; interaction P=
0.25], diabetics vs. non-diabetics, BMI <25 vs. BMI >25, no
prior CVD vs. prior CVD, non-smokers vs. current/ex-smokers,
and in subjects with different LDL-C, C-reactive protein, and Fra-
mingham Risk Score (FRS) (Figure 2). There was a non-significant
trend towards a stronger association in groups with lower
LDL-C. However, there was a significant interaction with Lp(a)
level (Figure 2).

Added predictive ability of Lp-PLA2 as a
risk marker for cardiovascular disease

Addition of Lp-PLA2 activity level to equations based on the Fra-
mingham risk function resulted in a modest increase in the area
under the receiver—operating characteristic (ROC) curve (0.737
vs. 0.717, A 0.020, P = 0.31) (Figure 3), but a significant improve-
ment in the likelihood function (A likelihood ratio Chi-square
10.2; P =0.001). P-values derived from the modified Hosmer—
Lemeshow calibration statistic (comparing observed and predicted
risk using decile categories of predicted probabilities) amounted to
0.54 and 0.61 for the models not including and including Lp-PLA2
indicating a marginal gain in model calibration. The net reclassifica-
tion improvement for 10-year risk categories <10%, 10—20%, and
>20% was 9.5% (P=0.11). Among individuals with outcome
events, the proportions of subjects reclassified to a higher and
lower risk category were 19.5 and 4.9%, respectively. Correspond-
ing proportions among individuals free of CVD during follow-up
were 11.3 and 6.1%.

Discussion

This prospective epidemiological study of unselected subjects fol-
lowed for 10 years confirms that increased baseline Lp-PLA2
activity is associated with increased risk of future cardiovascular
events. Importantly, it documents several novel observations con-
sistent with the specific pathophysiological role of Lp-PLA2 in
atherogenesis: first, it demonstrates a significant relationship with
vascular death but not with non-CVD mortality consistent with a
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Table 3 Association between Lp-PLA,; activity and cardiovascular disease risk in the Bruneck study cohort (1995-2005)

Model Hazard ratio (95% CI)

Lp-PLA2 tertile groups

Primary composite CVD endpoint

P-value  Hazard ratio (95% CI) P-value
for L - ; g
tradid per 1-SD unit increase in Lp-PLA ,

0.5

1
Age/sex-adjusted Cox model (n = 82) 1.0 1.7 (0.9-3.4) 2.9(1.6-5.5) <0.001
Multivariable Cox model® (n = 82) 1.0 1.6 (0.8-3.2) 2.2(1.14.8) 0.019
Extended composite CVD endpoints
Multivariable Cox model® (n = 98) 1.0 1.4(0.8-2.7) 1.9 (1.0-3.5) 0.036 —— 0.008
Multivariable Cox model* (n = 108) 1.0 1.6 (0.8-2.9) 2.0(1.1-3.7) 0.022 —— 0.002
Stroke / TIA
Age/sex-adjusted Cox model (n =45) 1.0 1.2 (0.5-2.9) 2.2(1.04.9) 0.029 —— 0.013
Multivariable Cox model® (1 =45) 1.0 1.2 (0.5-2.9) 2.0 (0.8-4.8) 0.107 —— 0.045
Myocardial infarction
Age/sex-adjusted Cox model (n =43) 1.0 2.3(0.8-6.6) 4.0 (1.5-10.5) 0.003 —— 0.001
Multivariable Cox model® (n = 43) 1.0 24(0.8-7.1) 3.6 (1.2-10.3) 0.017 —— 0.005

1 I I 1

0.5 1.0 1.5 20 25

Squares and lines are hazard ratios (HRs) and 95% confidence intervals. HRs were derived from Cox models and calculated for Lp-PLA,; activity tertile groups (left-hand columns)
and for a 1-SD unit increase in Lp-PLA; activity (right-hand columns). Primary composite endpoint: stroke, TIA, myocardial infarction, and vascular death. In all analysis, only the
first outcome event occurring in study participants was considered while potential further or recurrent events were censored.

*Multivariable adjustment: age, sex, previous cardiovascular disease, systolic blood pressure, smoking, diabetes, ferritin level, fibrinogen level, LDL and HDL cholesterol,
waist-to-hip ratio, alcohol consumption, social status, sports activity, and loge-transformed levels of HOMA-IR, lipoprotein(a), C-reactive protein, and urinary albumin.

Primary composite CVD endpoint + revascularization procedures.

iPrimary composite CVD endpoint + revascularization procedures + new onset symptomatic peripheral artery disease.

specific effect on the vessel wall; second, it identifies plasma ferritin
levels, a measure of body and macrophage iron content and a

potent pro-oxidant,??’

as a potential modulator of Lp-PAL2
activity; third, it demonstrates an inverse correlation between anti-
oxidant levels (normalized to LDL-C) and HDL-C with Lp-PLA2
activity; fourth, it confirms a significant relationship of Lp-PLA2
with the metabolic syndrome (AHA-NHLBI criteria), the number
of metabolic syndrome parameters and level of HOMA-IR. In
total, these data support an integral role of Lp-PLA2 activity in
lipid peroxidation and cardiovascular risk.

The totality of published reports on Lp-PLA2, measured either
as mass or activity, suggest that it is significantly related to future
CVD with hazard ratios of 1.5-2.0, but with a modest attenuation
of risk following multivariable analysis. The current study, which
adjusted for age, sex, previous CVD, systolic blood pressure,
smoking, diabetes, ferritin, fibrinogen, LDL and HDL cholesterol,
waist-to-hip ratio, alcohol consumption, social status, sports
activity, HOMA-IR, lipoprotein(a), C-reactive protein, and urinary
albumin, confirms a similar role of Lp-PLA2 in predicting CVD.
Importantly, we also documented that baseline Lp-PLA2 activity
was associated with vascular but not non-vascular death
(Figure 1). The relationship between Lp-PLA2 and CVD risk was

noted in most subgroups tested, including patients in various
tertile groups for LDL-C and hs-C-reactive protein, and different
FRS estimates. These data are consistent with studies in subjects
with sudden death or undergoing carotid endarterectomy that
have reported prominent expression of Lp-PLA2 within the necro-
tic core and surrounding macrophages of vulnerable and ruptured
plaques and apoptotic cells.?®* Furthermore, a correlation of
atheroma volume documented by IVUS with Lp-PLA2 mass
measured in the coronary sinus has been documented.’® These
findings suggest that Lp-PLA2 is intimately associated with the tran-
sition of such plaques to clinical events.

Like with most other novel markers of vascular risk, no significant
global increase in model performance (Figure 3) was observed upon
addition of Lp-PLA2 activity to a standard prediction model (based
on the Framingham risk function). The net reclassification improve-
ment was 9.5% but fell short of significance. There is some promise,
however, for a clinical utility in subgroups especially subjects at
moderate risk or in combination with other novel risk markers. A
large-scale meta-analysis is currently underway to resolve this issue.

The determinants of plasma Lp-PLA2 mass and activity levels are
not fully known. In this study, variables primarily related to lipo-
proteins, oxidation, and insulin resistance were correlated with
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Figure I Cumulative hazard curves of cardiovascular disease (CVD), CVD death, and non-CVD death for tertiles of Lp-PLA2 activity (multi-

variable adjustment).

Lp-PLA2 activity. In particular, a positive association was noted
between Lp-PLA2 activity and LDL-C, apoB-100, ferritin, and
HOMA-IR, but an inverse association with HDL-C and anti-oxidant
levels. Although a cause and effect relationship cannot be deter-
mined from this study, it does suggest that Lp-PLA2 activity may
be influenced by the underlying atherogenic and pro-oxidant
milieu. Interestingly, well-accepted risk factors such as hyperten-
sion, diabetes, and smoking and life-style behaviours all were not
correlated with Lp-PLA2 activity.

There is compelling evidence that levels of LDL-C correlate with
Lp-PLA2 mass and activity. Although it is known that Lp-PLA2 is
released by inflammatory cells and then attaches itself to
apoB-100 through a specific non-covalent interaction, the factors
that mediate changes in Lp-PLA2 have not been determined. In
most subjects, the majority of Lp-PLA2 mass is found on LDL-C
and a relatively small amount (~5%) is found on HDL?" Interest-
ingly, lipoprotein(a) particles carry proportionally more Lp-PLA2
mass (1.5-fold) and activity (up to 7-fold) compared to equimolar
amounts of LDL in the same subjects (reviewed by Tsimikas

et al*?). In fact, a recent study from the Bruneck population
showed that subjects in the highest tertile of both Lp-PLA2 activity
and of oxidized phospholipids on apolipoprotein B-100 particles
(OxPL/apoB) have nearly double the risk of future cardiovascular
events compared to subjects in the highest tertile of each factor
individually.”* This suggests that a pro-oxidant environment
where both substrate (OxPL) and enzyme (Lp-PLA2) activity
levels are elevated results in a higher risk compared to each
factor alone. Additionally, lipid lowering drugs have differential
effects on LDL- and HDL-associated Lp-PLA2 activity. For
example, whereas ezetimibe, rosuvastatin, and fenofibrate all
reduce non-HDL-associated Lp-PLA2 mass and activity, only feno-
fibrate increases HDL-associated Lp-PLA2 mass and activity.>
These data suggest that additional information on the pathophysio-
logical role of Lp-PLA2 may be obtained by evaluating both its
interaction with individual lipoproteins and makes a strong ration-
ale for further research in this area.

This is the first study to document that ferritin levels positively
correlate with Lp-PLA2 activity and that HDL-C and anti-oxidant
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Subgroup Number of events Age/sex-adjusted hazard ratio (95%Cl) Interaction
(event rate) per 1-SD unit increase in Lp-PLA 2 P value
0.5 1.0 1.5 2.0 2.5
L 1 L L

Men (n=386) 51(0.13) 1.6 (1.3-2.1) — 0.245
Women (n=379) 31(0.08) 1.3(0.9.1.8) —
No diabetes (n=688) 70 (0.10) 1.4(1.1-1.7) — 0.118
Diabetes (n=77) 12 (0.16) 2.5 (1.3-5.0) B—
BMI < 25 (n=357) 40 (0.11) 1.5 (1.1-1.9) — B 0.805
BMI > 25 (n=408) 42 (0.10) 1.5 (1.1-2.0) —B—
No CVD (n=693) 61 (0.09) 1.6 (1.2-2.0) — B 0.198
Previous CVD (n=72) 21(0.29) 1.3(0.9-1.8) —
Non-smokers (n=413) 43(0.10) 1.5 (1.1-1.9) _ 0.743
Current/ex-smokers (n=352) 39 (0.11) 1.6 (1.2-2.0) ] —
LDL < 3.34 mmoliL (n=256) 22 (0.09) 2.2(1.3-3.8) = > 0102
LDL 3.34—4.09 mmol/L (n=252) 23 (0.09) 1.4 (0.9-2.1) i
LDL > 4.09 mmol/L (n=257) 37 (0.14) 1.3 (1.0-1.8) ——
Lp(a) < 0.25 pmol/L (n=254) 18 (0.07) 1.2 (0.8-1.8) —-—.— 0.046
Lp(a) 0.25-0.85 pmol/L (n=256) 24 (0.09) 1.5(1.1-2.2) i — i —
Lp(a) > 0.85 ymol/L (n=255) 40 (0.16) 1.8 (1.3-2.5) 1
C-reactive protein < 1 mg/L (n=217) 15 (0.07) 2.1(1.2-3.7) . > 0.551
C-reactive protein 1-3 mg/L (n=346) 38 (0.11) 1.4 (1.0-1.8) )
C-reactive protein > 3 mg/L (n=202) 29 (0.14) 1.4 (1.0-2.1) _

. : 0.562
FRS 10 year risk < 10% (n=345) 18 (0.05) 1.0 (0.7-1.6) —.—
FRS 10 year risk 10-20% (n=246) 27 (0.11) 1.8 (1.2-2.6) =
FRS 10 year risk > 20% (n=174) 37 (0.21) 1.5 (1.1-2.0) )

1 1 I 1

0.5 1.0 1.5 2.0 2.5

Figure 2 Age- and sex-adjusted hazard ratio (95%CIl) per 1-SD unit increment in Lp-PLA2 activity for various subgroups. FRS, Framingham

Risk Score for 10-year risk.

levels are inversely associated. Additionally, this study confirms the
strong association between Lp-PLA2 levels and the metabolic syn-
drome.>** Ferritin is the main intracellular storage protein of iron.
Heavy metal cations, such as iron and copper, are strong catalysts
for oxidation of lipoproteins resulting in a large number of biologi-
cal properties that could in principle make oxidized LDL
proatherogenic.36 Haem, an iron complex with protoporphyrin
IX, is also a strong LDL-oxidizing agent, especially when activated
by low concentrations of peroxides. Small amounts of haemo-
globin are constantly leaking from damaged erythrocytes, particu-
larly in the vascular regions with turbulent flow, such as vessel
bifurcations and aortic curvatures. Haemoglobin-induced LDL oxi-
dation has been suggested to significantly contribute to the
increased levels of OxLDL found in the plasma of the patients
on haemodialysis.>’

Prior studies have primarily focused on Lp-PLA2 mass, which is
now clinically available as an adjunct to clinical risk prediction.®® In

this study, we measured Lp-PLA2 activity, which is only available as
a research assay. It has not been established whether Lp-PLA2
mass or Lp-PLA2 activity provide similar, complementary, or inde-
pendent information. In published studies where both mass and
activity were measured,”>** only a modest correlation was
noted between Lp-PLA2 mass and activity. Future studies will be
important to ascertain the role of each measure, particularly
with the current clinical trials of Lp-PLA2 inhibitors to reduce car-
diovascular risk.*

Limitations

Although this is a prospective study with 10-year follow-up, the
number of events was limited. However, the cohort is extremely
well characterized with 100% ascertainment of follow-up. Many
of the associations with Lp-PLA2 were modest in strength,
although highly statistically significant. These observations need
to be verified in future studies.
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Incident cardiovascular disease (1995-2005)

1.0 5

0.8 —

0.6 —

Sensitivity

0.4

0.2

0.0

Without

0.0 0.1 0.2 0.3 0.4

I I I I I 1
0.5 0.6 0.7 0.8 0.9 1.0

1-Specificity

Figure 3 Receiver—operating characteristic (ROC) curves for incident cardiovascular disease (1995—2005). Curves are based on models of
prediction of risk using conventional risk variables (Framingham Risk Score) with and without the level of Lp-PLA2 activity.

Conclusions

This study demonstrates that elevated Lp-PLA2 activity levels are
associated with CVD and vascular death, but not non-vascular
mortality. Our data also suggest an interaction between
Lp-PLA2 levels and increased susceptibility to oxidation, as man-
ifested by increased ferritin levels, low HDL-C, and diminished
anti-oxidant vitamin levels, in a milieu of pro-oxidant stress man-
ifested by increased substrate (LDL-C) and insulin resistance. It
can be hypothesized that this pro-oxidant state may in fact
mediate increases in Lp-PLA2 levels noted in these patient
subsets. These observations link several pathophysiologically
related cardiovascular risk factors and provide a basis in
further understanding the role of Lp-PLA2 in CVD. Addition
of Lp-PLA2 activity to the standard prediction models of
vascular risk resulted in a modest (non-significant) gain in
model discrimination and calibration and a net reclassification
improvement of 9.5%. Further studies are required to establish
the utility of Lp-PLA2 activity for routine prediction of
cardiovascular risk.

Supplementary material

Supplementary material is available at European Heart Journal online.
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