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Abstract

Lipoprotein-associated phospholipase A, (Lp-PLA),) is an enzyme involved in inflammation and
platelet function. Inherited deficiency and elevated levels are associated with atherosclerosis. Given
potential common etiologies of atherosclerosis and venous thrombosis (VT), we hypothesized that
low and high Lp-PLA, would be associated with VT risk. Lp-PLA, mass and activity were measured
in baseline samples of Cardiovascular Health Study participants (5,888 men and women age >65),
excluding 354 reporting pre-baseline VT. The study endpoint was VT unrelated to cancer after 11.6
years follow-up. Hazard ratios were estimated using Cox proportional hazard models, adjusting for
age, race, sex and body-mass index. With 129 cases of VT, there was no association of Lp-PLA,
activity with risk. Adjusted hazard ratios were 1.19 (Cl1 0.62, 2.29) and 0.87 (CI 0.43, 1.76) for the
lowest and highest decile, respectively, compared to the 10-25!" percentile. Corresponding hazard
ratios for Lp-PLA, mass were 1.63 (Cl 0.79, 3.34) and 1.33 (CI 0.61, 2.87). Results were robust to
several definitions of low or high Lp-PLA,. While the association of Lp-PLA; levels with arterial
disease events implies a role for this enzyme in atherogenesis, our findings suggest that it is not
prothrombotic.
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Platelet activating factor acetylhydrolase (PAFAH) is an enzyme in the phospholipase A,

family. PAFAH inactivates platelet activating factor (PAF) by hydrolyzing the acetyl group at
the sn-2 position [1] and is synthesized by a variety of cell types [2]. Three isoforms of PAFAH
have been identified: intracellular types Ib and Il and a plasma form [3]. Plasma PAFAH, which
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is also called lipoprotein-associated phospholipase A, (Lp-PLA)), is a 45 kDa monomeric
enzyme associated primarily with high and low density lipoproteins (HDL and LDL) [4]. PAF
is a phospholipid messenger involved in the mediation of a variety of biological activities [5].
Lp-PLA, regulates the inflammatory effects of PAF in the vasculature by terminating PAF
signaling [6]. A loss of function mutation in the Lp-PLA, gene was reported in 4% of a Japanese
population and this deficiency state has been associated with thrombotic inflammatory diseases
including myocardial infarction, stroke and non-familial dilated cardiomyopathy [7-11].
Conversely, several studies of middle aged men and women have reported that elevated
circulating levels of Lp-PLA, was associated with increased risk of coronary heart disease and
stroke [12-15].

Although Lp-PLA; is related to thrombosis and inflammation status, there is no information
on the association of Lp-PLA, levels and venous thrombosis (VT), a disease that millions of
patients annually are at risk for [16]. Given its biological roles in coagulation and inflammation
and the recently described links between atherosclerosis and VT [17], we examined the
association of Lp-PLA, concentration with subsequent VT. Because both low and high levels
of Lp-PLA, levels are associated with atherosclerotic disease, we hypothesized that both low
and high Lp-PLA activity and mass levels would be associated with increased rates of VT.

Of the 5,287 participants eligible for analysis, Lp-PLA, mass was available in 5,154 (mean
344.7 ng/ml; SD 118.2 ng/ml). Of these participants 4,343 were white and 2,989 were women.
Lp-PLA, activity was available in 5,142 participants (mean 39.5 nmoles/min/ml; SD 12.9
nmoles/min/ml); 4,333 of these participants were white and 2,984 were women. The Spearman
correlation coefficient between Lp-PLA, mass and activity among the 5142 participants who
had measurements for both values was 0.53. There were 129 incident VT cases with Lp-
PLA, mass data (64 were idiopathic) and 128 incident VT cases with activity data (63 were
idiopathic). The median follow up was 11.6 years.

The mean (SD) Lp-PLA, mass and activity concentrations were greater in men than women
(mass 357 (121) vs. 336 (115) ng/ml; activity 42.6 (13.1) vs. 37.3 (12.3) nmoles/min/ml).
Caucasians had higher levels than African Americans (mass 354 (119) vs. 298 (103) ng/ml;
activity 40.8 (13.0) vs. 33.2 (10.6) nmoles/min/ml) (all p-values <0.0001). Because of these
differences, percentile categories were defined using sex and race specific values.

Table | shows the distribution of VT risk factors in this cohort by Lp-PLA, categories.
Participants with higher Lp-PLA, mass, but not activity, were older. BMI was positively
associated with Lp-PLA, activity, but not mass. Factor V111 levels were higher with increasing
levels of Lp-PLA, mass and activity.

Table 11 shows the incidence rates of overall and idiopathic VT by baseline Lp-PLA, mass and
activity categories. Compared to those in the 10-25! percentile, participants with lower or
higher baseline Lp-PLA, mass, except for those in the 75-90™ percentile, had higher incidence
rates of VT. The unadjusted hazard ratios followed the same pattern, but were generally not
statistically significant. For example, the HR of /T for Lp-PLA, mass in the 0-101 percentile
compared to the 10-25t percentile was 1.66 (95% CI 0.81, 3.41). Above the 90t percentile
the HR was 1.40 (95% CI 0.65, 3.03) compared to those in the 10-25t percentile. Adjustment
for age, sex, race, and BMI did not alter the interpretation of the results. In analyses limited to
idiopathic cases of VT, hazard ratios were higher but remained non-significant. For Lp-
PLA activity, differences in VT incidence among categories were less apparent than for Lp-
PLA, mass. No hazard ratios for lower or higher Lp-PLA, activity approached statistical
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significance. Further adjustment for factor VIII in the original cohort did not alter the
interpretation of the results for either Lp-PLA; activity or mass (data not shown).

Sensitivity analyses assessing other forms of the data were considered. Comparing those with
Lp-PLA levels below the 10t percentile to the rest of the cohort, the hazard ratio for overall
VT was 1.24 (95% CI 0.74-2.10) for mass and 1.34 (Cl 0.80-2.27) for activity, adjusted for
age, sex, race and BMI. Expressing Lp-PLA, mass or activity in tertiles of the distribution,
compared to the first tertile, the adjusted hazard ratio of overall VT for Lp-PLA, mass was
1.06 (95% CI 0.69-1.62) for the middle tertile and 0.69 (95% CI 0.42-1.12) for the top tertile.
For Lp-PLA; activity these hazard ratios were 0.77 (95% CI 0.48-1.22) and 0.92 (95% ClI
0.59-1.44), respectively. Results were similar for idiopathic VT (data not shown). Considering
Lp-PLA, mass and activity as continuous variables, using linear and quadratic functions, none
were significant (data not shown).

In a separate analysis we included cancer related VT cases in order to increase event numbers.
For Lp-PLA, mass, results were only slightly altered in comparison to the non cancer related
VT analysis and followed the same trends described above. For Lp-PLA activity, participants
in every category had lower incidence rates of VT compared to those in the 10-25™ percentile,
although this finding was not statistically significant. For example, compared to the 10-25t
percentile, the HR of VT for Lp-PLA, activity in the 0-10t and >90™ percentiles were 0.84
(95% C1 0.46, 1.51) and 0.63 (95% CI 0.33, 1.20), respectively. Adjustment for age, sex, race,
BMI and/or factor V111 did not alter the hazard ratios for either Lp-PLA, mass or activity in
this analysis.

Discussion

In this population of 5,154 older adults, we observed no significant association of either high
or low baseline Lp-PLA, mass or activity concentrations with risk of future VT. Separate
analyses of idiopathic cases or using various definitions of low or high Lp-PLA levels did not
alter the results.

Several studies have implicated Lp-PLA; as a risk factor for cardiovascular disease. While
recent studies have suggested etiologic links between venous and arterial thrombosis [17], our
results suggest Lp-PLA; is not an etiologic factor for both. Lp-PLA, was a risk factor for first
coronary heart disease in men with hypercholesterolemia who were in the West of Scotland
Coronary Prevention Study [12], in healthy middle aged men in the MONICA-Augsburg cohort
[13], and in the general populations of the Rotterdam study and the Cardiovascular Health
Study [18], Jenny et. al., manuscript submitted]. The Atherosclerosis Risk in Communities
study (ARIC) of middle-aged individuals concluded that higher Lp-PLA, predicted myocardial
infarction in those with lower LDL cholesterol and was a risk marker for stroke [14].
Conversely, a loss of function mutation resulting in Lp-PLA, deficiency, found in 4 percent
of the Japanese population [19], has been linked to myocardial infarction [8] and stroke [7].
To date this mutation has not been detected in a North American population [20]. We could
not demonstrate that either low or high Lp-PLA, concentrations were related to VT risk.

Although neither approached statistical significance, Lp-PLA, mass and activity hazard ratios
differed with respect to the null. For Lp-PLA, mass, many of the hazard ratios were increased,
in contrast to reduced hazard ratios for Lp-PLA; activity. Lp-PLA; activity and mass were not
highly correlated and were correlated differently with some risk factors, suggesting that these
assays represent different biological aspects of inflammation.

The strengths of this study include the prospective design in a large cohort of participants with
baseline Lp-PLA, mass and activity measurements. The cohort included people age 65 and
older residing in four communities in the United States. As such, our results are not
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generalizable to individuals below this age or from other regions. The main limitation of this
study is the relatively small number of incident VT events and restricted power to detect small
hazard ratios. While the effects of long term-storage of blood samples on Lp-PLA,
determination are unknown, they are likely small given our storage temperature.

We conclude that Lp-PLA, is not a risk factor for VT. We are unaware of other studies
examining this question. While the association of Lp-PLA, levels with myocardial infarction
and stroke imply a role for this enzyme in atherogenesis, our findings suggest that it is not
related to thrombotic potential.

Study population and baseline assessment

The Cardiovascular Health Study (CHS) is a prospective, observational study of risk factors
for cardiovascular disease. It includes 5,888 men and women who were >65 years of age at
baseline [21]. Participants were randomly sampled from Medicare eligibility lists. The original
cohort (n=5,201) was recruited from 1989 -1990 from four U.S. communities (Forsyth County,
North Carolina; Sacramento County, California; Washington County, Maryland; and
Allegheny County, Pennsylvania). An additional cohort of 687 primarily African American
men and women were recruited in 1992 — 1993. All participants provided written informed
consent in accordance with local human subjects committees.

At the baseline visit demographic information and medical history were ascertained, and
physical measurements performed. Body mass index (BMI) was calculated using height and
weight (kg/m2). Following an 8-12 hour fast, blood samples were collected and centrifuged
for 10 minutes at 3,000g at 4° C [22]. Samples were frozen, shipped to a central laboratory and
stored at — 70°C. In 2005, baseline plasma samples that had not been previously thawed were
used to measure Lp-PLA,. Lp-PLA; activity was measured by GlaxoSmithKline using a
tritium-labeled form of platelet activating factor [3H PAF] as substrate in a 96-well microplate,
as described previously [18]. Samples were tested in duplicate and were retested if the replicate
coefficient of variation was >25%. The analytic CV was 7.5%. Plasma Lp-PLA, mass was
measured at the University of Vermont using an enzyme-linked immunosorbent assay kit
(second generation PLAC™ Test; diaDexus Inc., South San Francisco, CA, USA). All samples
were analyzed in duplicate. The analytic CV was 6.3%. Factor V11l coagulant activity was
measured in the original cohort only (n = 5,201) on the Coag-A-Mate X2 (Organon-Teknika,
Durham, NC) using factor VlI-deficient plasma and partial thromboplastin (Organon -
Teknika, Durham, NC).

We excluded participants who reported pre-baseline VT (n=354), were taking warfarin at
baseline (n=98), did not have a blood sample for analysis or a previously unthawed blood
sample available (n=330), or more than one of these. Exclusions resulted in 5,287 participants
for analysis.

Case Ascertainment

Follow-up involved alternating telephone calls and clinic visits every 6 months.
Hospitalizations were identified by self-report of the participant or proxy, and by search of
Health Care Financing Administration records. For every hospitalization, hospital discharge
summaries and ICD-9-CM discharge codes were obtained. Cases of possible VT (deep vein
thrombosis and or pulmonary embolism) between enroliment and Dec. 31, 2001 were identified
and validated using standardized criteria requiring positive imaging studies as previously
described [23]. Thrombosis events were classified as idiopathic or secondary (within 90 days
of acute medical conditions such as major trauma, associated surgery, marked immobility, or
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cancer). Cancer related VT was not included as an endpoint; participants with cancer-related
VT (n=36) were censored as non-events from the analysis at the time of their VT.

Statistical Analysis

Means or frequencies of VT risk factors were examined by Lp-PLA, categories. Categories
were based on sex and race (African American or other) specific percentiles of the distribution:
0-10%, 10-25%, 25-50%, 50-75%, 75-90%, and 90+ %. These percentiles were chosen to test
the hypothesis of increased risk at low and high levels. Characteristics were compared across
categories using the chi-square test of independence or the Wald test of inequality of means.
Follow-up time was calculated as time from baseline to incident non-cancer related VT, death
or December 31, 2001, whichever occurred first. Rates were calculated by dividing the number
of VT events by the total number of person-years of follow-up. Hazard ratios and 95%
confidence intervals of incident VT by Lp-PLA, activity and mass categories were estimated
using Cox proportional hazard regression. The hypothesized J-curve response relationship was
evaluated by testing the significance of a quadratic term in the model for each assay. Following
this hypothesis, on an a priori basis participants in the 10-25th percentile group for each assay
were used as the reference group for categorical analyses. Other forms of the data were assessed
in secondary analyses. Regression models were adjusted for the VT risk factors in this cohort;
age, race, sex and higher BMI [24]. Models that also adjusted for factor V111 were restricted
to the original cohort. Models were fit to estimate associations with overall non-cancer related
VT and idiopathic VT separately. Data were analyzed using Stata statistical software
(StataCorp. 2003. Stata Statistical Software: Release 8.0. College Station, TX: StataCorp LP).
All statistical tests were two-sided.
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