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The Utility of the Lipoprotein-Associated
Phospholipase A2 (Lp-PLA2) Assay
in Detecting Abnormalities in Lipid
Metabolism and Cardiovascular Risk
in an HIV-Infected South African Cohort
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Abstract
People with HIV (PWH) have an increased prevalence of cardiovascular disease (CVD) compared to uninfected patients.
Lipoprotein-associated phospholipase A2 (Lp-PLA2) catalyzes the synthesis of pro-inflammatory lipids that recruit monocytes.
Current guidelines for assessing cardiovascular risk in HIV-infected patients suggest that Lp-PLA2 may be a useful surrogate
marker for CVD health in this patient population. Lipoprotein-associated phospholipase A2, lipids, glucose, physical parameters,
and carotid intimal–medial thickness (CIMT) were measured in 98 participants (49 HIV-uninfected, 27 antiretroviral therapy
[ART]-naive PWH, and 22 ART-treated PWH). HIV viral load (VL) and CD4þ T-cell count were measured in HIV-infected
participants. Lipoprotein-associated phospholipase A2 was increased in participants on protease inhibitor (PI) ART (median 50.5
vs 127.0 nmol/mL, P ¼ .05) and correlated with age, body mass index, and cholesterol. Lipoprotein-associated phospholipase A2

was not related to Framingham risk score or CIMT but correlated directly with VL (r ¼ .323, P ¼ .025) and inversely with CD4þ
T-cell count (r¼�.727, P < .001). Lipoprotein-associated phospholipase A2 was increased in HIV-infected participants on PIs and
correlated strongly with VL and CD4þ T-cell count suggesting that HIV-associated inflammation is linked to increased Lp-PLA2,
providing a mechanistic link between HIV and CVD.
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Introduction

Access to antiretroviral therapy (ART) has increased the life

expectancy of people with HIV (PWH).1 Although there has

been a decrease in the prevalence of opportunistic infections,

PWH are more likely to develop noncommunicable diseases

including cardiovascular disease (CVD). The risk of CVD is

estimated to be 60% higher in patients with HIV infection, and

the relative risk is increased 2-fold even in patients on ART.2

Cardiovascular disease was the cause of mortality in patients

undergoing planned interruption of ART, focusing research

interest on validation of biomarkers to assess CVD risk in these

patients.3 The pathogenesis of CVD in PWH is multifactorial.

Immune activation and chronic inflammation, associated with

low-grade viral replication, microbial translocation, and oppor-

tunistic diseases, directly impacts the endothelial surface and

activates leukocytes, specifically monocytes, which are impli-

cated in plaque formation.4 People with HIV may have under-

lying traditional risk factors and are more likely to use

tobacco.5 Although suppression of viral replication generally

protects against CVD, certain ART drugs including the pro-

tease inhibitors (PIs) cause disorders in lipid metabolism.

Cardiovascular disease risk assessment tools, validated in

the general population, such as the Framingham risk score

(FRS), convert clinical risk factors into a summary estimate

of the likelihood of a CVD event over a specified period. The

scores can underestimate the individual patient risk6 and may

have limited utility in PWH, as HIV-specific risk factors

including the use of PI and viral burden are not always

included.7

Various biomarkers have been assessed in CVD risk evalua-

tion. In PWH, inflammatory changes (cytokines and leukocyte

activation), changes in coagulation proteins, presence of oxi-

dized lipids, and adhesion markers have been measured to

identify a robust predictive model.8 Lipoprotein-associated

phospholipase A2 (Lp-PLA2), an enzyme secreted by leuko-

cytes and liver cells, circulates primarily complexed to

low-density lipoprotein (LDL).9 Lipoprotein-associated phos-

pholipase A2 hydrolyzes phospholipids to produce metaboli-

cally active lipid mediators including pro-inflammatory free

fatty acids. These products recruit T-cells and monocytes, key

effectors of atherosclerotic plaque formation. Lipoprotein-

associated phospholipase A2 is overexpressed in macrophages

in the fibrous cap of unstable atherosclerotic coronary

lesions.10 The relationship between Lp-PLA2 and HIV has been

extensively studied with early reports in both simian and

human leukocyte models suggesting that Lp-PLA2 synthesis,

promoted by CD4–HIV envelope interactions, could facilitate

viral integration into host cells by destabilizing the cell mem-

brane. This permissive effect could be further enhanced by the

T-cell proliferation and activation in response to pro-

inflammatory lipid mediators.11

Lipoprotein-associated phospholipase A2 has been exten-

sively evaluated in clinical cohorts. It correlates with plaque

formation and CVD risk and identifies patients at risk of

recurrent cardiovascular events.10 Lipoprotein-associated

phospholipase A2 was incorporated into the American Associ-

ation of Clinical Endocrinologists/American College of Endo-

crinology Guidelines for management of dyslipidemia and

prevention of CVD as a nontraditional risk factor. Cardiovas-

cular disease risk is elevated in patients with raised Lp-PLA2

(generally considered as >30 nmol/mL)12 and C-reactive pro-

tein levels, even in the presence of a moderately increased

LDL.13 Studies suggest PWH have higher Lp-PLA2 levels than

uninfected patients, independent of triglyceride and LDL lev-

els.14 The elevated levels persist with viral suppression. Levels

of Lp-PLA2 may also guide both ART regimen choice (teno-

fovir may reduce Lp-PLA2 levels) and use of ancillary risk

modifiers such as statins. Most studies measured Lp-PLA2 lev-

els in patients with controlled HIV viraemia.15

The aim of this study was to investigate Lp-PLA2 levels of

HIV-infected patients (ART-naive and treated) enrolled in

large cross-sectional study in South Africa and to investigate

relationships between this marker, other measures of CVD risk,

and markers of viral control.

Methodology

Patient Recruitment

The study was approved by the Human Research Ethics Com-

mittee (Medical) of the University of the Witwatersrand (Pro-

tocol number M160131). Ninety-eight patients, enrolled in a

larger study to evaluate CVD risk in PWH in Johannesburg,

South Africa, from 2016 to 2017, were included. Twenty-seven

HIV-infected, ART-naive participants and 22 HIV-infected

participants on stable PI-containing ART regimen were com-

pared with 49 age- and sex-matched uninfected controls. Par-

ticipants were considered ART naive if they had received no

ART or ART for less than 6 weeks. The ART-treated partici-

pants, treated with a PI-containing regimen for at least

48 weeks, showed viral suppression. Demographic and cardi-

ovascular risk factors were collected using a modified version

of the World Health Organization STEPwise approach to Sur-

veillance (WHO STEPS) instrument.16 Blood was collected for

measurement of fasting glucose and lipid levels and Lp-PLA2.

Physical examination included measurement of height, weight,

waist and hip circumference, and blood pressure. The FRS was

computed to estimate a cumulative 10-year CVD risk. Left and

right carotid intima–media thickness (CIMT) was measured

sonographically at 3 standardized angles using the Meijer Arc.

Measurements were semiautomated but manually corrected if

required. Plasma Lp-PLA2 levels were measured on the Roche

Cobas analyzer using an enzymatic assay (Diazyme Labora-

tories, Poway, California).

Statistical Analysis

Because of the small number of participants per group, contin-

uous variables were expressed using median with minimum

and maximum values or count with percentage. Baseline

variables across the 3 groups were compared using a

Kruskal-Wallis test for continuous outcomes and a w2 test for

2 Clinical and Applied Thrombosis/Hemostasis



categorical outcomes. The LP-PLA2 was correlated with age,

body mass index (BMI), waist-to-hip circumference, lipid sub-

components, and glucose using a Pearson correlation

coefficient.

In a multivariable regression, the LP-PLA2 levels in the 3

groups were adjusted for age, gender, LDL levels, BMI, and

smoking. The relationship between Lp-PLA2 levels and FRS or

CIMT was examined in a multivariable regression considering

HIV and ART status. Finally, the relationship between LP-

PLA2 levels of all viremic participants and log-viral load and

CD4-cell count were analyzed using a Pearsons correlation

coefficient. A P value of �.05 was considered significant.

Statistical analyses were performed using IBM SPSS Statistics

version 25 (SPSS, Chicago, Illinois).

Results

The baseline characteristics for the 3 participant groups are

included in Table 1. With the exception of viral load and CD4þ
T-cell count, no significant differences were noted between the

populations.

We correlated Lp-PLA2 with traditional cardiovascular risk

factors, with carotid artery intimal thickness and with the FRS

in all 3 population groups. The Lp-PLA2 did not show a sig-

nificant relationship with either CIMT or FRS in HIV-

uninfected (median ¼ 0.514 nmol/mL, P ¼ .44 and median

¼ 3.17 nmol/mL, P ¼ .92, respectively), ART-naive HIV-

infected participants (median ¼ 0.512 nmol/mL, P ¼ .52 and

median ¼ 2.50 nmol/mL, P ¼ .92, respectively) or HIV-

infected participants on second-line ART (median ¼ 0.547

nmol/mL, P ¼ .48 and median ¼ 2.73 nmol/mL, P ¼ .94).

As expected, patients on PI treatment had significantly higher

LDL (median¼ 2.74 mmol/L, P < .001), triglycerides (median¼

1.58 mmol/L, P < .006), and total cholesterol levels (median ¼
4.43 mmol/L, P¼ .02) than either uninfected patients or patients

who were ART naive. Levels of Lp-PLA2 were increased in

patients on PI-containing ART regimens (median ¼ 150.5

nmol/mL vs 127.0 nmol/mL, P ¼ .05) and correlated with age

(r¼ .25, P < .001), BMI (r¼ .73, P¼ .04), total cholesterol (r¼
.21, P ¼ .04), and LDL-cholesterol (r ¼ .40, P < .001) in this

population. The significant higher levels of Lp-PLA2 for partici-

pants on ART did not persist when LDL levels were considered.

Of interest, Lp-PLA2 correlated with viral load (r ¼ .323,

P ¼ .025). When patients with undetectable viremia were

excluded, the correlation became more pronounced (r ¼
.653, P < .001). There was an inverse relationship with CD4þ
T-cell count, but this reached only significance in the virally

unsuppressed ART-naive participants (r ¼ .727, P < .001).

Conclusion

Lipoprotein-associated phospholipase A2 is a phospholipase

that complexes with LDL and catalyzes the release of pro-

inflammatory lipid mediators. It has been linked to CVD risk

(plaque formation and instability) specifically in patients with

underlying inflammatory disease. Studies, generally performed

on patients with controlled viremia, have demonstrated ele-

vated levels of Lp-PLA2.14 In this study, we assessed Lp-PLA2

utility when compared to traditional CVD risk factors and also

in ART-naive, HIV-infected participants and participants on a

PI-containing ART regimens.

Lipoprotein-associated phospholipase A2 levels were only

significantly increased in HIV-infected participants in this

cross-sectional study on a PI-containing ART regimen. This

increase reflected LDL levels and may indicate the general

dyslipidemia associated with PI-containing drug regimens.17

Table 1. Characteristics of the Patient Population at the Time of Analysis (All Values Expressed as a Median and Range Unless Otherwise
Specified).

Participant Characteristics HIV Negative, n ¼ 49 HIV-Positive, ART Naive, n ¼ 27 HIV-Positive, PI ART, n ¼ 22

Femalea 24 (49.0) 14 (51.9) 12 (54.5)
Age, years 38.9 (25.1-64.3) 38.9 (24.2-56.5) 40.5 (26.5-57.7)
Current smokinga 12 (25.0) 8 (29.6) 2 (9.1)
Systolic BP, mm Hg 123.5 (99.5-190.0) 119.5 (87.5-164) 120.5 (91.5-161.0)
BMI, kg/m2 25.7 (17.0-47.2) 23.7 (17.5-35.0) 25.0 (18.7-42.1)
Waist to hip ratio 0.88 (0.69-1.00) 0.88 (0.76-0.98) 0.88 (0.62-0.97)
CD4, cells/mm3 - 276 (15-532) 480 (121-997)
Log_VL, cp/mL, median (IQR) - 9.53 (3.66-14.15) 3.66 (3.66-8.72)
Total cholesterol, mmol/L 4.32 (3.60-6.40) 3.66 (2.50-7.40) 4.43 (3.60-6.40)
HDL cholesterol, mmol/L 1.32 (0.90-3.20) 1.18 (0.60-3.90) 1.29 (0.80-1.80)
LDL cholesterol, mmol/L 2.23 (0.60-4.40) 2.16 (1.10-3.40) 2.74 (1.80-4.70)
Triglycerides, mmol/L 1.04 (0.50-3.70) 0.97 (0.60-1.90) 1.58 (0.80-4.90)
Random glucose, mmol/L 4.85 (2.60-9.60) 4.40 (3.40-7.80) 4.50 (4.30-9.4)
Framingham risk score (%) 3.17 (0.59-40.99) 2.50 (0.51-13.52) 2.73 (0.51-22.37)
CIMT, mm 0.514 (0.447-1.024) 0.512 (0.446-0.758) 0.547 (0.477-0.738)
Lp-PLA2, nmol/mL 127.0 (52.0-196.0) 127.0 (17.0-62.0) 150.5 (47.0-219)

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; BP, blood pressure; CMIT, carotid intimal–medial thickness; HDL, high-density lipoprotein;
IQR, interquartile range; LDL, low-density lipoprotein; Lp-PLA2, Lipoprotein-associated phospholipase A2; PI, protease inhibitor; VL, viral load.
aExpressed as an absolute number and percentage.
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Studies suggest that the benefits of ART initiation outweigh

the risks of initiating a PI for CVD outcomes.18 Lipoprotein-

associated phospholipase A2 correlated with LDL and total

cholesterol that are risk factors for atherosclerosis, although

there was no convincing relationship with the FRS or

the CIMT. The FRS has been criticized for both under- and

overestimating cardiovascular risk in the HIV-infected

population.19

More importantly, Lp-PLA2 correlated strongly with viral

load and CD4þ cell count, specifically in those patients with

detectable viremia. Persistent chronic inflammation second-

ary to viral factors including low-grade viral replication,

opportunistic infections, and bacterial translocation is

associated with endothelial dysfunction and coagulation

abnormalities.20-22 Lipoprotein-associated phospholipase A2

is a lipid regulator of inflammatory pathways and is a biomar-

ker of inflammation-induced endothelial dysfunction. The

significant relationship with virological status in this popula-

tion provides a link between active viremia and the mechan-

istic development of CVD in these patients.

This study has a number of limitations. We did not access

patients who were not on a PI-containing regimen which may

explain the discrepancies of our findings and other studies

looking at Lp-PLA2 in HIV-infected patients. In addition, this

study was cross-sectional, and it would be useful to examine

the patients with increased Lp-PLA2 levels longitudinally to

assess the contribution to CVD risk. Finally, we did not include

measurement of Highly sensitive C-reactive protein (hs-CRP)

which would have been an important indicator of inflamma-

tion. Despite these limitations, we are of the opinion that this

enzyme may drive atherosclerosis in HIV-infected patients,

and its utility in clinical care should be investigated in prospec-

tive studies.

Authors’ Note

Elizabeth S. Mayne and Susan Louw contributed equally to this

article.

Acknowledgments

Technical support was provided by Kat Medical (Mr Keith Dodkins),

Ms Nomampondo Camane (Roche), and Dr Agnes Magwete.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This study

was funded by the Discovery Foundation Academic Excellence award

(Dr Elizabeth S. Mayne) and a Thuthuka Grant from the South African

National Research Foundation (TTK20110801000022866) awarded to

Dr Elizabeth S. Mayne.

ORCID iD

Elizabeth S. Mayne https://orcid.org/0000-0002-6360-3488

References

1. Hyle EP, Mayosi BM, Middelkoop K, et al. The association

between HIV and atherosclerotic cardiovascular disease in sub-

Saharan Africa: a systematic review. BMC Public Health. 2017;

17(1):954.

2. Triant V. Cardiovascular disease and HIV infection. Curr HIV/

AIDS Rep. 2013;10(3):199-206.

3. Olmo M, Saumoy M, Alonso-Villaverde C, et al. Impact of anti-

retroviral therapy interruption on plasma biomarkers of cardio-

vascular risk and lipids: 144-week final data from the STOPAR

study. HIV Med. 2012;13(8):488-498.

4. Pinto DSM, da Silva M. Cardiovascular Disease in the setting of

human immunodeficiency virus infection. Curr Cardiol Rev.

2018;14(1):25-41.

5. Younas M, Psomas C, Reynes J, Corbeau P.Immune activation in

the course of HIV-1 infection: Causes, phenotypes and persis-

tence under therapy. HIV Med. 2016;17(2):89-105.

6. Karmali KN, Lloyd-Jones DM. Implementing cardiovascular risk

prediction in clinical practice: the future is now. J Am Heart

Assoc. 2017;6(4):e006019.

7. Mosepele M, Hemphill LC, Palai T, et al. Cardiovascular dis-

ease risk prediction by the American College of Cardiology

(ACC)/American Heart Association (AHA) Atherosclerotic

Cardiovascular Disease (ASCVD) risk score among HIV

infected patients in sub-Saharan Africa. PLoS One. 2017;

12(2):e0172897.

8. Viskovic K, Zidovec-Lepej S, Gorenec L, et al. Cardiovascular

markers of inflammation and serum lipid levels in HIV-infected

patients with undetectable viraemia. J Int AIDS Soc. 2014;17(4

suppl 3):19548.

9. Kim JY, Hyun YJ, Jang Y, et al. Lipoprotein-associated phospho-

lipase A2 activity is associated with coronary artery disease and

markers of oxidative stress: a case-control study. Am J Clin Nutr.

2008;88(3):630-637.

10. Goncalves I, Edsfeldt A, Ko NY, et al. Evidence supporting a key

role of Lp-PLA2-generated lysophosphatidylcholine in human

atherosclerotic plaque inflammation. Arterioscler Thromb Vasc

Biol. 2012;32(6):1505-1512.

11. Mavoungou E, Georges-Courbot MC, Poaty-Mavoungou V, et al.

HIV and SIV envelope glycoproteins induce phospholipase A2

activation in human and macaque lymphocytes. J Acquir Immune

Defic Syndr Hum Retrovirol. 1997;16(1):1-9.

12. Tsimikas S. A test in context: lipoprotein(a): diagnosis, prognosis,

controversies, and emerging therapies. J Am Coll Cardiol. 2017;

69(6):692-711.

13. Jellinger PS, Handelsman Y, Rosenblit PD, et al. American Asso-

ciation of Clinical Endocrinologists and American College of

Endocrinology guidelines for management of dyslipidemia and

prevention of cardiovascular disease—executive Summary com-

plete Appendix to Guidelines. Endocr Pract. 2017;23(4):479-497.

http://journals.aace.com. Accessed June 14, 2018.

14. Kulkarni M, Bowman E, Gabriel J, et al. Altered monocyte and

endothelial cell adhesion molecule expression is linked to vascu-

lar inflammation in human immunodeficiency virus infection.

Open Forum Infect Dis. 2016;3(4):ofw224.

4 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0002-6360-3488
https://orcid.org/0000-0002-6360-3488
https://orcid.org/0000-0002-6360-3488
http://journals.aace.com


15. Eckard AR, Jiang Y, Debanne SM, Funderburg NT, McComsey

GA. Effect of 24 weeks of statin therapy on systemic and vascular

inflammation in HIV-infected subjects receiving antiretroviral

therapy. J Infect Dis. 2014;209(8):1156-1164.

16. Ng N, Van Minh H, Tesfaye F, et al. Combining risk factors and

demographic surveillance: potentials of WHO STEPS and

INDEPTH methodologies for assessing epidemiological transi-

tion. Scand J Public Health. 2006;34(2):199-208.

17. Maggi P, Di Biagio A, Rusconi S, et al. Cardiovascular risk and

dyslipidemia among persons living with HIV: a review. BMC

Infect Dis. 2017;17(1):551.

18. Jong E, Louw S, Meijers JC, et al. The hemostatic balance in HIV-

infected patients with and without antiretroviral therapy: partial

restoration with antiretroviral therapy. AIDS Patient Care STDS.

2009;23(12):1001-1017.

19. Barros ZM, de Alencar Ximenes RA, Miranda-Filho DB, et al.

Comparison between the Framingham and prospective cardiovas-

cular of Munster scores for risk assessment of coronary heart

disease in human immunodeficiency virus-positive patients in

Pernambuco, Brazil. Metab Syndr Relat Disord. 2010;8(6):

489-497.

20. Baker JV, Brummel-Ziedins K, Neuhaus J, et al. HIV replication

alters the composition of extrinsic pathway coagulation factors

and increases thrombin generation. J Am Heart Assoc. 2013;2(4):

e000264.

21. Funderburg NT, Lederman MM. Coagulation and morbidity in

treated HIV infection. Thromb Res. 2014; 133(suppl 1):S21-S24.

22. Funderburg NT. Markers of coagulation and inflammation often

remain elevated in ART-treated HIV-infected patients. Curr Opin

HIV AIDS. 2014;9(1):80-86.

Mayne et al 5



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


