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项目名称：脂蛋白相关磷脂酶A2（LP-PLA2）测定试剂盒（酶联免疫吸附法）
临床用途：测定人类血清中的LP-PLA2蛋白质含量，作为检测动脉粥样硬化炎症程度，评估动脉粥样硬化引起的心脑血管疾病风险的提示性指标。
生产单位：北京胜发兴生物技术有限公司
Beijing SFX Biological Technology Co.,Ltd
地址：北京市平谷区山东庄镇西沥津西路2号
电话：18519718866
微信号：xjb362518643
邮箱：13820034114@163.com
网址：www.sfnabio.com
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[bookmark: _Toc355594247][bookmark: _Toc355594530][bookmark: _Toc363715072]注册证编号：京械注准20172400743
[bookmark: _Toc504740477][bookmark: _Toc504740895][bookmark: _Toc504741181][bookmark: _Toc504995639]1.预期用途
北京胜发兴生物技术有限公司研究生产的脂蛋白相关磷脂酶A2（LP-PLA2）测定试剂盒（酶联免疫吸附法）用于测定人类血清中的LP-PLA2蛋白质含量。
脂蛋白相关磷脂酶A2（LP-PLA2）又称血小板活化因子乙酰水解酶（PAF-AH），由441个氨基酸构成，相对分子量45.4 kDa，是位于6P12P.P21.1染色体区域的基因编码的产物，主要由成熟的巨噬细胞和淋巴细胞合成和分泌, 并受炎性介质的调节。动脉粥样硬化是世界上普遍发生的疾病之一，并且不断地年轻化，它对人类的健康及生命威胁极大。LP-PLA2作为一个新的炎性标志物 , 在冠状动脉粥样硬化的发生发展中起着重要的作用, 其水平升高是预测动脉粥样硬化相关的冠心病、缺血性卒中风险的一种独立危险因子。因此测定LP-PLA2浓度以利于及早发现高危患者，采取积极措施合理控制，以延缓进展，稳定粥样硬化斑块，对预防动脉粥样硬化性脑梗死有一定的作用。本试剂盒采用酶联免疫吸附法测定LP-PLA2的浓度水平，作为检测动脉粥样硬化炎症程度，评估动脉粥样硬化引起的心脑血管疾病风险的提示性指标。
[bookmark: _Toc355594248][bookmark: _Toc355594531][bookmark: _Toc363715073][bookmark: _Toc504740478][bookmark: _Toc504740896][bookmark: _Toc504741182][bookmark: _Toc504995640]2.与预期用途相关的临床适应症背景情况
近年来缺血性脑卒中已经成为中老年人的常见疾病，并且在世界上具有很高的发病率、致残率和死亡率，其严重影响人们的健康、生活及寿命。在缺血性脑卒中的分类中又以动脉粥样硬化性脑梗死是其最常见的类型。目前大量的研究表明，在动脉粥样硬化发生发展的整个过程中炎症反应占有非常重要的作用。局限性的动脉内膜增厚是动脉粥样硬化形成的基本损害，而引起缺血性脑卒中的主要因素就是由于动脉粥样硬化中的不稳定斑块的破裂所导致。
全国第三次的死因抽样调查显示,脑血管病已经成为中国国民第一位的死亡原因。据统计缺血性卒中占脑血管病的75~80%,而颈动脉粥样硬化斑块破裂、溃疡、脱落是缺血性卒中的重要原因之一。因此,颈动脉粥样硬化斑块的防治显得尤为重要。中起着关键作用，脂蛋白相关磷脂酶A2(LiPoProtein-associated PhosPhoLiPase A2, LP-PLA2)是近年来发现的一种新型炎性标记物,可能参与了人颈动脉粥样硬化斑块的发生、发展、破裂和血栓形成。

3. [bookmark: _Toc355594249][bookmark: _Toc355594532][bookmark: _Toc363715074][bookmark: _Toc504740479][bookmark: _Toc504740897][bookmark: _Toc504741183][bookmark: _Toc504995641]相关的临床或实验室诊断方法
检测LP-PLA2的方法主要有化学发光法、酶联免疫法、酶标电泳法、放射免疫法等，一些新型检测方法，如免疫芯片技术等也不断出现。目前临床常用的为化学发光法和酶联免疫法。
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【脂蛋白相关磷脂酶A2（LP-PLA2）定量检测试剂盒分析性能的研究】
1、线性分析
以实际生产的试剂盒做线性分析的验证。48孔/盒测试规格试剂盒为检测样品，检测结果可见三批试剂盒的线性相关系数r均大于0.99，符合设计要求。

2、重复性
2.1 设计要求
同一例生产检测用血清样本分别稀释为（150±10）ng /mL和（600±100）ng/mL，各重复检测10复孔，各自计算变异系数(CV)均应不大于15.0%。
2.2 试验方法
分别用浓度约为（150±10）ng/mL和（600±100）ng/mL的样本在一次实验中各重复检测10孔，计算10孔测量结果的平均值M和标准差SD，根据公式CV=SD/M×100%得出变异系数CV,结果应符合2.1的要求。
2.3 试验结果
48孔/盒测试规格试剂盒的检测结果、三批试剂盒的重复性CV均小于15%，符合设计要求。
3、批间差评估
3.1 设计要求
用三个批号试剂盒检测同一质控品（重复性中150±10 ng/mL），则三个批号试剂盒之间的批间变异系数(CV)应不大于15.0%。
3.2 试验方法
用三个批号试剂盒分别检测同一份质控血清（同重复性150±10 ng/mL），在一次实验中各重复10孔，综合3批测量结果，计算平均值M和标准差SD，根据公式CV=SD/M×100%得出变异系数CV，结果应符合7.1的要求。
3.3 试验结果
用48孔三个批号试剂盒（48-a，48-b，48-c）检测的批间差，三次实验的批间差均小于15%，符合设计要求。
4、结论
脂蛋白相关磷脂酶A2（LP-PLA2）测定试剂盒（酶联免疫吸附法）检测结果表明，本产品的准确度，空白检测限，线性，重复性，批间差等各项指标的验证结果均达到了设计的要求，能够满足临床实际需要。
【稳定性测试】
1、实时稳定性实验结果
由检测结果可见，本试剂盒在2～8℃储藏温度下可稳定12个月以上，试剂盒的各项性能指标均符合标准要求。
2、开瓶稳定性测定
开瓶后，在2～8 ℃保存10天、20天、30天试剂盒各项指标仍符合产品标准的要求，开瓶40天时，准确度测定值等指标超出规定范围。


3、运输稳定性测定
正常保存条件下（2～8 ℃），60 rpm摇床摇动24 h后，试剂盒各项指标仍符合产品技术要求的要求。

4、结论
本试剂盒在正常储藏温度范围内（2～8 ℃）保存12个月，且保持各项性能，即本试剂盒的效期为12个月（2～8 ℃）。
开瓶后在2～8 ℃可保存30天，且保持各项性能。
模拟运输24 h后，试剂盒各项指标仍符合产品技术要求的要求。

【临床试验情况总结】
在国内两家医院（中国人民解放军306医院、民航总医院）进行了临床试验研究，和已获准使用的、质量得到认可的天津康尔克生物科技有限公司生产的脂蛋白相关磷脂酶A2（Lp-PLA2）测定试剂盒（酶联免疫法）在中国已批准上市的同类产品进行测定。有效病例数240例。对比试验统计结果显示：试验试剂盒对比试剂检测结果之间诊断阳性一致率99.4%，诊断阴性一致率99.58%，回归方程y=2.7845+0.9958x，相关系数r=0.992（p＜0.01），Kappa=0.99。
以参考范围的上、下限视为医学决定水平，计算医学决定水平处的预期偏倚（Bc）的95%可信区间（在Xc处的真正偏倚）。当参考值范围为175ng/ml时，可接受偏差均大于预期偏移的95%置信区间的上下限，试验系统可接受。
结论：通过对以上结果进行分析得出，试验试剂和对比试剂测定结果之间具有较高的符合程度和较好的一致性，对于临床应用，两者之间具有等效性。




【效益分析及收费依据】
项目所需设备：洗板机、酶联免疫仪、电脑、打印机均为检验实验室常规仪器设备，无需单独立项采购。
项目所需耗材：脂蛋白相关磷脂酶A2（LP-PLA2）试剂盒，96孔板/盒、48孔板/盒两种规格，能适应各级医院不同标本量灵活使用。出厂价格优费。

建议开展科室：心内科、神经内科、内分泌糖尿病科、肾病专科、老年科、中医科、急诊科、神经外科、体检中心、社区卫生中心等。
适应人群
传统风险评级已确定为中危人群，识别潜在病危人群。
发生过中风、ACS、AMI等机型不良事件的患者，预测二次事件风险，强化治疗方案
   40岁以上男性，45岁以上女性，体检筛查AS严重程度监测
接受他汀类抗炎治疗的患者，评估治疗，调整治疗方案。










脂蛋白相关磷脂酶A2（LP-PLA2）测定试剂盒（酶联免疫吸附法）
说明书

【产品名称】
通用名称：脂蛋白相关磷脂酶A2（LP-PLA2）测定试剂盒（酶联免疫吸附法）	
【包装规格】
	48测试/盒、96测试/盒。
【预期用途】
本产品用于体外定量测定人血清样本中脂蛋白相关磷脂酶A2（LP-PLA2）的含量。
脂蛋白相关磷脂酶A2（LP-PLA2）主要由成熟的巨噬细胞和淋巴细胞合成和分泌, 并受炎性介质的调节。动脉粥样硬化是世界上普遍发生的疾病之一，并且不断地年轻化，它对人类的健康及生命威胁极大。LP-PLA2作为一个新的炎性标志物，在冠状动脉粥样硬化的发生发展中起着重要的作用[1]，其水平升高是预测动脉粥样硬化相关的冠心病、缺血性卒中风险的一种独立危险因子[2]。因此测定LP-PLA2浓度以利于及早发现高危患者，采取积极措施合理控制，以延缓进展，稳定粥样硬化斑块，对预防动脉粥样硬化性脑梗死有一定的作用。
【检验原理】
本试剂盒应用双抗体夹心法测定。酶标板上预包被LP-PLA2抗体，当加入的待测血清样本中含有LP-PLA2或LP-PLA2校准品时，可与微孔板中吸附的LP-PLA2抗体结合，再加入辣根过氧化物酶（HRP）标记的另一LP-PLA2单克隆抗体时，即可与微孔板中的LP-PLA2结合，经充分洗涤后，加入酶联免疫反应TMB底物，显色强度与样本中LP-PLA2的浓度成正相关。通过酶标仪检测吸光度（OD值），按照LP-PLA2校准品制定校准曲线，计算样本中LP-PLA2的含量。
【主要组成成分】
	名称
	规格
	主要组成成分

	1.LP-PLA2 包被酶标板
	1块（96孔）
	1块（48孔）
	

	2.酶标抗体（液体）
	1瓶ⅹ6mL
	1瓶ⅹ3mL
	

	3.校准品1（空白，液体）
	1瓶，800μL，目标浓度：0ng/mL
	1瓶,300μL，目标浓度：0ng/mL
	磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	4.校准品2（液体）
	1瓶，800μL，目标浓度：50ng/mL
	1瓶,300μL，目标浓度：50ng/mL
	LP-PLA2抗原，磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	5.校准品3（液体）
	1瓶，800μL，目标浓度：150ng/mL
	1瓶,300μL，目标浓度：150ng/mL
	LP-PLA2抗原，磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	6.校准品4（液体）
	1瓶，800μL，目标浓度：300ng/mL
	1瓶,300μL，目标浓度：300ng/mL
	LP-PLA2抗原，磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	7.校准品5（液体）
	1瓶，800μL，目标浓度：600ng/mL
	1瓶,300μL，目标浓度：600ng/mL
	LP-PLA2抗原，磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	8.校准品6（液体）
	1瓶，800μL，目标浓度：1200ng/mL
	1瓶,300μL，目标浓度：1200ng/mL
	LP-PLA2抗原，磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	9.20×洗涤液（液体）
	1瓶，50 mL
	1瓶，25 mL
	磷酸盐缓冲液，吐温（1%）

	10.稀释液（液体）
	1瓶，25mL
	1瓶，13mL
	磷酸缓冲液，吐温（0.05%），牛血清白蛋白（5g/L）。

	11.显色液（液体）
	1瓶，12 mL
	1瓶，7 mL
	。

	12.终止液（液体）
	1瓶，12 mL
	1瓶，7 mL
	盐酸（1M/L）。


注：1、校准品具有批次特异性，具体浓度见标签。
    2、本产品校准品溯源至企业工作校准品，经与已上市产品比对赋值。
【储存条件及有效期】
2~8℃保存，有效期为12个月。
生产日期及失效日期见盒签。
【适用仪器】
测量96孔标准通用规格微孔板酶标仪（仪器测定值范围应在OD：0.001~4.000之间），测定波长450nm，参比波长630nm。
【样本要求】
样本收集、处理：
按照国家临床实验室标准协会建议采用下列措施处理和储存血液样本：使用静脉穿刺术通用预防措施收集血液；1500 rpm离心10 min，离心前使血清样本充分凝结；保持样本加盖封闭并始终竖直向上。
样本的保存：
建议使用新鲜血液样本进行检测；样本如不即时检测，可将样本置于2~8 ℃，并于7天之内进行检测；或置于-20 ℃保存一年，并避免反复冻融。

【检验方法】
试剂盒从冷藏环境中取出应在室温平衡 15~30 分钟后方可使用：
1. 配液：以去离子水或蒸馏水将20×洗涤液稀释20倍，轻混以防起泡，混匀后使用。
试剂准备可参照下表进行。	
	孔数
	20×洗涤液（mL）
	纯水（mL）

	48
	25
	475

	96
	50
	950


2.编号：将样本对应微孔按序编号。
3.加样：校准品孔：从6个校准品管里，各取100 μL，按照浓度由低至高的顺序将校准品加入酶标板中，每个浓度要更换新的吸头，根据需要可做2个重复孔。
样本孔：样本5μL+稀释液95μL加入孔中，根据需要可做2个重复孔。
4.加酶：每孔加入酶标抗体50μL，轻轻震荡混匀。
5.温育：用封板膜封板后置37度温育2小时。
6.洗涤：除去孔内液体，用1×洗涤液洗板3次，每次浸泡2 分钟，300 μL/孔，最后在干净的吸水纸上拍干。
7.显色：每孔加入显色液100μL，轻轻震荡混匀，用封板膜封板，37℃避光显色20分钟。
8.终止：加入终止液，100 μL/孔。
9.读数：立即用酶联免疫测定仪在波长450 nm条件下测定各孔的OD值（以630 nm作为参考波长）或在4 ℃保存1 h内测定。
10.计算：将校准品吸光度OD值作为横坐标（X），相应的校准品浓度作为纵坐标（Y），得到相应的校准曲线y=ax3+bx2+cx+d（不通过零点），r≥0.99。将样本OD值（X）由校准曲线换算出相应的浓度（Y），即可得到所测样本的LP-PLA2浓度。
【参考区间】
本试剂盒采用190例正常人血清样本进行测定，依据血清测定值正态分布的单侧95%置信区间，计算得到正常人的参考值范围为≤175 ng/mL（均值±1.64×标准差）。建议各实验室根据地理、人种、性别及年龄等差异建立自己的参考值范围。
【检验结果的解释】
本产品的检测结果不是临床适应症的唯一指标，分析检验结果应结合该病例既往数据及临床表现。
【检验方法的局限性】
本试剂盒测定范围为[50，1200]ng/mL。超出试剂盒测定范围的测定结果是通过校准品曲线外延得出的计算结果，不作为准确定量数据。
【产品性能指标】
1.外观
[bookmark: OLE_LINK4]试剂盒各组份齐全、完整，液体无渗漏；包装标签应清晰，易识别。
2.准确度
用已知浓度的待测物加入到血清基质中，其回收率R应在85%~115%。
3.空白检测限
应不大于30 ng/mL。
4.线性
在[50，1200]ng/mL浓度范围内，试剂盒的相关系数r应不小于0.9900。
5.重复性
血清样品稀释为两个浓度水平（150±10 ng/mL，600±100 ng/mL），各重复检测10孔，CV不大于15.0%。
6.批间差
用三个批号试剂盒检测同一血清样品（150±10 ng/mL），则三个批号试剂盒之间的批间变异系数(CV)应不大于15.0%。
【注意事项】
1.  本试剂盒只限于体外检测，不得用于其它用途。
2．酶标包被板开封后如未用完，板条应装入铝箔袋后放置于2~8 ℃保存，有效期1个月。
3． 20×洗涤液可能会有结晶析出，稀释时可在水浴中加温助溶，洗涤时不影响结果。
4．请每次测定的同时做校准曲线，最好做复孔。
5．封板膜只限一次性使用，以避免交叉污染。
6．底物请避光保存。
7．严格按照说明书的操作进行，试验结果判定必须以酶标仪读数为准。
8．安全性：本试剂盒中所采用的试剂都不具有毒性、致畸、致突变性，也不含有人血液制品，因此不具有生物学危害，但仍需作为一般生物试剂加以防护，样本、洗弃液和各种废弃物都应当按传染物处理。
9．不同批次试剂盒成份不能混用，所提供试剂不可以其他来源试剂替代，校准品实际浓度见瓶签。
10. 仅供体外诊断试剂使用，如不慎溅到人体表面如皮肤、眼睛必须用清水清洗如误食需到医院治疗。
【参考文献】
[1] Zalewski A，Macphee C. Role of Lipoprotein-associated Phospholipase A2 in atherosclerosis:biology，epidemiology,and possibLe therapeutic target[J].ArterioscLer Thromb Vasc BioL，2005，25：923-331.
[2] Thompson A，Gao P，Orfei L，et aL.Lipoprotein-associated Phospholipase A2 and risk of coronary disease，stroke，and mortality：collaborative anaLysis of 32 Prospective studies[J].Lancet，2010，375：1536-1544.
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注册人/生产企业名称：北京胜发兴生物技术有限公司
住所：北京市平谷区山东庄镇西沥津西路2号
联系方式：010-60938034（电话）010-60938034（传真）
售后服务单位名称：北京胜发兴生物技术有限公司
联系方式：010-60938034（电话）010-60938034（传真）
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脂蛋白相关磷脂酶A2临床应用中国专家建议
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动脉粥样硬化性心血管疾病是首要致死和致残原因。除血脂异常外，炎症和氧化应激也是动脉粥样硬化病理生理发生和发展的重要机制。目前，国内外指南均建议采用传统危险因素为基础的模型预测动脉粥样硬化性心血管疾病的短期和长期风险[1,2] 。
但是，仅采用传统危险因素仍存在不足，例如危险因素相同的个体发生心血管病事件风险存在差异 ，某些不具备传统危险因素的患者仍然发生心血管病事件，接受足量他汀治疗的患者仍有残留风险等。生物标志物被认为是传统危险评估的重要补充手段。与C-反应蛋白（CRP）不同，脂蛋白相关磷脂酶A2(lipoprotein-associated phospholipase A2,Lp-PLA2)是具有血管特异性的炎症标志物，研究发现Lp-PLA2为冠心病和缺血性卒中的独立危险因素。新近美国FDA批准其用于预测冠心病和缺血性卒中风险。为了积极探索有临床应用价值的生物标志物，使临床医生更好理解并合理使用Lp-PLA2，中国老年学学会心脑血管病专业委员会和中国医师协会检验医师分会心脑血管病专家委员会组织心血管内科、神经内科和检验科等相关领域专家，讨论并建议如下。
一、Lp-PLA2的生物学特性
Lp-PLA2是磷脂酶超家族中的亚型之一，也被称为是血小板活化因子乙酰水解酶，由血管内膜中的巨噬细胞、T细胞和肥大细胞分泌。动脉粥样硬化斑块中Lp-PLA2表达上调[3]，并且在易损斑块纤维帽的巨噬细胞中强表达。Lp-PLA2可水解氧化 低密度脂蛋白ox-LDL中的氧化磷脂，生成脂类促炎物质，如溶血卵磷脂和氧化游离脂肪酸，进而产生多种致动脉粥样硬化作用，包括内皮细胞死亡和内皮功能异常，刺激粘附因子和细胞因子的产生。这些物质可通过趋化炎症细胞进一步产生自我强化的循环，生成更多促炎物质[4]。
释放到血液循环中的Lp-PLA2主要与富含载脂蛋白（Apo）B的脂蛋白结合，低密度脂蛋白（LDL）占80%，其余与高密度脂蛋白（HDL）、脂蛋白a［Lp（a）］和极低密度脂蛋白（VLDL）结合［5］。在动脉粥样硬化性疾病患者中，Lp-PLA2水平与LDL亚组分水平呈正相关[6]。
二、Lp-PLA2的临床检测
（一）Lp-PLA2测定方法
可通过测定血清（浆）Lp-PLA2活性及质量两种方式反映Lp-PLA2水平，临床上推荐测定血清Lp-PLA2质量，目前已有可供临床检测使用的商品化试剂盒。主要采用有发光免疫测定和酶联免疫吸附试验（ELISA），前者以上转发光免疫分析为代表，具有操作简单、结果稳定、重复性好等特点；后者以PLAC法为代表，操作略显复杂，影响因素多，但作为高通量检测，可满足大样本检测需求。
Lp-PLA2受生理变异很小，基本不受体位改变和日常活动的影响，故标本采集时无需固定体位和时间，无需空腹，但测定前2h应避免剧烈运动。Lp-PLA2检测样本可采用乙二胺四乙酸二钾（EDTA-K2）、肝素抗凝血浆、枸橼酸钠抗凝血浆及血清均可。抽血后尽快分离出血浆（清）并及时测定，标本2-8℃可保存1周，-20℃可贮存3个月，-70°C可保存时间更长（最好用血清，可稳定保存5年以上）。
（二） Lp-PLA2的参考区间
Lp-PLA2水平受性别和种族影响[7-8]，国外报道成人血清Lp-PLA2参考区间男性为131~376（平均251）μg/L（ng/mL），女性为120~342（平均为174）μg/L（ELISA）。女性低于男性，可能与雌激素水平有关，正在接受激素替代治疗的女性Lp-PLA2水平较低［9］，但其差别尚不足以影响参考区间。建议Lp-PLA2<200μg/L为正常水平，200-223μg/L为中度升高，≥223μg/L为升高[3]。目前国内尚无大规模Lp-PLA2水平人群研究及适合国人的参考区间报道，建议各实验室建立自己的参考区间。国内小规模研究[10]提示Lp-PLA2水平<175μg/L 为正常，如大于175μg/L提示心血管事件风险增加。
（三） Lp-PLA2与冠心脏病的研究证据
研究提示随Lp-PLA2水平升高，冠心病和卒中风险增加，尤其是老年人和无症状的动脉粥样硬化疾病人群。32项前瞻性研究包括79036患者的荟萃分析纳入了无血管性疾病、稳定性血管疾病和急性血管疾病30d的患者［11］，结果显示Lp-PLA2水平均与冠心病和血管性死亡呈线性对数相关。校正常规危险因素后，Lp-PLA2水平对冠心病、缺血性卒中、血管性死亡、非血管性死亡的风险比分别为1.11 (1.07~1.16)、1.14 (1.02~1.27) 、1.13 (1.05~1.22)、1.10 (1.03~1.18)。
1.无症状高危人群：Lp-PLA2对不同性别预测冠心病的价值不同。WOSCOPS 研究入选6000例血脂异常的男性，该研究的巢式病例对照分析显示[12]，校正已知心血管危险因素和其他炎症指标后，Lp-PLA2水平升高的患者发生心血管病事件的RR为1.18（95%CI 1.05~1.33），Lp-PLA2水平在最高四分位数的患者冠心病风险增加2倍。单因素分析显示CRP、白细胞计数、纤维蛋白原和Lp-PLA2水平均与心脏事件危险相关，但是CRP和白细胞计数仅在最高水平与事件相关，而各不同水平Lp-PLA2均与心脏事件相关。但以女性为研究对象的WHS研究[13]发现Lp-PLA2水平与LDL-C相关（R=0.51），接受雌激素替代治疗者最低。校正其他危险因素后，Lp-PLA2水平不能预测心血管事件（冠心病、非致死性心肌梗死和卒中），但hs-CRP 水平与事件相关。这可能与患者接受雌激素替代治疗相关。
Lp-PLA2水平可预测健康中年人群冠心病的风险。ARIC研究[14]入选了12819例健康中年人，经过6年随访608例发生冠心病事件患者Lp-PLA2和CRP水平均高于对照组，Lp-PLA2最高四分数患者危险比为1.78[95%CI1.33~2.38]，LDL-C水平较低患者（<3.38mmol/L）的Lp-PLA2和CRP水平均与冠心病事件相关，二者同时升高风险最高。
Lp-PLA2是老年人冠心病风险的独立预测因子。Rancho Bernardo研究对无冠心病史的1077 名老年社区居民随访16 年，与最低四分位数相比，较高Lp-PLA2 水平预测冠心病风险的危险比分别为1.66、1.80 和1.89（p 均< 0.05）。校正CRP 与其它冠心病风险因素后仍然有意义［15］。

由于Lp-PLA2主要与LDL结合，调脂药物对Lp-PLA2影响最大，他汀类药物能显著降低Lp-PLA2血浆水平[16]。PRINCE研究 [17] 显示氟伐他汀治疗12周后，与安慰剂比较治疗组Lp-PLA2含量下降22.1%；Lp-PLA2含量变化与LDL-C水平变化呈中等程度正相关。而非诺贝特可提高HDL相关的Lp-PLA2[18]。他汀治疗可影响Lp-PLA2的预测价值。
JUPITOR 研究[19]发现在随机治疗前测定的Lp-PLA2水平与LDL-C水平中等程度相关，瑞舒伐他汀组Lp-PLA2水平分别下降33%，LDL-C下降48.7%。安慰剂组患者Lp-PLA2水平与心血管事件相关，而他汀治疗组患者Lp-PLA2水平不能预测心血管病事件风险。
2. 稳定性冠心病:Lp-PLA2 水平可预测冠心病患者心血管事件复发风险。PEACE研究[20]入选了3766例稳定性冠心病患者，随访4.8年后，随Lp-PLA2 水平升高，复合心血管病事件（心血管死亡、心肌梗死、冠状动脉血运重建术、心绞痛住院或卒中）发生率明显升高；且Lp-PLA2水平是非致死性心血管病事件的独立危险因素。Brilakis等[21]研究中504例接受冠状动脉造影患者的Lp-PLA2水平与病变程度相关，且Lp-PLA2升高与心血管事件的高发生率相关。Ludwigshafen危险和心血管健康研究[22]显示，2454例经冠状动脉造影证实的冠心病患者的Lp-PLA2水平与LDL-C、ApoB 水平和非HDL-C水平高度相关，而与hs-CRP和纤维蛋白原无关。此外，Lp-PLA2水平与冠心病严重程度和病变支数相关。在未经他汀治疗患者中，Lp-PLA2水平与冠心病风险明确相关。
3.急性冠脉综合征（ACS）:动脉粥样硬化斑块破裂是导致急性血栓事件的主要机制，Lp-PLA2是导致斑块易损性增加的重要原因。对一组颈动脉内膜剥脱术患者研究显示，发生心血管事件患者的颈动脉斑块中Lp-PLA2水平较高［23］。朱雁洲等[24]分析ACS、稳定性冠心病及非冠心病者hs-CRP、Lp-PLA2 和血管内超声组织学特征，结果hs-CRP 和 Lp-PLA2 水平均与粥样斑块组织坏死的面积大小呈正相关。支持Lp-PLA2 是易损斑块的炎症标志物。
ACS急性期患者Lp-PLA2水平与预后相关性研究结果并不一致。PROVE-IT TIMI22研究亚组分析[25]发现急性期后30d测定的Lp-PLA2是独立于LDL和CRP的预后指标。一项社区急性心肌梗死患者的研究[26]提示急性期测定的Lp-PLA2与1年死亡率相关，提示Lp-PLA2可能不受急性炎症事件的影响，而是血管炎症的特异性指标。
但来自2项急性心肌梗死患者的前瞻性研究（FRISC Ⅱ和GUSTOⅣ）[27]后续分析显示，尽管ACS患者Lp-PLA2水平较健康对照组较高，但与已知的危险因素相关性较弱，且与ACS患者事件复发无关。同样，MIRACLE研究[28]中ACS患者入选时基线测定的Lp-PLA2水平与主要终点事件无关。同时发现，阿托伐他汀明显降低Lp-PLA2水平，可溶性PLA2与死亡相关。
NOMAS研究[29]连续检测心肌梗死前后Lp-PLA2水平变化，与hs-CRP上升的趋势不同，Lp-PLA2水平在急性期后呈逐渐下降趋势（每年5%），由梗死前的平均233 ng/ml下降至平均153.9 ng/ml，Lp-PLA2含量受LDL-C水平的影响。加拿大的一项研究[30]观察ACS急性期（48h）含量【（143.13±60.88）ng/ml】明显高于恢复期（12周）【（88.74±39.12）ng/ml】，而稳定性冠心病【（121.72±31.11）ng/ml】也较ACS恢复期高。
综上，ACS患者Lp-PLA2水平与心血管病事件相关性结果并非一致，可能与ACS事件后Lp-PLA2的动态变化有关。其他原因还包括：人种不同导致Lp-PLA2基因多态性差异，测定时间窗不同，测定方法不同，不同研究的基线Lp-PLA2水平差别较大。
（四）Lp-PLA2与卒中的研究证据
Lp-PLA2水平与首次卒中风险相关。Rotterdam亚组研究 [31]入选1822例社区居民，平均随访6.4年，校正传统危险因子和hs-CRP后，Lp-PLA2水平最高四分位数者的缺血性卒中风险为最低四分位数者的2倍。ARIC研究[14]也证实即使经过hs-CRP等危险因素调整，Lp-PLA2水平最高四分位数者的卒中风险为最低者的2倍。针对老年高危人群的PROSPER研究[32]发现基线测定的Lp-PLA2水平与血管事件呈中等程度相关，但是与卒中事件无关。与Lp-PLA2水平最低四分位数患者比较，最高四分位患者风险增加（活性测定HR=1.25，95%CI1.02~1.54，质量测定HR=1.39 (CI 1.14~1.70)。

此外，Lp-PLA2水平还可预测卒中复发的风险。急性缺血性卒中发生后Lp-PLA2水平急剧降低，由卒中前平均210 ng/ml下降到169.4ng/ml。如卒中后Lp-PLA2水平仍高，预示卒中复发和心血管事件风险增加[29]。Hasan Kara等[33]检测102例急性卒中和98例非卒中患者的hs-CRP水平和Lp-PLA2水平，并通过磁共振成像估算病灶的体积。发现缺血病灶体积越大，hs-CRP水平和Lp-PLA2水平越高。一项美国研究发现，急性短暂性脑缺血发作（TIA）（n = 167）患者Lp-PLA2水平升高，均与动脉粥样硬化病因学相关，而Lp-PLA2与早期复发性卒中或死亡相关[34]。急性TIA西班牙患者人群研究也报告了类似的结果，即Lp-PLA2与大血管疾病相关，也与7-30d内的早期复发性脑血管事件相关[35]。一项稍大的研究纳入急性卒中和TIA患者，发现Lp-PLA2与6个月时的复发性事件相关[36]。
一组首次发生卒中的患者研究[37]提示Lp-PLA2 浓度最高四分位的患者相较于浓度最低四分位患者，卒中复发风险增大（校正风险比，2.08；95%CI，1.04-4.18），卒中复发、心肌梗死、血管性死亡事件风险增大（校正风险比，1.86；95%CI，1.01-3.42）。而同时测定的hs-CRP水平与卒中严重程度和死亡风险相关。与其他原因引起的卒中不同，动脉粥样硬化狭窄相关的卒中和TIA复发风险显著较高[38]。因此，Lp-PLA2作为不稳定粥样硬化斑块的标志物，可能识别动脉粥样硬化狭窄的机制导致的TIA和卒中事件，Lp-PLA2水平较高代表疾病复发风险较高。
五、临床应用建议
危险因素协作组发表的荟萃分析纳入37项前瞻性队列研究的165544例患者，结果显示在传统临床危险因素和总胆固醇及HDL-C基础上，增加Lp-PLA2可轻微提高预测模型的效力，如根据美国国家胆固醇教育计划的成人治疗的专家组Ⅲ（NCEP-ATPⅢ）的危险分层，增加Lp-PLA2测定后，使2.7%的患者危险分层上升到高危而需要他汀治疗［39］。
美国心脏病学会基金会（ACCF）/美国心脏协会（AHA）2010无症状成人心血管风险评估指南[2]建议：可考虑对中等风险的无症状成人进行Lp-PLA2检测以进一步评估心血管事件的风险（推荐级别Ⅱb）。2013年ACCF/AHA心血管危险评估指南［40］建议：无症状的一级预防患者，经过危险评估后仍然不能确定是否需要治疗的患者可考虑采用新标志物评估。2011年AHA/美国卒中协会卒中一级预防指南[41]建议：检测炎症指标如hs-CRP或Lp-PLA2可以识别卒中高风险患者（推荐级别Ⅱb，证据水平B）。欧洲心脏病学学会2012心血管疾病预防临床实践指南[42]建议：急性动脉粥样硬化血栓形成事件复发高风险患者可检测Lp-PLA2以进一步评估复发风险（推荐级别Ⅱb，证据水平B）。
基于上述研究证据和国际指南的建议，推荐以下人群可检测Lp-PLA2水平以预测心血管病事件风险：（1）无症状高危人群的筛查：尤其是动脉粥样硬化性心血管疾病中等危险的人群，在传统危险因素评估的基础上检测Lp-PLA2以进一步评估未来心血管疾病的风险。（2）已接受他汀治疗且胆固醇水平控制较好的患者，Lp-PLA2水平可提高心血管病事件风险预测价值。（3）发生急性血栓事件的患者，包括ACS和动脉粥样硬化性缺血性卒中患者，Lp-PLA2有助于远期风险评估，如与hs-CRP联合检测可提高预测价值。
执笔者（姓氏拼音顺序）：孙艺红（北京大学人民医院），鄢盛恺（中日友好医院）
专家组成员（姓氏拼音顺序）：丛玉隆（解放军总医院），胡大一（北京大学人民医院），康熙雄（首都医科大学附属北京天坛医院），胡敏（中南大学湘雅二医院），李建军（中国医学科学院 阜外心血管病医院），刘金来（中山大学附属第三医院），刘梅颜（首都医科大学附属北京安贞医院），孙艺红（北京大学人民医院），王拥军（首都医科大学附属北京天坛医院），鄢盛恺（中日友好医院），张真路（武汉亚洲心脏病医院）
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Review of the Evidence for the Clinical Utility of Lipoprotein-
Associated Phospholipase A, as a Cardiovascular Risk Marker

Marshall A. Corson, MD,** Peter H. Jones,” and Michael H. Davidson, MD¢

A substantial body of peer-reviewed studies has been published validating the role of
inflammation in atherogenesis and supporting lipoprotein-associated phospholipase
A, (Lp-PLA,) as a cardiovascular risk marker independent of and additive to tradi-
tional risk factors. As with elevated high-sensitivity C-reactive protein, an elevated
Lp-PLA, level approximately doubles the risk for primary and secondary cardiovas-
cular events. Interestingly, when both inflammatory markers are increased together,
they provide an even greater predictive capability to help identify very-high-risk
individuals who would benefit most from aggressive lipid-lowering therapy. High
levels of Lp-PLA, are present in inflamed, rupture-prone plaques, and it appears that
Lp-PLA, is released from these plaques into the circulation. Over 25 prospective
epidemiologic studies have demonstrated the association of elevated Lp-PLA, levels
with future coronary events and stroke—11 of 12 prospective studies have shown a
statistically significant association between elevated Lp-PLA, and primary coronary
or cardiovascular events, 12 of 13 have shown a statistically significant association
with recurrent coronary or cardiovascular events, and 6 studies have shown a positive
association with stroke. Lp-PLA, should be viewed today as an important cardiovas-
cular risk marker whose utility is as an adjunct to the major risk factors to adjust
absolute risk status and thereby modify low-density lipoprotein cholesterol goals. The
low biologic fluctuation and high vascular specificity of Lp-PLA, makes it possible to
use a single measurement in clinical decision making, and it also permits clinicians to
follow the Lp-PLA, marker serially. Ultimately, Lp-PLA, may also be classified as a

risk factor, but this should not detract from its utility today as a risk marker.

© 2008

Elsevier Inc. All rights reserved. (Am J Cardiol 2008;101[suppl]:41F-50F)

The goal of this article is to review the rapidly converging
evidence for lipoprotein-associated phospholipase A, (Lp-
PLA,), a vascular inflammatory enzyme, as a clinically
useful marker to improve identification of individuals
whose level of risk is greater than clinically apparent for
cardiovascular disease (CVD) events who may benefit from
more intensive risk-reducing interventions. CVD risk as-
sessment forms the basis for directing risk-reducing thera-
pies in clinical practice, given the efficacy and safety of
current pharmacologic agents targeting lipids, blood pres-
sure, and blood glucose on a background of therapeutic
lifestyle modification.

Lipid-lowering therapies, specifically statins, are effec-
tive in the primary and secondary prevention of myocardial
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infarction (MI) and stroke. The availability of generic st-
atins provides a cost-effective opportunity for CVD risk
reduction and presents the challenge of identifying appro-
priate individuals in the general population who would most
benefit from these agents. Accounting for established risk
factors may explain only half of all coronary artery disease
(CAD) events that occur.! This shortcoming has fueled
intense interest in identifying new biomarkers that may add
to the predictive power of traditional risk factors.

The guiding principle of the Adult Treatment Panel III
(ATP III) guidelines is that the estimation of absolute 10-
year CAD risk is used to stratify individuals to optimal
low-density lipoprotein (LDL) cholesterol goals because
intensity of treatment should be matched to absolute risk.?
ATP III also recognized that coronary heart disease (CHD)
risk is not fully revealed by traditional risk factor assess-
ment, noting that “when major risk factors are present, they
account for only half of the variability in CHD risk in the
US population”! and proposed that emerging risk factors
“be taken into consideration according to clinical judgment
as optional modifiers of therapy but they should be used
only as an adjunct to adjust the estimate of absolute risk
status obtained with the major risk factors.”

Within the past decade, evidence has accumulated that
inflammation plays a critical role in the initiation and pro-
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Figure 1. Contrasting histopathologic characteristics of a stable versus ruptured plaque. Most acute myocardial infarctions and sudden cardiac deaths occur
from plaque rupture. Characteristics of ruptured plaques (right) include a high tissue concentration of lipoprotein-associated phospholipase A, (Lp-PLA,) and
inflammatory cells, and a thin fibrous cap that is <65 um across, but there may be minimal stenosis. In contrast, stable plaque (lefr) has low concentrations
of Lp-PLA, and inflammatory cell content, and thick fibrous caps, although there may be significant stenosis. Illustration by Scott Barrows, Medical

Tllustrator, University of Illinois at Chicago.

gression of atherosclerosis, suggesting that biomarkers of
inflammation may aid in predicting an individual’s risk for
CVD events.! High-sensitivity C-reactive protein (hs-CRP),
an acute-phase reactant, has been well described as a useful
inflammatory marker in predicting future CVD events, al-
though hs-CRP was not recommended as a routine measure-
ment in the ATP III guidelines. In 2003, a scientific state-
ment published by the American Heart Association/Centers
for Disease Control (AHA/CDC) reviewed inflammatory
markers and recommended that “it is reasonable to measure
hs-CRP as an adjunct to the major risk factors to further
assess absolute risk for coronary disease primary preven-
tion.”? The hs-CRP measurement was considered optional,
at the physician’s discretion. The working group concluded
that a high hs-CRP measurement in persons identified at
intermediate risk by traditional risk factors alone “may
allow for intensification of medical therapy to further reduce
risk.”?

Subsequently, a substantial body of peer-reviewed stud-
ies has validated the role of inflammation in atherogenesis,
as well as the risk predictive value of a variety of other
inflammatory markers. Among these, Lp-PLA, has been
shown to be a cardiovascular risk marker independent of
and additive to traditional risk factors.# Similar to elevated
hs-CRP, an elevated Lp-PLA, approximately doubles the
risk for first and recurrent CVD events. Interestingly, when
both inflammatory markers are elevated, they have an even
greater predictive capability.>7 Conversely, low values of

both markers reproducibly identify individuals with the
lowest CVD risk.

Lipoprotein—Associated Phospholipase A,:
A Vascular-Specific Inflammatory Enzyme

It has been established that the Lp-PLA, enzyme specifi-
cally hydrolyzes oxidized phospholipids on oxidized LDL
particles within the arterial intima. The products of this
reaction, oxidized free fatty acids and lysophosphatidylcho-
line, in turn stimulate expression of endothelial adhesion
molecules and cytokines,® which leads to recruitment of
monocytes to the intima, where they activate to become
macrophages, and ultimately, apoptotic foam cells. These
activated macrophages and foam cells produce more Lp-
PLA,, which appears to reenter the bloodstream.” Lavi et al®
recently reported Lp-PLA, blood concentrations sampled
simultaneously in the human coronary os and the coronary
sinus that demonstrated a net increase in Lp-PLA, levels as
blood traverses the coronary vascular bed with significant
atherosclerotic plaque. However, when no coronary plaques
are present, a decrease in Lp-PLA, levels was found. This
study also showed that the lysophosphatidylcholine pro-
duced by Lp-PLA,-mediated hydrolysis of oxidized LDL is
highly associated with coronary artery endothelial dysfunc-
tion. High levels of Lp-PLA, are also present in rupture-
prone plaques,'® and it appears that Lp-PLA, is released
from these plaques into the circulation.® Figure 1 contrasts




image13.jpeg
Corson and Jones et al/Evidence for the Clinical Utility of Lp-PLA, as a Cardiovascular Risk Marker 43F

the histopathologic characteristics of stable versus ruptured
plaque.

Staining of coronary and carotid tissue demonstrates the
presence of Lp-PLA, in the thin fibrous cap or rupture-
prone plaques, but not in the early-stage plaques.'®-'2 Im-
portantly, coronary and carotid tissue concentrations of
Lp-PLA, are very high in the rupture-prone shoulder region
of thin fibrous cap atheromas. In addition, histopathologic
stains reveal that Lp-PLA, co-localizes with macrophages
and oxidized LDL in atherosclerotic coronary and carotid
plaques. In animal and human tissues, Hakkinen et al'? were
able to show increasing levels of Lp-PLA, messenger RNA
expression in aortic samples with advanced atherosclerosis,
where it is mainly confined to inflammatory cells.

Having a marker that may signal that plaques are prone
to rupture potentially meets an important unmet clinical
need because >66% of MIs occur in persons with <50%
stenosis on coronary angiography.'# Kolodgie et al'® found
that 76% of 72 sudden coronary deaths at necropsy were
attributable to plaque rupture and thrombosis. Tools avail-
able to physicians for CVD risk assessment include risk
factor counting, lipid and lipoprotein measurement, carotid
ultrasound imaging, stress testing * echocardiography or
nuclear imaging, coronary angiography, or coronary intra-
vascular ultrasound, but none of these can assess whether a
patient has vulnerable plaques. Risk assessment approaches
have not included a noninvasive, inexpensive, and reliable
means of identifying the potential of plaque rupture.'> Al-
though emerging technologies, such as virtual histology
intravascular ultrasound, intravascular ultrasound palpogra-
phy and thermography, optical coherence tomography, or
carotid magnetic resonance imaging, may help assess
plaque composition and characteristics, these approaches
are either invasive or very expensive for mass application.

Review of the Epidemiologic Evidence

Is the scientific evidence for the Lp-PLA, biomarker as
compelling for use in clinical practice as it has been for the
other biomarkers, such as hs-CRP, brain natriuretic peptide,
and troponin? In all, >25 prospective epidemiologic studies
have investigated the association of Lp-PLA, with future
CAD events and stroke.>7-19-41 Of these, 10 of 11 studies
have shown a statistically significant association between
elevated Lp-PLA, and primary coronary or cardiovascular
events,>010-24 12 of 13 have shown a statistically significant
association with recurrent coronary or cardiovascular
events,”-26-35:39 and 6 studies have shown a positive associ-
ation with stroke.!9-30-38.4041 Except for some attenuation in
the elderly (the Prospective Study of Pravastatin in the
Elderly at Risk [PROSPER],2° Cardiovascular Health Study
[CHS],?! and the Rancho Bernardo Heart Study??) to a
hazard ratio (HR) of 1.5, there is a consistent doubling of
risk for Lp-PLA, in the top quantile versus bottom quantile
(Figure 2).5,7‘16—-23 25-35,37-39

These results are fully adjusted for traditional risk factors
and often for both body mass index (BMI) and other in-
flammatory markers, such as hs-CRP. In contrast to other
inflammatory risk markers, the approximate doubling of
risk associated with elevated Lp-PLA, is not attenuated
after adjusting for traditional risk factors, BMI, lipids, and
other inflammatory markers. In addition, several studies
illustrate the complementarity of Lp-PLA, and hs-CRP in
predicting the highest risk of a future cardiovascular
event.>” In particular, in the Atherosclerosis Risk In Com-
munities (ARIC) study, individuals who had increased lev-
els of both Lp-PLA, and hs-CRP were 3 times more likely
to have a coronary event compared with individuals with
low levels of Lp-PLA, and hs-CRP.> In the prospective
stroke study of the same population, individuals who had
increased levels of both Lp-PLA, and hs-CRP had an 11-
fold greater incidence of ischemic stroke compared with
individuals with low levels of Lp-PLA, and hs-CRP.37

Hypertension is a strong risk factor for stroke, but the
high prevalence of hypertension in the US population re-
duces its predictive power. Because LDL cholesterol does
not appear to be a reliable predictor of stroke, Lp-PLA, may
fill an important unmet need in the identification of persons
at high risk for stroke.?” In the ARIC stroke study, individ-
uals who had both Lp-PLA, levels above the median and
systolic blood pressure in the top tertile (>130 mm Hg) had
a 6.8-fold increase in the risk for an ischemic stroke versus
individuals in the bottom tertile for blood pressure with
Lp-PLA, below the median. Lp-PLA, may therefore iden-
tify subjects with hypertension who are stroke-prone who
might benefit from a lower LDL cholesterol goal, as sup-
ported by the results from the Anglo-Scandinavian Cardiac
Outcomes Trial-Lipid-Lowering Arm (ASCOT-LLA)
study,*? as well as meta-analyses that show statins lower the
risk for stroke in both primary and secondary prevention
populations.

A recent meta-analysis showed that the risk ratios for
Lp-PLA, were similar whether mass or activity of the Lp-
PLA, enzyme was measured.* Several study results suggest
that Lp-PLA, may serve best as a measure of plaque quality
rather than of plaque burden. For instance, although a study
showed that Lp-PLA, was highly associated with coronary
artery calcium score, this association was not significant in
a second study.**#* Correlations of Lp-PLA, levels and
percent stenosis measured by quantitative coronary angiog-
raphy, or the extent of carotid intima-media thickening by
carotid ultrasound were also inconsistent.

New CVD risk factors may or may not add significant
predictive value to more traditional risk factors. A method
to determine the incremental predictive value is the receiver
operating characteristic (ROC). In high-risk patients, ele-
vated Lp-PLA, levels increase the area under the curve
(AUC or c statistic) in ROC analysis, even when other
markers, such as hs-CRP, cystatin C, or N-terminal pro—
brain natriuretic peptide, are included in multivariate anal-
ysis.2?3145 Figures 3 and 4 show the HRs and change in
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Figure 2. Elevated lipoprotein—associated phospholipase A, (Lp-PLA,) is consistently associated with a doubling of risk for cardiovascular disease (CVD).
Published prospective epidemiologic studies show the association of elevated Lp-PLA, (top quantile vs bottom quantile) with cardiovascular risk. A fairly
consistent near doubling of risk is associated with elevated Lp-PLA,. Results are fully adjusted for traditional risk factors, lipids, and often for body mass
index and high-sensitivity C-reactive protein. ACS = acute coronary syndromes; ARIC = Atherosclerosis Risk in Communities; CAD = coronary artery
disease; CHS = Cardiovascular Health Study; GUSTO/FRISC = Global Use of Strategies to Open Occluded Coronary Arteries/Fragmin During Instability
in Coronary Artery Disease; KAROLA = Langzeiterfolge der Kardiologischen Anschlussheil-Behandlung; LDL = low-density lipoprotein cholesterol;
LURIC = Ludwigshafen Risk and Cardiovascular Health Study; MI = myocardial infarction; NHS = Nurse’s Health Study; NOBIS-II = North
Wauerttemberg and Berlin Infarction Study—II; NOMAS = Northern Manhattan Study; PEACE = Prevention of Events with Angiotensin-Converting Enzyme
Inhibition; PROSPER = Prospective Study of Pravastatin in the Elderly at Risk; PROVE-IT = Pravastatin or Atorvastatin and Infection Therapy;
THROMBO = Thrombogenic Factors and Recurrent Coronary Events; WHI = Women’s Health Initiative; WOSCOPS = West of Scotland Coronary

Prevention Study.

AUC for elevated Lp-PLA, in high-risk populations in the
Langzeiterfolge der Kardiologischen Anschlussheil-Behan-
dlung (KAROLA)?>® and Olmsted County Mayo Studies®!
(Figures 3 and 4).

In the ARIC study, which comprised an apparently
healthy middle-aged population, elevated Lp-PLA, raised
the AUC significantly for the risk of coronary events,
whereas 18 other cardiac markers, including hs-CRP, did
not (Table 1).4¢

Although the c statistic improvement obtained by adding
Lp-PLA, to the traditional risk factors in the ARIC study
was significant, the magnitude of this improvement was
relatively modest, supporting the idea that inflammatory
markers, including Lp-PLA,, should not be used as screen-
ing tests for coronary event risk in low-risk populations. For
stroke risk, Lp-PLA, performed better, raising the c statistic
significantly by 0.02 over traditional risk factors, lipids, and

hs-CRP combined, possibly because LDL cholesterol does
not predict stroke (Table 2).47

Importantly, when hs-CRP and Lp-PLA, were combined
as predictors of stroke in the ARIC study, there was a
significant increase in the c statistic over traditional risk
factors by almost 0.05. These data further support that the 2
inflammatory markers, when combined, may provide addi-
tive information for CVD risk stratification over traditional
risk factors.

In low-risk populations, it is difficult for any risk marker
(or factor) to add to the c statistic generated from just age
and sex. For example, blood pressure adds 0.03 and LDL
cholesterol adds 0.01 to the c statistic in an apparently
healthy population, according to the Women’s Health
Study.*® However, the picture changes in intermediate- and
higher-risk persons because these populations by definition
already have traditional risk factors, so these factors have a
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Figure 3. Lipoprotein—-associated phospholipase A, (Lp-PLA,) adds to the area under the curve for traditional risk factors (TRF) and other biomarkers. The
Langzeiterfolge der Kardiologischen Anschlussheil-Behandlung (KAROLA) study examined the risk of recurrent cardiovascular events in high-risk patients
after acute coronary syndromes or revascularization associated with elevated Lp-PLA, (A). In receiver operating characteristic analysis, Lp-PLA, significantly
raised the area under the curve (AUC) additively to TRF, lipids, and body mass index (BMI), even with other novel risk markers, such as cystatin C and
N-terminal pro—brain natriuretic peptide (NT-proBNP) in the model (B). MI = myocardial infarction. *p = 0.03 fully adjusted for TRF, low-density
lipoprotein and high-density lipoprotein, statin drugs, C-reactive protein, age, BMI, etc.; “TRF = age, sex, smoking status, history of MI, diabetes mellitus,
rehabilitation, lipid-lowering drugs, angiotensin-converting enzyme inhibitor intake. (Adapted from Arterioscler Thromb Vasc Biol.®)

0.80 - &8

g 0.78
v

® E
i

076 L 0.76

0.74 L /

Tertile 1 Tertile 2 Tertile 3 TRF TRF + Lp-PLA,

Figure 4. Death rate 1 year after acute myocardial infarction (MI) was 5-fold higher, with elevated lipoprotein-associated phospholipase A, (Lp-PLA,) in
the Mayo Heart Study in Olmsted County, Minnesota (A). In receiver operating characteristic analysis, Lp-PLA, significantly raised the area under the curve
(AUC) additively to traditional risk factors (TRF), lipids, diabetes mellitus, and obesity (B). *TRF = age, sex, hypertension, dyslipidemia, diabetes, smoking,
and obesity. (Adapted from Arterioscler Thromb Vasc Biol*")

much smaller net additional impact on the AUC versus their Characteristics of the Lipoprotein—Associated

utility in screening low-risk populations. Therefore, it is in Phospholipase A, Marker

the moderate- or higher-risk person where an inflammatory

marker could theoretically play a greater role in risk dis- Why do some inflammatory markers tend not to raise the
crimination. This point is supported by a reexamination of AUC in ROC analysis? Markers that reflect systemic in-
the ARIC trial and the risk of stroke, where Lp-PLA, and flammation and not necessarily vascular inflammation may
hs-CRP together were shown to reclassify the 5-year risk have a high false-positive rate, which tends to shift the ROC
category in 37% of persons at moderate risk of stroke, but curve to the right with concomitant weakening of the c
did not significantly reclassify the risk category for low-risk statistic. Lp-PLA, appears to be highly specific for vascular

persons.*® inflammation such that it appears to be unaffected by com-




image16.jpeg
46F The American Journal of Cardiology (www.AJConline.org) Vol 101 (12A) June 16, 2008

mon infections or arthritis, and it has low biologic variabil-
ity, similar to lipids.**-5° The low biologic fluctuation makes
it possible to use a single measurement in clinical decision
making and also permits clinicians to follow it serially.
Most other markers of systemic inflammation, such as hs-
CRP, show significant biologic fluctuation within an indi-
vidual and are challenging to follow. Because the level of
Lp-PLA, is independent of traditional risk factors, its HR
for cardiovascular risk is typically not attenuated after full
multivariate adjustment in prospective studies.>! Further-
more, cardiovascular risk attributable to Lp-PLA, is not
attenuated when systemic markers of inflammation, such as
hs-CRP, are included in the multivariate model. In fact, in
an analysis of 312 patients with CAD and 479 age- and
sex-matched controls, Khuseyinova et al?® reported that
Lp-PLA, in the top versus bottom quartile was associated
with a 1.9-fold increased risk of CAD, even when fully
adjusted for 24 lipid, lipoprotein, inflammatory, and hemo-
static markers.

Finally, a relatively unique characteristic of Lp-PLA, is
its independence from BMI and insulin resistance. In over a
dozen studies where BMI was included in the multivariate
analysis along with traditional risk factors, Lp-PLA, per-
sisted as a statistically significant CVD risk predictor. Un-
like systemic inflammatory markers, which may be pro-
duced by the liver in response to cytokines produced in
mesenteric adipose tissue, Lp-PLA, is produced by macro-
phages and foam cells in atherosclerotic plaques.'> These
findings are consistent with a study of women without
diabetes mellitus, where insulin resistance was measured
with a modification of the insulin suppression test, consid-
ered the “gold standard,” and insulin resistance was found
not to be increased in association with an increased Lp-
PLA, concentration.’! In 2 recent prospective epidemio-
logic studies, ATP III-defined metabolic syndrome and
Lp-PLA, concentrations above the median were not only
independent of each other, but they proved to be additive
markers of CVD event risk.?*52 In the Malmo Diet and
Cancer Study, 4,480 subjects without diabetes were ob-
served for 10 years, during which 261 CVD events devel-
oped. High Lp-PLA, levels and the presence of the meta-
bolic syndrome were independent and additive predictors of
CVD risk (Figure 5).23

Similarly, in an angiographic cohort of 1,143 patients
studied for 7.5 years, Carlquist et al> found that the pres-
ence of the metabolic syndrome and elevated Lp-PLA, were
again independent and additive risk factors for cardiac mor-
tality.

Establishment of a Clinical Cut Point for
Lipoprotein—Associated Phospholipase A,
Mass Concentrations

To be a clinically useful tool, a biomarker must have an
established cut point or decision value. In 2006, a national

Table 1

The ability of cardiac biomarkers, including lipoprotein-associated
phospholipase A, (Lp-PLA,), to significantly increase the area under the
curve (AUC) for incident coronary artery disease in the Atherosclerosis
Risk in Communities (ARIC) study*

Biomarker p Statistic
Log C-reactive protein NS
Lp-PLA, <0.05
Metalloproteinase- 1 NS
Intracellular adhesion molecule-1 NS
E-selectin NS

Log D-dimer NS

Log plasminogen activator inhibitor—1 NS
Homocysteine NS

NS = not significant.

*Of 19 novel cardiac risk markers, only Lp-PLA, increased the area
under the curve (AUC) significantly in receiver operating characteristic
analysis (although increase was quite modest) in the 5-year follow-up study
of approximately 15,000 apparently healthy mostly middle-aged men and
women.

consensus panel recommended an Lp-PLA, mass concentra-
tion cut point to be used with traditional risk factors to better
identify high-risk patients.>* It was noted that Lp-PLA, seems
to exhibit a “risk threshold,” where CVD risk increases rather
abruptly for Lp-PLA, mass concentrations >200 ng/mL. This
is evident on examination of the Kaplan-Meier CVD event-
free survival curves in the Mayo Heart and KAROLA studies
of high-risk CAD and acute coronary syndrome populations,
where patients in the middle tertile for Lp-PLA, have similar
event rates as persons in the top tertile for Lp-PLA,.262° In
other words, an Lp-PLA, mass concentration of 400 ng/mL
does not seem to impart much more risk than 250 ng/mL.
Similarly, when Lp-PLA, enzyme activity is examined, in-
stead of mass concentration, cardiovascular risk seems to in-
crease at the second (middle) tertile (33rd percentile).*> The
Ludwigshafen Risk and Cardiovascular Health Study (LURIC)
study of Lp-PLA, activity observed 2,513 patients with angio-
graphically confirmed coronary atherosclerosis (>20% steno-
sis) and 719 patients without coronary atherosclerosis (<20%
stenosis) for a median of 5.5 years. Absolute risk for cardiac
death doubled in both the second and third tertiles for Lp-PLA,
activity compared with the bottom tertile whether coronary
atherosclerosis was present or not, and after adjustment for
N-terminal pro—brain natriuretic peptide and hs-CRP.#>

Since the initial cut point recommendation, 2 prospective
studies have examined and confirmed that risk seems to be low
when the level of Lp-PLA, is <200 ng/mL and that risk is high
with a level >235 ng/mL. Gerber et al*! reported in a study of
mortality risk 1 year after MI that 225 ng/mL seemed to be an
appropriate cut point, and Mockel et al** reported in a study of
patients presenting with acute chest pain that a cut point of 210
ng/mL was appropriate for CVD risk over the next 42 days.
Based on these reports, several commercial laboratories now
recommend that Lp-PLA, values <200 ng/mL be considered
low, 200-235 ng/mL be considered borderline high, and >235
ng/mL be considered high.
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Table 2

Lipoprotein-associated phospholipase A, (Lp-PLA,) and high-sensitivity C-reactive protein (hs-CRP) combined with traditional risk factors (TRF)* as

predictors of stroke in middle-aged men and women

TRF TRF + hs-CRP TRF + hs-CRP + Lp-PLA, TRF + hs-CRP + Lp-PLA, + Interaction
Area under the curve (AUC) 0.747 0.759 0.793
Increase in AUC above TRF — 0.012 0.046

*Age, sex, race, smoking, systolic blood pressure, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein cholesterol, diabetes mellitus,
antihypertension medications, and body mass index. All increases from previous model were significantly different from TRF (p < 0.05) by bootstrap test.
LDL cholesterol levels in stroke cases were not significantly different from LDL cholesterol in matched controls.

Adapted from Vasc Med.*
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Figure 5. High levels of lipoprotein-associated phospholipase A, (Lp-PLA,) and metabolic syndrome (MS) are independent and additive risk factors in the
Malmé study. CVD = cardiovascular disease. (Adapted from Arterioscler Thromb Vasc Biol.**)

Lipoprotein-Associated Phospholipase A, Is Not a
Proven Treatment Target

Lp-PLA, levels are modified by lipid-lowering therapies,
including statins, niacin, fenofibrate, omega-3 fatty acids,
and ezetimibe. However, there are no data showing that
targeting Lp-PLA, levels with these agents improves clin-
ical outcomes. Small molecule inhibitors of Lp-PLA, are
being developed and are currently undergoing evaluation in
phase 2 and 3 clinical studies. Accordingly, Lp-PLA,
should be used as an adjunct to adjust absolute risk status to
consider more intensive LDL cholesterol goals.

Incorporating Lipoprotein—Associated Phospholipase
A, Testing into National Cholesterol and
Inflammatory Marker Guidelines

The 2001 ATP III guidelines outlined the following criteria
to determine the clinical significance of emerging risk fac-

tors: (1) significant predictive power that is independent of
other major risk factors; (2) a relatively high prevalence in
the population (justifying routine measurement in risk as-
sessment); (3) laboratory or clinical measurement that is
widely available, well-standardized, inexpensive, has ac-
cepted population reference values, and is relatively stable
biologically; and (4) preferably, but not necessarily, modi-
fication of the risk factor in clinical trials that has shown
reduction in risk.

Lp-PLA, would appear to meet the proposed criteria: (1)
there is substantial evidence published in peer-reviewed
journals, including 25 prospective population-based studies,
supporting Lp-PLA, as a cardiovascular risk marker that
provides incremental predictive ability over traditional risk
factors; (2) Lp-PLA, has a similar distribution in the pop-
ulation to LDL cholesterol; (3) a US Food and Drug Ad-
ministration (FDA)—approved assay for measuring levels of
Lp-PLA, is commercially available through national, re-
gional, and hospital reference laboratories, and is reimburs-
able by insurance companies and the Center for Medicare
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and Medicaid Services. As mentioned previously, a national
consensus panel recommended a clinical decision value of
235 ng/mL as high, although some commercial laboratories
now recommend levels <200 ng/mL as low, 200-235
ng/mL as borderline high, and >235 ng/mL as high. Lp-
PLA, has low biologic variability, similar to LDL choles-
terol, and its low biologic fluctuation permits clinicians to
follow levels serially; and (4) the results of ongoing studies
to determine whether reducing Lp-PLA, improves surrogate
and/or clinical outcomes are eagerly awaited.

Conclusion

Lp-PLA, testing appears to be useful as an adjunct to
traditional CV risk assessment in moderate and high risk
populations. Persons with elevated Lp-PLA, levels who are
appropriately reclassified as at higher risk would benefit
from intensification of lipid lowering treatments, based on a
substantial body of evidence that high risk patients benefit
from incremental LDL-C reductions, regardless of baseline
LDL-C levels.
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