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Generall introduction and outline of
thee thesis

S.. Matthijs Boekholdt, Ron J.G. Peters, John J.R Kastelein
Departmentss of Cardiology and Vascular Medicine,
Academicc Medical Center, Amsterdam, The Netherlands
BasedBased on New England Journal of Medicine 2002; 347:1963-1965

Generall introduction
Cardiovascularr disease is by far the most common cause of morbidity
andd mortality worldwide.1 In the Western World, this has been the case
forr decades but the burden of cardiovascular disease is not limited to
thee developed world. In developing countries, cardiovascular disease
outnumberss all other causes of morbidity and mortality, including
infectiouss disease.2 3 However, in many developing countries, a transition
iss taking place towards urbanization, industrialization, and more Western
lifee styles which will inevitably lead to a further increase in cardiovascular
morbidityy and mortality.2 3 The term cardiovascular disease comprises
clinicall manifestations of arterial atherosclerosis or atherothrombosis,
suchh peripheral artery disease, cerebrovascular disease, and coronary
arteryy disease (CAD). Well-established risk factors are dyslipidemia,
smoking,, diabetes, hypertension, and abdominal obesity.4 The pathogenesis
off atherosclerosis is considered to be multifactorial, i.e. caused by a
combinationn of genetic predisposition, lifestyle, and environmental
influences. .
Ann analysis of the Swedish Twin Registry, which contains data from 21,004
twinss born in Sweden between 1886 and 1925, showed that men whose
monozygoticc twin died of CAD, had an 8-fold increased risk of dying from
CAD.55 Among women, this relative risk was 15 times higher. Similarly,
peoplee who had a parent who died of CAD before the age of 55, had a 2foldd increased risk to develop CAD.6 These results suggest that hereditary
predispositionn plays an important role in determining the risk of CAD,
evenn after adjustment for traditional risk factors such as cholesterol level,
hypertensionn and smoking. However, genetic predisposition is but a part
off the puzzle. Migration studies have shown that within one generation,
thee risk of cardiovascular disease can change dramatically by a change of
lifestyle,, suggesting that besides genetic predisposition, environmental
factorss play a pivotal role in determining this risk. For instance, Japanese
whoo migrated to Hawaii and California had a striking increase in the
incidencee of myocardial infarction compared to Japanese living in Japan.7
Similarly,, within 2 years, people from a rural Kenyan tribe who migrated to
urbann areas developed higher blood pressure than their tribesmen who did
nott migrate.8 The current consensus is that atherosclerosis and its clinical
manifestationss result from a dynamic, lifelong interaction among genetic,
environmental,, and behavioural factors.
PathogenesisPathogenesis of atherosclerosis

Forr decades, atherosclerosis has been considered a disease of the arteries
causedd by excessive cholesterol storage. After their Nobel Prize-winning
discoveryy of the LDL receptor as a modulator of cholesterol metabolism,9
Brownn and Goldstein declared that their discovery would lead to the
eradicationn of myocardial infarction by the year 2000. Unfortunately, this
wass not the case. Part of this may be attributable to the fact that available
treatmentt modalities are not being used to their full potential, for instance
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byy suboptimal use of medication and other preventive strategies.1011 On the
otherr hand, atherosclerosis has proved to be a disease that is considerably
moree complicated than suspected by Brown and Goldstein, and certainly
nott explained by elevated cholesterol levels alone. Accumulating evidence
suggestss that the atherosclerotic disease process in the arterial wall is
thee consequence of an intricate interplay between numerous related and
interactingg processes and pathways, such as the transport of cholesterol
intoo the arterial wall, reverse cholesterol transport from peripheral tissues
backk to the liver, oxidation of constituents of these lipoproteins which may
triggerr an inflammatory response in the vessel wall, pro-inflammatory
mediatorss which may enhance lipoprotein uptake by macrophages and
enhancee their pro-inflammatory response, protection against oxidation and
inflammationn by enzymes on some lipoproteins, and pro-oxidative enzymes
whichh may interfere with reverse cholesterol transport. Finally, clinical
manifestationss of atherosclerosis, which are often caused by atherosclerotic
plaquee rupture and subsequent superimposed thrombotic occlusion of
thee artery, may depend on interplay between pro- and anti-inflammatory
pathwayss and pro- and antithrombotic mechanisms. Any classification of
alll these interrelated and interacting pathophysiological pathways into
separatee categories is arbitrary and inadequate. However, for reasons of
clarityy and readability, I have classified them into three sections.
Lipids,Lipids, lipoproteins, and apolipoproteins

Cholesteroll is assumed to be the driving force in atherosclerosis because
populationss with low levels of low-density lipoprotein cholesterol (LDLc)) have a very low incidence of cardiovascular disease, despite having
similarr levels of other risk factors. The majority of cholesterol in plasma
iss transported in LDL particles, which carry one apolipoprotein B (apoB)
moleculee each. Historically, quantification of this plasma component
iss done by measurement of the amount of cholesterol carried in LDL
particles.. However, evidence is now accumulating that the number of
LDLL particles may be a more accurate predictor of CAD risk.41214 Passive
diffusionn drives entry of the LDL particle into the vessel wall, and exit
fromm it. The balance between these processes determines the amount of
LDL-cc present in the arterial wall, and the length of time lipoproteins
spendd there. Increased retention of LDL particles in the arterial wall is
ann early hallmark of atherosclerotic lesion progression.15-17 Consequently,
factorss that affect either of these processes may result in increased or
decreasedd cardiovascular risk. For instance, it was recently noted that
thee atherogenicity of apoB-containing lipoproteins is associated with
theirr affinity for proteoglycans in the arterial wall.18 Mice expressing
proteoglycan-binding-defectivee LDL developed significantly less
atherosclerosiss than mice expressing control LDL.
AA pathway also exists to transport cholesterol from peripheral tissues
backk to the liver for excretion into the bile, a mechanism know as reverse
cholesteroll transport.19 20 In short, nascent HDL is formed by the lipidation
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off apolipoprotein A-I (apoA-I), the principal protein component of HDL
particless which is synthesized in both the intestine and the liver. These
pre-betaa particles acquire free cholesterol from peripheral cells avidly
throughh an export process facilitated by ATP binding cassette transporter
11 (ABCA1). A genetic deficiency of ABCA1 results in Tangier disease, which
iss characterized by absence of HDL-c and accelerated CAD.2123 Similarly,
partiall genetic ABCA1 deficiency results in defective cholesterol efflux
fromm peripheral tissues, and increased progression of atherosclerosis.24 Free
cholesteroll is subsequently esterified to cholesteryl ester (CE) by lecithin:
cholesteroll acyltransferase (LCAT), an enzyme that is associated with HDL
particless and uses apoA-I as a cofactor.25 CE can then be transported to the
liverr directly, and taken up selectively by the scavenger receptor class B type
11 (SRB1), at least in mice. Endocytosis of the entire HDL particle by the ISchainn of ATP synthase may also play a role in this process.26 Alternatively,
CEE can be transported to the liver indirectly, after transfer from HDL
particless to apoB-containing lipoproteins which in turn interact with the
liverr LDL receptor. This transfer process of CE between HDL and apoBcontainingg lipoproteins is facilitated by cholesteryl ester transfer protein
(CETP),, and is reciprocated by triglyceride transfer from very low density
lipoproteinss (VLDL) to LDL and HDL.27 The distribution of CE among LDL and
HDLL particles is crucial for the development of atherosclerosis, and may
bee partially determined by the plasma concentration of CETP. Therefore,
variouss recent studies have focused on the hypothesis that a genetic variant
inn the CETP gene which is associated with slightly lower CETP plasma
levels,, is also associated with a decreased risk of CAD, but the results have
beenn inconsistent.2830
OxidationOxidation and inflammation
Ass described above, a longer residence time of LDL particles in the
arteriall wall increases the likelihood of chemical modifications, which
mayy enhance their atherogenicity. For instance, type II secretory
phospholipasee A2 (sPLA2) is an enzyme that hydrolyzes the sn2 ester bond
off phospholipids, which form the outer layer of lipoproteins. This sPLA2mediatedd modification yields LDL particles with a higher affinity for
proteoglycans,, thus increasing their residence time in arterial wall. Some
small-scalee evidence suggests that higher circulating levels of sPLA2 are
associatedd with an increased risk of CAD.31 In addition to enhancing the
residencee time of LDL particles, sPLA2 may also have direct pro-atherogenic
effectss on these lipoproteins, for instance by hydrolizing phospholipids,
whichh yields lysophospholipids and arachidonic acid, known precursors
off various proinflammatory mediators such as leukotrienes and
prostaglandines.322 Also, sPLA2 has been shown to modify lipoproteins
suchh that they are more susceptible to lipid peroxidation.33 Such oxidative
modificationss of LDL lipoproteins are essential in atherogenesis because
uptakee of LDL particles by macrophages in the vessel wall is a first step
towardss the transformation of these macrophages into foam cells, a cell

typee that characterizes advanced atherosclerosis.34 Yet, paradoxically, native
LDLL particles are recognized poorly by macrophages and do not produce
CEE accumulation in these cells in culture. Biological modification converts
nativee LDL particles into a form that can be recognized by macrophage
receptorss and that leads to greatly enhanced cellular uptake and
promotionn of CE accumulation.3536 This modification is characterized by
oxidativee changes of the apoB molecule present on each LDL particle, and
alsoo of the phospholipid outer membrane of these particles.37
However,, oxidative modification of LDL particles may not only play a
cruciall role in the uptake by macrophages which is important in foam cell
formation,, but may also be involved in conformational changes of these
LDLL particles which may be crucial in triggering the innate immune system
too initiate an inflammatory response.38 These oxidative modifications
comprisee a wide range of molecular alterations. Importantly, it is now
well-recognizedd that certain modifications of phospholipids lead to the
exposuree of the phosphorylcholine (PC) subgroup, which remains cryptic
inn native LDL. A similar exposure of PC groups occurs when viable cells
turnn apoptotic. These PC subgroups are structurally identical to molecular
patternss in the cell membrane of gram-negative bacteria, including S.
pneumoniae.. This molecular mimicry has led to the hypothesis that
mediatorss of the immune system mount an inflammatory reaction against
newlyy exposed auto-antigens which are recognized as molecular patterns
associatedd with true pathogens.38 Several mediators of the innate immune
responsee have been identified as recognizing these PC groups, including
thee scavenger receptor toll-like receptor-4 (TLR-4), C-reactive protein (CRP),
andd a natural anti-oxLDL antibody of the E06 idiotype. Interestingly,
thiss E06 antibody was shown to be 100% homologous with an antibody
directedd against S. pneumoniae.39 Several studies have shown that oxidized
phospholipidss bearing the PC subgroup as ligands on oxLDL mediated
thee uptake by macrophages.40^2 In addition, ligation of TLR-4 with certain
oxidizedd phospholipids may lead to the release of pro-inflammatory
cytokines,, including interleukin-8 (IL-8).43 Similarly, CRP binds to oxLDL
andd to apoptotic cells by ligation with PC.4445 Thus, PC exposure, which
occurss in oxLDL and apoptotic cells, generates an antigen that is recognized
byy CRP, the natural antibody E06 and certain macrophage scavenger
receptors,, including TLR-4, and may mediate highly conserved and
concertedd innate responses.
Thee interaction between PC subgroups exposed on apoptotic cells
andd CRP may not only be relevant in the initiation and progression
off atherosclerosis, but also in the setting of clinical cardiovascular
eventsevents caused by myocardial ischemia. Evidence exists to support the
hypothesiss that CRP can bind to ischemic cardiomyocytes and initiate
thee complement cascade which aggravates the inflammatory reaction
ensuingg in ischemic myocardium and enhances myocardial damage.46
Forr instance, experimental myocardial infarction models have shown
thatt raising CRP levels before coronary occlusion resulted in increased
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infarctt size.4748 This effect was inhibited by complement depletion. In
humans,, immunohistochemical studies have shown co-localization of
CRPP and complement in the hearts of patients who died from myocardial
infarction.49-50 0
Finally,, oxidation may also have atherogenic effects that are not
relatedd to the inflammatory processes in the arterial wall, but to their
effectt in plasma. Circulating levels of myeloperoxidase, an oxidating
enzymee secreted by activated neutrophils, have been shown to predict
cardiovascularr events in people with unstable angina.51 Myeloperoxidasecatalyzedd oxidation has been shown to induce functional impairment of
apoA-I.522 53 Because interaction between apoA-I and ATP binding cassette
transporter-11 (ABCA1) is essential for the uptake of cholesterol from
peripherall cells by avid HDL particles, functional impairment of apoA-I
leadss to accumulation of cholesterol in peripheral tissues.
Thee inflammatory processes that evolve in the arterial wall are initiated
andd perpetuated by a concert of cytokines, interleukins and other
signallingg molecules. Circulating levels of these inflammatory mediators
mayy be used as predictors of cardiovascular events; first, because they
reflectt the extent of atherosclerosis in the arterial wall, and second,
becausee atherosclerotic plaque rupture occurs predominantly at sites of
plaquee inflammation.54 As described above, IL-8 is one of the messengers
thatt are expressed by macrophages upon contact with oxLDL. IL-8 plays an
importantt role in the recruitment of leukocytes into the subendothelial
space,, a process known to occur in early stages of atherosclerosis. Evidence
fromm murine atherosclerosis models suggests that initial leukocyte
adhesionn to the endothelium is medited by KC, the murine equivalent of
IL-8,, whereas subsequent interaction between monocyte chemoattractant
protein-11 (MCP-1) is and its receptor CCR1 is essential for transendothelial
diapedesiss and recruitment into the arterial wall.55 In mice, atherosclerosis
cann be largely prevented by eliminating the genetic expression of IL-8,
MCP-11 or their leukocyte receptors.56-58 Another inflammatory marker
thatt has received extensive attention is CRP. Numerous epidemiological
studiess have established CRP as a predictor of future cardiovascular events
inn people with stable CAD59 and unstable CAD,6061 and even in apparently
healthyy individuals.62,63 A recent clinical guideline64 has suggested that CRP
measurementt could be used in clinical practice at the discretion of the
physiciann to improve risk assessment in people with prevalent CAD, and in
peoplee without prevalent CAD at intermediate risk of cardiovascular events
(10-20%% over the next 10 years) as estimated by established risk scores.6566
Thiss recommendation has recently been challenged by a very large
prospectivee study and updated meta-analysis67 which suggested that the
riskk estimate for CRP was importantly lower than described in a previous
meta-analysis,688 and that CRP levels added only marginally to the predictive
valuee of traditional cardiovascular risk factors. This conclusion has caused
ann intense and ongoing debate.69"73

CoagulationCoagulation and fibrinolysis
Thee most common cause of acute coronary events is atherosclerotic plaque
rupturee with superimposed thrombosis, leading to arterial occlusion.74
Thiss hypothesis implicates the haemostatic system as a potentially relevant
determinantt of cardiovascular events. In addition, the haemostatic system
mayy be relevant in the initiation and progression of atherosclerosis as well.
Platelett adhesion and mural thrombosis are ubiquitous in the initiation
andd generation of the lesions of atherosclerosis in animals and humans.75
Plateletss can adhere to dysfunctional endothelium, exposed collagen,
andd macrophages. When activated, platelets release their granules, which
containn cytokines and growth factors that may contribute to the migration
andd proliferation of smooth-muscle cells and monocytes. Activation
off platelets leads to the formation of free arachidonic acid, which can
bee transformed into prostaglandins such as thromboxane A^ a potent
vasoconstrictingandd platelet-aggregating substance, or into leukotrienes,
whichh can amplify the inflammatory response. This has led to the
hypothesiss that variations in the coagulation and fibrinolytic systems can
predisposee carriers to accelerated atherosclerosis, or to an increased risk of
itss clinical manifestation including coronary events. The limited evidence
aboutt people with hypocoagulable disorders suggests that these people
aree at least not protected against the development of atherosclerosis.7677
Levelss of various coagulation factors have been studied in relation to
thee risk of cardiovascular events.78 A strong relationship is consistently
observedd forfibrinogen,79-80but most likely this is not explained by its role
inn the coagulation cascade but by its expression pattern as an acute phase
reactant.. Thus, high fibrinogen levels may be associated with an increased
riskrisk of CAD not via hypercoagulability but because they reflect low-grade
inflammationn of the arterial wall, which is associated with an increased
riskrisk of atherosclerotic plaque rupture. No strong or consistent relationship
hass been observed for factor VII levels,79 81 whereas the associations with
vonn Willebrand factor (vWF),8283 factor VIII,82 84-85 tissuetype plasminogen
activatorr (t-PA),86 and plasminogen activator inhibitor-1 (PAI-1)87 are
moderate,, and dependent on modifying factors. Thus, the observed
relationshipss are moderate and probably not causal in the development of
cardiovascularr events. Instead, they may reflect low-grade inflammation of
thee arterial wall or endothelial cell activation. In recent years, numerous
geneticc association studies have explored the relationships between
variantss in genes for haemostatic proteins and the risk of coronary events.88
AA limited number of variants has received extensive attention, including
thee factor V Leiden mutation89"91 and the prothrombin G20210A mutation91
944
which both predispose to venous thromboembolism, the fibrinogen
G(-455)AA variant which is associated with increased fibrinogen plasma
levels,91955 the PAI-1 4G/5G polymorphism,91-96"98 and the Leu33Pro variant
inn glycoprotein Ilia, which is one of the subunits of the platelet Ilbllla
receptor.9910°° All these variants have no, or only a very limited effect on the
riskrisk of cardiovascular events.
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Inn summary, the initiation of atherosclerosis, its progression over time,
andd the development of its clinical manifestations are multifactorial
processess that result from an intricate interplay of related and interacting
pathophysiologicall pathways. Some players in these pathways may have a
substantiall effect on the ultimate risk of cardiovascular events, others may
havee a limited effect or none at all, and yet others may have effects that
varyy depending on other genetic or environmental factors.
IndividualIndividual predisposition to atherosclerosis

Today,, a person's genetic background is considered in every aspect of
clinicall medicine, ranging from susceptibility to diseases, pathogenesis,
andd clinical outcome to diversity in responses to drug treatment
(pharmacogenomics).. The new panoramic look at the human genome has
stimulatedd a massive search for clinically relevant genomic information,
includingg single-nucleotide polymorphisms (SNPs), which consist of
substitutionss of one nucleotide for another in a DNA sequence. Individual
genomess are 99.9 percent identical, with only 0.1 percent of the genome
showingg polymorphisms.101102 About 2 to 3 million SNPs have been found
inn exonic, intronic, regulatory, and intergenic regions. Almost all genes
containn SNPs, but only a minority may have functional consequences
becausee they either affect the expression level of a protein or predict an
alterationn of the amino acid sequence. Complexity increases at the protein
level,, since one human gene may produce up to five different proteins
ass a result of alternative splicing. Posttranslational modifications, such
ass assembly or glycosylation, further increase the diversity of proteins.
Furthermore,, environmental and other genetic factors may alter the
phenotypee that results from genetic abnormalities. Such an effect has
recentlyy been found in a family with hypertrophic cardiomyopathy caused
byy a single mutation in the gene for myosin-binding protein C. SNPs in five
componentss of the renin-angiotensin-aldosterone system were found to
determinee the degree of left ventricular hypertrophy.103 Also, data from
thee Framingham Study have suggested that the effect of the common
C(-514)TT variant in the promoter of the hepatic lipase gene is modified by
nutrientt intake. Subjects with the TT genotype had low concentrations
off HDL-c, but only if their fat intake was at least 30 percent of their total
consumedd energy.104 Similarly, the factor V Leiden mutation may become
aa stronger risk factor for thromboembolism in women who use oral
contraceptives.1055 Such gene-gene andd gene-environment interactions are
usuallyy not taken into account in genetic association studies because
theyy are poorly understood. Better understanding of the genetic and
environmentall context in which a genetic variant may have an effect, is
thereforee warranted. As a consequence of these biological complexities,
poorr reproducibility is often experienced in the field of genetic association
studies.1066 In addition to true biological effects that influence the
relationshipp of interest, a number of methodological and epidemiological
factorss may distort the results of genetic association studies as well, such

ass differences in patient and control definition, population heterogeneity,
andd limited statistical power.106 These limitations have cast doubts on this
typee of study,107110 and some biomedical journals have even adopted a policy
off not publishing the results of association studies related to complex
diseases.111 1
Thesee difficulties, however, should be weighed against the potential
benefitss of genetic research. Because genetic predisposition does not
fluctuatefluctuate as do, for instance, plasma levels of a given risk factor, risk
predictionn based on genetic profiling would be a very effective approach. In
addition,, studying protein risk factors without their genetic determinants
willl likely result in an incomplete understanding of the pathophysiology.
Recently,, recommendations have been made for the design of future
geneticc association studies.106112 The first recommendation concerned
thee adequacy of statistical power; recent evidence suggests that the
largee majority of genetic association studies performed thus far have
beenn underpowered to detect the difference they were designed for.
AA second important recommendation was that an observed genotypediseasee association should be accompanied by supporting evidence. Such
evidencee could be in the form of replication in an independent cohort.
Also,, supporting evidence could be supplied by a plausible biological
explanationn based on the functional consequences of the variant allele.
Forr instance, the factor V Arg506Gln mutation, which is associated with
ann increased risk of venous thromboembolism, has been shown to be
locatedd at the exact site where in the wild-type protein inactivation by
activatedd protein C would occur.89 As a consequence, this mutation leads
too a gain of function caused by defective inactivation, and the genetic
abnormalityy is therefore consistent with our knowledge of the underlying
physiology.. Also, carriers of the Asp299Gly variant in the TLR4 gene have a
higherr risk of developing septic shock during gram-negative infections.113
Thiss observation is consistent with the observation that, upon ligation
withh endotoxin, the variant receptor initiates a blunted inflammatory
response,, compared to the wild-type receptor.114 Finally, support for an
observedd genotype-disease relationship could be obtained by studying the
triangulationn of genotype and phenotype associations with disease risk,
ann approach also known as Mendelian randomization. This approach is
basedd on Mendel's second law which assumes the random assortment of
geness from parents to offspring that occurs during gamete formation and
conception,, or in Mendel's words:
"the"the behaviour of each pair of differentiating characteristics in hybrid union is
independentindependent of the other differences between the two original plants, and, further,
thethe hybrid produces just so many kinds of egg and pollen cells as there are possible
constantconstant combination forms."115

Putt simply, this law suggests that the inheritance of one trait is
independentt of the inheritance of other traits, and provides a method for
assessingg the causal nature of environmental exposures. The basic idea is
that,, if genetic variants produce differences in an intermediate phenotype
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whichh in turn alters disease risk, the variants should themselves be related
too disease risk to the extent predicted by their influence on the phenotype.
Forr instance, the status of plasma fibrinogen levels as a causal risk factor
forr CAD remains controversial.95116 Fibrinogen levels certainly predict CAD
risk,risk, with the latest meta-analysis reporting a relative risk (RR) of 1.8 (95%
CI:: 1.6-2.0) for the top to the bottom tertile of the fibrinogen distribution.80
However,, existing atherosclerosis increases fibrinogen, generating reverse
causationn between disease and the apparent risk factor, and also there
iss substantial confounding, with higher fibrinogen levels being seen in
smokers,, people from less-favourable socioeconomic backgrounds, and
non-drinkers.1177 Recently a large case-control study has examined this
issue.1188 The G(-455)A variant in the ^-fibrinogen gene is associated with
fibrinogenfibrinogen levels, such that for each A allele there was an increase of 0.12
g/11 in fibrinogen. In turn, an increase in fibrinogen levels by 0.12 g/1 was
associatedd with an RR of CAD of 1.20 (95% CI: 1.13-1.26). However, when
genotypee was related to CAD risk, essentially no relationship was seen,
withh a per allele RR of 1.03 (95% CI: 0.96-1.10). Mendelian randomization
providess new opportunities to test causality and demonstrates how
investmentt in the human genome project may contribute to understanding
andd preventing the adverse effects on human health of modifiable
exposures.. In the future, welWesigned genetic association studies with
adequatee statistical power may provide new insights into the relationships
amongg genetic variants, intermediate risk factors, and disease risk.
Outlinee of the thesis
Atherosclerosiss can reach the clinical horizon as a range of clinical
manifestations.. This thesis will focus on coronary artery disease only. It
describess a range of factors, both at a genetic and at a plasmatic level,
thatt may be relevant in the development of coronary artery disease. The
chapterss have been divided into three parts, based on the arbitrary division
off pathophysiological themes, as described above.
Partt I contains a number of chapters on lipids, lipoproteins and
apolipoproteins.. Chapter 2 describes a meta-analysis of 3 well-studied
geneticc variants in apoB, the principal protein component of LDL particles.
Chapterr 3 describes the role of circulating levels of apoA-I and apoB, in
comparisonn with HDL-c and LDL-c, in the prediction of CAD risk. Chapters
44 through 6 describe the potential relevance of CETP for the distribution
off lipid levels and cardiovascular risk. The respective chapters describe
thee background of genetic research on CETP, a meta-analysis of large
studiess on the relationship between a genetic variant in the CETP gene,
HDL-cc levels, and CAD risk, and a study on the relationship between CETP
plasmaa levels and future CADrisk.Chapter 7 describes the potential for
therapeuticc inhibition of CETP in the primary and secondary prevention of
cardiovascularr disease in the near future.
Partt II addresses oxidation and inflammation. Chapter 8 describes the
relationshipp between circulating levels of sPLA2 and the risk of future
20 0

CADD in apparently healthy individuals. Chapter 9 explores the relationship
betweenn genetic variants in the macrophage receptor TLR4 and the risk of
futuree cardiovascular events, and chapters 10 and 11 describe the respective
relationshipss between interleukin-8 and macrophage migration inhibitory
factor,, two pro-inflammatory cytokines, and the risk of future CAD. Chapter
122 describes the relationship between plasma levels of CRP and the risk of
futuree CAD, with an emphasis on the distinction between fatal and nonfatall CAD.
Partt III explores the coagulation and fibrinolytic systems in the
developmentt of clinical manifestations of cardiovascular disease, in
particularr CAD. Chapterl3 describes an interaction between a genetic
variantt of glycoprotein Ilia and fibrinogen levels in determining the risk of
cardiovascularr events. Chapter 14 is a meta-analysis of published studies on
thee relationships between genetic variants in 4 haemostatic proteins: factor
V,, prothrombin, fibrinogen, and plasminogen activator inhibitor-1. Chapter
155 describes our exploration of a potential interaction between fibrinogen
levelss and a genetic variant in factor XIII in determining the risk of future
cardiovascularr events.
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Abstract t
Rationale Rationale
Apolipoproteinn B (apoB) is the sole protein component of low-density
lipoproteinn (LDL) and is thought to play an important role in atherogenesis.
MethodsMethods and Results
Wee performed a meta-analysis of the associations between the three most
frequentlyy investigated polymorphisms (Xbal, signal peptide insertion
// deletion, EcoRI) in the apolipoprotein B (APOB) gene, lipid parameters
andd the risk of ischemic heart disease (IHD). We restricted our analysis to
Caucasians.. Homozygotes for the Xbal X+ allele had significantly elevated
levelss of LDL cholesterol (LDL-C) and apoB but a decreased risk (OR=0.80;
95%CI:: 0.66 to 0.96) of ischemic heart disease (IHD). Homozygosity for the
signall peptide deletion allele was associated with similarly increased levels
off LDL-C and apoB, and with an increased risk of IHD (OR=1.30; 95%CI: 1.08
too 1.58). Subjects homozygous for the rare EcoRI allele had significantly
decreasedd levels of total and LDL cholesterol, but unaltered risk of IHD.
Conclusion Conclusion
Wee conclude that all three polymorphic apoB sites are associated with
alteredd lipid levels but not necessarily with a consistently altered risk
off IHD. These data suggest that the relationship between apoB levels,
hypercholesterolemiaa and IHD risk cannot have a simple molecular basis in
thee apoB gene.
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Background d
Elevatedd plasma levels of low-density lipoprotein cholesterol (LDL-C)
aree associated with an increased risk of coronary artery disease.1
Apolipoproteinn B (apoB) is the sole protein component of this particle,
andd plasma levels of apoB are also associated with cardiovascular disease.
Indeed,, evidence is accumulating that apoB may be a better risk indicator
forr cardiovascular events than LDL-C.2 In a large survey of 175,553 subjects,
thee apoB concentration was associated with the risk of fatal myocardial
infarctionn even after adjustment for total cholesterol.3 LDL<1 levels are less
predictivee of cardiovascular events in patients treated with statin therapy.
Hence,, apoB-guidance of statin treatment may more accurately predict the
effectt on cardiovascular risk.2,4
Severall mechanisms may explain the role of apoB in atherogenesis. ApoB
servess as the ligand for LDL-receptor mediated clearance of LDL. Mutations
inn the APOB gene cause a rare dominant disorder, familial defective
apolipoproteinn B-100, which is characterized by elevated LDL-C levels
andd an increased risk of ischemic heart disease (IHD). These rare genetic
variantss cannot explain the variation of apoB in the general population.
Lesss penetrant but more prevalent variants could have a much larger
population-attributablee effect. As a consequence, a plethora of studies
havee assessed a wide variety of APOB polymorphisms with inconsistent
results,, possibly due to the lack of adequate statistical power, selection
bias,, population diversity, or genetic admixture.5 A meta-analysis may
avoidd some of these methodological difficulties. Therefore, we performed
aa systematic meta-analysis of population-based studies investigating APOB
polymorphismss and their association with either lipid parameters or the
riskrisk of IHD.
Methods s
LiteratureLiterature search

Wee identified all population-based studies of APOB polymorphisms and
theirr association with lipid parameters and the risk of IHD. The literature
wass scanned by a formal search of MEDLINE electronic database. Search
termss that were used were both MESH terms and (part of) the text words
"acutee coronary syndromes", or "myocardial infarction", or "coronary
arteryy disease", or "ischemic heart disease", in combination with
"apolipoproteinn B", in combination with "polymorphism", or "mutation",
orr "genetics". The search results were subsequently limited to "human" and
"Englishh language". Reference lists of retrieved articles were scanned for
additionall potentially relevant publications. In addition, for each retrieved
publicationn an electronic 'cited reference search' was performed (Web of
Sciencee version 4.1.1, Institute for Scientific Information 2000), identifying
alll papers citing the index publication.
Wee checked whether all generated data described in the Methods section
weree reported in the Results section of each paper. If obtained data were
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nott shown in the article, the principal investigator was contacted and
askedd to provide the data. Authors were also contacted in case of a potential
patientt overlap between publications.
SelectionSelection criteria

Itt was our aim to reduce publication bias by contacting investigators to
requestt unpublished data. Because it is virtually impossible to obtain
unpublishedd data from studies published more than 10 years ago, we
restrictedd our analysis to articles published after 1992. Extension of this
periodd to before 1992, would result in the inclusion of many studies with
incompletee data (data not available digitally, only in old digital format,
investigatorr moved, retired, etc.), and would thus introduce publication
bias.. Only full-length articles in peer review journals were included if
publishedd between 1992 and January 2002. We limited our analysis to
thee three most extensively studied APOB polymorphisms, i.e. the Xbal,
signall peptide insertion / deletion, and EcoRI polymorphisms. Moreover,
wee restricted our analysis to studies performed in Caucasian populations
becausee genotype distributions may differ substantially between different
ethnicities.66 If ethnicity was not explicitly reported, studies were also
includedd if they were performed in European and Australian populations.
Dataa on subjects from other countries were excluded, as were data from
articless in which ethnicity and the country were not reported.
Studiess were included if (I) they reported the prevalence of one of these
polymorphismss in at least one group of patients with IHD and in an
appropriatee group of population-based controls without cardiovascular
disease,, representative for the population from which the cases were
recruited,, or (II) they reported data on both an APOB polymorphism and
aa lipid parameter in a sample of unrelated individuals. We limited our
analysiss to the following 4 plasma lipid parameters: total cholesterol (TC),
triglycerides,, LDL-C, and apoB. IHD was defined as (I) myocardial infarction,
(II)) unstable angina, (III) stable angina, or (IV) angiographic evidence
off coronary artery disease. Data on subjects with lipid disorders, or on
subjectss specifically selected by lipid criteria, were not used. Duplicate
publicationss and publications with patient overlap were excluded. All
identifiedd publications were independently evaluated and selected by
twoo investigators (SMB and KF) for compliance with these criteria. The
resultss were compared and disagreements were resolved by consensus.
Considerablee inconsistency exists concerning the nomenclature of the
polymorphismss and alleles. The nomenclature used in this article is
presentedd in table 1.
DataData extraction and analysis

Dataa were independently extracted and entered into separate databases
byy two investigators (SMB and KF). The results were compared and
disagreementss were resolved by consensus.
Alll populations described in case-control studies were tested for Hardy34 4

Weinbergg (HW) equilibrium in cases and controls, and the genotype
distributionss between all groups were compared by 2-statistics. The
relationshipss between genotype and outcome (either lipid parameter or
riskrisk of IHD) were analyzed with meta-analysis. Rare allele homozygotes
weree compared against wild-type homozygotes, in order to obtain
maximall contrast. We did not consider a dominant model (comparing
mutantt homozygotes + heterozygotes versus wild-type individuals). Thus,
heterozygotess were not taken into account in these meta-analyses. For lipid
parameters,, weighted mean differences (WMD) with corresponding 95%
confidencee intervals (95% CI) were calculated.7 For dichotomous data on
diseasee status, odds ratio's (OR) with corresponding 95% CI were calculated
usingg the fixed effects model according to Peto and Mantel-Haenszel.8
Thee raw data from each separately described population were entered
ass a separate stratum. Tests for heterogeneity were performed with each
meta-analysis.. Data were analyzed using Review Manager version 4.1 (The
Cochranee Collaboration 2000).
Results s
LiteratureLiterature search

AA total of 143 potentially relevant publications were identified. Of these, 45
weree excluded because they were published before 1992. Twenty-one studies
weree excluded because the populations were non-Caucasian, or because
thee ethnicity of subjects could not be determined. Thirty-six publications
weree excluded because they had patient overlap with other publications;
becausee patients were derived from a limited number of families; because
theyy reported data affected by an intervention; because the reported data
weree not relevant for our analysis; or because subjects were selected on the
basiss of abnormal cholesterol levels (references available). One additional
studyy selected patients on the basis of abnormal cholesterol levels, but did
providee potentially relevant data on the control group.9
Thee remaining 40 publications reported potentially relevant data. Eleven
off these provided a complete report of all data that were determined in the
study.1*200 For the remaining 29 publications, the principal investigator was
requestedd to provide data that were not shown in the article, and for 13 of
thesee publications, the additional data were provided.92132
Forr the remaining 16 publications, the principal investigator could not be
contacted,, the requested data could not be retrieved, or permission from
thee local Medical Ethics Committee could not be obtained (references
available).. From these 16 publications, 7 provided no otherwise relevant
data,, while from the remaining 9 publications, the incomplete set of
reportedd data was used.33^2 Thus, data from a total of 33 studies were used.
Thee characteristics of these studies are summarized in table 2.
GenotypeGenotype and allele distributions

Thee total population, which was analyzed for the Xbal polymorphism, was
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Tablee 1. Nomenclature for the investigated APOB polymorphisms.
Polymorphism m Allele e
Xbal l

Signall peptide

EcoRI I

Frequency y

Rare e

Heterozygoses s

Common n

X--

0.506 6

X+X+ +

X+X--

X-X--

X+ +

0.494 4

514 4

1114 4

538 8

insertion n

0.680 0

DelDel l

InsDel l

Inslns s

deletion n

0.320 0

255 5

1063 3

1136 6

E+ +

0.802 2

E-E--

E+E--

E+E+ +

E--

0.198 8

53 3

461 1

917 7

Allelee frequencies are based on the pooled control groups of all studies investigating
genotypee - IHD relationships. The genotype distributions in the pooled control groups
aree given in absolute numbers.

nott in Hardy-Weinberg equilibrium and this was attributed completely
byy the IHD cases (x2=6.786, df=l, p=0.009), whereas all other populations
andd groups of cases and controls were in Hardy-Weinberg equilibrium
(x2<1.8,, df=l, p>0.18). The Xbal genotypes distribution differed significantly
betweenn cases and controls (x2=9.915, df=2, p=0.007). This was caused by
aa significantly lower Xbal X+ allele frequency among the cases with IHD
(0.4622 versus 0.494; x2=8.522, df=l, p=0.004) that was mainly the result of
aa lower proportion of Xbal X+ homozygotes among the cases (0.198 versus
0.237;; x2=8.930, df=l, p=0.003). In the individual studies, no indications
weree found that cases and controls had different inclusion criteria with
regardss to (LDL) cholesterol and apoB levels. Moreover, a selection bias
wass very unlikely because Xbal had an unexpected inverse relation with
IHDD (vide infra). The genotype (x2<3.1, df=2, p>0.2) and allele frequencies
(x2<3.1,, df=l, p>0.08) of the other two polymorphisms were not significantly
differentt between cases and controls.
HomozygousHomozygous genotypes and lipid parameters
Comparedd to wild-type (X-X-) individuals, Xbal X+ homozygotes had
significantlyy higher TC and LDL-C levels; 0.15 mmol/1 (95% CI=0.09 to 0.22;
p<0.0001),, and 0.15 mmol/1 (95% CI=0.09 to 0.20; pO.0001), respectively
(tablee 3). The apoB levels were higher in X+ homozygotes, than in wildtypee individuals (0.06 g/1; 95% CI=0.04 to 0.08; pO.0001). Homozygosity for
thee signal peptide deletion allele was associated with elevated TC levels
(0.122 mmol/1; 95% CI=0.06 to 0.18; pO.0001) and LDL-C levels (0.09 mmol/
1;; 95% CI=0.03 to 0.13; p=0.002), compared to wild-type (insertion allele)
individuals.. ApoB levels were indeed higher in deletion allele homozygotes
(0.077 g/1; 95% CI=0.04 to 0.09; p<0.0001). Homozygosity for the rare EcoRI Eallelee was associated with decreased levels of total cholesterol (0.40 mmol/1;
95%% CI=0.23 to 0.56; p<0.0001), and LDL-C (0.18 mmol/1; 95% CI=0.02 to 0.35;
p=0.03),, compared to wild-type E+E+ individuals. The apoB levels were not
associatedd with the E- allele in a recessive model. The triglyceride levels
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weree not significantly associated with homozygosity for any of the three
polymorphicc sites.
GenotypeGenotype and ischemic heart disease

Inn addition to the comparison of genotype distributions (rare allele
homozygotes,, heterozygotes, common allele homozygotes) between IHD
casess and controls, we quantified the risk of IHD that is associated with
homozygosityy for the rare allele, as compared to homozygosity for the
commonn allele. Homozygosity for the Xbal X+ allele was associated with
aa reduced risk of IHD (OR=0.80; 95% CI=0.66 to 0.96; p=0.02;figure1).
Ann analysis restricted to populations whose lipid profiles were available
showedd virtually similar results (data not shown). Homozygosity for the
signall peptide deletion allele was associated with an increased risk of IHD
<OR=1.30;; 95% CI=1.08 to 1.58; p=0.007; figure 2). The EcoRI polymorphism
wass not significantly associated with IHD (OR=1.15; 95% CI=0.78 to 1.70;
p=0.5;;figure3).

Tablee 2a. Characteristics of the individual included studies with IHD as outcome
Firstt author

Population n

Sex x

Definition n

Czech h

male e

M I / A P b y C A G G SP P

IHD D

Norwegian n

both h

Ml l

Xbal,, SP

IHD D

Italian n

female e

MI/AP P

Xbal,, EcoRI,SP PIHD D

Caucasian n

male e

CADD by CAG

SP P

IHD D

Caucasian n

both h

CADD by CAG

Xbal,, EcoRI

IHD D

Brazilian n

both h

CADD by CAG

Xbal,, SP

IHD D

Caucasian n

both h

CADD by CAG

Xbal,, EcoRI,SP PIHD D

Finnish h

both h

Ml/AP P

Xbal l

IHD D

French,, Irish

male e

Ml l

Xbal,, EcoRI

IHD D

Finnish h

both h

CADD by CAG

Xbal l

IHD D

Caucasian n

female e

CADD by CAG

Xbal,, EcoRI,SP PIHD D

Ukkola

Finnish h

both h

CADD in DM

Xbal,, EcoRI

IHD D

vlsvikis" "

French,, Irish

male e

Ml l

SP P

IHD D

German n

both h

CADD by CAG

EcoRI I

IHD D

Benes
Bohn

44

se e

Corbo

10 0
15 5

Gardemann
Hosking

21 1

Machado27 7
Marshall

28 8

Miettinen29 9
Moreel

31 1
32 2

Nteminen
3

Salazar * *
45 5

Wick

50 0

Polymorphism mOutcome e

Mll indicates myocardial infarction; AP indicates angina pectoris; CAD by CAG
indicatess coronary artery disease confirmed by coronary angiography; DM indicates
diabetess mellitus, SP indicates signal peptide polymorphism. The numbers of cases
andd controls refer to the highest number analyzed for any of the polymorphisms. The
numberss may vary between the polymorphisms.
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Discussion n
Inn the present meta-analysis, variation at the APOB gene locus exerted
differentiall effects on LDL-C and apoB levels, and on IHD risk. In the general
population,, high levels of apoB lead to an increased risk of IHD,43 and in
patientss on statin therapy, apoB levels have recently been proposed as a
moree accurate therapy guidant than LDL-C.2 44 The findings of the present
studyy suggest that these relationships may not have a simple molecular
basiss in the APOB gene. The Xbal X+ allele was significantly associated
Tablee 2b. Characteristics of the included studies with lipid levels as outcome
Firstt author
Aalto-Setala
Abbey

11

22

Population n Sex x

Definition n

Polymorphismm Outcome

Finnish h

both h Ischemicc stroke / TIA

Xbal l

TC,, LDL, TG

Australian n

both h healthyy volunteers

EcoRI I

TC,, LDL, TG

Benes3 3

Caucasian n male e CADD byCAG

SP P

TC,, LDL, TG, apoB

Bohn5 5

Norwegian n both h Ml,, healthy controls

Xbal l

TC,, LDL, TG, apoB

Bohn6 6

Norwegian n both h Ml,, healthy controls

SP P

TC,, LDL, TG, apoB

Corbo10 0

Italian n

Deeb11 1

Caucasian n male e CADD by CAG, controls Xbal l

TC,, LDL, apoB

Delghandi12 2

Norwegian n both h healthyy controls

Xbal,, EcoRI

TC,, LDL, TG, apoB

Gaffney14 4

Scottish h

SP P

LDL,, TG

Gardemann15 5

Caucasian n male e CAD,, controls

SP P

TC,, TG, apoB

Glisic16 6

Serbian n

both h healthy y

SP P

TC.TG G

Danish h

male e randomm volunteers

Xbal l

Hansen

18 8

female eMll / AP, healthy controls Xbal, EcoRI, SPTC,, LDL, TG, ApoB

both h healthyy controls

TC,, apoB

Hixson20 0

Caucasian n male e diedd of external causes SP P

TC C

ISO 2 3 3

Caucasian n both h healthyy volunteers

EcoRI I

TC,, LDL, TG

Lopez-Miranda244 Spanish

male e ApoE33 homozygotes

Xbal l

TC,, LDL, TG, apoB

Lopez-Miranda255 Spanish

male e ApoE33 homozygotes

Xbal l

TC,, LDL, TG, apoB

26 6

Finnish h

both h Centenarians s

Xbal l

TC,, LDL, TG

Miettinen29 9

Finnish h

both h Mll / AP, healthy controls Xbal

TC,, LDL, TG

Moreel31 1

French,, Irish male e Ml l

Pajukanta33 3

Finnish h

Peacock34 4

Swedish h

Louhija

Xbal,, EcoRI

TC,, LDL, TG, apoB

both h healthyy volunteers

Xbal,, SP

TC,, LDL, TG, apoB

male e healthyy controls

Xbal l

LDL L

Caucasian n male e healthy y

EcoRI I

TC,, LDL, TG, apoB

Series39 9

Caucasian n both h randomm subjects

EcoRI I

Turner44 4

European n

both h offspingg of Ml patients Xbal.SP P

Ukkola45 5

Finnish h

both h DM M

Xbal,, EcoRI

TC,, LDL, TG

Vllella47 7

Spanish h

male e healthyy volunteers

Xbal l

TC,, LDL, TG, apoB

vlsvikis 48 8

French,, Irish male e Ml l

SP P

TC,, LDL, TG, apoB

Pouliot

36 6

TC C
TC,, LDL, TG, apoB

Mll indicates myocardial infarction; TIA indicates transient ischemic attack; AP
indicatess angina pectoris; CAD by CAG indicates coronary artery disease confirmed
byy coronary angiography; DM indicates diabetes mellitus, SP indicates signal
peptidee polymorphism. The numbers of IHD cases and no IHD controls refer to the
highestt number analyzed for any of the lipid parameters. The numbers of individuals
analyzedd may vary between lipid parameters and the polymorphisms.
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withh higher LDL-C and apoB levels. Strikingly, the Xbal X+ allele was also
associatedd with a significantly decreased risk of IHD.
ApoBB acts as ligand for LDL receptor mediated uptake of LDL in the
liver.. Among patients with a mutated LDL receptor, large variation has
beenn observed in the severity of hypercholesterolemia.45 The clinical
consequencess of mutated LDL receptors depend on interactions with
unknownn additional risk factors.46 However, disorders of apoB itself could
changee the atherogenic properties of LDL without an influence on such
additionall factors. The inverse associations of the polymorphic Xbal site
withh hypercholesterolemia and IHD risk could be explained by structural
changess of apoB that concomitantly cause hypercholesterolemia and
modifyy LDL towards a less atherogenic particle. ApoB has arginines
positionedd in the carboxy terminal part of the protein, which result in a
receptorr binding site at amino acid residues 33S9-3369.47 An interaction
betweenn arginine and tryptophan is essential for correct refolding of
apoBB during hydrolysis of very-low density lipoproteins (VLDL) to LDL. The
absencee of an arginine leads to reduced affinity for the LDL receptor and
mayy also change refolding of apoB during the intravascular remodeling of
VLDLL to LDL.47 Alternatively, a structural disorder may affect the interaction
sitee of apoB with proteoglycans of the extracellular matrix.48 Theoretically,
suchh structural changes of apoB could result in accumulation of less
atherogenicc LDL in the circulation. The polymorphic Xbal site is located
inn exon 26 and does not cause an amino acid substitution. Therefore,
thee observed associations probably result from co-segregation with one
Tablee 3. Weighted mean differences for lipid parameters
Polymorphismm Lipid parameter
Xbal l

WMD (95%CI)

P

Rara / Hetero / Common

Totall cholesterol

0.15(0.099 - 0.22) )

<< 0.0001

1139/2716/1583 3

LDLL cholesterol

0.155 (0.09 - 0.20) )

<< 0.0001

1036/2503/1480 0

Triglycerides s

0.044 (0.00 - 0.08) )

0.07 7

917/2276/1339 9

ApoB B

0.066 (0.04 - 0.08) )

<< 0.0001

1010/2317/1291 1

Signall peptide Totall cholesterol

0.122 (0.06 - 0.18) )

<< 0.0001

705/2910/2961 1

LDLL cholesterol

0.088 (0.03 - 0.13) )

Triglycerides s

0.022 (-0.02 -- 0.05)

ApoB B
EcoRI I

0.002 0.002 443/1840/1754 4
0.3 3

0.077 (0.04 - 0.09) ) << 0.0001

Totall cholesterol -0.400 (-0.56 -- -0.23) << 0.0001
LDLL cholesterol -0.188 (-0.35 -- -0.02)

670/2808/2838 8
613/2409/261 1
42/450/865 5

0.03 3

39/414/802 2

Triglycerides s

-0.077 (-0.28-- 0.13)

0.5 5

39/421/805 5

ApoB B

-0.055 (-0.15-- 0.05)

0.4 4

24/255/528 8

Dataa are weighted mean differences (WMD) and corresponding 95% CI for TC,
LDL-C,, triglycerides, and apoB, and the number of individuals in each comparison.
Weightedd mean differences (WMD) quantify the difference in concentrations
betweenn rare allele homozygotes (X+X+, E-E, DelDel, and common allele
homozygotess (X-X-, E+E+, Inslns). Rare refers to rare allele homozygotes, common
referss to common allele homozygotes.
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Figuree 1. Oddss ratios for ischemic heart disease according to Xbal polymorphism.
ORR (95%CI)
Homozygotess (n)
Study y
X+X++ vs X-XBohn-malesBohn-males (1993)
BohnBohn - females (1993)
Corbo(1997) )
Hoskingg - females (1992) —
Hosking-maless (1992)
Machado(2001) )
Marshalll (1994)
Miettinen(1994) )
Moreell - Ireland (1992)
Moreell - Strasbourg (1992)
Moreell - Toulouse (1992)
Nieminen(1992) )
Salazarr (2000)
Ukkola(1993) )

74-2.24)
1.281.2874-2.24)
(0.
114-99 114-99
0.470.4717-1.26)
(0.
92-59 92-59
17-1.26)
0.266 (0,05-1.23 3 18-58 8
0.19(0. 04-0.85
.
5 26-13 3
0.599 (0.20-1.76 6 26-27 7
211 -41
2.299 (0.78-6.74 78-6.74
0.911 (0,61-1.36 6 199-192 2
0.766 (0,27-2.12 2 2 1 - 4 9 9
1.07(0. 59-1.94
.
4 86-89 9
0.922 (0.53-1.58 8 88-123 3
0.933 (0.52-1.65 5 85-110 0
0.444 (0.15-1.31 1 20-49 9
0.088 (0.03-0.27 7 3 9 - 3 3 3
0.666 (0.31-1.39 9 411 -88

Total Total

0.800.80 (0.66-0.96)

0.01 1

0.1 1

11

10 0

876 -1030 p=0.02

100 0

Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic
heartt disease in X+X+ homozygotes compared with X-X- homozygotes as reference
group.. Thus, heterozygotes are not taken into account in this model. Point estimates
andd corresponding 95% CIs, and the absolute number of individuals are presented
forr individual studies, and for a pooled analysis. Square size is proportional to numberr of observations.

orr more functional variants in the APOB gene or a nearby-located gene.
Suchh linkage disequilibrium might exist with variants that affect the LDLreceptorr binding region of apoB and refolding of the protein. 49 50
Thee signal peptide deletion allele of apoB was also associated with
hypercholesterolemiaa and with an increased risk of IHD. This deletion
allelee results in an absence of three amino acids, which could lead to
diminishedd hydrophobicity of the signal peptide, and this could improve
thee translocation of apoB from the cytoplasm leading to an increased
secretionn rate of apoB-containing lipoproteins. 51 To our knowledge a
comparisonn of LDL properties between Xbal X+ homozygotes and deletion
allelee homozygotes has not been performed. Despite a significant and
relativelyy large LDL-C-lowering effect of the EcoRI polymorphism no effect
onn the risk of IHD was observed. The EcoRI polymorphism predicts a GluLyss substitution in exon 29 of the APOB gene. This mutation may alter the
tertiaryy structure of apoB, thereby affecting the interaction with the LDL
receptor. .
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Figuree 2. Odds ratios for IHD according to signal peptide insertion / deletion polymorphism
Studyy

OR (95%CI)

Homozygotes (n)
DelDell vs Inslns

Beness (2000)
Bohnn - m a l e s (1994)
Bohn-femaless (1994)
—
Corboo (1997)
Gardemannn (1998)
Machadoo (2001)
Marshalll (1994)
Salazarr (2000)
Visvikiss - Ireland (1993)
Visvikiss - Strasbourg (1993)
Visvikiss - Toulouse (1993) -

2.077 (113-3.82) )566 - 171
1.366 (076-2.43) )655 - 162
0.755 (027-2.13) )399 - 141
0.788 (019-3.21) )10-90 0
1.45(1 101-2.09) )2266 -1075
1.50(0 0
47-4.78) )15-56 6
1.07(0 0
66-1.73) )83-347 7
0.577 (020-1.62) )26-70 0
2.19(1 .08-4.45)
1
)466 - 143
1.06(0 .49-2.29)
0
)311 -181
0.833 (0.30-2.31) )23-104 4

Total Total

1.301.30 (1.08-1.58) 620 - 2540 p=O.007

0.11 0.2
1
5
10
Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic
heartt disease in deletion homozygotes compared with insertion homozygotes as
referencee group. Thus, heterozygotes are not taken into account in this model. Point
estimatess and corresponding 95% CIs, and the absolute number of individuals are
presentedd for individual studies, and for a pooled analysis. Square size is proportionaltional to number of observations.

DesignDesign and limitations

Severall issues have to be taken into account when interpreting the present
meta-analysis.. A major weakness of any meta-analysis is publication bias,
whichh results from not publishing 'non-significant' data.5 An ideal metaanalysiss should contain all data from positive and negative studies, but
thiss is impossible because many investigators of unpublished studies
remainn anonymous, have moved or retired, or are unwilling or unable
too provide unpublished data.52 Because this is particularly true for older
studies,, we restricted our analysis to the last ten years. The strength of
ourr analysis lies in the fact that we collected a substantial amount of
unpublishedd data from this recent time span. Consequently, our findings
clearlyy did not incorporate a trend towards selection of positive findings.
Moree importantly, it resulted in analyses that were not influenced by
calendarr time, which can have a strong influence on the relationship
betweenn genotype and disease.45 For example, the finding in a large
pedigreee with hypercholesterolemia suggests that meta-analyses on the
relationn between genotypes and chronic disease should be adjusted for
calendarr time or should be restricted to present-day patients. Another
problemm related to meta-analysis in general is the use of different outcome
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Figuree 3. Odds ratios for ischemic heart disease according to EcoRI polymorphism
Study y

ORR (95%CI)

Corbo(1997) )
Hoskingg - females (1992)—
Hosking-maless (1992)
Marshalll (1994)
Moreel-Irelandd (1992)
Moreell - Strasbourg (1992)
Moreell - Toulouse (1992)
Salazarr (2000)
Ukkola(1993))
—
Wickk (1995)

1.85(0.39-8.80)) 7 - 9 7
0.14(0.01-3.04)2-68 8
0.944 (0.20-4.49) 7 - 82
1.82(0.83-4.01)29-447 7
1.811 (0.44-7.41)9-244
0.822 (0.24-2.76) 11 - 268
3.09(0.90-10.55)) 12-234
1.15(0.38-3.53)) 1 6 - 7 6
0.08(0.01-0.62)9-161 1
0.95(0.24-3.78)) 10-225

Total Total

1.15(0.78-1.70)1.15(0.78-1.70)
1902 1902112p=0.5 p=0.5

0.011

0.1

1

10

Homozygotess (n)
E-E-- vs E+E+

100

Oddss ratios for individual studies and pooled odds ratios for the outcome ischemic
heartt disease in E-E- homozygotes compared with E+E+ homozygotes as reference
group.. Thus, heterozygotes are not taken into account in this model. Point estimates
andd corresponding 95% CIs, and the absolute number of individuals are presented
forr individual studies, and fora pooled analysis. Square size is proportional to numberr of observations.

definitionss in the individual studies. However, the methods were identical
withinn each individual study and therefore the inconsistencies could not
havee introduced an important systematic bias. Moreover, some of the
discrepanciess between individual studies could be caused by differences
inn ethnic background or lifestyle, and therefore we have restricted our
analysess to Caucasian populations. Finally, a particular difficulty may have
beenn introduced by the fact that that we analyzed the relation between
APOBB genotypes and intermediate traits (LDL-C and apoB) and the risk of
IHD.. Such a line of investigation suggests analyses of a causal pathway
butt these intermediate traits and clinical endpoints were in part analyzed
inn different studies. However, similar results were obtained in additional
analysess restricted to studies that provided information on lipids as well as
IHD. .
Interpretation Interpretation
Thee three most frequently analyzed polymorphisms in the APOB gene had
differentiall effects on lipid profile and IHD risk. Hypercholesterolemia
associatedd with polymorphisms in the APOB gene does not necessarily lead
too an increased risk of IHD. Future research is needed to assess whether
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orr not the specific polymorphisms influence the atherogenic properties
off the LDL particles. Moreover, the effect should be analyzed of linkage
disequilibriaa between the polymorphisms. Nonetheless, we conclude that
onlyy the signal peptide deletion allele contributes to an increased risk of
IHDD that is associated with hypercholesterolemia and high apoB levels.
However,, the findings on the other two frequent polymorphisms (Xbal and
EcoRI)) underline that the relation between IHD and hypercholesterolemia
andd high apoB levels in the general population is complex and involves
moree than variation in the APOB gene.
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Abstract t
Context t
Twoo recent large studies have shown that apolipoproteins A-I (apoA-I) and
BB (apoB) are strong risk factors for coronary artery disease (CAD). However,
whetherr these variables are stronger predictors than low-density lipoproteinn cholesterol (LDL-c) and high-density lipoprotein cholesterol (HDL-c) is
controversial. .
Objective Objective
Too compare the predictive values of apoA-I, apoB, and their ratio with those
off LDL-c, HDL-c, and their ratio, for the risk of future CAD.
Design Design
Prospectivee case-control study nested in the EPIC-Norfolk cohort. Baseline
visitt between 1993-1997; follow-up through November 2003; mean = 8 years.
Participants Participants
Population-basedd sample selected from the EPIC-Norfolk cohort. Cases were
8699 men and women who did not report a history of heart attack or stroke
att the baseline visit, but developed fatal of non-fatal CAD during follow-up.
AA total of 1511 controls were matched by age, sex, and enrolment time.
Mainn outcome measure The risk of future coronary artery disease during
follow-up. .
Results s
Thee study sample had risk factor levels comparable to those of contemporaryy Western populations. After adjustment for systolic blood pressure,
bodyy mass index, diabetes, smoking habit, and C-reactive protein levels, the
oddss ratio (OR) for future CAD incidence among people in the top versus
bottomm quartile was 2.36 (95%CI 1.78-3.14, p for linearity < 0.0001) for the ratioo LDL-c / HDL-c, and 2.72 (95%CI 2.03-3.63, p for linearity < 0.0001) for the
ratioo apoB / apoA-I. In a conditional regression model that included both
thesee variables, and adjusted for systolic blood pressure, body mass index,
diabetes,, smoking habit, C-reactive protein levels, and (log-transformed)
triglycerides,, the contribution of the ratio LDL-c / HDL-c lost statistical
significancee (OR = 1.16, 95%CI 0.7O-1.93, p for linearity = 0.5, for top versus
bottomm quartile) whereas the ratio apoB / apoA-I remained a highly significantt predictor (OR = 2.09, 95%CI 1.24-3.51, p for linearity = 0.005).
Conclusions Conclusions
Amongg apparently healthy men and women, the ratio apoB / apoA-I was a
strongg predictor of the risk of future CAD, even after adjustment for traditionall cardiovascular risk factors including LDL-c and HDL-c.
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Introduction n
Elevatedd plasma levels of low-density lipoprotein cholesterol {LDL-c) are an
establishedd risk factor for coronary artery disease (CAD), and lowering of
LDL-cc constitutes the foundation of CAD prevention.13 In contrast, plasma
levelss of high-density lipoprotein cholesterol (HDL-c) have a strong but
inversee relationship with the risk of CAD. In routine clinical practice, the
measurementt of LDL-c and HDL-c levels is foremost in risk assessment.4,5
Severall studies have suggested, however, that circulating levels of apolipoproteinss B (apoB) and A-I (apoA-I), the structural proteins of LDL and HDL,
mayy be superior in cardiovascular risk prediction.
Initiall research in this field has yielded inconsistent results,&w but at
thatt time methods and population-based reference values were not standardised.. Since the standardization of reference materials by the Internationall Federation of Clinical Chemistry,1112 the importance of apolipoproteinn levels in cardiovascular risk prediction has gained momentum. Data
fromfrom the very large AMORIS study showed that apoA-I and apoB levels
weree strong risk factors for cardiovascular mortality,13 but these relationshipss could not be adjusted for LDL-c and HDL-c. Similarly, the recent
INTERHEARTT study, the largest cross-sectional case-control study to date,
reportedd that the ratio apoB/apoA-I is indeed a very strong risk factor for
myocardiall infarction but again LDL-c and HDL-c levels were not available
forr comparison.14 Several smaller-scale prospective studies have described a
head-to-headd comparison of apolipoprotein levels and cholesterol levels, but
thee results are conflicting. All studies confirm that apoA-I and apoB levels
weree potent predictors of cardiovascular risk, but some studies suggested
thatt this predictive value was eliminated upon adjustment for the correspondingg cholesterol measures,1516 whereas others reported that it was
retained.17188 Thus, although substantial evidence supports the hypothesis
thatt apoA-I and apoB levels are strong risk factors for future CAD, data are
conflictingconflicting as to whether these apolipoprotein levels have indeed independentt predictive value over and above traditional risk factors including LDL-c
andd HDL-c.
Wee hypothesized that apoA-I levels and apoB levels, but more importantly
thee ratio apoB/apoA-I are strong risk factors for future CAD risk, even after
adjustmentt for traditional risk factors. We tested this hypothesis in a large
prospectivee case-control study nested in the EPIC-Norfolk prospective populationn study.
Methods s
Wee performed a nested case-control study among participants of the EPICNorfolkk (European Prospective Investigation into Cancer and Nutrition)
study,, a prospective population study of 25,663 men and women aged
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline
questionnairee survey and attended a clinic visit.19 Participants were recruitedd from agesex registers of general practices in Norfolk as part of the ten-

countryy collaborative EPIC study designed to investigate dietary and other
determinantss of cancer. Additional data were obtained in EPIC-Norfolk to
enablee the assessment of determinants of other diseases.
Thee design and methods of the study have been described in detail.19 In
short,, eligible participants were recruited by mail. At the baseline survey
betweenn 1993 and 1997, participants completed a detailed health and
lifestylee questionnaire. Blood was taken by venepuncture into plain and
citratee bottles. Blood samples were processed for assay at the Department
off Clinical Biochemistry, University of Cambridge, or stored at -80 °C. All
individualss have been flagged for death certification at the UK Office of
Nationall Statistics, with vital status ascertained for the entire cohort. In addition,, participants admitted to hospital were identified using their unique
Nationall Health Service number by data linkage with ENCORE (East Norfolk
Healthh Authority database), which identifies all hospital contacts throughoutt England and Wales for Norfolk residents. Participants were identified as
havingg CAD during follow-up if they had a hospital admission and/or died
withh CAD as underlying cause. CAD was defined as codes 41(M14 accordingg to the International Classification of Diseases 9th revision. We report
resultss with follow-up up to January 2003, an average of about 6 years. The
studyy was approved by the Norwich District Health Authority Ethics Committeee and all participants gave signed informed consent.
Participants Participants

Wee have previously described a similarly designed nested case-control
study.20"222 Extension of follow-up has resulted in the identification of more
CADD cases allowing the present study to be considerably larger. We excludedd all individuals who reported a history of heart attack or stroke at
thee baseline clinic visit. Cases were individuals who developed a fatal or
non-fatall CAD during follow-up until November 2003. Controls were study
participantss who remained free of any cardiovascular disease during follow-up.. We matched two controls to each case by sex, age (within 5 years),
andd time of enrolment (within 3 months).
BiochemicalBiochemical analyses

Serumm levels of total cholesterol, HDL cholesterol, and triglycerides were
measuredd on fresh samples with the RA1000 (Bayer Diagnostics, Basingstoke,, UK), and LDL cholesterol levels were calculated with the Friedewald
formula.233 Plasma concentrations of CRP were measured with a sandwichtypee ELISA as previously described.24 Serum levels of apoA-I and apoB were
measuredd by rate immunonephelometry (Behring Nephelometer BNI1,
Marburg.. Germany) with calibration traceable to the International Federationn of Clinical Chemistry primary standards.25 Samples were analyzed in
randomm order to avoid systemic bias. Researchers and laboratory personnel
hadd no access to identifiable information, and could identify samples by
numberr only.
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StatisticalStatistical analysis

Baselinee characteristics were compared between cases and controls taking
intoo account the matching between them. A mixed effect model was used
forr continuous variables and conditional logistic regression was used for
categoricall variables. Because triglycerides and CRP levels had a skewed
distribution,, values were log-transformed before being used as continuouss variables in statistical analyses. Pearson's correlation coefficients were
calculatedd among the variables total cholesterol, LDL-c, HDL-c, triglycerides,
apoA-I,, apoB, and the ratios LDL-c/HDL-c, and apoB/apoA-I, for men and
womenn separately. In order to compare the predictive values of circulating
levelss of total cholesterol, LDL-c, HDL-c, ApoA-I, ApoB, and of the ratios LDLc/HDL-c,, and apoB/apoA-I, we calculated odds ratios (OR) and corresponding
95%% confidence intervals (95%CI) as an estimate of the relative risk of incidentt CAD. Odds ratios were calculated for quartiles based on the distributionn among controls. Analyses were performed by conditional logistic
regressionn analysis, which takes into account the matching for sex and age.
Wee tested three models: model 1 adjusted for smoking (yes/no), diabetes
(yes/no),, body mass index, systolic blood pressure, C-reactive protein levels;
T a b l ee 1 . Baseline c h a r a c t e r i s t i c s
Riskk factor

Controls s

PP

Cases s

Subjects s

1511 1

869 9

Malee sex

62.3(942) )

63.66 (553)

Diabetes s

655

88

Age.yr r

6.11 (53)

1.7(25) )

Matched d
Matched d

8

<< 0.0001
<< 0.0001

Smoking g
-Current t

8.2(123) )

16.11 (138)

-Former r

50.2(749) )

51.11 (439)

-Never r

41.6(620) )

32.88 (282)

BMI,, kg/m2

26.22

3.4

27.33

3.9

<< 0.0001

1399

8

1444

9

<< 0.0001

Systolicc blood pressure, mmHg

866

2

<< 0.0001

Totall cholesterol, mmol/l

6.22

1

6.44

2

<< 0.0001

LDL-c,, mmol/l

4.11

0

4.33

1

HDL-c,, mmol/l

1.355

0

1.266

Triglycerides,, mmol/l

1.6(1.1-2.2) )

Diastolicc blood pressure, mmHg

844

11

Apolipoprotelnn A-l, mg/dl

1622

0

Apolipoproteinn B, mg/dl

1299

0

C-reactivee protein, mg/l

1.5(0.7-3.1) )

<< 0.0001
7

1.8(1.3-2.6) )
1377

<< 0.0001
<< 0.0001

00

<< 0.0001

2

<< 0.0001

2.3(1.1-4.9) )

<< 0.0001

Dataa are presented as mean
, percentage (n), or median (interquartile range).
Comparisonss between cases and matched controls were by conditional logistic
regressionn for categorical variables, and by mixed effect model for continuous
variables.. Triglyceride levels and CRP levels were log-transformed before analysis.
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Tablee 3. Odds ratios for future coronary artery disease per quartile of lipid,
apolipoprotein,, or ratio.
11

22

3

4

P

Totall cholesterol

1.00 0
1.00 0

ApoB B

1.00 0

HDL-c c

1.00 0

ApoA-l l

1.00 0

LDL-c/HDL-c c

1.00 0

ApoBB / ApoA-l

1.00 0

1.24
(0.93-1.65)
1.43
(1.09-1.88)
1.52
(1.14-2.02)
0.63
(0.49-0.82)
0.56
(0.42-0.73)
1.80
(1.35-2.40)
1.79
(1.33-2.40)

1.83
(1.38-2.44)
2.00
(1.52-2.62)
2.16
(1.63-2.85)
0.58
(0.43-0.78)
0.54
(0.40-0.73)
2.36
(1.78-3.14)
2.72
(2.03-3.63)

< 0.0001

LDL-c c

1.288
(0.98-1.67))
1.500
(1.14-1.98))
1.200
(0.91-1.59))
0.711
(0.55-0.91))
0.700
(0.54-0.89))
1.299
(0.96-1.73))
1.422
(1.04-1.93))

Quartile e

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals
andd p-values for linear trend. Data are presented for people in each quartile of
thee distribution among controls, using people in the lowest quartile as reference
category.. Odds ratios were calculated by conditional logistic regression, taking into
accountt matching for sex, age , and enrolment time, and were adjusted for smoking
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and Creactivee protein levels (model 1).

modell 2 adjusted for the risk factors in model 1 and also LDL-c and HDLc;; and model 3 adjusted for the risk factors and also (log) triglycerides. In
orderr to assess the consistency of findings among sexes, separate analyses
weree performed for men and women, using quartiles based on the sexes
combined.. Finally, we compared directly the predictive values of the ratios
LDL-c/HDL-cc and apoB/apoA-I by entering both into a conditional logistic
regressionn model that adjusted for smoking, diabetes, body mass index, systolicc blood pressure, C-reactive protein levels, and (log-transformed) triglycerides.. The statistical interaction between sex and quartiles of lipids and
apolipoproteinss was calculated to assess the validity of pooling sexes. Statisticall analyses were performed using SPSS software (version 12.0.1, Chicago,
Illinois).. A p-value < 0.05 was considered to indicate statistical significance.

Results s
Wee identified 869 individuals who did not report a history of cardiovascularr disease at the baseline visit but who did develop CAD during follow-up.
Off these, were 611 (70.3%) non-fatal and 258 (29.7%) were fatal events. A
totall of 642 cases could be matched to two controls, and 227 cases could be
matchedd to one control only. Thus, the control group comprised 1511 people.. Due to matching, age and sex were comparable between cases and controlss (table 1). As expected, cases were more likely than controls to smoke
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andd have diabetes (p < 0.0001 for each). Levels of total cholesterol, low-densityy lipoprotein cholesterol (LDL-c), triglycerides, systolic and diastolic blood
pressure,, body mass index (BMI), CRP, and apoB were also significantly
higherr in cases than controls; levels of HDL-c and apoA-I were significantly
lowerr in cases than controls (p < 0.0001 for each). These differences showed
similarr patterns when cases were divided into fatal and non-fatal cases, and
whenn men and women were analysed separately. Circulating levels of total
cholesterol,, LDL-c, HDL-c, triglycerides, apoA-I, apoB, and the ratios LDL-c/
HDL-cc and apoB/apoA-I were highly correlated. The only variables that were
nott strongly correlated were apoA-I and LDL-c (p=0.04 for men and p=0.3 for
women),, apoA-I and apoB (p=0.1 for men and p=0.89 for women), and LDL-c
andd HDL-c among men (p=0.09) (table 2).
Accordingg to conditional logistic regression model 1, which took into accountt matching for sex, age and enrolment time, and adjusted for smoking
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and CRP
levels,, the ORs for future CAD incidence increased significantly according
too quartiles of total cholesterol, LDL-c, apoB, LDL-c/HDL-c, and apoB/apoA-I,
andd decreased significantly according to quartiles of HDL-c and apoA-I (p for
linearityy < 0.0001 for each) (table 3). The best predictor of future CAD incidencee was the ratio apoB/apoA-I, which yielded an OR of 2.72 (95%CI = 2.033.63,, p for linearity < 0.0001) for people in the highest quartile compared
too those in the lowest quartile. Similar patterns were observed when men
andd women were analyzed separately: men in the highest quartile of the
apoB/apoA-II distribution had an OR of 2.56 (95%CI = 1.73-3.78, p for linearity
<< 0.0001) whereas women had an OR of 3.18 (95%CI = 2.00-5.05, p for linearityy < 0.0001), compared to those in the lowest quartile.
Inn a multivariate logistic regression model that took into account matching
forr sex, age and enrolment time, and adjusted for smoking (yes/no), diabetess (yes/no), body mass index, systolic blood pressure, and serum levels of
CRP,, LDL-c, and HDL-c (model 2), circulating levels of apoB had independent
predictivee value for the risk of future CAD, yielding an OR of 1.54 (95%CI
== 1.02-2.33, p for linearity = 0.03; table 4). ApoA-I levels added marginally
significantt predictive value to the risk factors adjusted for. However, the
ratioo apoB/apoA-I remained strongly predictive of future CAD even after
adjustmentt for traditional risk factors including LDL-c and HDL-c. The OR
forr future CAD was 2.08 (95%CI = 1.30-3.31, p for linearity = 0.001) for those
inn the highest quartile compared to those in the lowest. When men and
womenn were analyzed separately, similar patterns were observed but due
too the lower number of observations, statistical significance was smaller.
Whenn analyses were performed according to model 3, which additionally
adjustedd for log-transformed triglyceride levels, the risk estimates for apoB
quartiless were attenuated slightly. The results for apoA-I quartiles were not
affectedd substantially upon additional adjustment for triglyceride levels.
Quartiless of the ratio apoB/apoA-I remained significantly associated with
ann increased risk of CAD even after adjustment for smoking, diabetes, body
masss index, systolic blood pressure, CRP levels, LDL-c, HDL-c, and log-trans-

Tablee 4. Odds ratios for future coronary artery disease
Üuaiütess
1
2
3
Modall 2
ApoBB

1.00

ApoA-II

1.00

ApoB/ApoA-ll

1.00

4

P
0.03

1.077
1.07
(0.80-1.45)
(0.80-1.45)))
0.733
0.73
(0.56-0.95))
(0.56-0.95) )
1.27 7
1.27
(0.90-1.79) )

1.233
1.23
(0.88-1.72)
(0.88-1.72))
0.655
0.65
(0.47-0.90)
(0.47-0.90))
1.49 9
1.49
(1.01-2.19) )

1.544
1.54
(1.02-2.33)
(1.02-2.33))
0.700
0.70
(0.46-1.08)
(0.46-1.08))
2.08
2.08 8
(1.30-3.31) )

1.02
1.022
(0.75-1.38) )
(0.75-1.38))
0.71
0.711
(0.54-0.92))
(0.54-0.92) )
1.23 3
1.23
(0.87-1.74) )

1.111
1.11
(0.79-158)
(0.79-1.58))
0.61
0.611
(0.44-0.85))
(0.44-0.85)
1.40
1.40 0
(0.95-2.07) )

1.29
1.299
(0.83-2.00)
(0.83-2.00))
0.62
0.622
(0.40-0.96)
(0.40-0.96))
1.85
1.85 5
(1.15-2.98) )

0.05
0.001

M0CNHH 3>

ApoBB

1.00

ApoA-44

1.00

ApoB/ApoA-ll

1.00

0.2
0.01
0.01

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals
andd p-values for linear trend. Data are presented for people in each quartile of
thee distribution among controls, using people in the lowest quartile as reference
category.. Odds ratios were calculated by conditional logistic regression, taking into
accountt matching for sex, age, and enrolment time, and were adjusted for smoking
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and Creactivee protein levels, LDL-c and HDL-c (model 2), and for all these risk factors and
inn addition (log-transformed) triglycerides (model 3).

formedd triglyceride levels, such that people in the highest quartile had an
ORR of 1.85 (95%CI = 1.15-2.98, p for linearity = 0.01). Similar patterns were
observedd for men and women were analyzed separately, but as expected,
thee 95%Cls were wider.
Inn a conditional logistic regression model that included both the ratios
LDL-c/HDL-cc and apoB/apoA-I and adjusted for smoking, diabetes, body mass
index,, systolic blood pressure, CRP levels, and log-transformed triglyceride
levels,, the ratio LDL-c/HDL-c was no longer significantly associated with the
riskk of future CAD (table 5). The ratio apoB/apoA-I had independent predictivee value even after adjustment for the ratio LDL-c/HDL-c (p for linearity =
0.005),, such that people in the highest quartile had an OR of 2.09 (95%CI =
1.24-3.51)) for future CAD compared to people in the lowest quartile.
Discussion n
Inn this large prospective nested case-control study, we observed that absolutee serum levels of apoA-I and apoB, and in particular the ratio apoB/apoAII were strong risk factors for future CAD among apparently healthy men
andd women, an observation that is consistent with several previous studies.. We observed that the predictive power of serum levels of apoA-I, apoB
andd their ratio were stronger than HDL-c and LDL-c levels and their ratio,
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Tablee 5. Odds ratios for future coronary artery disease by quartiles of the ratio
LDL-cc / HDL-c and ApoB / ApoA-I
Quartito o
LDL-cc /HDL-c
ApoB/ApoA-l l

11
1.00 0
1.00 0

22

33

44

PP
0.5 5

1.05 5

1.17 7

1.16 6

(0.73-1.52) )

(0.76-1.81) )

(0.70-1.93) )

1.29 9

1.48 8

2.09 9

(0.88-1.89) )

(0.95-2.31) )

(1.24-3.51) )

0.00! !

Oddss ratios for the risk of future CAD, and corresponding 95% confidence intervals and
p-valuess for linear trend. Odds ratios were calculated by conditional logistic regression,
takingg into account matching for sex, age, and enrolment time. The ratios LDL-c / HDL-c
andd ApoB / ApoA-I were both entered into the model, and adjustment was for smoking
(yes/no),, diabetes (yes/no), body mass index, systolic blood pressure, and C-reactive
proteinn levels, and (log-transformed) triglycerides.

respectively.. Importantly, we also observed that the ratio apoB/apoA-I remained
aa strong and significant risk factor of future CAD even after adjustment for
traditionall risk factors including LDL-c, HDL-c, and triglycerides.
Thee predictive value of apolipoprotein levels for the risk of future CAD has
beenn studied extensively. However, earlier studies have yielded inconsistent
results,, M026 but these studies suffered from a lack of standardization of
methodss and standards.27 Two recent large studies have confirmed the strong
predictivee value of apoA-I, apoB and their ratio. However, neither was able to
assesss whether these variables had predictive value after adjustment for LDL-c,
HDL-cc and their ratio. In the AMORIS study, LDL-c and HDL-c were indirectly
derivedd from total cholesterol, triglycerides, and apoA-I, and these variables
couldd therefore not be entered into the same regression model.13 The INTERHEARTT study did not measure LDL-c and HDL-c levels.14 The Quebec Cardiovascularr Study reported that apoB levels predict CAD risk independent of
LDL-cc levels, but that apoA-I levels did not predict independently of HDL-c.17 In
contrast,, the PRIME study, which evaluated only the predictive value of apoA-I
levels,, observed that these have independent predictive value on top of HDL-c
levels.188 Data from the ARIC study suggested that apoA-I and apoB levels were
stronglyy predictive of CAD risk when considered alone, but did not contribute
att all when considered together with LDL-c, HDL-c, and triglycerides.15 Similarly,, data from the Caerphilly Study suggested that apoA-I and apoB levels
didd not predict CAD risk after adjustment for LDL-c and HDL-c.16 In a report
fromfrom the Northwick Park Heart Study II, several pairwise combinations of
lipidss and apolipoproteins were evaluated for their value to predict CAD risk.
However,, the combination of apoB/apoA-I and LDL-c/HDL-c was not among
them.288 Another prospective study among people who had suffered a myocardiall infarction reported that apoA-I and apoB levels were stronger than lipid
levelss in the prediction of recurrent CAD but, again, they were not entered in
thee same regression model.29 In summary, the currently available studies that
directlyy compared circulating levels of LDL-c with apoB, or HDL-c with apoA-I,
aree incomplete and conflicting. This may have been caused by the differences
betweenn the populations studied, or by the limited statistical power of smaller
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studies. .
Circulatingg levels of LDL-c play a prominent role in risk prediction, and
similarly,, in targeting lipid lowering therapy. The ATPIII guideline suggests
thatt LDL-c should be the primary target of therapy.30 However, several studiess have suggested that apoB may be a superior target for lipid lowering
therapy.. A subanalysis of the LIPID trial suggested that apoB levels were a
strongerr predictor of cardiovascular events than LDL-c levels.31 Similarly, in
thee Airforce/Texas Coronary Atherosclerosis Prevention Study, on-trial apoB
levels,, especially when combined with apoA-I to form the apoB/apoA-I ratio,
weree a more accurate predictor of CAD events than LDL-c levels. In addition,
inn a large series of consecutive patients undergoing coronary angiography,, apoA-I and apoB levels were better predictors of future cardiovascular
eventsevents than LDL-c and HDL-c levels.32
Thee reason why apolipoprotein levels may be better predictors than lipid
levels,, remains speculative. Because every LDL particle carries only one
apoBB molecule, apoB levels are more strongly correlated to the number of
LDLL particles than LDL-c levels. At any given level of LDL-c, a predominance
off small dense LDL particles results in a higher number of LDL particles
andd therefore a higher apoB concentration. Because small dense LDL is
hypothesizedd to be more atherogenic than large LDL, apoB levels may be
moree strongly associated with CAD risk than LDL-c levels. The relationship
betweenn the number of HDL particles and the concentration of apoA-I moleculess is less stringent than in LDL because HDL particles may carry 1, 2 or
44 apoA-I molecules. HDL particles have an atheroprotective effect because
theyy facilitate RCT, but also because they have anti-inflammatory and antioxidativee properties. Possibly, HDL-c levels represent only the RCT-related
componentt of HDL's beneficial properties. Instead, apoA-I levels may be a
moree accurate estimate of the overall antiatherogenic properties of these
particles. .
Limitations Limitations
Ourr study has several limitations. First, case ascertainment is an issue
inn the design of every prospective study, including this one. However, a
validationn study indicated that case ascertainment in our study was at least
equivalentt to that of other large prospective cohort studies. Second, serum
levelss of cholesterol-related variables and apolipoproteins were determined
inn a single non-fasting sample that was obtained at a non-uniform time
off the day. Diurnal variation, variation over time, and differences in the
timee since the last meal could have affected these variable, albeit slightly.
Cholesterol-relatedd parameters could be affected more strongly by a recent
meall than apolipoprotein levels, thus inflating the predictive power of
apolipoproteinss compared to cholesterol-related parameters. Nevertheless,
inn clinical practice, we rely on samples taken in free living individuals.
Randomm measurement error in both case ascertainment and exposure assessmentt would lead to an underestimation of any relationships between
parameterss and CAD risk. The extent of measurement error is unlikely to
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differr from those for other risk factors, or from other prospective studies on
whichh clinical recommendations are based.
ClinicalClinical relevance

Thee relationship between the apoB/apoA-I ratio and the risk of future CAD
wass linear. Therefore, any chosen threshold as a target for risk assessment
orr for lipid-modifying therapy, is arbitrary. Such decisions need to be based
onn epidemiological data, but feasibility and public health consequences
needd to be taken into account as well. An apoB/apoA-I ratio of 0.7 has been
suggestedd as a potential target in novel risk assessment and treatment
guidelines.. This seems an appropriate choice but it must be kept in mind
thatt even below this target value, there was still a linear relationship b e
tweenn apoB/apoA-I ratio and CADrisk.Also, it should be realized that the
currentt study was performed among apparently healthy individuals not
receivingg any lipid-modifying therapy. The relationship between the apoB/
apoA-II ratio and CAD risk among people with prevalent CAD, and among
peoplee receiving lipid-modifying therapy may differ from the one observed
inn this study.
Conclusion Conclusion

Wee observed that in a population with risk factor levels representative for
contemporaryy Western populations, the ratio apoB/apoA-I was a strong predictorr of future CAD risk in apparently healthy men and women. Interestingly,, the association between this ratio and future CAD was continuous,
andd remained statistically significant even after adjustment for smoking,
diabetes,, body mass index, systolic blood pressure, serum levels of CRP, LDLc,, HDL-c, and (log-transformed) triglycerides. The fact that the ratio apoB/
apoA-II had substantial independent predictive value for future CAD even
afterr adjustment for LDL-c and HDL-c, provides a strong argument for its
usee in clinical practice both in risk assessment asn in guiding lipid-modulatingg therapy.
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Abstract t
PurposePurpose of review
Overr the past decade lowering of LDL-c levels has been established
ass the foundation for preventing coronary artery disease (CAD), but
substantiall additional risk reduction remains to be gained by modifying
riskrisk factors other than LDL-c. Raising HDL-c levels by inhibiting activity
off the cholesteryl ester transfer protein (CETP) is a prime target. Research
onn naturally occurring variants in the CETP gene has yielded numerous
insightss that have been relevant for understanding the lipoprotein
metabolism,, and crucial to the development of pharmacological CETP
inhibition. .
RecentRecent findings
Thiss review discusses a number of recently published studies, including a
haplotypee analysis of the CETP promoter region confirming that not the
TaqlBB variant, but the -629 C>A variant is instrumental in determining
CETPP activity, as previously suggested. In addition, we discuss a recent
meta-analysiss which confirms that the I405V and TaqlB variants are indeed
associatedd with lower CETP activity and higher HDL-c levels. Also, we review
twoo sub-analyses of large randomized controlled pravastatin trials which
foundd no evidence for a proposed pharmacogenetic interaction between
thee CETP TaqlB variant and pravastatin treatment.
Summary Summary
Thee currently available evidence suggests that several genetic variants in
thee CETP gene are associated with altered CETP plasma levels and activity,
HDL-cc plasma levels, LDL and HDL particle size, and perhaps the risk of
CAD.. No evidence exists for a pharmacogenetic interaction between the
CETPP TaqlB variant and pravastatin efficacy.
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Introduction n
Amongg numerous genetic and lifestyle traits, dyslipidaemia is one of
thee most prominent risk factors for coronary artery disease (CAD). In
thee past decade, lowering low-density lipoprotein cholesterol (LDL-c) has
beenn established as the principal target for therapeutic intervention
inn dyslipidaemia, and in fact now constitutes the very foundation of
CADD prevention. Randomized controlled trials in both the primary
andd secondary prevention setting have unequivocally shown that
treatmentt with statins effectively lowers LDL-c levels and reduces CAD
byy approximately 30%.13 This figure indicates, however, that another
70%% remains to be gained through modulation of cardiovascular risk
factorss other than LDL-c. Since prospective epidemiological studies have
clearlyy shown that low high-density lipoprotein cholesterol (HDL-c) levels
aree a strong and independent risk factor for CAD,*6 pharmacological
interventionn to raise HDL-c enjoys significant interest and stands in the
centree of attention in the arena of drug develoment.7 We and others
havee recently shown that pharmacological inhibition of cholesteryl ester
transferr protein (CETP) is an effective method to raise HDL-c.8 9 However,
thee uncertainty surrounding the mechanisms by which HDL exerts its
atheroprotectivee effects, has led to controversy about whether high HDL-c
levelss induced by pharmacological CETP inhibition would indeed result in
aa reduced risk of CAD.
CETPP plays a central role in HDL-c metabolism by shuttling cholesteryl
esterss from HDL particles to apolipoprotein (apo) B-containingg particles,
partlyy in exchange for triglycerides. Expression of the simian or human
CETPP gene in mice, which are CETP-deficient by nature, resulted in
aa dose-related reduction of HDL-c levels and significantly more early
atheroscleroticc lesions in the proximal aorta.1011 By contrast, in the setting
off hypertriglyceridemia, CETP expression was either anti-atherogenic or
didd not promote atherosclerosis,12 indicating that, at least in rodents, the
metabolicc setting apparently determines whether CETP is atheroprotective
orr not. In addition, the extent to which these results can be extrapolated
too human biology remains unclear because mice do not physiologically
expresss CETP, do not normally carry the bulk of their cholesterol in LDL,
andd do not develop atherosclerotic lesions during their natural lifespan.
Inn summary, the role of CETP inn human atherosclerosis has not been
fullyy elucidated, which contrasts with the fact that, to date, two
pharmacologicall CETP inhibitors are being tested in human trials. In the
questt to unravel the role of CETP in determining lipid parameters and
cardiovascularr risk in humans, variants in the CETP gene have always
playedd a substantial role. This report summarizes and discusses the recent
advancess in this field of research.
Categories Categories

Thee CETP gene locus is highly polymorphic, and most if not all common
codingg variants as well those in the upstream promoter region have
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beenn identified. We have classified the CETP sequence variations into
threee arbitrary categories. First, some mutations cause aberrant mRNA
processingg or introduce premature stop codons {non-sense mutations)
oftenn causing premature protein truncation, or alternatively have a large
detrimentall impact on normal protein function (D442G). These mutations
causee partial or complete CETP deficiency, and are therefore interesting
targetss to study the functionality of CETP but, due to their rarity, studying
theirr impact on cardiovascular risk has proven to be difficult. Second, some
pointt mutations underlie amino acid substitutions (mis-sense mutations)
withh milder effects on CETP function, such as the I405V variant. These
changess vary in their effect on CETP activity and lipid parameters, but some
off these are sufficiently frequent to assess their impact on cardiovascular
riskk in population-based studies. Third, a number of genetic variants
aree located in untranslated regions of the CETP gene or, alternatively,
changee codons such that the amino acid sequence of the protein remains
unchangedd (silent mutations). Most of these are fairly common, and some
off them convey a relatively small but potentially important effect on CETP
function,, lipid and lipoprotein parameters, as well as cardiovascular risk.
MutationsMutations associated with partial or complete CETP deficiency
Thee literature is fragmented because it consists of a number of case reports
orr small case series on rare mutations,1322 least rare of which is the (+1)G>A
mutationn located in intron 14 (for an extensive summary, see reference 23*).
Inn order to increase statistical power, these mutations are often analyzed
togetherr with the D442G mutation in exon 15, which causes partial CETP
deficiency.. The heterogeneous effects of these mutations complicate the
interpretationn of these analyses. In complete absence of CETP function,
thee failure to transfer cholesteryl esters from HDL to other lipoproteins
leadss to an accumulation of cholesteryl esters in the HDL fraction, and
iss generally associated with a 2- to 5-fold increase of HDL-c relative to
controls.24-255 Among heterozygotes for these mutations, CETP activity was
generallyy 50-70% of that in controls, suggesting increased expression of
thee wild-type allele and/or reduced CETP protein catabolism.1321'2226-34The
effectss of these mutations on HDL-c varied substantially (25-80% increase
fromm control). Heterozygosity for the D442G variant has a considerable
impactt on CETP activity, often called partial CETP deficiency, and is
usuallyy analyzed in concert with the penetrant non-sense and splice site
mutations.22266 D442G homozygotes retain significant CETP activity, typically
25-50%% that of the control population, indicating that the protein is only
partiallyy defective.28-30 33 Heterozygotes usually have 60-85% of the wildtypee activity.2830333536 The impact on HDL-c is moderate, with homozygotes
havingg slightly increased levels (usually <10%).1426'28-303337Only the (+1)G>A
andd D442G variants occur at a frequency high enough to study an
associationn with cardiovascular risk. A marked increase in HDL-c combined
withh a decrease in LDL-c is anticipated to substantially reduce CAD risk
inn CETP deficient subjects. However, this relationship has proven to be

complexx and confusing: longevity, an increased CAD risk and a decreased
CADD risk have all been reported.2438"12 The largest clinical study, performed
amongg 3,469 Japanese-American men in Honolulu, initially reported an
increasedd CAD risk, but this was only true for men with intermediate HDL-c
levels.266 However, it has recently been suggested that after extended followupp the increased CAD risk was no longer statistically significant,43 but these
dataa have not yet been formally published. In summary, the relationship
betweenn CETP deficiency, either in homozygous or heterozygous form, and
thee risk of CAD remains obscure. Its low prevalence, and its geographical
limitationn to mainly Japan in combination with the low cardiovascular
mortalityy rate in this country relative to other industrialized countries,
impedee our understanding of CETP function and atherosclerosis in
thee Western world. We have recently identified a novel CETP splice site
mutationn (IVS7+1) in Caucasians of Dutch descent.44 Preliminary results
indicatee that mean carotid intima media thickness (a surrogate marker
forr atherosclerosis) in 25 heterozygotes for this mutation is similar to that
off family controls. These data suggest that these individuals are not at
increasedd risk of atherosclerosis, as was previously suggested.
SingleSingle amino acid substitutions

Eightt point mutations underlie single amino acid substitutions.15 4M9
Somee of these are fairly common and appear to have only slight effects on
proteinn function (A373P, R451Q, and I405V), while others are quite rare and
havee severe deleterious effects on activity (L151P, R282C), or have not been
characterizedd in detail (G314S and V469M). The D442G variant has been
discussedd in the previous section.
Inn the current section we will specifically discuss the common I405V
variant,, which occurs at a frequency of over 25% in the studied populations.
Homozygotess for the 405V variant have 9-23% lower CETP levels. The
relationshipp with HDL-c levels is less evident, with observations ranging
substantially.5^588 However,, in a recent meta-analysis, we determined that
405VV homozygotes have 0.05 mmol/1 (95%CI=0.03-0.07) higher HDL-c levels
thann 4051 homozygotes.23' Despite this small but significant association
withh HDL-c levels, the studies relating this variant to CAD risk have not
foundd consistent results. A large-scale study with sufficient statistical power
too detect the mild effect of this single genetic marker could give better
insight.. Such a study would require sufficient power to assess interactions
withh other characteristics because evidence exists that the effect of this
variantt depends on the metabolic context. For instance, in the setting of
hypertriglyceridaemia,, the 405V variant was found to be associated with
loww CETP activity but with a higher prevalence of CAD.58 This observation
mayy be explained by the fact that the actual rate of transfer of cholesteryl
esterss out of HDL is determined not only by the amount of active CETP, but
evenn more by the concentration of the acceptors of the transfer reaction
(e.g.. triglyceride-rich lipoproteins like chylomicron remnants and VLDL).
Thiss implicates that the metabolic context may determine whether CETP
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iss pro-atherogenic or anti-atherogenic in humans, as well as in rodents as
describedd previously.
Thiss context-dependency is again underlined by a recent report in
Ashkenazii Jews, a population where exceptional longevity occurs more
frequentlyy than in most other populations.59' Homozygosity for the 405V
variantt was significantly more frequent in individuals with exceptional
longevityy and their offspring, and in addition, these individuals had
significantlyy larger HDL and LDL particles. Despite the fact that numerous
studiess have investigated the relationship between this variant and
CADD risk in various populations, no consensus exists on the results. It is
thereforee quite remarkable that in this particular Jewish population, the
effectt of the 140 5V variant seems so strong. In this respect, it is noteworthy
thatt lipoprotein subclasses have also been found to associate with another
CETPP gene variant, known as the TaqlB polymorphism.60 The B2 allele for
thiss variant, which will be discussed in further detail below, was shown
too associate not only with lower CETP activity and higher HDL-c levels,
butt also with larger, and thus less atherogenic HDL and LDL particle
size.. This is consistent with our recent observation that in patients with
familialfamilial hypercholesterolemia, significant correlations exist between CETP
concentrationn and both HDL and LDL particle size.61 This observation is also
consistentt with previous reports that increased LDL size was associated
withh low CETP plasma levels61 and with the TaqlB B2 allele.60 Thus, the 405V
variantt is associated with lower CETP levels and this translates not only into
quantitativee changes in lipoprotein profiles including slightly higher HDL-c
levels,, but also into beneficial qualitative changes in LDL and HDL particle
composition.6263 3
MutationsMutations in non<oding regions of the CETP gene

Largee variation exists at the CETP gene locus that does not alter the
aminoo acid sequence of the protein. These variants tend to be quite
common.. The single variant that has received most scrutiny was originally
identifiedd as a restriction fragment length polymorphism identified by
thee enzyme TaqlB.64 Because of its reported association with CETP and
HDL-cc plasma levels in the absence of a functional effect on amino acid
sequencee or promoter region, this variant has been suspected to constitute
aa marker for another functional variant. The -629C>A variant is a good
candidatee to explain the association between the TaqlB genotype and
HDL-cc levels because strong linkage disequilibrium exists between these
variants,655 66 and since the -629C>A variant has been shown to modify CETP
promoterr activity.67 We have recently shown that amongst 5 tightly linked
polymorphismss in and around the promoter region, including TaqlB, only
thee -629C>A variant was independently associated with HDL-c levels.65*
However,, not all studies are consistent in this regard.66
Numerouss studies have investigated whether this variant associates
withh HDL-c levels and CADrisk.Virtually all of these studies are small

andd usually underpowered to detect associations. In order to overcome
thiss issue, we have recently performed a meta-analysis on this plethora
off published studies.23' We found that individuals homozygous for the
less-commonn B2 allele (in strong linkage disequilibrium with the -629A
allele)) have 0.12 mmol/1 (95%CI = 0.11-0.13) higher HDL-c levels than B1B1
individuals.. Another important drawback of small association studies is
theirr limited statistical power to detect interactions with other parameters,
whichh may be very relevant. In particular, for the TaqlB genotype
interactionss have been reported with sex,68 smoking,69 body mass index
(BMI),69700 and use of alcohol.71 In order to overcome these drawbacks,
wee also carried out a pooled analysis of individual patient data derived
fromfrom large population-based studies. We observed a fully adjusted HDL-c
differencee between B1B1 homozygotes and B2B2 homozygotes of 0.10 (0.090.12)) mmol/1, which is entirely consistent with our meta-analysis on all
publishedd studies. All individual association studies that had limited power
too detect an association withh the continuous parameter HDL-c levels, had
evenn less power to detect an association with the categorical variable CAD.
Itt is therefore not surprising that even among the larger studies, several
didd not detect an association withh CAD risk. In our pooled analysis, we
foundd that B2 homozygotes exhibited an odds ratio for CAD of 0.78 (95%CI
== 0.66 - 0.93) relative to Bl homozygotes. This association disappeared
afterr adjustment for HDL-c, suggesting that the relationship between
TaqlBB genotype and CAD risk is (largely) mediated by HDL-c levels. This is
inconsistentt with a recent study which suggested that the relationship
betweenn CETP variants and CAD risk was independent of HDL-c levels.72
InteractionInteraction between TaqlB genotype and pravastatin efficacy

Thee cause of much of the attention for the TaqlB polymorphism in intron 1
hass been the report that this genotype modifies the efficacy of pravastatin
therapy.733 This study used progression of coronary atherosclerosis as
assessedd by consecutive coronary angiography as outcome.74 When clinical
cardiovascularr events were used as outcome, no statistically significant
resultss were found. This was not surprising since the study was not powered
too detect an effect of pravastatin on clinical events, let alone an interaction
withh a genetic variant. We have recently reported that this interaction may
bee largely explained by CETP plasma levels.75 Consistently, we showed that
aa similar interaction existed between CETP plasma levels and pravastatin
inn patients with familial hypercholesterolemia, when using intima-media
thicknesss as a surrogate marker for atherosclerosis.61 To test whether this
interactionn could be confirmed in studies using cardiovascular events
ass outcome, two genetic sub-analyses have been performed in CARE and
WOSCOPS,, two large randomized placebo-controlled trials testing the
efficacyy of pravastatin.7677 Neither of these could confirm the previously
detectedd interaction between TaqlB genotype and pravastatin efficacy to
reducee the risk of cardiovascular events. It must be kept in mind that the
usee of CETP plasma levels as a continuous parameter provides substantially
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moree statistical power than the use of a genetic marker in the CETP gene;
first,first, because this genetic marker is only one of the parameters influencing
CETPP plasma levels, and second, because it is a categorical variable.
Thee same is true for the use of continuous surrogate parameters for
atherosclerosis,, instead of the risk of cardiovascular events. Thus, whether
thiss interaction in fact does not exist, or the statistical power to detect it
wass insufficient, remains unclear. Fortunately, both the TNT and IDEAL
studiess (with approximately 20,000 randomized patients) have established
aa substantial biobank including DNA samples, and pre-specified analyses
involvingg these CETP-related parameters will be carried out when these
trialss are completed. Either way, the fact that very large studies would be
requiredd to detect if this interaction truly exists, indicates that its clinical
relevancee is probably limited.
Summary Summary
Thee currently available evidence suggests that genetic defects causing
partiall or complete CETP deficiency have a strong effect on HDL< levels.
However,, whether this translates into a consistent reduction in CAD
risk,, has not yet been established. Also, a substantial amount of data
existss to the fact that common genetic variants at the CETP gene locus
aree associated with CETP plasma levels and activity, HDL-c plasma levels,
LDLL and HDL particle size, and the risk of CAD. Furthermore, two recent
subanalysess of large randomized controlled trials suggest that no clinically
relevantt interaction exists between the CETP TaqlB genotype and the
efficacyy of pravastatin in reducing cardiovascular events.
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Abstract t
Background Background
Severall studies have reported that the cholesteryl ester transfer protein
(CETP)) TaqlB gene polymorphism is associated with high-density lipoprotein
cholesteroll (HDL-c) levels and the risk of coronary artery disease (CAD), but
thee results are inconsistent. In addition, an interaction has been implicated
betweenn this genetic variant and pravastatin treatment, but this has not
beenn confirmed.
MethodsMethods and Results
AA meta-analysis was performed on individual patient data from 7 large
population-basedd studies (each >500 individuals) and 3 randomized placebocontrolledd pravastatin trials. Linear and logistic regression models were
usedd to assess the relationship between TaqlB genotype and HDL-c levels
andd CAD risk, respectively. After adjustment for study, age, sex,, smoking,
bodyy mass index (BMI), diabetes, LDL-c, use of alcohol, and prevalence of
CAD,, TaqlB genotype exhibited a highly significant association with HDL-c
levels,, such that B2B2 individuals had 0.11 mmol/1 (0.10-0.12, p < 0.0001)
higherr HDL-c levels than B1B1 individuals. Second, after adjustment for
study,, sex, age, smoking, BMI, diabetes, systolic blood pressure, LDL-c,
andd use of alcohol, TaqlB genotype was significantly associated with the
riskk of CAD; OR = 0.78 (0.66-0.93) in B2B2 individuals compared to B1B1
individualss (p for linearity = 0.0O8). Additional adjustment for HDL-c levels
renderedd loss of statistical significance (p=0.4). Lastly, no pharmacogenetic
interactionn between TaqlB genotype and pravastatin treatment could be
demonstrated. .
Conclusion Conclusion
Thee CETP TaqlB variant is firmly associated with HDL-c plasma levels, and
ass a result with the risk of CAD. Importantly, this CETP variant does not
influencee the response to pravastatin therapy.
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Introduction n
AA strong inverse relationship exists between high-density lipoprotein
cholesteroll (HDL-c) plasma levels and the risk of coronary artery disease
(CAD).1-22 Cholesteryl ester transfer protein (CETP) plays a central role in
HDL-cc metabolism by shuttling cholesteryl esters from HDL particles to
apolipoproteinn B-containing particles in exchange for triglycerides.3-4 A
commonn polymorphism in intron 1 of the CETP gene, denoted as TaqlB,5
wass among the first genetic variations to be associated with HDL-C plasma
levels.66 The less common B2 allele occurs at a frequency of approximately
40%% and is associated with lower CETP levels, compared to the more
commonn Bl allele. Since its first description, a relationship between the
TaqlBB genotype and HDL-c levels and the risk of CAD has been investigated
inn numerous population-based studies albeit without consistent results.
Inn addition, a pharmacogenetic interaction has been implicated between
TaqlBB genotype and pravastatin treatment 7 but this observation has not
beenn found in other studies.8,9 Such inconsistencies are often encountered
amongg genetic association studies and can be due factors such as genetic
admixturee or lack of statistical power.10 In this specific case, an alternative
explanationn may derive from proposed interactions with sex,1112 smoking,813
bodyy mass index (BMI)1314and use of alcohol,15 all modifiers of CETP
action,, HDL-c levels, and CAD risk. In view of our recent report about an
interactionn between CETP plasma levels and triglyceride levels,16 we also
exploredd a potential interaction between TaqlB genotype and triglyceride
levels. .
Wee hypothesized that a meta-analysis could give better insight in the
relationshipss among the CETP TaqlB genotype, HDL-c levels, and the risk
off CAD. However, a conventional meta-analysis does not allow for the
assessmentt of the interactions mentioned above. We therefore performed
aa meta-analysis of individual patient data. To circumvent the risk of
publicationn bias, we only included studies that were likely to be published
irrespectivee of the results, i.e. randomized controlled trials and large
population-basedd studies. This approach is likely to yield a less biased result
andd a more modest effect estimate compared to a meta-analysis that also
includess small studies.17 Using this criterion, and taking into account the
obligatoryy presence of CETP TaqlB genotyping data, we were able to analyze
thee data from a total of 13,677 individuals.
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Methods s
LiteratureLiterature search

Wee identified all published population-based studies published before
Septemberr 2003 on the CETP TaqlB polymorphism and its association with
HDL-cc plasma levels and/or the risk of CAD. The literature was scanned
byy a formal search of the Medline electronic database. The search terms
weree both MESH terms and (part of) the text words "cholesteryl ester
transferr protein" or "CETP", in combination with "polymorphism", or
"mutation",, or "genetics". Reference lists of retrieved articles were scanned
forr additional potentially relevant publications. Finally, for each retrieved
publicationn an electronic 'cited reference search' was performed (Web of
Sciencee version 4.1.1, Institute for Scientific Information 2000, http://www.
isinet.com/isi/products/citation/wos/),, identifying all papers citing the index
publication. .
SelectionSelection criteria

Thee meta-analysis was limited to population-based studies that included
moree than 500 individuals. In addition, we included all randomized doubleblindd placebo-controlled trials of pravastatin treatment from which subanalysess on the role of the TaqlB polymorphism were performed. To avoid
populationn admixture due to genetic heterogeneity between races, only
Caucasiann subjects were used in the analyses. All identified publications
weree independently evaluated by two investigators for compliance with
thesee criteria and the results were compared. Disagreements were very
feww and could be resolved by discussion and rereading of the original
manuscripts. .
Datoo collection

Principall investigators from all qualifying studies were contacted and
askedd to provide a database with individual patient data. Variables from
thee individual databases were made compatible with each other, and
enteredd into a pooled database. Again, this procedure was performed in
duplicatee by two independent investigators, the results were compared
andd disagreements were resolved by consensus. An "HDL database" was
composedcomposed of all studies that assessed the relationship between TaqlB
genotypee and HDL-c plasma levels. A "CAD database" was composed of
alll studies that assessed the risk of prevalent or incident CAD, and used
(apparently)) healthy individuals as referent group. A "pravastatin database"
wass composed of all trials that assessed the efficacy of pravastatin therapy.
Dataa analysis

AA fixed-effects linear regression model was used to assess the relationship
betweenn patient characteristics and HDL-c plasma levels, adjusted for study,
sexx and age.18 The variables that had a significant association with HDL-c
plasmaa levels and all two-way interactions between them, were entered into
aa multivariate linear regression model, and backward stepwise selection
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wass used to identify the variables that had an independent association
withh HDL-c plasma levels. Afixed-effectslogistic regression model was
usedd to assess the relationship between patient characteristics and the risk
off CAD.19 Odds ratios (OR) with corresponding 95%confidence intervals
<95%CI)) were calculated for the risk of CAD in B1B2 individuals and B2B2
individuals,, using B1B1 individuals as reference group.
Bothh for the outcome HDL-c and for the outcome CAD risk, we tested
forr interactions between TaqlB genotype and several environmental
factors.. In order to assess whether we had sufficient statistical power
too detect interactions of the magnitude that have been reported in the
literature,, we calculated the magnitude of interactions and corresponding
95%% confidence intervals using the pooled databases. We investigated
interactionn between TaqlB genotype (B1B1 individuals versus B2B2
individuals)) and risk factors as dichotomous variables (men versus women;
smokerss versus non-smokers; use of alcohol, yes versus no; BMI >27 kg/m2
versuss < 27 kg/m2; triglycerides >1.7 mmol/1 versus <1.7 mmol/1; pravastatin
yess versus no). In order to adjust for heterogeneity between studies, all
regressionn models were adjusted for study number as a fixed factor in the
model.. In addition, in order to adjust for residual heterogeneity, we also
employedd hierarchical random-effects models for the outcomes HDL-c
andd CAD risk with study number as random factor. Additional analyses
weree performed to assess the consistency between prospective and crosssectionall studies and to investigate whether an additive, recessive or
dominantt genetic model was the best way to describe the observed data.
Onlyy individuals with a complete data set were entered in the linear and
logisticlogistic regression models. A p-value < 0.05 was considered to indicate
statisticall significance. Analyses were performed using SPSS version 12.0
(SPSSS Inc., Chicago, Illinois) and SAS (Sas Institute, Cary, North Carolina)
Results s
Ourr Medline search identified 425 potentially relevant publications. A total
off 9 population-based studies qualified for inclusion: 4 prospective studies;
thee Framingham Offspring Study (FOS),20 the Physicians' Health Study
(PHS),211 the Northwick Park Heart Study (NPHS),22 and the Reykjavik study;23
andd 5 cross-sectional studies: the European Atherosclerosis Research Study
(EARS),244 Etude Cas-Témoins de 1'Infarctus du Myocarde (ECTIM),15-2526 the
Ouluu Project Elucidating Risk of Atherosclerosis (OPERA),11-27 a study
performedd by Area et al.28 and one performed by Corella et al.29 Databases
withh individual patient data were obtained from all studies except for the
FOSS and the study performed by Corella et al.;2029 thus these 2 studies were
nott included. We identified 3 randomized double-blind placebo-controlled
trialss of pravastatin treatment, where a sub-analysis had been performed
onn the role of the TaqlB polymorphism: the Regression Growth Evaluation
Statinn Study (REGRESS),7 the Cholesterol And Recurrent Events trial (CARE),9
andd the West of Scotland Coronary Prevention Study (WOSCOPS).8 The
studyy databases with individual patient data were obtained from all three.
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Thee characteristics of the selected studies are summarized in table 1.
Fourr studies matched a referent group to the cases: PHS, WOSCOPS (both
age-- and smoking-matched), ECTIM and EARS (both age-matched). The
patientt characteristics of the individual studies are summarized in table
2.. In all individual studies, the genotype distributions were within the
expectedd range according to Hardy-Weinberg equilibrium. Figure 1 shows
thee relationship between TaqlB genotype and HDL-c levels for each of the
includedd studies. Figure 2 shows the relationship between TaqlB genotype
andd CAD risk for each of the included studies.
PooledPooled databases
Thee HDL database comprised 13,677 individuals from the following studies:
REGRESS,, CARE, WOSCOPS, PHS, ECTIM, OPERA, EARS, NPHS, Reykjavik,
andd Area et al. The Reykjavik study (diabetes and use of alcohol) and the
studyy by Area et al. (use of alcohol) did not record all risk factors used in
thee fully adjusted models. These two studies were therefore excluded from
thee fully adjusted models, which now included a total 11,751 individuals.
Thee CAD database comprised 8,815 individuals from the following studies:
PHS,, ECTIM, OPERA, NPHS, WOSCOPS, Reykjavik, and Area et al. Again,
thee Reykjavik study and the one by Area et al. were excluded from the
fullyy adjusted models, which now included a total 6,889 individuals.
Thee pravastatin database comprised 5,691 individuals randomized in
thee following placebo-controlled pravastatin trials: REGRESS, CARE, and
WOSCOPS.. The baseline characteristics of the pooled databases used for the
analysess are summarized in table 3.
CETPCETP TaqlB genotype and HDL-C plasma levels
Adjustingg for study, sex and age, TaqlB genotype was significantly
associatedd with HDL-C plasma levels (p<0.0001). Mean HDL-c levels were
1.055
, 1.08
) and 1.1
) mmol/1 inn B1B1, B1B2 and B2B2
individuals,, respectively. Among men, the respective values were 1.02
,, 1.05
, and 1.12
) mmol/1, and among women they were
1.266
, 1.32
, and 1.41
) mmol/1. Other variables that had
aa significant association with HDL-c plasma levels (adjusted for study, sex
andd age) were smoking, diabetes, prevalence of CAD, BMI, total cholesterol,
LDL-c,, (log-transformed) triglycerides, and use of alcohol (pO.0001 for
each).. TaqlB genotype (adjusted for study, sex and age) was also significantly
associatedd with total cholesterol (p=0.01) and (log-transformed) triglyceride
levelss (p = 0.02), so we did not adjust for these variables in subsequent
analysess in this section. Mean total cholesterol levels for B1B1, B1B2, and
B2B22 individuals were 5.75
, 5.77
, and 5.82
) mmol/1 and
) mmol/1,
meann triglyceride levels were 1.83
, 1.80 ( 1.02), 1.79
respectively. .
Afterr adjustment for study, sex, age, BMI, diabetes, smoking, LDL-c, and use
off alcohol, TaqlB genotype still exhibited a highly significant association
withh HDL-c both among cases and among people without CAD. No
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Tablee 2. Characteristics of study samples included in the meta-analysis
PHS S
Subjects s

NPHS S

ooo o

Age-yr r

88

Reykjavik k

ECTIM M

1,713 3

1,134 4

2,490 0

566

744

555

3

5

8

Malee sex

5666 (100.0)

1,713(100.0) )

1,134(100.0) )

1,973(79.2) )

Smoking g

877 (15.4)

4544 (26.5)

2111 (18.6)

1042(418) )

Systolicc BP - mmHg

22

Diastolicc BP - mmHg
Bodyy mass index - kg/m2

77
25.33

2

1388

9

23

1311

1

855

1

800

2

26.44

3.4

26.44

3.9

26.99

4.2

Diabetes s

222 (3.9)

Totall cholesterol - mmol/l

5.77

0

5.77

0

LDLL cholesterol - mmol/l

3.66

9

3.11

0

Triglyceridess - mmol/l
HDLL cholesterol - mmol/l
Alcoholl use
Coronaryy artery disease*

19(1.1) )

1.7(1.1-2.5) ) 1.7(1.2-2.5) )
1.22

3

2

1499

844

0.88

0.3

2088 (8.4)

NA A
5.99

1

5.99

1

4.11

0

3.99

0

1.2(0.9-1.6) ) 1.6(1.2-2.3) )
1.11

4111 (72.6)

1398(81.6) )

NA A

00 (0.0)*

00 (0.0)*

NA A

3

1.22

4

1717(69.0) )

Pravastatinn allocation**
TaqlBB genotype
-B1B1 1

1822 (32.2)

500500 (29.2)

3288 (28.9)

8455 (33.9)

-B1B2 2

2966 (52.3)

8966 (52.3)

5966 (52.6)

1,236(49.6) )

-B2B2 2

888 (15.5)

317(18.5) )

210(18.5) )

409(16.4) )

-B1 1

0.583 3

0.553 3

0.552 2

0.588 8

-B2 2

0.417 7

0.447 7

0.448 8

0.412 0.412

TaqlBB allele frequency

Dataa are presented as mean +SD, n (%), or median (interquartile range). BP
indicatess blood pressure. * indicates presence of coronary artery disease at
baselinee (in prospective studies); ** indicates allocation to pravastatin treatment in
randomizedd controlled trials; NA indicates not available. Due to missing data, means,
percentagess and medians may be based on fewer observations than the indicated
numberr of subjects.

significantt interaction was observed between CAD prevalence and TaqlB
genotypee for HDL-c levels so people with and without CAD were combined.
Inn the combined dataset, adjusting for study, sex, age, BMI, diabetes,
smoking,, LDL-c, use of alcohol, and in addition CAD prevalence, B1B2
individualss had 0.04 mmol/l (0.03-0.05, p<0.0001) higher HDL-c levels, and
B2B22 individuals had 0.11 mmol/l (0.10-0.12, p<0.0001) higher HDL-c levels,
comparedd to B1B1 individuals. There was no significant heterogeneity
betweenn the studies for the relationship between TaqlB genotype and HDL-c
levelss (p = 0.9). There was, however, significant heterogeneity between the
studiess for absolute HDL-c levels but when we adjusted for this in a random
effectss model, the results were similar as in the fixed effects model: HDL-c
levelss were 0.04 mmol/l (0.03-0.05, p<0.0001) higher among B1B2 individuals
andd 0.11 mmol/l (0.10-0.12, p<0.0001) higher among B2B2 individuals than
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BOÏOCCCC

CARE E

WOSCOPS S

792 2

706 6

3,389 9
99

1,596 6

599

88

1

55

2599 (49.4)

7677 (100.0)

5188 (65.4)

706(100.0) )

2,9366 (86.6)

1,596(100.0) )

1744 (33.2)

1966 (25.6)

278(35.1) )

1955 (27.6)

5288 (15.6)

8677 (54.3)

1411

1
22

26.44

0

8(1.5) )

1188

1

744

0

23.33

88
99

9

00 (0.0)

26.33

811
9

677 (8.5)

88

1299

18

0

788

0

26.00

7

00 (0.0)

27.44

3

4311 (12.7)

1

4,44

8

5.66

2

6.00

9

5.44

0.4

3.55

1.0

2.88

0.6

3.66

0

4.33

0.8

3.66

0.4

1.2(0.9-1.6) ) 0.9(0.7-1.1) ) 1.7(1.2-2.2) ) 1.7(1.2-2.3) ) 1.6(1.3-2.2) )
1.44

4

1,22

2

6977 (90.9)

1.22

4

NA A

0.99

2

507(71.8) )

1.00

7
00

5.77

4322 (82.4)

1377

0.2

14855 (43.8)

706(100.0)* * 3,389(100.0)* *
3577 (50.6)

1715(50.6) )

25.88

2

23(1.4) )
7.00

6

5.00
4
1.7(1.3-2.3) )
1.11

2

1,297(81.3) )
00 (0.0)*
7633 (47.8)

168(32,1) )

2377 (30.9)

284(35.9) )

256(36.3) )

1,1211 (33.1)

500(31.3) )

2566 (48.9)

3800 (49.5)

3699 (46.6)

3355 (47.5)

1693(50.0) )

7977 (49.9)

100(191) )

150(19.6) )

139(17.6) )

1155 (16.3)

5755 (15,0)

2999 (18.7)

0.565 0.565

0.557 7

0.592 2

0.600 0

0.581 1

0.563 3

0.435 5

0.443 3

0.408 8

0.400 0

0.419 9

0.437 7

inn B1B1 individuals. The relationship between the number of B2 alleles and
HDL-cc levels deviated significantly from linearity (p = 0.002). Given this
observationn and the absolute HDL-c differences observed in B1B2 and B2B2
individualss compared to B1B1 individuals, we conclude that B2
homozygosityy has a higher penetrance than heterozygosity.
Subsequently,, we tested for gene-environment interactions between TaqlB
genotypee and several risk factors that have been previously reported to
showw an interaction with TaqlB genotype: sex, BMI, smoking and use of
alcohol.. In addition, we tested for an interaction with triglyceride levels.
Significantt interactions with TaqlB genotype (B2B2 versus B1B1 individuals)
weree identified for both sex and smoking (p = 0.02 for each), such that the
relationshipp was attenuated among men and among smokers (table 4). The
adjustedd HDL-c difference in B2B2 individuals relative to B1B1 individuals
wass 0.16 mmol/1 (0.10-0.22) among women and 0.10 mmol/1 (0.09-0.12)
amongg men. The corresponding values were 0.11 mmol/1 (0.09-0.13) and 0.09
mmol/11 (0.06-0.12) among non-smokers and smokers, respectively. These
interactionss were no longer statistically significant when we adjusted for
thee testing of multiple hypotheses. We did not observe a significant
interactionn between TaqlB genotype and any other variable.
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Tablee 3. Characteristics o f pooled study databases used for t h e present
meta-analysis s
Database e

HDL L

CAD D

Pravastatin n
5,691 1

Subjects s

13,677 7

8,815 5

Age-yr r

566

599

2

9

88

Malee sex

12,168(89.0) )

7,7599 (88.0)

5,2388 (92.0)

Smoking g

4,0322 (29.5)

3,113(35.3) )

15900 (27.9)

Systolicc blood pressure -mmHg g

1333

0

1366

1

1322

8

Diastolicc blood pressure -mmHg g

811

1

822

1

800

0

3.9

26.33

3.8

26.88

3.9

Bodyy mass index-- kg/m2

26.44

Diabetes s

7788 (6.2)

3477 (4.5)

Totall cholesterol mmol/l l

5.88

1

6.00

1

5.99

LDLL cholesterol -mmol/l l

3.88

0

3.99

1

4.11

8

HDLL cholesterol -mmol/l l

1.11

3

1.11

4

1.00

2

Triglyceridess - mmol/l

1.5(1.1-2.2) )

1.6(1.1-2.2) )

Alcoholl use

7,9444 (67.7)

5,2555 (76.5)

Coronaryy artery disease*

4544 (8.0)
0.9

1.7(1.3-2.2) )
3,2899 (57.9)
4,0955 (72.0)

Genotypee frequency
-B1B1 1

4,4211 (32.3)

2,807(31.8) )

1,877(33.0) )

-B1B2 2

6,854(50.1) )

4,4466 (50.4)

2,8255 (49.6)

-B2B2 2

2,402(17.6) )

1,562(17.7) )

989(17.4) )

-B1 1

0.574 4

0.571 1

0.578 8

-B2 2

0.426 6

0.429 9

0.422 0.422

Allelee frequency

Dataa are presented as mean +SD, n (%), or median (interquartile range). * indicates
presencee of coronary artery disease at baseline (in prospective studies). Because
somee variables were not available in all studies, means or percentages may be
basedd on fewer observations than the indicated number of subjects.

CETPP TaqlB genotype and the risk of CAD
Whenn we adjusted for study number, sex and age, the TaqlB genotype was
significantlyy associated with the risk of CAD (p for linearity = 0.001). The OR
forr CAD was 0.93 (0.84-1.04, p = 0.2) in B1B2 individuals and 0.77 (0.66-0.89,
pp = 0.001) in B2B2 individuals, compared to B1B1 individuals. Other
significantt predictors of the risk of CAD were smoking, diabetes, BMI,
systolicc and diastolic blood pressure, total cholesterol, LDL-c, HDL-c, (logtransformed)) triglyceride levels, and the use of alcohol. Because TaqlB
genotypee was associated with HDL-c and (log-transformed) triglyceride
levels,, we did not adjust for these variables in the subsequent analysis in
thiss section.
Afterr adjustment for study, sex, age, smoking, diabetes, BMI, systolic blood
pressure,, LDL-c, and use of alcohol, TaqlB genotype was still significantly
associatedd with a lower risk of CAD; OR = 0.95 (0.83-1.07) in B1B2 individuals
andd OR = 0.78 (0.66-0.93) in B2B2 individuals, compared to B1B1 individuals

90 0

(pp for linearity = 0.008). Upon additional adjustment for HDL-c, this
associationn was considerably attenuated and became statistically nonsignificant;; OR = 1.04 (0.90-1.19) in B1B2 individuals and OR = 0.92 (0.77-1.11)
inn B2B2 individuals, compared to B1B1 individuals (p for linearity = 0.4).
Theree was no significant heterogeneity between the studies for the
relationshipp between TaqlB genotype and CAD risk (p = 0.8). There was
significantt heterogeneity between the studies for the absolute CAD risk but
whenn we adjusted for this in the random effects model, the point estimates
weree similar as in the fixed effects model. However, the 95%CIs were
importantlyy narrower causing the risk estimate for B1B2 individuals to
becomee significant; OR = 0.96 (0.92-0.99, p = 0.03) in B1B2 individuals and
ORR = 0.82 (0.75-0.91, p<0.0001) in B2B2 individuals, compared to B1B1
individuals. .
Thee relationship between the number of B2 alleles and CAD risk did not
deviatee significantly from linearity (p = 0.3). This implies that an additive
modell and not a dominant or recessive one, is the best genetic model to
describee the data. In order to assess the consistency between cross-sectional
andd prospective studies, we excluded the cross-sectional studies and
retainedd only the prospective studies. The point estimates did not change
substantiallyy (OR = 0.97, 0.79-1.21, in B1B2 individuals and OR = 0.79, 0.591.055 in B2B2 individuals) but due to the loss of statistical power the
confidencee intervals widened and now included unity (p = 0.1). As described
abovee for the outcome HDL-c, we tested whether gene-environment
interactionss existed between TaqlB genotype and traditional risk factors for
thee outcome CAD risk. No significant interaction terms were observed. As
forr HDL-c levels, smoking again appeared to attenuate the relationship
betweenn TaqlB genotype and CAD risk but this interaction was not
statisticallyy significant (p = 0.2).

RelationshipRelationship between CETP TaqlB genotype and the efficacy of pravastatin therapy
Inn the pravastatin database, pravastatin significantly reduced the risk of
incidentt CAD; OR = 0.68 (0.58-0.78), p<0.0001. In this database, TaqlB
genotypee was not significantly associated with CAD risk; OR= 1.06 (0.90-1.25)
inn B1B2 individuals and OR=0.93 (0.74-1.16) in B2B2 individuals, relative to
B1B11 individuals (p = 0.5). No significant interaction was observed between
TaqlBB genotype and pravastatin therapy (p = 0.7).
Discussion n
Inn this meta-analysis, we observed that after adjustment for study, age, sex,
smoking,, BMI, diabetes, LDL-c, use of alcohol, and prevalence of CAD, the
TaqlBB variant in the CETP gene still exhibited a highly significant
associationn with HDL-c levels (p<0.0001). In quantitative terms, B2B2
individualss had 0.11 mmol/1 (0.10-0.12, p<0.0001) higher HDL-c than B1B1
individuals.. Second and most importantly, we observed that after
adjustmentt for study, sex, age, smoking, BMI, diabetes, systolic blood
pressure,, LDL-c, and use of alcohol, the CETP genotype was significantly
91 1

Figuree 1. HDL-c levels according to TaqlB genotype in individual studies
Studyy

B2B2 vs B1B1

B1B1

——

Physicians'' Health 2 1
Northwickk Park Heart 22
Reykjavik
ECTIM

22 (181)

33 (296)

66 (88)

55 (500)

55 (896)

77 (317)

11 (328)

))

00 (210)

-

-— —

77 (845)

77 (1236)

11 (409)

—— —

66 (168)

88 (256)

22 (100)

11 (237)

44 (380)

22 (150)

1.16+0.35(284) )

99 (369)

11 (139)

0.89+0.211 (256)

11 (335)

77 (115)

33 (1693)

44 (575)

66 (500)

44 (797)

44 (299)

22 (4093)

))

24 4

——
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28

REGRESS' '
CARE

B2B2

277

1525 26 6

OPERA"
EARS

——

23 3

B1B2

««

99

WOSCOPS

22 (1121)

-*--

88

Total l

11

-0.55

1

-0.25

0

11

11

0.25

0.5

55 (2192)

HDL-c (mmol/l)

Graphicall representation of the absolute HDL-c difference between B2B2 versus
B1B11 individuals. Mean SD levels of HDL-c, and the number of observations in
parenthesess are shown for B1B1, B1B2, and B2B2 individuals. The data shown here
aree defined by the inclusion criteria of the current meta-analysis, and are the data
usedd in the meta-analysis. Thus, these data may differ from those in the original publication,, for instance because the current meta-analysis was restricted to Caucasians
only. .

associatedd with the risk of CAD; OR = 0.78 (0.66-0.93) in B2B2 individuals,
comparedd to B1B1 individuals (p for linearity = 0.008). Finally, we could
eliminatee the notion of a significant interaction between TaqlB genotype
andd pravastatin in reducing the risk of cardiovascular events.
Sincee the discovery of CETP as a modulator of HDL-c levels, there has been
muchh speculation about its role in human atherogenesis. 430 Because of its
highh frequency among Caucasians, and based on some reports of a strong
associationn with HDL-c, the TaqlB variant in the CETP gene has played a
prominentt role in the genetic association studies investigating the
relationshipp between CETP activity, lipids and CAD risk. This variant,
locatedd in intron 1, has been suggested to act as a marker for a functional
C>AA polymorphism in the promoter region of the CETP gene, located 629
basee pairs upstream from the transcription start site.31 This -629C>A
variantt has been shown to directly affect CETP promoter activity.32 However,
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Figuree 2. Odds ratios for CAD according to TaqlB genotype in individual studies
Studyy

B2B2vsB1B1

Physicians'' Health21

B1B1

B1B2

B2B2

39.8(35/88))

47.0(139/296)

47.3(86/182)

Northwickk Park Heart

3.2(10/317))

2.8(25/896)

2.0(10/500)

Reykjavik23 3

39.0(82/210))

43.8(261/596)

48.8(160/328)

42.3(173/409))

48.1(595/1236) 48.8(412/845)

22

15 2526 6

ECTIM OPERA

1127 7

Areaa et al.

10.0(10/100))

6.3(16/256)

7.1(12/168)

28

48.99 (68/139)

50.4 (186/369)

53.5 (152/284)

88

22.1(66/299))

27.2(217/797)

28.4(142/500)

WOSCOPS

28.44 (444/1,562) 32.7 (1,439/4,446) 34.7 (974/2,807)

Total l

— I ——

0.2 2

— I ——

0.5 5

Graphicall representation of the odds ratio for CAD among B2B2 compared to B1B1
individuals.. For each study, percentages of individuals with CAD, and the numbers
off cases and controls in parentheses are shown for B1B1, B1B2, and B2B2 individuals.. The data shown here are defined by the inclusion criteria of the current metaanalysis,, and are the data used in the meta-analysis. Thus, these data may differ
fromm those in the original publication, for instance because the current meta-analysis
wass restricted to Caucasians only.

nott all studies are consistent with this. 23 Since almost complete linkage
disequilibriumm exists between the TaqlB and - 6 2 9 0 A gene variants 31 and
becausee of the extent of the data available on TaqlB and not on - 6 2 9 0 A ,
thee first is, at present, the best candidate for a meta-analysis.
TaqlBTaqlB genotype, HDl-c levels and risk of CAD
Thee results of the present meta-analysis support a strong relationship
amongg the TaqlB variant, HDL-c levels, and CAD risk. Of note, two studies
thatt qualified for inclusion in our meta-analysis but from which the data
couldd not be obtained, both reported a significant relationship with CAD
thatt is consistent with the present results.20-29 In other words, it is unlikely
thatt additional inclusion of these two studies would have affected the
evidentt relationship between TaqlB genotype and CAD risk.
Wee observed that the significant association between TaqlB genotype and
CADD risk was substantially attenuated upon adjustment for HDL-c levels,
suggestingg that the association between TaqlB genotype and CAD risk is
largelyy mediated through HDL-c levels. However, the risk estimate did not
completelyy return to unity (OR = 0.92, 0.77-1.11), so this observation does

nott confirm an association between CETP genotype and CAD risk
independentt of HDL-c levels, nor does it rule out a small residual
association.. Such a relationship between CETP genotype and CAD risk
independentt of HDL-c levels would be consistent with several previous
studies.727333 The inconsistency with our results may derive from the fact
thatt these studies assessed different CETP variants,2733 used surrogate
markerss of CAD,727 or studied individuals with prevalent CAD.733
EffectEffect modification by environmental factors
Wee investigated whether our pooled dataset provided any evidence for the
publishedd interactions between TaqlB genotype and sex,1112 smoking,813
BMI,13144 and use of alcohol.15 The current meta-analysis provides some
evidencee that interactions exist for both sex and smoking (p = 0.02 for
each),, such that the effect of TaqlB genotype on HDL-c levels was attenuated
amongg men and among smokers. However, these observations must be
interpretedd with caution because of the multitude of interaction terms
testedd in this analysis. In addition, the assessment of the TaqIB*smoking
interactionn may have been influenced by the fact that two large studies
includedd controls that were matched to CAD cases based on smoking
habit.88 21 Effects of smoking on HDL-c plasma levels are well-established34
butt studies that investigated whether these effects are related to CETP
activityy have not yielded consistent results; smoking has been reported to
reducee CETP activity,35 to increase CETP activity in diabetics,36 and to have
noo effect on CETP activity.37 These inconsistencies may derive from
differencess between the study samples or from differences between the
complexx CETP activity assays that were used. The significant TaqIB*sex
interactionn observed in this meta-analysis is consistent with a publication
fromm the OPERA study (which was included in this meta-analysis)
suggestingg that the relationship between TaqlB genotype and HDL-c levels
iss stronger in women." The regression coefficient of the significant
TaqIB*sexx interaction in OPERA was 0.148 which is substantially larger than
thee one calculated in our pooled database but the 95% confidence intervals
overlapp so the results are compatible with each other. It is also consistent
withh the observation that the relationship between two other CETP variants
inn almost complete linkage disequilibrium with TaqlB (A373P and R451Q)
andd CAD risk is stronger among women not receiving hormone
replacementt therapy than in men.38 However, in this study the interaction
termm was not statistically significant. Our observation is not consistent with
aa study which suggested that the TaqIB-HDL-c relationship was stronger in
men122 but this study was performed among Japanese whereas the current
meta-analysiss was restricted to Caucasians.
Inn addition to smoking and male sex, obesity, visceral fat accumulation and
hyperinsulinaemiaa have also been reported to blunt the effect of TaqlB
genotypee on HDL-c levels.1314 In the current analysis, we were only able to
studyy an interaction with BMI, which we did not detect. Given the fact that
thee interactions described in the literature were of greater magnitude than

Tablee 4. Interaction between TaqlB genotype and risk factors
Regressionn coefficients
Menn

P

Interaction

Women

HDL-c c

0.1011 (0.009)

0.170(0.034) )

0.02 2-0.0699 (-0.140-0.000)

CAD D

-1.153(0.071) )

-1.078(0.205) )

0.1 1 0.0755 (-0.350-0.200)

Usee of alcohol

Noo use of alcohol

HDL-c c

0.112(0.011) )

0.0833 (0.014)

0.1 1 0.0299 (-0.006-0.064)

CAD D

0.3899 (0.097)

0.053(0.156) )

0.07 7 0.3366 (-0.024 - 0.696)

BMI>27kg/m 2 2

BMII < 27 kg/m2

HDL-c c

0.108(0.012) )

0.1011 (0.012)

0.7 7 0.0077 (-0.026 - 0.040)

CAD D

0.4122 (0.130)

0.2366 (0.106)

0.3 3 0.1766 (-0.153-0.505)

Smokers s

Non-smokers s

HDL-c c

0.0877 (0.009)

0.112(0.009) )

0.02 2-0.0255 (-0.050 - 0.000)

CAD D

0.2233 (0.122)

0.353(0.112) )

0.4 4 -0.1322 (-0.457-0.192)

Triglyceridess > 1.7 mmol/l Triglyceridess < 1.7 mmol/l
HDL-c c

0.100(0.011) )

0.0877 (0.012)

0.4 4 0.0133 (-0.019-0.045)

CAD D

0.236(0.116) )

0.318(0.119) )

0.6 6 -0.0822 (-0.408 - 0.244)

Pravastatin n

Noo pravastatin

HDL-c c

0.0977 (0.013)

0.1111 (0.013)

0.5 5 -0.0144 (-0.050 - 0.022)

CAD D

0.1433 (0.174)

-0.0533 (0.146)

0.4 4 0.0900 (-0.355 - 0.535)

Thee table presents regression coefficients (standard error) for the differences in
HDL-cc and CAD risk between B2B2 individuals and B1B1 individuals. P-value for
interactionn between TaqlB genotype (B2B2 versus B1B1) and several risk factors
forr the outcome HDL-c and CAD risk. The last column contains the interaction term
andd corresponding 95% confidence interval calculated in the appropriate pooled
database. .

thee detectable effect size shown in table 4, we conclude that an interaction
betweenn TaqlB genotype and BMI is unlikely. In the ECTIM study, an
interactionn was observed between the use of alcohol and TaqlB genotype for
bothh HDL-c levels and CADrisk.15We observed a strong trend towards an
interactionn between TaqlB genotype and use of alcohol for HDL-c levels (p =
0.07).. However, it must be kept in mind that the interaction observed in the
ECTIMM study was dose-dependent and strongest in heavy drinkers. Because
mostt studies included in this meta-analysis did not record alcohol
consumptionn in a detailed manner, we were not able to differentiate
betweenn moderate and heavy drinkers and were therefore forced to study
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alcoholl consumption as a dichotomous variable, which may have
attenuatedd our power to detect such an interaction.
Inn addition to the environmental factors mentioned above which have been
reportedd to interact with TaqlB genotype, we also studied a potential
interactionn with triglyceride levels. Triglycerides, which are substrates for
CETP,, are known to affect CETP metabolism.39 In fact, we have recently
reportedd an interaction between CETP plasma levels and triglycerides such
thatt the risk of future CAD increased with increasing CETP levels but only
amongg individuals with high triglyceride levels.16 However, an interaction
betweenn TaqlB genotype and triglyceride levels has never been reported,
andd we did not observe one in the current analysis either.
InteractionInteraction between TaqlB genotype and efficacy of pravastatin therapy

Thee original description of a pharmacogenetic interaction between TaqlB
genotypee and pravastatin efficacy was based on angiographic progression of
coronaryy atherosclerosis as outcome,7 and is therefore not comparable with
ourr analyses which used HDL-c levels and CAD events as outcome. The only
studyy ever to observe a pharmacogenetic interaction for clinical CAD events
wass published recently (and after the closure of our database) but the effect
off TaqlB genotype on statin efficacy was opposite from that expected based
onn the angiographic trial.40 The interaction term between TaqlB genotype
(B2B22 versus B1B1) and statin use described in that study was 0.285 (-0.160 0.730)) which is substantially larger than the one observed in our metaanalysiss although confidence intervals overlap; 0.090 (-0.355 - 0.535). We
concludee that a clinically relevant interaction for cardiovascular events
doess not exist between pravastatin and TaqlB genotype. It warrants
mentioningg that two of the three studies were secondary prevention trials79
whichh may have had limited statistical power to detect an effect on
cardiovascularr events because both the CAD group and the control group
consistedd of CAD patients; the difference was defined by the incidence of a
recurrentt cardiovascular event during follow-up. However, an effect of
TaqlBB genotype on pravastatin efficacy was also not observed in WO SCOPS,
whichh only enrolled patients who were free of clinical CAD.
Considerations Considerations

Anyy meta-analysis carries the risk of publication bias caused by the fact
thatt small studies with positive results are more likely to be published than
thosee with negative results. Therefore, a meta-analysis of large studies will
generallyy yield more conservative results than a meta-analysis of all
publishedd studies.17 In the current meta-analysis we therefore only included
studiess that are likely to be published irrespective of the results, i.e. subanalysess of randomized controlled trials and large population-based
studies. .
Anotherr drawback of any meta-analysis is the heterogeneity between the
includedd studies in terms of the genetic structure of the studied samples,
distributionn of other cardiovascular risk factors, and CAD outcome
96 6

definitions.. First, in order to reduce the potential for population
admixture,, we restricted our analysis to Caucasians. Indeed, the allele
frequenciess of the studied samples were very similar (table 2). Second, in
orderr to reduce the possibility that differential risk factor distributions
wouldd affect our results, we performed our analysis on individual patient
dataa which gave us the possibility to adjust for potential interacting or
confoundingg variables. Finally, we adopted the outcome definitions used in
eachh study, which included MI by various definitions, and CAD by various
definitions,, including both fatal and non-fatal events. This heterogeneity of
outcomee definitions is likely to have introduced random error which may
onlyy lead to an underestimation of the real effect.
Conclusion Conclusion
Inn summary, the CETP TaqlB genotype was strongly associated with HDL-c
levelss and with the risk of CAD. B2B2 individuals had 0.11 mmol/1 higher
HDL-cc plasma levels, and consistently, a 20% lower risk of CAD than B1B1
individuals.. The relationship between TaqlB genotype and CAD risk was
substantiallyy attenuated upon adjustment for HDL-c levels, suggesting that
thee association between TaqlB genotype and CAD risk is largely mediated
throughh HDL-c plasma levels. Our observation that individuals with
geneticallyy determined lower CETP levels have a substantially lower risk of
CAD,, supports further exploration of the potential benefits of
pharmacologicall inhibition of CETP activity.
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Abstract t
Background Background

Loww plasma levels of cholesteryl ester transfer protein (CETP) are associated
withh elevated levels of high-density lipoprotein cholesterol (HDL-c), but it
remainss unclear whether this translated into a concomitant reduction in
thee risk of coronary artery disease (CAD). Evidence exists that the effect of
CETPP depends on metabolic context, in particular on triglyceride levels.
MethodsMethods and Results

AA nested case-control study was performed in the prospective EPIC-Norfolk
cohortt study. Cases were apparently healthy men and women aged 45-79
whoo developed fatal or non-fatal CAD during follow-up. Controls were
matchedd by age, sex and enrolment time. CETP levels were not significantly
differentt between cases and controls (4.0 2.2 versus 3.8 2.1 mg/l, p =
0.07).. CETP levels were significantly related with plasma levels of total
cholesterol,, LDL-c, and HDL-c. The risk of CAD increased with increasing
CETPP quintiles (p linearity = 0.02), such that subjects in the highest quintile
hadd an adjusted odds ratio of 1.43 (1.03-1.99, p = 0.03) versus those in the
lowest.. Among individuals with triglyceride levels below the median (1.7
mmol/1),, no relationship between CETP levels and CAD risk was observed
(pp linearity = 0.5), but this relationship was strong among those with high
triglyceridee levels (p linearity = 0.02), such that those in the highest CETP
quintilee had an OR of 1.87 (95%CI = 1.06-3.30, p = 0.02).
Conclusions Conclusions

Elevatedd CETP levels are associated with an increasing risk of future CAD
inn apparently healthy individuals, but only in those with high triglyceride
levels. .

Introduction n
Amongg numerous genetic and lifestyle parameters, dyslipidaemia is the
prominentt risk factor for coronary artery disease (CAD). In the past decade,
loweringg of low-density lipoprotein cholesterol (LDL-c) has been established
ass the principal target for therapeutic intervention in dyslipidaemia,
andd now constitutes the foundation of CAD prevention.13 However, since
statinn therapy typically yields risk reduction of approximately 30%, there
iss great potential for additional risk reduction through modulation of
cardiovascularr risk factors other than LDL-c. In particular, prospective
epidemiologicall studies have consistently shown that a decreased
concentrationn of high-density lipoprotein cholesterol (HDL-c) is a strong and
independentt risk factor for the development of CAD.45 As a consequence,
pharmacologicall intervention to raise HDL-c currently enjoys significant
interest.6 6
Cholesteryll ester transfer protein (CETP) plays a central role in HDL-c
metabolismm by shuttling cholesteryl esters (CE) from HDL particles to
apolipoproteinn B (apoB)-containing particles in exchange for triglycerides.7
Plasmaa levels of CETP have an inverse relationship with HDL-c levels,8 and
inn Japanese populations genetic CETP deficiency has been identified as an
importantt cause of high HDL-c levels.9 These observations have prompted
thee realization of pharmacological CETP inhibitors, which are effective
inn raising HDL-c levels.1(M2 However, it remains uncertain whether the
increasedd HDL-c levels induced by pharmacological inhibition of CETP
activityy translate into a CAD risk reduction. Evidence exists that the
consequencess of CETP activity may depend on the metabolic setting,
particularlyy on triglyceride levels.13"17 Transfer of cholesteryl ester (CE) out of
HDLL particles is determined not only by the CETP concentration, but even
moree by the concentration of the acceptors of the transfer reaction, i.e.
triglyceride-richh lipoproteins such as very low-density lipoprotein (VLDL).
Ass triglyceride levels rise, VLDLa particles are the principal lipoprotein
subtractionn to accumulate,1819 shifting the preferential net CE flux from
LDLL particles to VLDL,,.13'20 This shift favours the formation of CE-depleted
andd triglyceride-enriched LDL particles which are precursors of small
densee LDL particles, the most atherogenic LDL subtraction.1819 CETP further
contributess to the formation of small dense LDL by preferential CE transfer
fromfrom HDL to small dense LDL species and enhanced transfer to apoBcontainingg VLDL1.131819Thus, the potential detrimental effect of high CETP
levelss in terms of CAD risk may depend on triglyceride levels.
Itt is remarkable that despite the fact that pharmacological CETP inhibition
iss already being assessed in human trials, no epidemiological evidence
existss to support a direct relationship between CETP levels and CAD risk. It
wass therefore our objective to study the prospective relationship between
plasmaa levels of CETP and the risk of future CAD. In addition, we assessed
whetherr this relationship depends on triglyceride levels.

Methods s
StudyStudy designWeWe performed a nested case-control study among participants of the EPICNorfolkk cohort study (EPIC, European Prospective Investigation into Cancer
andd Nutrition), a prospective population study of 25,663 men and women
agedd between 45 and 79 years, resident in Norfolk, UK, who completed a
baselinee questionnaire survey and attended a clinic visit.21 EPIC-Norfolk is
partt of the nine-country collaborative EPIC study designed to investigate
dietaryy and other determinants of cancer. Additional data were obtained
too enable the assessment of determinants of other diseases. The study
cohortt was closely similar to UK population samples with respect to many
characteristics,, including anthropometry, blood pressure, and lipids, but
withh a lower proportion of smokers.21
Participantss were recruited by post from age-sex registers of general
practices.. Att the baseline survey between 1993 and 1997, participants
completedd a detailed health and lifestyle questionnaire, and additional
dataa collection was performed by trained nurses at a clinic visit as
previouslyy described.21 All individuals have been flagged for mortality at
thee UK Office of National Statistics, with vital status ascertained for the
Tablee 1. Baseline characteristics
Subjects s

Controls s

Cases s

1400 0

735 5

PP

Age.y y

64.99

7.7

Matched d

Malee sex

9277 (66.2)

4866 (66.2)

Matched d

Smokingg -Never

5600 (40.4)

2222 (30.5)

-Past t

6966 (50.3)

3933 (53.8)

1299 (9.3)

113(15.4) )

-- Current

7.6

64.99

Bodyy mass index, kg/m2

26.44

Totall cholesterol, mmol/l

6.277

5

6.499

3

LDLL cholesterol, mmol/l

4.088

1

4.233

3

HDLL cholesterol, mmol/l

1.366

0

1.266

7

Triglycerides,, mmol/l
Systolicc blood pressure, mmHg

3.5

1.7(1.2-2.4) )
1400

9
11

Diastolicc blood pressure, mmHg

27.33

3.8

1.9(1.4-2.8) )

<< 0.0001
<< 0.0001
<< 0.0001
0.002 0.002
<< 0.0001
<< 0.0001

1455

9

<< 0.0001

866

2

<< 0.0001

Diabetes s

355 (2.5)

533 (7.2)

<< 0.0001

CRP,, pg/ml

3.00

5.0

4.33

5.7

<< 0.0001

CETP.. mg/l

3.88

1

4.00

2.2

0.07 7

Dataa are presented as mean SD, n (%), or median (interquartile range). LDL
indicatess low-density lipoprotein; HDL indicates high-density lipoprotein; CETP
indicatess cholesteryl ester transfer protein. Means, percentages and medians may
bee based on fewer observations than the indicated number of subjects.
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entiree cohort. Death certificates for all decedents were coded by trained
nosologistss according to the International Classification of Diseases (ICD)
9thh revision. Death was considered due to CAD if the underlying cause
wass coded as ICD 410414. In addition, participants admitted to hospital
weree identified using their unique National Health Service number by
dataa linkage with ENCORE (East Norfolk Health Authority database), which
identifiess all hospital contacts throughout England and Wales for Norfolk
residents.. Participants were identified as having CAD during follow-up if
theyy had a hospital admission and/or died with CAD as underlying cause.
Wee report results with follow-up up to January 2003, an average of about
66 years. The study was approved by the Norwich District Health Authority
Ethicss Committee and all participants gave signed informed consent.
Participants Participants

Forr the present nested case-control study, we identified 755 apparently
healthyy individuals but who did develop fatal or non-fatal CAD during
follow-up.. Apparently healthy individuals were defined as study
participantss who did not report a history of heart attack or stroke at the
baselinee clinic visit. Controls were apparently healthy study participants
whoo remained free of CAD during follow-up. Two controls were matched to
eachh case by sex, age (within 5 years), and date of visit (within 3 months).
BiochemicalBiochemical analyses

Non-fastingg blood samples were taken by venepuncture into plain and
citratee bottles. Blood samples were processed for assay at the Department of
Clinicall Biochemistry, University of Cambridge, or stored at -80 °C. Serum
levelss of total cholesterol, HDL-c, and triglycerides were measured in fresh
plasmaa samples with the RA1000 (Bayer Diagnostics, Basingstoke, UK),
andd LDL-c levels were calculated with the Friedewald formula.22 C-reactive
proteinn (CRP) and CETP concentrations were measured on thawed frozen
plasmaa from cases and controls. C-reactive protein levels were measured
withh a sandwich-type ELISA in which polyclonal rabbit anti-C-reactive
proteinn antibodies were used as catching antibodies and biotinylated
monoclonall antibodies against C-reactive protein (Sanquin Research,
Amsterdam,, the Netherlands) as the detecting antibody.23 Results were
relatedd to a standard consisting of commercially available C-reactive protein
(Behringwerkee AG, Marburg, Germany). The lower detection limit was 0.1
mg/1.. CETP concentrations were measured with a validated two-antibody
sandwich-typee ELISA.24 Samples were measured as duplicates and the assay
wass repeated if the intra-assay variation was >10%. The mean of duplicates
wass used as variable in subsequent analyses. Samples were analyzed in
randomm order to avoid systemic bias. Researchers and laboratory personnel
hadd no access to identifiable information, and could identify samples by
numberr only.
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Statisticall analysis
Baselinee characteristics were compared between cases and controls using
aa mixed effect model for continuous variables25 or conditional logistic
regressionn for categorical variables.26,27 Because triglyceride levels had
aa skewed distribution, values were log-transformed before statistical
analysis.. Our primary objective was to evaluate the relationships between
CETPP plasma levels, cardiovascular risk factors, and the risk of CAD.
Therefore,, CETP levels were categorized into quintiles, based on the
distributionn in the controls. Mean levels of traditional cardiovascular risk
factorss were calculated per CETP quintile. Conditional logistic regression
analysiss was used to calculate odds ratios (OR) and corresponding 95%
confidencee intervals (95%CI) as an estimate of the relative risk of CAD.
CETPP concentrations were analysed as categorical variables after division
intoo quintiles, using the lowest quintile as reference category. ORs were
calculatedd taking into account the matching for age and sex, and were
adjustedd for the following cardiovascular risk factors: smoking (never, past,
current),, systolic blood pressure, diabetes, body mass index (BMI), CRP
levelss and fasting time (the time between the last meal and the moment
off drawing blood). ORs were also calculated after additional adjustment
forr LDL-c, HDL-c, and the ratio LDL-c / HDL-c. In order to study a possible
interactionn with triglyceride levels, participants were stratified according
too the median triglyceride concentration. In these two strata, CETP levels
weree divided into quintiles according to the distribution in the controls.
Thee mean LDL-c / HDL-c ratio and the OR for future CAD were calculated
perr quintile, using the lowest CETP quintile as reference. Subsequently,
wee compared the regression slopes for both LDL-c / HDL-c ratio and CAD
riskrisk between individuals above and below the median triglyceride level.
Statisticall analyses were performed using SPSS software (version 10.1,
Chicago,, Illinois). A p-value less than 0.05 was considered significant.
Results s
Plasmaa was available for 735 cases and 1400 matched controls; 665 cases
weree matched to two controls and 70 cases could be matched to 1 control.
Thee cases and controls for whom no plasma was available, did not differ
inn any aspect from those for whom plasma was available (data not shown).
Matchingg ensured that age and sex were comparable between cases and
controls.. As expected, individuals who developed CAD during followupp were more likely than controls to smoke and have diabetes (table 1).
Levelss of total cholesterol, LDL-c, triglycerides, systolic and diastolic blood
pressure,, BMI, and CRP were significantly higher in cases than controls,
whereass HDL-c levels were significantly lower.
Forr the CETP assay, the mean intra-assay variation between duplicates was
7.8%.. CETP levels were higher in cases than controls (4.0
2 mg/1 versus
3.88 2.1 mg/1), but this did not reach statistical significance (p=0.07). CETP
plasmaa levels were significantly correlated with total cholesterol, LDL-c,
HDL-c,, and triglyceride levels but not with BMI (table 2). With increasing

Tablee 3. Odds ratios for future CAD according to CETP quintile
CETPP quintile
1
2
3
4
5
Range,, mg/l
<2.4
2.4-2.9
3.0-3.7
3.8-4.9
>4.9
Cases/controlss 144/280
Oddss ratio
1.00

95%CII
Ptt

120/265
0.99

143/290
1.04

156/289
1.19

172/276
1.43

P*

0.02

(0.72-1.37) (0.76-1.42) (0.87-1.62) (1.03-1.99)
1.0

0.8

0.3

0.03

Oddss ratios calculated by conditional logistic regression, taking into account
matchingg for age, sex, and enrolment time. P* indicates p-value for linearity between
CETPP quintiles and CAD risk. Below the odds ratios, corresponding 95% confidence
intervalss and p-values (Pf) are presented for that quintile. The odds ratios for
CADD risk were adjusted for smoking (never, past, current), diabetes, systolic blood
pressure,, body mass index, CRP levels, and fasting time.

CETPP quintiles, the OR for future CAD, adjusted for smoking, systolic blood
pressure,, diabetes, BMI, CRP, and fasting time, increased in a linear pattern
(pp for linearity = 0.02) (table 3). Individuals in the highest CETP quintile had
aa 1.5-fold increased risk of future CAD, compared to those in the lowest
quintilee (OR = 1.43, 95%CI = 1.03-1.99, p = 0.03).
EffectEffect modification by triglyceride levels
Amongg individuals with triglyceride levels below the median (1.7
mmol/1),, CETP plasma levels did not differ between cases and controls
(3.99 2.3 mg/l versus 3.9 2.3 mg/l, p = 0.5). However, among those with
triglyceridee levels above the median, CETP levels were significantly higher
inn cases than in controls (4.1 2.3 mg/l versus 3.8 2.0 mg/l p = 0.036).
Subsequently,, we evaluated whether a statistical interaction existed
betweenn triglyceride levels (below or above the median) and CETP levels (as
aa continuous variable) for the ratio LDL-c / HDL-c, which was the strongest
correlatee of CETP levels (table 2). We calculated the regression slopes of
CETPP levels on the ratio LDL-c/HDL-c for individuals above and below the
mediann triglyceride level, and found that these regression slopes differed
significantlyy (p = 0.04).
Wee then investigated whether a similar interaction existed for future CAD
risk.. Among individuals with triglyceride levels below the median, the risk
off future CAD did not increase in increasing CETP quintiles (p for linearity
== 0.5, figure 1). In contrast, CAD risk did increase among individuals with
highh triglyceride levels (p for linearity = 0.02). Compared to individuals in
thee lowest quintile, those in the second, third, fourth and fifth quintile
hadd the following respective ORs for future CAD: 1.50 (95%CI = 0.84-2.67),
1.511 (95%CI = 0.84-2.69), 1.84 (95%CI = 1.02-3.32), and 1.87 (95%CI = 1.06-3.30)
(figuree 1). The interaction term between triglyceride levels (above or below
thee median) and CETP levels did not reach statistical significance when
CETPP levels were entered as quintiles (p = 0.08) but it did reach borderline
statisticall significance when CETP levels were entered as a continuous
variablee (p = 0.047).
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Uponn adjustment for LDL-c levels, the relationship between CETP levels and
CADD risk among people with high triglyceride levels remained statistically
significantt (OR = 1.86, 95%CI = 1.02-3.68, p = 0.045 for people in the highest
CETPP quintile compared to those in the lowest one). However, upon
additionall adjustment for HDL-c levels and upon additional adjustment for
thee ratio LDL-c / HDL-c, the relationship between CETP levels and CAD risk
wass attenuated and became non-significant; OR = 1.64 (95%CI = 0.86-3.13, p
== 0.1) and OR = 1.60 (95%CI = 0.82-3.11, p = 0.2), respectively for those in the
highestt CETP quintile compared to those in the lowest one. These results
suggestt that a potential effect of CETP levels on CAD risk may be mediated
viaa its effect on HDL-c levels or on the ratio LDL-c / HDL-c.

Discussion n
Inn a large prospective study among apparently healthy men and women,
wee observed that CETP plasma levels have a positive linear correlation
withh LDL-c plasma levels and, in contrast, a negative linear correlation
withh HDL-c plasma levels. After adjustment for traditional non-lipid risk
factors,, the risk of future CAD increased with increasing CETP quintiles.
Thee relationship between elevated CETP levels and increased risk of CAD
wass linear and was confined to individuals with elevated triglyceride levels,
i.e.. above the median 1.7 mmol/1. Finally, we observed that the elevated
CADD risk associated with higher CETP levels was attenuated after additional
adjustmentt for HDL-c or for the ratio LDL-c / HDL-c.
CETPCETP plasma levels and HDL-c levels
Inn this large group of apparently healthy individuals, we observed a
significantt negative correlation between CETP levels and HDL-c levels. The
literaturee on this issue is not consistent.82^34 However, most of these studies
weree performed in small groups of individuals that were selected on the
basiss of abnormal lipid levels, lipid disorders, diabetes, or CAD. In contrast,
thee current results are consistent with our recent meta-analysis which
showedd that, throughout a large number of studies in both healthy and
diseasedd populations, CETP gene variants associated with decreased CETP
activity,, were also associated with elevated HDL-c levels.35 This observed
correlationn is also consistent with the fact that individuals with genetic
CETPP deficiency invariably present with high HDL-c levels,36-38 and with the
factt that pharmacological CETP inhibition raises HDL-c levels.10"12
CETPP plasma levels and the risk of coronary artery disease
Thee current study shows that increasing CETP levels are associated with
ann increased risk of future CAD in apparently healthy individuals. To
ourr knowledge, only one small cross-sectional study in Chinese has
alsoo investigated the relationship between CETP plasma levels and
cardiovascularr endpoints. In line with our observations, these investigators
reportedd that CETP plasma levels were higher in a group of patients who
sufferedd from myocardial infarction than in healthy controls.34 Two other
111 1

Figuree 1. Odds ratios for future CAD according to CETP quintile for individualss below and above the median triglyceride concentration in EPIC-Norfolkk 1993-2003.
44 ~
oo
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</> >
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<^> >

CETPP quintile
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4

5

Oddss ratios and corresponding 95% confidence intervals calculated by conditional
logisticc regression, taking into account matching for age, sex, and enrolment time.
Oddss ratios were adjusted for smoking (never, past, current), diabetes, systolic blood
pressure,, body mass index, and CRP levels. Grey diamonds represent individuals
withh triglyceride levels below 1.7 mmol/l (p for linearity = 0.5), and black squares
representt those with triglyceride levels above the median (p for linearity = 0.02).

moree recent reports studied the relationship between CETP concentration
andd surrogate markers for atherosclerosis. Using consecutive coronary
angiography,, we have shown that among men with established CAD
thosee with high CETP levels have increased progression of coronary
atherosclerosiss compared to those with low CETP levels.29 We have also
usedd B-mode ultrasound to measure the intima media thickness (IMT)
off the carotid artery in patients with familial hypercholesterolemia and
havee shown again that elevated CETP levels were associated with increased
progressionn of atherosclerosis. 28 In addition to studies among healthy
individualss and patients with CAD, studies in subjects with genetic CETP
deficiencyy have also provided insight in the relation between CETP and
atherosclerosis.. In this regard, the CETP (+1)G>A and D442G gene variants
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havee been the subject of extensive studies. A large study among JapaneseAmericann men in Honolulu indicated that carriers of these defects had a lower
riskrisk of CAD but this was not statistically significant.39
Riskk modification by triglyceride levels

Wee observed that the relationship between CETP levels and CAD risk was
strongg among individuals with high triglyceride levels, but absent among
thosee with low triglyceride levels. This analysis was pre-defined and was
drivenn by the evidence that CETP-facilitated transfer of cholesteryl esters
too apoB-containing particles is mediated by increased triglyceride levels
inn both humans13"15 and mice.1617 As triglyceride levels rise, the principal
lipoproteinn subtraction to accumulate are VLDL1 particles. These particles
aree very triglyceride-rich and can therefore act as potent acceptors of CETPfacilitatedd transfer of CE from both HDL and LDL particles.20 In exchange,
CETPP redistributes the high triglyceride-load in these VLDL1 particles to both
HDLL and LDL particles. As a result, LDL particles become triglyceride-enriched
whichh makes them good targets for hepatic lipase activity which, in turn, can
leadd to the formation of small dense LDL.1819
Considerations Considerations

Certainn aspects of our study merit further consideration. First, plasma levels
off CETP were determined in a non-fasting sample which would influence
triglyceridee levels and CETP concentrations.40 However, this would introduce
ann increased random measurement error, which is likely to lead to an
underestimationn of any relationship, and therefore does not negate our
findings.findings. Second, the current data do not allow us to study the causality of the
relationshipp between CETP and CAD. We cannot exclude the possibility that in
thiss population study, CETP concentration was a marker of HDL-c levels rather
thann an effector although this hypothesis would be not be consistent with
thee observations that pharmacological inhibition of CETP results in higher
HDL-cc levels.10"12 Finally, the results of the present analysis raise several issues
concerningg the potential effects of currently tested CETP inhibitors. First of
all,, we have studied apparently healthy individuals while CETP inhibitors
willl be used (most likely in combination with statins) in dyslipidemic people
andd people at high cardiovascular risk. Second, we have studied CETP under
physiologicall conditions in which CETP activity and CETP concentration
aree assumed to be strongly correlated.32 This contrasts with the reduced
CETPP activity upon pharmacological inhibition which is accompanied by an
increasee in CETP plasma concentration probably because the interaction of
thee small molecules with the CETP protein disturbed CETP clearance from the
circulation.10111 Taking these considerations into account, care is warranted
whenn extrapolating our finding that low CETP concentrations are associated
withh a moderately reduced risk for CAD inn healthy individuals to the putative
effectss of CETP inhibition on CAD risk in patients. The ongoing trials assessing
thee effect of CETP inhibitors on surrogate markers of CAD as well as clinical
endpointss will have to answer this question.
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Conclusion Conclusion

Wee conclude that increasing concentrations of CETP are associated with
ann increasing risk of future CAD in apparently healthy individuals.
Thee observed relationship was linear, and was confined to individuals
withh elevated triglyceride levels (above the median 1.7 mmol/1). Among
apparentlyy healthy individuals with elevated triglyceride levels, those in
thee highest CETP quintile had an OR of 1.87 (95%CI = 1.06-3.30, p = 0.02),
comparedd to those in the lowest quintile. These prospective data support
thee hypothesis that pharmacological CETP inhibition may reduce the risk
off CAD in humans, but only in those with high triglyceride levels.
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Introduction Introduction

Prospectivee epidemiological studies have shown unequivocally that low
levelss of high-density lipoprotein cholesterol (HDL-c) constitute a powerful
riskrisk factor for coronary artery disease (CAD).12 The assumption that raising
HDL-cc levels will inevitably translate into cardiovascular risk reduction
hass made HDL-c raising therapy a Holy Grail in pharmaceutical research
too date. Over the past two decades, small success in raising of HDL-c levels
hass been achieved, but mostly as a side effect of drugs developed to modify
otherr lipids. For instance, the low-density lipoprotein cholesterol (LDL-c)
loweringg effects of statins are accompanied by a modest increase of HDL-c
levels.33 Also, triglyceride-lowering therapy with gemfibrozil raises HDL-c
levelss to a limited extent.4 Recently, extensive efforts have been invested
inn the development of novel drugs that raise HDL-c levels by a substantial
amount.. This has resulted in the development of inhibitors of cholesteryl
esterr transfer protein (CETP), a protein with a pivotal role in cholesterol
transportt between lipoproteins in the circulation.
CETPP is a glycoprotein that is physically associated with HDL particles.
CETPP redistributes cholesteryl esters (CE) and triglycerides between
plasmaa lipoproteins in a process that results in equilibration of these
lipidss between lipoprotein fractions. It does so by facilitating the transfer
off CE from HDL to apolipoprotein B (apoB)-containing particles (i.e., very
loww density lipoprotein (VLDL) and LDL). In order to keep this transfer
energy-neutral,, it is reciprocated by transfer of triglycerides from VLDL
particless to LDL and HDL lipoproteins. Thus, CETP enables HDL-derived CE
too be transferred to apoB-containing lipoproteins and to be taken up by
thee liver through receptor-mediated uptake, thereby facilitating the antiatherogenicc reverse cholesterol transport (RCT) pathway, i.e. the flux of
cholesteroll away from peripheral tissues. However, this action results in the
transferr of CE from the anti-atherogenic HDL lipoproteins to atherogenic
VLDLL and LDL fractions, which can be regarded as atherogenic. It remains
unclearr which of these two properties of CETP predominates in humans,
andd thus whether inhibition of CETP activity may have anti-atherogenic
effects.. Substantial evidence from animal studies suggests that the relative
importancee of the pro- and anti-atherogenic effects of CETP activity may
bee determined by triglyceride levels, the substrate for CETP activity." The
physiologicall functions of CETP have been described extensively.8 9 This
revieww will focus on epidemiological data about the relationship between
CETP,, HDL-c and CAD risk, and on the results of the first trials of CETP
inhibitionn in humans.
CETPP and cardiovascular risk

Thee inverse association between CETP activity and HDL-c levels is well
established,, as is the inverse relationship between HDL-c levels and CAD
risk.. In the 1980s and 1990s, several articles reported that people with
hyperalphalipoproteinemiaa were found to carry mutations in the CETP
gene.10"122 Pharmaceutical companies have jumped to the development

pharmacologicall inhibitors of CETP, under the assumption that these high
HDL-cc levels would translate into decreased CAD risk. Until very recently,
however,, this hypothesis has not been supported by convincing data.
Thee direct relationship between CETP and CAD risk has been investigated
usingg several different approaches. First, several attempts have been
madee to assess the risk of CAD among people with CETP gene mutations
ass the underlying cause of these elevated HDL-c levels.1*17 However, the
relationshipp between reduced CETP function and the susceptibility to
atherosclerosiss has proven complex and confusing as both longevity and
increasedd CAD risk have been reported131719 Hirano et al. have shown that
inn people with hyperalphalipoproteinemia, reduced CETP function in
conjunctionn with reduced hepatic lipase activity is associated with an
increasedd risk for CAD.20 Because homozygous CETP-deficient subjects (most
off whom live in Japan) are very rare, studies investigating this relationship
havee focussed on people with heterozygous CETP deficiency. An analysis
fromfrom the Honolulu Heart Study performed among Japanese Americans
livingg in Hawaii suggested that people with heterozygous CETP deficiency
hadd a lower risk of CAD but only if they had HDL-c levels above 60 mg/dl.21 A
moree recent report with data available after extended follow-up suggested
thatt the risk of CAD may be lower in CETP-deficient heterozygotes, but
thee trend was not statistically significant.22 Thus, whether homozygous
orr heterozygous CETP deficiency translates into a reduction in CAD risk
remainss unclear. Because people with partial or complete CETP deficiency
aree rare, these studies tend to be small. Therefore, studies using hard
cardiovascularr endpoints are usually underpowered to detect an effect of
CETPP deficiency on CAD risk. Using surrogate markers of atherosclerosis,
suchh as intima media thickness (IMT), may provide a solution for this
dilemma.. We have recently described a Dutch family with CETP deficiency
causedd by a novel intronic mutation (In7+1) and observed that carriers had
similarr IMT levels as family members not carrying the mutation.23 These
dataa suggest that CETP deficiency does not lead to an increased risk of CAD.
Itt should be recognized, however, that these studies do not answer the
questionn as to whether CETP inhibition under dyslipidemic or otherwise
atherogenicc conditions may exert beneficial effects.
AA second approach to investigate this issue is by studying genetic variants
inn the CETP gene. The CETP gene contains many non-coding variants, of
whichh the TaqlB variant has received by far the most attention.24 We have
shownn in a meta-analysis that people homozygous for the less common
B22 allele have on average 0.43 mg/1 lower CETP levels (p < 0.00001) and
244 nmol/1/hr lower CETP activity (p < 0.00001) than people homozygous
forr the Bl allele.25 Consistently, these people also had 0.12 mmol/1 higher
HDL-cc levels (p < 0.00001). Because this genetic variant is associated with
CETPP levels and HDL-c levels in the absence of a functional effect on
thee amino-acid sequence or promoter region, it has been suspected to
constitutee a marker for another functional variant. The -629C>A variant
iss a good candidate to explain the association between the TaqlB genotype
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andd HDL-c levels because strong linkage disequilibrium exists between
thesee variants2627 and because the -6290A variant has been shown to
modifyy CETP promoter activity.28 Numerous studies have investigated the
associationn between this variant and CAD risk, with inconsistent results.
Wee have recently performed a meta-analysis of individual patient data
derivedd from the largest studies investigating this association.29 Based on
dataa from 13,667 individuals, and using a multivariate linear regression
modell that adjusted for all traditional cardiovascular risk factors, we
observedd that people homozygous for the B2 allele had 0.11 mmol/1 (0.100.12,, p < 0.0001) higher HDL-c levels than B1B1 individuals. Consistently,
B2B22 individuals had an odds ratio for CAD of 0.78 (0.66-0.93) compared to
B1B11 individuals (p for linearity = 0.008). This association disappeared upon
additionall adjustment for HDL-c levels. Thus, the association between this
geneticc variant in the CETP gene and HDL-c levels, does indeed translate
intoo a reduced risk of CAD.
AA third approach to assess this issue is by studying the relationship
betweenn CETP plasma levels and CAD risk. Although several studies have
assessedd the relationship with surrogate markers of CAD, large-scale
prospectivee studies investigating the association between plasma CETP
levelss and cardiovascular endpoints were, until very recently, lacking.
Patientss with high CETP levels had faster progression of CAD as quantified
byy angiographic parameters,30 and accelerated carotid intima-medial
thicknening.311 Another small study among Japanese patients undergoing
angiographyy found no association between CETP levels and the extent
off coronary atherosclerosis.32 We have recently performed the first large
prospectivee study investigating the relationship between CETP plasma
levelss and the risk of future CAD among apparently healthy men and
women.333 We observed that the risk of CAD increased with increasing CETP
quintiless (P for linearity=0.02), such that subjects in the highest quintile
hadd an adjusted odds ratio of 1.43 (95% CI 1.03 to 1.99, P=0.03) versus those
inn the lowest. Among individuals with triglyceride levels below the median
off this cohort (1.7 mmol/L), no relationship between CETP levels and CAD
riskk was observed (P for linearity=0.5), but this relationship was present
amongg those with high triglyceride levels (P for linearity=0.02), such that
thosee in the highest CETP quintile had an OR of 1.87 (95% CI 1.06 to 3.30,
P=0.02).. This report provides the first epidemiological evidence for a direct
relationshipp between CETP levels and CAD risk.
CholesterylCholesteryl ester transfer protein and triglyceridemia

Thee relationship between CETP activity and the lipoprotein and cholesterol
metabolismm is complex because they are mutually dependent; CETP
activityy affects the distribution of cholesterol and triglycerides across
lipoproteinss but is itself, in turn, directed by the composition of various
lipoproteins.. In several human dyslipidemias associated with accelerated
atherosclerosis,, CETP levels and/or the rate of net transfer of CE from HDL
too apoB-containing lipoproteins are increased as recently summarized in
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aa review.9 Briefly, CETP levels were increased in people with hypercholest
erolemia,311M 35 dysbetalipoprotemia,36 and severe chylomicronemia.35 This
mightt imply that CETP is deleterious, but it can also be argued that high
CETPP levels are the result rather than the cause of dyslipidemia.37 Lifestyle
factorss further complicate this issue: it has been described that alcohol
abusee and physical exercise, typically associated with increased HDL-c,
aree associated with diminished CETP concentration38-*0 Similarly, smoking
(associatedd with low HDL-c) is associated with high CETP activity.4142 A
cross-sectionall study showed an inverse relation between CETP and HDL-c
amongg hypertriglyceridemic but not normotriglyceridemic men.43 These
studiess clearly indicate that plasma CETP levels are affected by a variety of
metabolicc conditions and lifestyle factors that are in themselves associated
withh changes in CAD risk.
Too complicate matters even further, the ultimate outcome in terms of
cardiovascularr risk may depend not only on CETP activity itself, but
alsoo on the presence of its substrate: triglycerides. For instance, under
normotriglyceridemicc circumstances, CETP activity results in the
preferentiall transfer of CE from HDL to LDL particles. It is anticipated
thatt under these circumstances CETP activity mainly affects HDL-c and
LDL-cc levels. However, under hypertriglyceridemic conditions caused by
ann enhanced production of VLDL particles such as in type 2 diabetes, the
strongg disequilibrium of triglycerides across lipoproteins results in a shift
off the preferential CETP-mediated transfer of HDL-derived CE from LDL
too VLDL.REF In addition, the large pool of triglycerides in VLDL particles
resultss in a CETP-mediated transfer of triglycerides from VLDL to LDL and
aa reciprocate shuttle of CE from LDL to VLDL. The resulting cholesteroldepletedd LDL particles have an enriched triglyceride-content which can
undergoo hydrolysis leading to a further reduction in LDL size. Thus, CETP
facilitatess the formation of small dense LDL particles, but this reaction
requiress the driving force of a substantial pool of triglycerides in VLDL
particles.. Some investigators have suggested that the formation of small
densee LDL requires a threshold triglyceride concentration of approximately
1.55 mmol/1.4445
Thee complexity of the role of CETP activity in cholesterol metabolism
iss underlined by the inconsistency of observational studies on the
relationshipp between CETP levels and cardiovascular risk. For instance,
CETPP levels or activity have been described to be increased,46"49
unchanged,50,511 and decreased5253 in type 2 diabetes, which tends to be
associatedd with hypertriglyceridemia. In the DAIS study, which tested
thee efficacy of fenofibrate therapy among patients with type 2 diabetes,54
baselinee CETP concentration was associated with an unfavourable lipid
profilee characterized by increased triglycerides, VLDL triglycerides and
smallerr LDL size. After 3 years of placebo treatment, however, CETP
concentrationn was not associated with increased progression of coronary
atherosclerosiss as quantified by surrogate angiographic markers. In the
fenofibratee group, by contrast, baseline CETP concentration was positively
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associatedd with the progression of coronary atherosclerosis. In the absence
off a direct effect of fenofibrate on CETP concentration, it remains to be
establishedd how CETP and fenofibrate treatment interact to influence
thee progression of coronary atherosclerosis. The results point towards a
betterr cholesterol-lowering capacity of fenofibrate in patients with low
CETPP concentration, but this needs further confirmation. Above all, these
findingsfindings underline our incomplete understanding of the relationships
amongg CETP levels, triglycerides, and atherosclerosis. Among men with
establishedd CAD, high CETP concentration were associated with faster
progressionn of coronary atherosclerosis and with a better response to
pravastatinn therapy.30 Among patients with familial hypercholesterolemia,
CETPP levels were also positively associated with a more atherogenic lipid
profilee and increased progression of atherosclerosis. However, CETP levels
weree now associated with worse response to pravastatin treatment.31 These
inconsistentt observations may derive from chance or limited statistical
power,, but they may also reflect a true difference of the role of CETP in
differentt patient categories.
CholesterylCholesteryl ester transfer protein inhibition in humans
Too date, the strategies used to inhibit CETP activity have been by
autoantibody-mediatedd inhibition and by small molecule inhibitors (JTT7055 and torcetrapib). First of all, a vaccine has been shown to inhibit
CETPP by initiating the production of auto-antibodies against the protein.
Afterr promising results in cholesterol-fed rabbits,55 the safety and
immunogenicityy was recently tested in a cohort of 48 healthy subjects with
loww levels of HDL-c (<1.55 mmol/1).56 The vaccine was well tolerated and
inducedd the generation of auto-antibodies in more than half the patients
afterr a secondd injection. However, no significant inhibition of CETP activity
orr increase in HDL-c level was noted in the immunized subjects. It has been
suggestedd that the dosing schedule was suboptimal for reaching effective
antibodyy titers. Phase II trials have been initiated to further explore this
approach. .
JTT-7055 inhibits CETP activity by forming a disulphide bond with the
protein.577 JTT-705 was initially tested in phase I studies with doses ranging
fromm 100 mg to 1800 mg. These studies showed that the drug was well
toleratedd and did not result in significant toxicity in healthy Caucasian
men.. A two-period crossover bioavailability study revealed that the drug
inducedd a more pronounced CETP inhibition in the postprandial phase
comparedd with the fasted state. In a subsequent randomized, double-blind
placebo-controlledd phase II trial, JTT-705 was tested in 198 healthy subjects
withh mild hyperlipidemia for 4 weeks.58 Daily administration of JTT-705 900
mgg resulted in an increase of HDL-c levels (33.9%, p< 0.001) and a decrease
off LDL-c levels (7.4%, P=0.012) compared to placebo. The drug proved safe
andd was well tolerated and no adverse events were reported. Recently, a
secondd phase II, double-blind, placebo-controlled trial tested the efficacy
off JTT-705 on top of pravastatin treatment. Patients were treated with

pravastatinn 40 mg in combination with placebo, JTT-705 300mg or 600
mg.. After 4 weeks of combined treatment, JTT-705 600 mg induced a 30%
decreasee in CETP activity from baseline (p < 0.001), which was accompanied
byy a 28% increase in HDL-c level (p < 0.001). In addition, a 5.5% decrease in
LDL-cc was noted (P = 0.03). Total cholesterol, triglycerides, apolipoprotein B
andd apolipoprotein E levels were similar across the treatment groups. The
combinationn therapy of JTT-705 with pravastatin was well tolerated and did
nott induce significant adverse effects.
Thee second investigational CETP inhibitor, torcetrapib, has been evaluated
inn two small, non-blinded, placebo-controlled studies. A phase I study
testedd torcetrapib 10 mg, 30 mg, 60 mg, 120 mg once daily, and 120 mg
twicee daily in 40 healthy normolipidemic subjects. The increases in HDL-c
levelss ranged from 16% (10 mg) to a striking 91% (120 mg twice daily) from
baseline.. This latter result was accompanied by a 42% decrease in LDL-c.59
Inn the second study, 19 patients with low HDL-c levels (<1.0 mmol/1) were
treatedd with torcetrapib 120 mg alone or in combination with atorvastatin
200 mg (n=9).60 Torcetrapib 120 mg increased plasma HDL-c levels by 46%
andd 61% in the torcetrapib alone and combination groups, respectively. In
sixx subjects who received torcetrapib 120 mg twice daily for an additional
44 weeks, HDL-c levels were raised by 106%. Torcetrapib reduced LDL-c levels
inn the atorvastatin group by an additional 17%. Interestingly, torcetrapib
1200 mg once and twice daily increased the concentrations of large LDL
particless by 257% and 294%, respectively, compared to the placebo. These
changess were accompanied by a concomitant 73% and 93% decrease in
smalll LDL particles, respectively. Dosages ranging from 10 mg to 240 mg
dailyy were well tolerated, and there were no serious adverse events and no
withdrawalss due to adverse events.
Thee comparison of JTT-705 and torcetrapib monotherapy reveals an
intriguingg difference. Among people with mild hyperlipidemia, JTT-705 900
mgg daily reduced CETP activity by 37%, which resulted in a 34% increase
off HDL-c levels.58 However, in individuals with low baseline HDL-c (<1.0
mmol/1),, 120 mg torcetrapib daily induced a 46% increase of HDL-c with
onlyy 28% CETP inhibition.60 Thus, the percentage CETP inhibition needed to
raisee HDL-c by 1% was 0.61% in the torcetrapib-treated individuals but 1.09%
inn the JTT-705-treated individuals. Perhaps these data teach us that CETP
inhibitionn is more effective for increasing HDL-c in people with low HDL-c
levelss than in subjects with relatively normal HDL-c levels, an issue that
needss further investigation. Torcetrapib 120 mg proved safe and effective
whenn used in combination with atorvastatin 20 mg in 9 individuals with
loww HDL-c. This is important, considering that in clinical practice HDL-c
raisingg therapy is likely to be used in combination with evidence-based LDLc-loweringg medication. This study again underscored the potency of this
drugg to reduce LDL-c levels: in six individuals who used 120 mg torcetrapib
twicee daily LDL-c was reduced by 17%. A similar reduction was achieved in
ninee individuals who received the combination treatment. In addition to
theirr HDL-c increasing potential, JTT-705 and torcetrapib share the absence

off effect on plasma triglyceride levels (moderate at the highest dosages of
torcetrapib).. It will be interesting to see how these investigational drugs
willl modulate lipids and lipoproteins in hypertriglyceridemic individuals.
Anotherr notable finding is that both inhibitors cause a marked increase
inn plasma CETP concentration. Clark et al. suggested that this is the result
off an inhibitor-induced complex formation between CETP and HDL.59
Althoughh this complex formation was not assumed to affect HDL function,
thee biological properties of the markedly changed HDL pool, complexed
withh CETP inhibitors or not, have not been addressed to date. In addition,
theree is no mention of the effects of CETP inhibitors on the excretion of
cholesteroll and bile acids as a final step in proposed RCT pathway.
UnresolvedUnresolved issues

Despitee fast progress in the field of pharmacological inhibition of CETP,
manyy issues remain unresolved about its physiological function in
cholesteroll metabolism, its pathophysiological role in atherogenesis,
andd the potential consequences of CETP inhibition. For instance, HDL
particless may have atheroprotective properties because they facilitate the
RCTT pathway of cholesterol from the vessel wall back to the liver. CETP
inhibitionn raises HDL levels but whether these altered HDL particles remain
effectivee acceptors of free cholesterol from lipid-laden macrophages, the
cruciall first step in the RCT pathway, has not been established. This is
off interest because in CETP-deficient Japanese subjects CE-enriched HDL
cannott protect macrophages from cholesterol accumulation.61 On the
otherr hand, HDL from JTT-705-administered rabbits was able to reduce
CEE concentration in J774 macrophages as efficiently as that from control
rabbits.622 Very recently, it was shown that two ATP-binding cassette
transporterss (ABCG1 and ABCG4) can mediate cholesterol efflux to both
smallerr (HDL-3) and larger (HDL-2) particles in vitro.63 This suggests that
largee HDL particles may still be able to accept cholesterol efflux from
lipid-ladenn macrophages. Second, it remains to be determined whether
CETPP inhibition results merely in a redistribution of CE and triglycerides
amongg lipoproteins, or whether it in fact results in flux of CE throughh the
RCTT pathway, ultimately resulting in increased excretion of cholesterol
intoo the bile. Unfortunately, very little is known about the functionality
off the scavenger receptor class B type 1 (SR-B1) in humans, which in mice
mediatess the selective uptake of HDL lipids by the liver.64 Recently, it was
observedd in vitro that large HDL particles bind better to SR-B1 than smaller
particles.655 If this is also the case in vivo in the human liver, it can be
hypothesizedd that CETP inhibition, which results in larger HDL particles,
mayy lead to a normal or even an increased uptake of CE from HDL particles.
Furthermore,, little is known about the hepatic mechanisms that facilitate
cholesteroll excretion into the bile. Whether an increased amount of
cholesteroll recruited from the periphery results ultimately in an increased
amountt of cholesterol excreted into the bile, requires further research.
Finally,, the atheroprotective role of HDL-c extends beyond mediating RCT.

Itt will therefore be important to assess whether CETP inhibition affects the
anti-inflammatoryy and anti-oxidative properties of HDL particles.
Conclusion Conclusion

Wee conclude that the current CETP inhibitors have cleared the first hurdle
inn that they have proven safe and efficacious in increasing HDL-c levels.
Inn addition, both JTT-705 and torcetrapib have been shown to be effective
andd safe when used in combination with evidence-based statin therapy
too lower LDL-c. Whether CETP inhibition results in a reduced risk of CAD
iss a hypothesis that needs to be tested in large randomized controlled
trials.. Although the information from observational studies is somewhat
confusing,, most evidence suggests that under physiological circumstances,
lowerr CETP levels may have a beneficial effect on cardiovascular risk.
However,, substantial evidence suggests that these effects may be
substantiallyy different in various metabolic contexts. Therefore, further
researchh into the physiological and pathophysiological roles of CETP in n
variouss dyslipidemias remains essential to gain insight into which patient
categoriess may benefit from CETP inhibition.
Inn summary, given the complexity of the role of CETP in cholesterol
metabolism,, we cannot rule out that CETP inhibition may have different
effectss in different patient categories. However, despite the fact that CETP
inhibitorss have only been tested in approximately 300 individuals, the
currentt results indicate that CETP inhibition has the potential to be of
greatt importance in the future prevention of cardiovascular disease.
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Abstract t
Objectives Objectives
Too study the prospective relationship between serum levels of type II
secretoryy phospholipase A2 (sPLA2) and the risk of future coronary artery
diseasee (CAD) in apparently healthy men and women.
Methods s
Wee conducted a prospective nested case-control study among apparently
healthyy men and women aged 45-79 years. Cases (n=1105) were people who
developedd fatal or non-fatal CAD during follow-up. Controls (n=2209) were
matchedd by age, sex and enrolment time.
Results s
sPLA22 levels were significantly higher in cases than controls (9.5 ng/ml,
IQRR 6.4-14.8 versus 8.3 ng/ml, IQR 5.8-12.6, p< 0.0001). SPLA2 plasma levels
significantlyy correlated with age, body mass index, systolic blood pressure,
HDL-cc levels, and C-reactive protein levels. Taking into account matching
forr sex and age and adjusting for BMI, smoking, diabetes, systolic blood
pressure,, LDL-c, and HDL-c, and CRP levels, the risk of future CAD was 1.34
(1.02-1.71,, p = 0.02) for people in the highest sPLA2 quartile, compared to
thosee in the lowest (p for linearity = 0.03).
Conclusion Conclusion
Elevatedd levels of sPLA2 were associated with an increased risk of future
CADD in apparently healthy individuals. The magnitude of the association
wass similar to that observed between CRP and CAD risk, and both
associationss were independent.

Introduction n
Inflammationn is increasingly considered to play an important role in
atherosclerosis.11 Several inflammatory plasma markers including Creactivee protein (CRP),2 interleukin-6,3 and interleukin-8,4 have been shown
too predict future coronary artery disease (CAD) in apparently healthy
individuals.. The retention of low-density lipoprotein (LDL) particles in the
arteriall wall and their subsequent modification and oxidation could well
bee the first and key stimulus that elicits this inflammatory process.
Secretoryy phospholipase A2 (sPLA2) is a member of a family of
intracellularr and secretory enzymes that can hydrolyse the sn-2 ester
bondd of phospholipids of cell membranes and lipoproteins.5 sPLA2 has
beenn implicated in atherogenesis in several ways. First, treatment with
sPLA22 modifies LDL lipoproteins such that they have a higher affinity for
extracellularr matrix proteins6 78 resulting in an increased retention of LDL
particless in the arterial wall, which is an early hallmark of atherosclerotic
lesionn progression.*11 Second, the sPLA2-mediated hydrolysis of
phospholipidss yields among others, lysophospholipids and free fatty acids
suchh as arachidonic acid, known precursors of various proinflammatory
mediatorss such as leukotrienes and prostaglandines.12 Third, sPLA2
hass been shown to yield lipoproteins that are more susceptible to lipid
peroxidation133 and to generate more bioactive phospholipids.14 Circulating
levelss of sPLA2 are higher in patients who had documented CAD than in
controls.15166 In addition, a small study has shown that CAD patients with
highh sPLA2 levels were at an increased risk of developing recurrent CAD
eventss during follow-up.15 However, thus far, this relationship has not been
examinedd in a large prospective study.
Wee hypothesized that among apparently healthy men and women, high
serumm concentrations of sPLA2 are associated with an increased risk of
futuree CAD. We tested this hypothesis in a large prospective case-control
studyy nested in the European Prospective Investigation into Cancer in
Norfolkk (EPIC-Norfolk) prospective population study.
Methods s
Wee performed a nested case-control study among participants of the EPICNorfolkk (European Prospective Investigation into Cancer and Nutrition)
study,, a prospective population study of 25,663 men and women aged
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline
questionnairee survey and attended a clinic visit.17 Participants were
recruitedd from age-sex registers of general practices in Norfolk as part of
thee ten-country collaborative EPIC study designed to investigate dietary
andd other determinants of cancer. Additional data were obtained in EPICNorfolkk to enable the assessment of determinants of other diseases.
Thee design and methods of the study have been described in detail.17 In
short,, eligible participants were recruited by mail. At the baseline survey
betweenn 1993 and 1997, participants completed a detailed health and

T a b l ee 1 . B a s e l i n e c h a r a c t e r i s t i c s
Controls s
Men,, n
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PP

707 7

88
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-- Current
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Systolicc blood pressure, mmHg
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8
1
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Dataa are presented as mean SD, n (%), or median (interquartile range). LDL
indicatess low-density lipoprotein; HDL indicates high-density lipoprotein; sPLA2
indicatess type II secretory phospholipase A2. Means, percentages and medians may
bee based on fewer observations than the indicated number of subjects.
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lifestylee questionnaire. Blood was taken by venepuncture into plain and
citratee bottles. Blood samples were processed for assay at the Department
off Clinical Biochemistry, University of Cambridge, or stored at -80 °C. All
individualss have been flagged for death certification at the UK Office of
Nationall Statistics, with vital status ascertained for the entire cohort. In
addition,, participants admitted to hospital were identified using their
uniquee National Health Service number by data linkage with ENCORE (East
Norfolkk Health Authority database), which identifies all hospital contacts
throughoutt England and Wales for Norfolk residents. Participants were
identifiedd as having CAD during follow-up if they had a hospital admission
and/orr died with CAD as underlying cause. CAD was defined as codes 4104144 according to the International Classification of Diseases 9th revision.
Wee report results with follow-up up to January 2003, an average of about
66 years. The study was approved by the Norwich District Health Authority
Ethicss Committee and all participants gave signed informed consent.
Participants Participants

Wee have previously described a similarly designed nested casecontroll study.418 Since then, an extended follow-up has resulted in the
identificationn of additional CAD cases allowing the present study to be
larger.. We excluded all individuals who reported a history of heart attack
orr stroke at the baseline clinic visit. Cases were 1105 individuals who
developedd a fatal or non-fatal CAD during follow-up until November 2003.
Controlss were study participants who remained free of any cardiovascular
diseasee during follow-up. We attempted to match two controls to each case
byy sex, age (within 5 years), and time of enrolment (within 3 months). A
totall of 2209 controls could be matched to cases.
BiochemicalBiochemical analyses

Serumm levels of total cholesterol, HDL cholesterol, and triglycerides
weree measured on fresh samples with the RA1000 (Bayer Diagnostics,
Basingstoke,, UK), and LDL cholesterol levels were calculated with the
Friedewaldd formula.19 Serum concentrations of sPLA2 were measured with
aa sandwich-type ELISA as previously described.20 The mean intra-assay
variationn between duplicates was 9.2% and the lower detection limit was
0.44 ng/ml. Plasma concentrations of CRP were measured with a sandwichtypee ELISA as previously described.21 Results were related to a standard
consistingg of commercially available CRP (Behringwerke AG, Marburg,
Germany).. The lower detection limit was 0.1 mg/1. Samples were analyzed in
randomm order to avoid systemic bias. Researchers and laboratory personnel
hadd no access to identifiable information, and could identify samples by
numberr only.
StatisticalStatistical analysis

Baselinee characteristics were compared between cases and controls taking
intoo account the matching between them. A mixed effect model was

Tablee 2. Distribution of cardiovascular risk factors by sPLA2 quartiles
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2.22 (7)

19

1411

833

11

833

2

1

6.66

1

6.88

3

6.88

3

LDLL cholesterol

4.22

1

4.44

1

4.44

1

HDLL cholesterol

1.588

Triglycerides s

1.88

9

1.88

C-reactivee protein

2.33

3.2

3.11

4 1.544
0

2.00

4.9 3.77

0.07 7

19

0.1 1

0.072 2 0.01 1

833

2

0.2 2

0.063 3 0.03 3

6.66

2

0.06 6 -0.027 7

0.3 3

1

0.07 7 -0.015 5

0.6 6

9 1411

Totall cholesterol

51.577

4.8 << 0.0001 0.156 6<< 0.0001

4.2(14) )

8 8 1400

4.33
01.488

8

0.1 1

11.11 (37)

1.99

6 6.88

7 0.02 2 -0.071 1 0.02 2
1

0.1 1

0.007 7

0.8 8

10.5 << 0.0001 0.321 1<< 0.0001

Dataa are presented as mean SD per sPLA2 quartile. LDL indicates low-density
lipoprotein;; HDL indicates high-density lipoprotein; sPLA2 indicates type II secretory
phospholipasee A2; HRT indicates hormone replacement therapy. P* indicates
p-valuee for linearity between sPLA2 quartiles and risk factor levels; R indicates
Pearson'ss correlation between log-transformed sPLA2 levels and risk factor levels,
andd P | indicates the corresponding p-value. Because of their skewed distribution,
triglycerides,, CRP, and sPLA2 levels were log-transformed before analysis as
continuouss variables.
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Pt t

35.88 (167) 31.0(158) ) 26.99 (140) 25.11 (147)

Diabetes s

Totall cholesterol

655

RR

P* *

usedd for continuous variables and conditional logistic regression was
usedd for categorical variables. Because triglycerides, CRP and sPLA2 levels
hadd a skewed distribution, values were log-transformed before being
usedd as continuous variables in statistical analyses but in the tables we
showw untransformed medians and corresponding interquartile ranges
(IQR).. In order to determine relationships between sPLA2 and traditional
cardiovascularr risk factors, we calculated mean risk factor levels per sPLA2
quartile.. Quartiles were based on the distribution in the controls. For sexspecificc analyses, sex-specific quartiles were used and for pooled analyses,
wee used quartiles based on the sexes combined. In addition, Pearson's
correlationn coefficients and corresponding p-values were calculated to
assesss the relationship between sPLA2 as a continuous variable and other
continuouss risk factors. Odds ratios (OR) and corresponding 95% confidence
intervalss (95%CI) as an estimate of the relative risk of incident CAD were
calculatedd using conditional logistic regression analysis, which takes into
accountt the matching for sex and age. The lowest sPLA2 quartile was used
ass the reference category. Odds ratios were adjusted for the following
cardiovascularr risk factors: body mass index, diabetes, systolic blood
pressure,, LDL-c, HDL-c, smoking (never, previous, current). Odds ratios were
alsoo calculated after additional adjustment for CRP levels. The statistical
interactionn between sex and sPLA2 was calculated to assess the validity
off pooling sexes. Statistical analyses were performed using SPSS software
(versionn 12.0.1, Chicago, Illinois). A p-value < 0.05 was considered to indicate
statisticall significance.

Results s
Baselinee characteristics of cases and controls are presented in table 1.
Matchingg ensured that age and sex were comparable between cases and
controls.. As expected, individuals who developed CAD during follow-up
weree more likely than controls to smoke and have diabetes. Levels of total
cholesterol,, LDL-c, triglycerides, systolic and diastolic blood pressure, BMI,
andd CRP were significantly higher in cases than controls, and HDL-c levels
weree significantly lower.
sPLA22 levels were higher in cases than controls both among men (8.3 ng/ml,
IQRR = 5.8-12.5 versus 7.3 ng/ml IQR 5.3-10.6, p< 0.0001), and women (12.3
ng/ml,, IQR 7.9-18.3 versus 10.4 ng/ml, IQR 7.3-16.3, p < 0.0001)). Notably,
sPLA22 levels were substantially higher in women than men (11.0 ng/ml,
IQRR 7.5-16.9 versus 7.7 ng/ml, IQR 5.5-11.3, p < 0.0001). Among both men and
women,, sPLA2 plasma levels significantly correlated with age, BMI, systolic
bloodd pressure, HDL-c, and CRP levels.
Wee conducted pooled analyses for men and women as no significant
interactionn was observed between sPLA2 levels and sex for CAD risk (p =
0.7).. Using sPLA2 quartiles based on the distribution among controls, the
riskrisk of future CAD increased continuously (p for linearity = 0.001). Taking
intoo account matching for sex and age and adjusting for BMI, smoking,
diabetes,, systolic blood pressure, LDL-c, and HDL-c, and CRP levels, the risk
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Tablee 3. Risk of future CAD according to sPLA2 quartile
Quartile e
Menn + Women, case /
control l
sPLA22 range,ng/ml l
Mode!! 1
Modell 2
Men,, case / control

11

22

212/531 1 246/569 9
<5.8 8
1.00 0
1.00 0

33

44

286/558 8

366/551 1

5.8-8.29 9 8.3-12.69 9
1.02 2

1.2 2

>12.7 7
1.48 8

(0.79-1.31) ) (0.93-1.55) )

(1.15-1.90) )

0.99 9
1.15 5
(0.77-1.28) ) (0.89-1.48) )

(1.02-1.71) )

1311 /337 1511 / 363

1.34 4

188/345 5

2377 / 351

sPLA22 range,ng/ml l

<5.3 3

5.33 - 7.29

7.3-10.59 9

>10.6 6

Modell 1

1.00 0

0.95 5

1.35 5

1.4 4

Modell 2
Women,, caseii / control

1.00 0
73/201 1

sPLA22 range,ng/ml l

<7.3 3

Modell 1

1.00 0

(0.70-1.30) ) (0.99-1.86) )

(1.03-1.89) )

0.94 4
1.31 1
(0.69-1.29) ) (0.96-1.80) )

(0.93-1.73) )

822 / 207

112/202 2

7.3-10.39 9 10.4-16.29 9
1.08 8

1.34 4

(0.70-1.65) ) (0.89-2.01) )
Modell 2

1.00 0

1.05 5

1.44 4

(0.68-1.61) ) (0.82-1.89) )

PP linearity

1.27 7

0.001 1
0.03 3

0.005 5
0.04 4

131/203 3
>16.3 3
1.59 9

0.01 1

(1.06-2.39) )
1.44 4

0.06 6

(0.95-2.18) )

Oddss ratios for future CAD calculated by conditional logistic regression with
correspondingg 95% confidence intervals per quartile. Model 1 adjusted for BMI,
diabetes,, systolic blood pressure, LDL-c, HDL-c, smoking. Model 2 adjusted for the
samee variables and also CRP levels. For the pooled analysis, quartiles are based
onn the distribution among the controls for sexes combined. For the sex-specific
analyses,, quartiles were based on the sex-specific distribution among the controls.
Becausee of their skewed distribution, CRP levels were log-transformed before
analysiss as continuous variables.

off future CAD was 1.34 (1,02-1.71, p = 0.02) for people in the highest sPLA2
quartile,, compared to those in the lowest. The sex-specific analyses showed
similarr patterns. Both CRP and sPLA2 levels were independently related to
thee risk of CAD (figure 1).
Inn order to assess the independency of the associations of CRP and sPLA2
withh CAD risk, we calculated the increase in CAD risk that was associated
withh 1 SD increase of each. Taking into account the matching for sex and
agee and adjusting for BMI, systolic blood pressure, LDL-c, HDL-c, diabetes
andd smoking, 1 SD increase in CRP level was associated with an odds ratio
off 1.18 (95%CI = 1.08-1.29); the equivalent value for sPLA2 was 1.19 (95%CI
== 1.09-1.30). When both were entered in the conditional logistic regression
model,, both retained an independent and statistically significant
associationn with CAD risk: OR = 1.12 (95%CI = 1.02-1.23) for CRP, and OR =
1.155 (95%CI = 1.05-1.26) for sPLA2. Thus, the relationship between serum
levelss of sPLA2 and CAD risk was not altered substantially upon additional
adjustmentt for CRP levels.
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Discussion n
Inn this large prospective study among apparently healthy men and women,
wee observed that serum levels of sPLA2 are associated with an increased
riskk of future coronary artery disease. After adjustment for classical
cardiovascularr risk factors and CRP levels, people in the highest sPLA2
quartilee had a 34% increased risk compared to those in the lowest quartile.
Thiss observation suggests that sPLA2 levels may reflect a pathophysiological
processs relevant in the development of atherosclerosis, that is different
fromfrom that mirrored by CRP levels.
sPLA22 and CRP as CADriskmarkers
Ourr observations are consistent with a small prospective study which
showedd that among patients with symptomatic CAD, those with high sPLA2
levelss were at an increased risk of developing recurrent CAD events during
follow-up.155 They are also consistent with two large prospective studies
thatt investigated the association between a family member of sPLA2,
lipoprotein-associatedd phospholipase A2 (Lp-PLA2), and CAD risk. Plasma
levelss of Lp-PLA2 were shown to predict future CAD in men with elevated
LDL-cc levels22 and in apparently healthy individuals.23
Bothh sPLA2 and CRP are acute phase proteins and as such might be
regardedd as surrogate markers of vascular inflammation reflecting
endotheliall dysfunction. CRP has been established as plasma marker
off CAD risk and only recently, other evidence is starting to accumulate
thatt it may play an active role in atherogenesis as well.24 25 26 Conversely,
substantiall evidence already exists to support the causality of sPLA2 in
aa number of pathophysiological mechanisms potentially relevant in
atherosclerosiss but sound epidemiological evidence for a relationship
withh CAD risk is lacking. We observed that sPLA2 levels and CRP levels
weree strongly correlated both in men and in women. Adjustment did
attenuatee the relationship between sPLA2 and CAD risk but both sPLA2
andd CRP remained significant independent predictors of CAD. Second, we
observedd an inverse correlation between sPLA2 levels and HDL-c levels in
menn and women. In recent years, evidence is accumulating that HDL-c and
inflammationn are inversely related.27 For instance, hydrolysis of acute phase
HDLL particles by sPLA2 was 2- to 3-fold more rapid and intensive than of
normall HDL.28 In addition, sPLA2 is known to cause increased catabolism of
HDLL particles under non-inflammatory circumstances as well,29 which may
explainn our observation. Finally, we observed that on average, women had
substantiallyy higher sPLA2 levels than men. This observation is consistent
withh the observation that women have higher CRP levels than men.30 The
highh levels of sPLA2 observed among women could not be explained by the
usee of hormone replacement therapy, which may increase CRP levels.
Severall lines of biochemical evidence support the involvement of sPLA2
inn atherogenesis. Transgenic mice expressing human sPLA2 develop more
atherosclerosis.311 It is well-established that sPLA2 detrimentally affects lipid
metabolism299 3133 but this could not explain its effect on atherogenesis since
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Figuree 1. Risk of CAD in apparently healthy individuals stratified by tertiles
off CRP and sPLA2 in EPIC-Norfolk 1993-2003
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Barss represent fully adjusted odds ratios for future CAD in apparently healthy
individualss stratified by tertiles of CRP and sPLA2. Odds ratios were calculated by
coditionall logistic regression, taking into account matching for age, sex, and enrolmentt time, and adjusting for smoking, diabetes, BMI, LDL-c, HDL-c and systolic
bloodd pressure. People in the lowest fertile for both CRP and sPLA2 were used as
thee reference group.

itt also occurred in transgenic mice kept on a low-fat diet.31 Subsequently,
itt was demonstrated that mice which did not express sPLA2 systemically
butt received bone marrow-derived cells expressing human sPLA2, also
developedd significantly more atherosclerosis. 34 Thus, macrophage-expressed
sPLA22 may also play an important role in atherogenesis.
Inn humans, sPLA2 is highly expressed in atherosclerotic tissue and colocalizess with monocyte-derived macrophages. 3538 sPLA2 is expressed in
responsee to a variety of inflammatory cytokines, including interleukin-l|3,
interleukin-66 and tumor necrosis factor-a. 53940 Vice versa, sPLA2 itself
directlyy induces the expression of chemokines and adhesion molecules
inn microvascular endothelium. 41 Thus, sPLA2 may play a role in the
signalingg pathways during inflammation but it also has direct atherogenic
effects,, possibly via the modification of the structure of lipoproteins. First,
treatmentt of LDL lipoproteins with sPLA2 causes a substantial reduction
off phosphatidylcholine in the surface monolayer of LDL particles resulting
inn smaller and denser LDL particles and altering the configuration of the
apolipoproteinn B molecule on the lipoprotein. 7 This altered configuration

mayy expose more arginine and lysine-rich segments which can form
strongg interactions with glycosaminoglycans in the extracellular matrix6
explainingg the higher affinity for extracellular matrix components of
sPLA2-modifiedd lipoproteins compared to control LDL.7-8 This increased
affinityy for extracellular matrix components results in increased retention
off LDL particles in the arterial wall, an early marker of atherosclerotic
lesionn progression,9"" possibly because matrix-bound lipoproteins are
moree susceptible to form aggregated lipid droplets and vesicles in the
vessell wall.42 Second, the sPLA2-mediated hydrolysis of the sn-2 ester
bondd in phospholipids liberates a number of biologically active agents,
includingg non-esterified fatty acids and lysophospholipids, which are
precursorss of various proinflammatory mediators including leukotrienes
andd prostaglandines.12 Third, sPLA2 may increase the susceptibility of
lipoproteinss to undergo lipid peroxidation13 yielding oxidized lipoproteins
whichh may in turn enhance macrophage growth.43 In addition, sPLA2 may
alsoo generate more bioactive phospholipids which stimulate endothelial
cellss to bind monocytes.14
Finally,, in addition to its potential role in the initiation and progression
off atherosclerosis, sPLA2 may also have detrimental effects in the setting
off ischemic events. Depositions of sPLA2 have been demonstrated in the
necroticc center of infarcted human myocardium.44 Interestingly, sPLA2
wass also found to be localized in myocardium adjacent to the border zone
wheree cardiomyocytes do not show morphological signs of cell death.44
Thiss suggests that sPLA2 may play a role in the enlargement of the necrotic
myocardiumm during ischemia by enhancing damage in cells that are
presumablyy only reversibly damaged by the ischemic challenge. Indeed,
inn vitro evidence suggests that sPLA2 can transform flip-flopped but viable
cardiomyocytess into apoptotic/necrotic cells.45 This observation suggests
thatt sPLA2 may enhance myocardial cell damage either by a direct cytotoxic
effectt or by enhancing the inflammatory response.
Considerations Considerations
Certainn aspects of this study merit further consideration. First, levels of
sPLA22 were determined in a serum sample that was stored at -80 °C so
wee cannot exclude some degree of protein degradation in these samples.
However,, this would introduce an increased random measurement error,
whichh is likely to lead to an underestimation of any relationship, and
thereforee does not negate our findings.
Second,, CAD events were ascertained through death certification and
hospitall admission data, which is likely to lead both to underascertainment
andd to misclassification of cases. Previous validation studies in our
cohortt indicate high specificity of such case ascertainment.46 Again,
casee underascertainment and misclassification is likely to attenuate
anyy relationships. Third, the current data do not allow us to study the
causalityy of the relationship between sPLA2 and CAD. We cannot exclude
thee possibility that in this population study, sPLA2 concentration was a
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markerr of subclinical atherosclerosis rather than an effector although
thiss hypothesis would be not be consistent with a number of in vitro
observationss supporting a causal role of sPLA2 in lipoprotein modification.
Thee independent relationship of sPLA2 with CAD is of clinical interest
sincee inhibitors of sPLA2 activity are being developed. The results of the
presentt analysis raise several issues concerning the potential effects of
currentlyy tested inhibitors of sPLA2 activity.5 First of all, we have studied
apparentlyy healthy individuals while sPLA2 inhibitors will be used,
iff ever, in people at high cardiovascular risk. Second, we have studied
sPLA22 under physiological conditions in which sPLA2 activity and sPLA2
concentrationn are assumed to be strongly correlated. This contrasts with
thee reduced sPLA2 activity upon pharmacological inhibition. Taking these
considerationss into account, care is warranted when extrapolating our
findingfinding that high sPLA2 concentrations are associated with a moderately
reducedd elevated risk of CAD in healthy individuals to the potential effects
off sPLA2 inhibition on CAD risk in patients. The ongoing trials assessing
thee effect of sPLA2 inhibitors on surrogate markers of CAD as well as
clinicall endpoints will have to answer this question.
Conclusion Conclusion

Elevatedd levels of sPLA2 are associated with an increased risk of future
CADD in apparently healthy individuals. The observed relationship was
continuouss and was independent of classical cardiovascular risk factors.
Thee magnitude of the relationship was similar to that observed between
CRPP levels and CAD risk, and these relationships were independent.
Thesee prospective data support the hypothesis that sPLA2 plays a role in
thee pathogenesis of atherosclerosis or its major clinical manifestation,
coronaryy artery disease. Inhibitors of sPLA2 activity may hold promise for
thee therapeutic future.
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Abstract t
Background Background

Atherosclerosiss is increasingly considered to be a chronic inflammatory
process.. We examined whether genetic variants of the toll-like receptor
44 (TLR4), which are correlated with impaired innate immunity and with
progressionn of carotid atherosclerosis, are also associated with coronary
atherosclerosiss and predict the risk of cardiovascular events.
MethodsMethods and results

Twoo polymorphisms of the TLR4 gene (Asp299Gly and Thr399Ile) were
determinedd in 655 men with angiographically documented coronary
atherosclerosis.. All patients participated in a prospective cholesterolloweringg trial evaluating the effect on coronary artery disease (CAD),
andd were randomly assigned to either pravastatin or placebo for two
years.. There were no significant differences between genetically defined
subgroupss with respect to baseline risk factors, treatment, or in-trial
changess of lipid, lipoprotein, or angiographic measurements. Genotype was
nott associated with progression of atherosclerosis. In the pravastatin group,
299Glyy carriers had a lower risk of cardiovascular events during followup,, than non-carriers {2.0% versus 11.5%, p=0.045). Among non-carriers,
pravastatinn reduced the risk of cardiovascular events from 18.1% to 11.5%
(p=0.03),, while among 299Gly carriers this risk was strikingly reduced from
29.6%% to 2.0% (p=0.0002, p=0.025 for interaction).
Conclusion Conclusion

Amongg symptomatic men with documented CAD, the TLR4 Asp299Gly
polymorphismm was associated with the risk of cardiovascular events.
Thiss variant also modified the efficacy of pravastatin in preventing
cardiovascularr events, such that carriers of the variant allele had
significantlyy more benefit from pravastatin treatment.
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Background d
Atherosclerosiss is increasingly considered to be a chronic inflammatory
orr even infectious disease.1 In a longitudinal study, subjects with
chronicc infections had a significantly higher risk of developing carotid
atherosclerosiss than subjects without chronic infections,2 and the antibody
responsee to multiple micro-organisms is an independent risk factor for
thee presence and severity of coronary artery disease (CAD).3 Chlamydia
pneumoniaee has been receiving particularly much attention as a potential
riskrisk factor in different stages of atherogenesis/^C. pneumoniae has been
detectedd in atherosclerotic lesions,7 and the distribution of C. pneumoniae
co-localizess with atherosclerosis within an individual.8 Gram-negative
micro-organismss activate the immune system via lipopolysaccharide (LPS)
which,, in combination with CD14, serves as ligand to the toll-like receptor
44 (TLR4).
Thee presence of LPS in the circulation is not confined to sepsis, but
alsoo occurs in healthy subjects,2 910 and is associated with advanced
progressionn of early atherosclerosis.2 TLR4 is expressed on cardiomyocytes,
macrophages,, endothelial and smooth muscle cells, and importantly,
activationn of this receptor results in the release of anti-microbial peptides
andd cytokines that initiate innate and adaptive immunity.11 Recently,
Arbourr and colleagues discovered two single nucleotide polymorphisms in
thee TLR4 gene, that result in amino acid substitutions in the extracellular
domainn of the receptor, with functional consequences. These variants,
Asp299Glyy and Thr399Ile, lead to a blunted immunological response to
inhaledd LPS,12 and to lower levels of proinflammatory cytokines, acute-phase
reactants,, and soluble adhesion molecules.12 Lastly and most strikingly,
theyy seem associated with reduced extent and progression of carotid
atherosclerosiss as quantified by B-mode ultrasound.12
Inflammationn may not only play a role in the progression of early
atherosclerosis,, but may also be important in advanced atherosclerosis by
determiningg the stability of atherosclerotic plaques and their proneness
too rupture.13 Compared with lesions causing stable angina, the plaques
off patients with acute coronary syndromes contain considerably more
inflammatoryy cells.14"16 In particular, the immediate vicinity of the site
off plaque rupture is invariably infiltrated by an inflammatory process.17
Furthermore,, C-reactive protein (CRP), a marker of inflammation, has been
identifiedd as an independent predictor of mortality and cardiovascular
eventss in patients with stable and unstable angina,18 high-risk individuals19
andd apparently healthy individuals.20 21 Statin therapy is most effective in
patientss with elevated CRP levels, which underscores the hypothesis that
statins,, beside lipid lowering effects, have plaque stabilizing and antiinflammatoryy effects.22
Wee hypothesized that the TLR4 Asp299Gly and the Thr399Ile
polymorphismss would be associated, firstly with progression of coronary
atherosclerosiss as documented by quantitative coronary angiography, and
secondlyy with the risk of cardiovascular events by affecting plaque stability.
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Finally,, we hypothesized that carriers of the variant allele would respond
differentlyy to statin therapy than non-carriers. We tested these hypotheses
inn a group of patients with symptomatic CAD who were included in the
REGRESSS study.23
Methods s
StudyStudy Design

Thee REGRESS study and design have been described previously.23 Briefly,
REGRESSS was a randomized, placebo-controlled multicenter study designed
too assess the effect of two years of treatment with pravastatin 40 mg on
progressionn and regression of angiographically documented coronary
atherosclerosiss in 885 male patients with a normal to moderately raised
serumm cholesterol, i.e. between 4 and 8 mmol/L (155 to 310 mg/dL), and
triglyceridess <4.0 mmol/L (354 mg/dL). Patients were randomized to receive
pravastatinn 40 mg once daily or matching placebo. Patients and physicians
weree blinded to the randomization throughout the study. A number of
substudiess were performed in addition to the main angiographic study,
includingg specialized lipid and lipoprotein and genetic studies.
ClinicalClinical outcome measures

Coronaryy angiograms were analyzed quantitatively by the Cardiovascular
Measurementt System (CMS, MEDIS Medical Imaging Systems, Nuenen,
thee Netherlands). The quantitative coronary arteriographic procedures
havee been described in detail previously.23 Primary end points were (a) the
changee in average minimal obstruction diameter (MOD) per patient and (b)
thee change in average mean segment diameter (MSD) per patient. Change
inn MOD mainly reflects focal progression-regression of atherosclerosis,
andd change in MSD mainly reflects diffuse progression-regression of
atherosclerosis.. If a segment or lesion was adequately visualized in two
(preferablyy orthogonal) projections and free of significant foreshortening in
bothh views, the average values of the parameters in both projections were
calculated.. To calculate average MOD and MSD per patient, the MOD and
MSDD of all qualifying segments or obstructions were added and divided
byy the number of contributing segments or obstructions. The following
clinicall events (according to pre specified criteria) were analyzed during
thee study and identified before unblinding: myocardial infarction (fatal or
nonfatal);; coronary heart disease death (other than known fatal myocardial
infarction);; non-scheduled PTCA or CABG; stroke and transient ischemic
attack,, and death (all other causes).
BiochemicalBiochemical and DNA analyses

Totall cholesterol, high-density lipoprotein cholesterol (HDL), and
triglyceridess were measured on fasting blood samples at the Lipid Reference
Laboratory,, as published previously.23 Low-density lipoprotein cholesterol
(LDL)) was calculated according to the Friedewald formula. Genomic DNA
wass extracted according to a standard protocol. PCR amplification was

Tablee 1. Baseline characteristics by toll-like receptor 4 genotype
Z99ASpASp p 299Gfy-postnve e299Gfy-posttrve e•••

P

399lle-posrtive e399lle-negative e
Subjects s

577 7

69 9

99

My© ©

88

88

Bodyy mass index

33

33

577

9

0.8 8

22

0.8 8

1366

0

1300

82110 0

800

0

788

Currentt or former smoker

509(88) )

Currentt smoker

166(29) )

Totall cholesterol

6.00

9

6.00

0.7

5.99

0.9

0.9 9

LDLL cholesterol

4.33

0.8

4.33

0.6

4.33

0.9

0.9 9

HDLL cholesterol

0.99

2

0.99

0.2

0.99

2

0.8 8

Systolicc blood pressure

1355

Diastolicc blood pressure

Triglycerides s

8

2

0.7 7

8

0.2 2

58(84) )

7(78) )

0.4 4

144 (20)

2(22) )

0.3 3

1.67(0.49-4.03)) 1.70(0.46-3.92) 1.10(0.63-2.32) ) 0.2 2

Historyy of myocardial infarction

2799 (48)

288 (41)

Leftt ventricular ejection fraction

700

711

2

5(56) )

14

633

0.4 4

5

0.5 5

Meann segment diameter

2.800

0.48

2.877

0.41

2.666

0.63

0.2 2

Minimall obstruction diameter

1.899

5

1.911

9

1.911

1

0.9 9

Stenosis s

355

3

333

8

333

8

0.4 4

Coronaryy artery disease
- 11 vessel

2499 (43)

322 (46)

0(0) )

- 22 vessels

195(34) )

22(32) )

7(78) )

-- 3 vessels

1311 (23)

15(22) )

2(22) )

0.01 1

Dataa are shown as mean
) or as number (%). The statistical analysis for
triglyceridee levels was performed on log-transformed values, but untransformed
mediann (minimum-maximum) values are given in the table.

performedd on 1 ui DNA in 10 \A ReddyMix™ (ABgene, Epsom, UK) according
too methods previously described.24 Researchers and laboratory personnel
hadd no access to identifiable information, and could identify samples by
numberr only.
StatisticalStatistical analysis

Withinn each of the treatment groups, the assumption of Hardy-Weinberg
equilibriumm was tested by means of gene counting and chi-square
analysis.. Patients were classified according to genotype combination
{normall TLR4; 299Gly-carriership in the presence of 399Ile-carriership;
orr 299Gly-carriership in the absence of 399Ile-carriership). These groups
weree compared with respect to relevant baseline characteristics, lipid
andd lipoprotein concentrations, in-trial changes of lipid and lipoprotein
concentrations,, and angiographic parameters. Differences in baseline
parameterss were analyzed with the independent samples t- test, oneway
analysiss of variance or the Pearson's chi-square test where appropriate.
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Sincee triglyceride concentrations had a skewed distribution, the
statisticall analyses were based on log-transformed data. Changes in
lipidd concentrations, lipoprotein concentrations, and angiographic
measurementss during the trial were compared with one-way analysis of
covariance,, with baseline values as covariates. The interaction between
genotypee and treatment (placebo or pravastatin) was tested with the
interactionn test of two-way analysis of covariance, with genotype and
treatmentt as fixed factors and baseline values as covariates. Differences in
thee rate of events were illustrated with Kaplan-Meier curves, and compared
usingg a logrank test. We further used the Cox regression model to test for
ann interaction between the TLR4 genotype and treatment (pravastatin or
placebo). .
Results s
FrequencyFrequency of the TLR4 Asp299Gly and Thr399Ue polymorphisms

Off the 885 patients enrolled in REGRESS, DNA was available from 670
individuals.. Of these, 655 could be genotyped for both the Asp299Gly
andd the Thr399Ile polymorphisms. These 655 individuals did not differ
significantlyy in any baseline parameter from the original 885 patients. In
thee entire cohort, 78 individuals carried the 299Gly variant allele, and 69
carriedd the 39911e variant allele. The three common genotype combinations
{normall TLR4; 299Gly-carriership in the presence of 399Ile-carriership;
andd 299Gly-carriership in the absence of 399Ile-carriership) were found at
frequenciesfrequencies of 0.88, 0.11 and 0.014, respectively. These frequencies did not
differr significantly between the two treatment groups (data not shown).
Forr the placebo group, the pravastatin group, and the total cohort, the
observedd allele frequencies were in Hardy-Weinberg equilibrium.
BaselineBaseline characteristics

Whenn patients were classified according to TLR-4 genotype combination,
theree were no statistically significant differences with respect to CAD
riskrisk factors, or treatment (table 1). The individuals with isolated 299Glycarriershipp had more severe CAD than individuals with other genotypes,
ass evidenced by a higher proportion of individuals with two-vessel disease.
However,, there were only 9 individuals with this genotype, so the data
mustt be interpreted with caution. In both groups, approximately half of
thee patients were randomly assigned to pravastatin treatment.
In-trialIn-trial changes of lipid concentrations and angiographic parameters

Thee TLR4 genotype did not affect in-trial changes of total cholesterol, LDL
cholesterol,, triglycerides, or HDL cholesterol (table 2). Pravastatin affected
totall cholesterol, LDL, HDL, and triglycerides to a similar extent in all
geneticc subgroups. Changes in angiographic measurements were also not
significantlyy affected by the Asp299Gly polymorphism, with similar effects
off pravastatin treatment in the genetic subgroups.

RiskRisk of cardiovascular events

Carriershipp of the 299Gly allele did not significantly affect the risk of
cardiovascularr events in the entire cohort, when compared with noncarrierss (11.5% versus 14.9%, p=0.58) (table3). However, in the pravastatin
groupp carriers of the variant 299Gly-allele had a significantly lower risk
off cardiovascular events than non-carriers (2.0% versus 11.5%, p=0.045).
Pravastatinn reduced the risk of cardiovascular events in the entire cohort by
50%% (19.0% versus 10.0%, p=0.0007). Strikingly, among non-carriers, the risk
off cardiovascular events was reduced from 18.1% to 11.5% (p=0.03), while
amongg 299Gly carriers the risk was reduced significantly more from 29.6%
too 2.0% (p=0.0002)(figure 1). Testing for interaction between the Asp299Gly
genotypee and treatment group revealed that the efficacy of pravastatin in
reducingg the time to first cardiovascular event was significantly different
betweenn the genetic groups (p=0.025). Subdivision of the group of 299Glycarrierss according to carriership of the 39911e variant allele resulted in
genotypee groups that were too small to detect significant differences and
interactions.. The least common genotype combination (299Gly-carriership
inn the absence of 399Ile-carriership) occurred only 9 times (3 on placebo, 6
onn pravastatin). Although the prevalence of cardiovascular events appeared
similarr in the 399-positive and 399-negative group, no solid conclusions can
bee made.
Discussion n
Wee examined whether the Asp299Gly and Thr399Ile polymorphisms of the
TLR44 gene influenced the progression of coronary atherosclerosis and the
riskk of cardiovascular events in a large cohort of men with symptomatic
CAD.. Our results revealed an important interaction between these
geneticc variants and pravastatin treatment on the risk of cardiovascular
events.. In particular, the efficacy of pravastatin treatment in preventing
cardiovascularr events was significantly higher in 299Gly carriers than in
non-carriers.. This observation extends on previous reports in which we
attemptedd to identify genetic factors that affect the clinical presentation of
thee patients and their response to pravastatin therapy.2527
FrequencyFrequency of the TLR4 Asp299Gly and Thr399He polymorphisms

Genotypingg of study participants revealed that the allele frequency of the
299Glyy variant was 5.9% in the REGRESS cohort. In the Bruneck study,
thee allele frequency was 3.5%,12 and in three other populations they were
reportedd to be 6.6%, 7.9%, and 3.3%.12 These allele frequencies are all within
thee expected range. In addition, the frequencies of the three common
genotypee combinations (normal TLR4; 299Gly-carriership in the presence
off 399Ile-carriership; and 299Gly-carriership in the absence of 39911ecarriership)) were similar to those described in previous reports. Thus, the
genotypee combinations that were associated with decreased progression
off carotid atherosclerosis (299Gly-carriership with and without 39911ecarriership),, do not occur at a substantially lower frequency in the REGRESS

Tablee 3. Incidence of cardiovascular events by toll-like receptor 4 genotype
a n dd t r e a t m e n t
299AspAsp p

299Gly-positive e

Total l

PP

18.11 (54/299)

29.66 (8/27)

19.00 (62/326)

0.10* *

Pravastatin n 11.5(32/278) )

2.0(1/51) )

10.0(33/329) )

0.045* *

14.9(86/577) )

11.5(9/78) )

0.03f f

0.0002f f

0.0007f f

0.025* *

Placebo o
Total l
pp

399lle-positivee

0.6* *

399ile-negative

18.11 (54/299)

29.11 (7/24)

33.33 (1/3)

Pravastatin n 11.5(32/278) )

2.2(1/45) )

0.0(0/6) )

14.9(86/577) )

11.5(8/69) )

11.11 (1/9)

0.03f f

0.0007t t

Placebo o
Total l
PP

0.2f f

Total l

PP

19.0(62/326) )
10.0(33/329) )

0.3* *

0.0007f f

0.1** *

0.1* *
0.6* *

Dataa are given as incidence of cardiovascular events during 2-year follow-up in %
(n/N).. * P-value for logrank test between the genetic groups, t P-value for logrank
testt between the treatment groups.
*** P-value for interaction between genotype and treatment by Cox regression model.

cohortt of men with symptomatic CAD, than in random population samples.
RiskRisk of cardiovascular events

Amongg individuals randomized to placebo, carriers of the 299Gly-allele
weree at a non-significantly higher risk of cardiovascular events, compared
too non-carriers (hazard ratio 1.84, 95%CI 0.8-3.87). In contrast, among
thosee randomized to pravastatin treatment, 299Gly carriers were at a nonsignificantlyy lower risk of events (hazard ratio 0.16, 95%CI 0.02-1.20, p for
interaction=0.025).. In the Bruneck study, 299Gly carriers were at a nonsignificantlyy lower risk for cardiovascular disease (hazard ratio 0.16, 95%CI
0.02-1.24,, p=0.08) but data on use of statin therapy are not reported.12
Itt has been suggested that the Asp299Gly-mediated loss of TLR4 function is
inn turn influenced by the polymorphism at residue 399.1228 These reports
indicatee that 299Gly-carriership in the presence of 399Ile-carriership results
inn intermediate TLR4 function, while isolated 299Gly-carriership yields
thee worst TLR4 functionality. Whether or not the interaction between
TLR44 genotype and pravastatin treatment is also affected by this Thr399Ile
polymorphism,, cannot be concluded from the present study due to the
limitedd number of individuals with isolated 299Gly-carriership.
Mechanism Mechanism

Thee systemic inflammatory response to low-grade infectious stimuli
playss a role in the progression of atherosclerosis.12 The TLR4 Asp299Gly
andd Thr399Ile polymorphisms blunt this response, thereby reducing
generalizedd arterial wall inflammation and subsequent generalized
atherosclerosis.. This process is slow and well compensated for by
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Figuree 1. Cumulative event-free survival by Asp299Gly genotype and treatment
100% %

90% %

80% %

70% %

200 0

400 0

6000

800

Follow-upp (days)
Pravastatinn Carriers (299Gly-positive)
++ + + •+ + 4 H Pravastatin Non-carriers (299AspAsp)
Placeboo Carriers (299Gly-positive)
ii i I I I I I I I

Placebo Non-carriers (299AspAsp)

Thee graphs represent the cumulative survival free of cardiovascular events calculatedd by Cox regression, for non-carriers (299AspAsp) treated with placebo, carriers
(299Gly-positive)) treated with placebo, non-carriers treated with pravastatin, and
carrierss treated with pravastatin.

outwardd arterial remodelling which salvages lumen size. This seems an
importantt reason why we did not observe any association between these
polymorphismss and changes in MSD and MOD, two parameters of arterial
lumenn size. In addition, the time span of 2 years may have been too short to
detectt a small difference.
Bluntedd inflammatory response leads to ineffective removal of infectious

agents,, which may lead to persistence or even progression of the
inflammatoryy trigger. Persistent triggering of the innate immune system
mayy be especially harmful in an atherosclerotic plaque where abundant
TLR44 is present to initiate an inflammatory response.29 30 It has been
hypothesizedd that such an inflammatory response activates resident
cellss and macrophages in the atherosclerotic plaque.31 Systemic LPS
administrationn yielded more proinflammatory cytokine gene expression in
thee aorta of rabbits with diet-induced atheroma, than in rabbits without
atheroma.32-333 In addition, the extent of cytokine production was related
too the burden of atheroma.33 Thus, at some point in the natural course
off atherosclerosis, the beneficial effect of a blunted immunological
responsee in 299Gly carriers may be outweighed by persistent inflammatory
triggeringg due to ineffective removal of the pro-inflammatory agent.
Thiss balance depends on the amount of TLR4 present, and thus on the
severityy of atherosclerosis. In the REGRESS cohort of men with advanced
atherosclerosis,, this enhanced inflammatory response may have led to
plaquee inflammation and instability.
Inn summary, our observations would be explained by a model in which
thee extent of plaque inflammation, and thus the risk of plaque rupture,
iss determined by three factors: (I) the amount of inflammatory trigger
thatt is capable of activating TLR4. This factor may be affected, in turn,
byy the efficacy of TLR4 in its removal. (II) The amount of TLR4 present
inn the vessel wall, and (III) the efficacy of TLR4 in mounting a local
inflammatoryy response. This model would explain the striking reduction
off cardiovascular events observed in 299Gly carriers using statin therapy,
comparedd with those who did not. Statins are known to reduce LDL
cholesterol,, and thus oxidized LDL, which is a potent up-regulator of TLR4.34
Thus,, in 299Gly carriers using statin therapy, a persistent inflammatory
triggeringg due to ineffective removal may have been negated by a
reductionn of TLR4 and a genotype-dependent inefficient initiation of local
inflammation. .
Limitations Limitations
Theree are several potential limitations to the present study. First, the
eventsevents defined in REGRESS include a number of different clinical entities,
i.e.. non-scheduled percutaneous or surgical revascularization, non-fatal
myocardiall infarction, and fatal myocardial infarction.23 Nevertheless, the
largee majority were events in which atherosclerotic plaque rupture and
subsequentt thrombotic occlusion are the underlying pathophysiological
processes.. The fact that these plaque rupture-related events led to a range
off clinical outcomes may have depended on numerous other factors, and
doess not negate our findings. Second, the conclusions obviously apply only
too symptomatic men with documented CAD. However, this population is
representativee for the majority of male CAD patients in the Netherlands.
Finally,, the frequency of isolated 299Gly-carriership (i.e. in the absence of
399Ile-carriership)) was low in our cohort, which is consistent with previous
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reports.1228Thesee reports have suggested that the genotype at residue 399
influencess the effect of the Asp299Gly polymorphism; 299Gly-carrieship
inn the presence of 399Ile-carriership predicts decreased TLR4 function,
butt 299Gly-carriership in the absence of 399Ile-carriership yields a TLR4
proteinn that functions even worse. We did perform analyses to evaluate
whetherr the interaction between Asp299Gly genotype and pravastatin
treatmentt was affected by the Thr399Ile polymorphism as well. However,
thee results do not allow any solid conclusions due to the low frequency of
thiss genotype combination. An even larger cohort of patients, or one with a
higherr prevalence of this genotype combination, will be required to address
thiss issue.
Conclusion Conclusion

Wee observed that, among symptomatic men with documented CAD,
thee TLR4 Asp299Gly polymorphism was associated with the risk of
cardiovascularr events. This genetic variant also predicted the efficacy of
pravastatinn in preventing cardiovascular events such that carriers of the
variantt allele had substantially more benefit from pravastatin treatment.
AA substantial amount of experimental evidence exists regarding the role
off inflammation in determining the risk of plaque rupture-related events.
However,, clinical data are limited. The relevance of our observation lies in
thee fact that it shows genetic variance in the innate immune system to be
associatedd with the occurrence of plaque rupture-related clinical events. In
addition,, to our knowledge, this is the first observation of an interaction
betweenn genotype and statin treatment in reducing the risk of clinical
cardiovascularr events without an effect on lipid parameters.
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IL-88 plasma concentrations and the
riskk of future coronary artery
diseasee in apparently healthy men
andd women; the EPIC-Norfolk
prospectivee population study

Abstract t
Background Background

Interleukin-88 (IL-8) has been implicated as a risk factor for future coronary
arteryy disease (CAD).
MethodsMethods and Results

AA nested case-control study was performed in the prospective EPIC-Norfolk
populationn study. We measured baseline IL-8 concentrations among 785
apparentlyy healthy individuals who developed fatal or non-fatal CAD
duringg follow-up, and 1570 matched controls. Baseline IL-8 concentrations
weree higher in cases than in matched controls (3.5 pg/ml versus 3.1 pg/ml,
p=0.001).. The risk of future CAD increased with increasing quartiles of
IL-88 (p linearity < 0.0001). Among individuals in the highest IL-8 quartile,
thee unadjusted odds ratio for future CAD was 1.72 (95%CI = 1.34-2.21, p <
0.0001).. The odds ratio for future CAD was still significant after adjustment
forr traditional risk factors (OR = 1.58, 95%CI = 1.19-2.09, p = 0.002), and after
additionall adjustment for C-reactive protein and white cell count (OR =
1.77,, 95%CI = 1.21-2.60, p = 0.001).
Conclusions Conclusions

Wee conclude that among apparently healthy men and women, elevated
levelss of IL-8 are associated with an increased risk of future CAD. These
prospectivee data support a role for IL-8 in the development of CAD events.

Background d
Inflammationn plays a key role in the initiation and progression of
atherosclerosis.11 For clinical purposes, C-reactive protein (CRP) is gradually
gainingg acceptance as the most useful inflammatory plasma marker.2
However,, the inflammatory processes that underlie atherosclerosis are
mediatedd by a multitude of cytokines, and are unlikely to be reflected by
CRPP levels alone. Prospective evidence on other cytokines in apparently
healthyy individuals is limited, and exists only for interleukin-6,3^ and
macrophagee inhibitory cytokine-1.7
Interleukin-88 (IL-8) is a proinflammatory cytokine that is produced by
variouss cell types involved in atherosclerosis, including endothelial
cells,88 peripheral blood monocytes,9 and vascular smooth muscle cells.10
Thee role of IL-8 in atherosclerosis may be through its chemoattractant
andd mitogenic effects on vascular smooth muscle cells.11 In addition,
IL-88 plays an important role in the immigration of monocytes into the
subendotheliall space, which is a crucial process in the early stages of
atherosclerosis.122 Evidence from murine atherosclerosis models suggests
thatt initial leukocyte adhesion to the endothelium is mediated via KC, the
murinee equivalent of IL-8, while subsequent interaction between monocyte
chemoattractantt protein-1 (MCP-1) and its receptor CCR1 is essential for
transendotheliall diapedesis and recruitment into the subendothelial
space.133 Experimental atherosclerosis can be largely prevented by
eliminatingg the genetic expression of IL-8, MCP-1, or their leukocyte
receptors.14"166 IL-8 plasma levels are higher in patients with unstable
coronaryy artery disease (CAD) than in healthy controls1720but these
measurementss were all obtained after an acute coronary syndrome which
mayy have affected these levels substantially. No prospective evidence exists
onn the relationship between IL-8 levels in individuals free of symptomatic
cardiovascularr disease, and the risk of future CAD.
Itt was our objective to determine whether elevated plasma concentrations
off IL-8 in apparently healthy individuals were associated with an increased
riskk of future CAD. In addition, we investigated whether this relationship
wass modified by other cardiovascular risk factors.
Methods s
StudyStudy design
Wee performed a nested case-control study among participants of the EPICNorfolkk study, a prospective population study of 30,466 men and women
agedd between 45 and 79 years, resident in Norfolk, UK, who completed a
baselinee questionnaire survey, and of whom 25,663 attended a clinic visit.21
Participantss were recruited from age-sex registers of general practices
inn Norfolk as part of a nine-country collaborative study (EPIC, European
Prospectivee Investigation into Cancer and Nutrition) designed to investigate
dietaryy and other determinants of cancer. Additional data were obtained to
enablee the assessment of determinants of other diseases.

T a b l ee 1 . B a s e l i n e c h a r a c t e r i s t i c s
Controls s
Men,, n
Age,, y

Cases s
514 4

1028 8
64.33

PP

64.33

7.8

7.8

Matched d
<< 0.0001

Smoking g
-- Never

3044 (30.0)

1200 (23.5)

-Past t

6088 (60.0)

3066 (59.9)

-- Current

102(10.1) )

85(16.6) )

Bodyy mass index, kg/m2

26.44

1

27.22

3.4

<< 0.0001

Totall cholesterol, mmol/l

6.066

0

6.277

1

<< 0.0001

LDLL cholesterol, mmol/l

3.966

0.98

4.111

4

0.007 7

1.244

3

1.155

9

<< 0.0001

HDLL cholesterol, mmol/l
Triglycerides,, mmol/l

1.7(1.2-2.4) )

1.9(1.4-2.8) )

<< 0.0001

Systolicc blood pressure, mmHg

140.55

146.00

6

<< 0.0001

Diastolicc blood pressure, mmHg

84.66

87.22

0

<< 0.0001

Diabetes s
CRP,, pg/ml
IL-8,, mg/l
Women,, n
Age,, y

8
1

399 (7.6)

311 (3.0)

0.001 1

3.922 5.62
2.922 5.09
3.1(28/24/23/25) ) 3.5(23/24/23/31) )
271 1

541 1
66.22

7.0

66.33

Matched d

7.0

<< 0.0001

Smoking g
-- Never

319(59.4) )

118(44.2) )

-Past t

179(33.3) )

112(41.9) )

-- Current

37(13.9) )

399 (7.3)

Bodyy mass index, kg/m2

26.44

Totall cholesterol, mmol/l

6.699

LDLL cholesterol, mmol/l
HDLL cholesterol, mmol/l

1

27.44

5

<< 0.0001

4

6.955

6

0.006 6

4.311

6

4.488

5

0.09 9

1.577

2

1.466

2

0.001 1

Triglycerides,, mmol/l

1.6(1.1-2.2) )

1.9(1.4-2.8) )

Systolicc blood pressure, mmHg

139.99

9

143.22

Diastolicc blood pressure, mmHg

82.44

5

84.99

Diabetes s
CRP,, mg/l
IL-8,, pg/ml

<< 0.0001
0.001 1

12.2

177 (6.3)

8(1.6) )
3.33

8

8

4.77

6.0

3.0(28/24/25/23) ) 3.5(24/23/26/27) )

<< 0.0001
0.02 2
0.003 3
0.02 2
<< 0.0001
0.2 2

Dataa are presented as mean SD, median (quartile distribution in percentages),
orr number (%). P-values are for mixed effect model on continuous variables, and
forr conditional logistic regression on dichotomous variables. Triglyceride and IL-8
concentrationss were log-transformed before analysis, but untransformed medians
aree presented in the table.
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Thee design and methods of the study have been described in detail.21 In
short,, eligible participants were recruited by post. At the baseline survey
betweenn 1993 and 1997, participants completed a detailed health and
lifestylee questionnaire. Blood was taken by venepuncture into plain and
citratee bottles. Blood samples for assay were processed for assay at the
Departmentt of Clinical Biochemistry, University of Cambridge, or storage
att -80 °C. All individuals have been flagged for death certification at the
UKK Office of National Statistics, with vital status ascertained for the entire
cohort.. In addition, participants admitted to hospital were identified using
theirr unique National Health Service number by data linkage with ENCORE
(Eastt Norfolk Health Authority database), which identifies all hospital
contactss throughout England and Wales for Norfolk residents. Participants
weree identified as having CAD during follow-up if they had a hospital
admissionn and/or died with CAD as underlying cause. CAD was defined as
codess 410-414 according to the International Classification of Diseases 9th
revision.. We report results with follow-up up to January 2003, an average
off about 6 years. The study was approved by the Norwich District Health
Authorityy Ethics Committee and all participants gave signed informed
consent. .
Participants Participants

Forr the present analysis, we only considered individuals who did not report
aa history of heart attack or stroke at the baseline clinic visit. Cases were
7855 individuals who developed a fatal or non-fatal CAD during follow-up.
Controlss were study participants who remained free of CAD during followup.. Two controls were matched to each case by sex, age (within 5 years),
generall practice, and date of visit (within 3 months).
BiochemicalBiochemical analyses

Serumm levels of total cholesterol, HDL cholesterol, and triglycerides
weree measured on fresh samples with the RA1000 (Bayer Diagnostics,
Basingstoke,, UK), and LDL cholesterol levels were calculated with the
Friedewaldd formula.22 From 1994, full blood count was additionally
measuredd on fresh EDTA samples using a Coulter Counter and this measure
wass available on approximately 60% of the cohort. In 2003, plasma samples
forr cases and controls were retrieved from frozen storage, thawed, and the
plasmaa concentration of IL-8 was measured by use of a validated cytometric
beadd array kit (BD Biosciences Pharmingen, San Diego, Ca, http://www.
bdbeurope.com/temp/497527.pdf)) with slight modifications to extent the
detectionn range in the lower part of the distribution. The specificity of
thee antibody pair was screened using recombinant protein, and no crossreactivityy or background detection was observed. The inter-assay and intraassayy variability were both 4% in the appropriate range. The lower detection
limitt was 2.0 pg/ml, the upper detection limit was 4000 pg/ml. CRP levels
weree measured with a sandwich-type ELISA in which polyclonal rabbit
anti-CRPP antibodies were used as catching antibodies and biotinylated
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Tablee 2. Distribution of cardiovascular risk factors by sex and IL-8 quartile
IL-88 quartile
Quartilee range, pg/ml

11

22

33

44

<2.1 1

2.22 - 3.2

3.3-4.8 8

>4.8 8

PP

Men n
Age e

62,99

7.8

63.88

8.0

65.22

7.7

65.22

7.6 << 0.0001

Smoking g

0.2 2

-Never r

1311 (33.1)

977 (26.2)

955 (25.9)

1011 (25.8)

-Past t

2233 (56.3)

226(61.1) )

2300 (62.7)

2355 (59.9)

-- Current

411 (10.4)

47(12.7) )

42(11.4) )

566 (14.3)

Bodyy mass index

26.88

3.7

26.77

3.1

26.77

26.55

3.0

0.5 5

LDLL cholesterol

4.022

0.95 4.000

0.92

4.066

7 3.977

2

0.6 6

HDLL cholesterol

1.200

0.30 1.244

5

1.244

5

1.199

9

0.8 8

Triglycerides s

2.055

9 2.022

3

2.044

3 2.099

7

0.6 6

Systolicc blood pressure

141.55

6 142.77

Diabetes s
CRP P

7 143.33

5 141.88

99 (2.3)

244 (6.4)
6 3.388 6.11

3.100

3.0

2

0.2 2

17(4.5) )
20(5.1) )
2.988 3.74 3;55i5;34 4

0.2 2

66.88

0.1 1

0.9 9

Women n
Age e

65.77

7.0

65.55

7.4

8

67.11

7

Smoking g

0.9 9

-- Never

1244 (55.6)

99(51.3) )

-Past t

844 (37.7)
155 (6.7)

-- Current
Bodyy mass index

26.33

2

110(51.9) )

104(59.1) )

744 (38.3)

788 (36.8)

55(31.3) )

200 (10.4)

24(11.3) )

27.22

6

26.77

1

27.00

4.0

0.8 8

177 (9.7)

LDLL cholesterol

4.311

4 4.377

5

4.488

1 4.311

5

0.4 4

HDLL cholesterol

1.544

4 1.522

3

1.522

9

1.544

5

0.4 4

Triglycerides s

1.844

0.89 2.044

5

2.066

4

1.844

9

0.7 7

Systolicc blood pressure

139.11

18.3 142.22

5 142.55

Diabetes s
CRP P

6(2.7) )
3.266

5(2.6) )

5.28 3.888

5.28

0 140.44

8(3.7) )
3.999

0

66 (3.4)

5.47 3.888

5.04

Distributionn of characteristics by sex-specific IL-8 quartiles. Values are mean
numberr (%).

1.0 0
0.5 5
0.4 4

SD or

monoclonall antibodies against CRP (CLB anti-CRP-2) as the detecting
antibody.233 Results were related to a standard consisting of commercially
availablee CRP (Behringwerke AG, Marburg, Germany), and expressed as mg/
1.. The lower detection limit was 0.1 mg/1. Samples were analyzed in random
orderr to avoid systemic bias. Researchers and laboratory personnel had no
accesss to identifiable information, and could identify samples by number
only. .
StatisticalStatistical analysis
Baselinee characteristics were compared between cases and controls taking
intoo account the matching between them. A mixed effect model was
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usedd for continuous variables, and conditional logistic regression was
usedd for dichotomous variables. Because triglyceride and IL-8 levels had a
skewedd distribution, values were log-transformed before statistical analysis
butt in the tables we show untransformed medians and corresponding
interquartilee range (triglycerides) or the distribution across quartiles
(IL-8).. Mean risk factor levels by IL-8 quartile were calculated in order to
determinee relationships between IL-8 and traditional cardiovascular risk
factors.. Conditional logistic regression analysis was used to calculate
oddss ratios (OR) and corresponding 95% confidence intervals (95%CI)
ass an estimate of the relative risk of incident CAD. IL-8 concentrations
weree analysed as categorical variables after division into quartiles. The
lowestt quartile was used as reference category. OR's were adjusted for the
followingg cardiovascular risk factors: age, sex, systolic blood pressure,
totall cholesterol, HDL cholesterol, body mass index (BMI), smoking (never,
past,, current), diabetes and hormone replacement therapy. OR's were also
estimatedd after additional adjustment for CRP, and for both CRP and white
celll count. The interaction between sex and IL-8 was calculated to assess
thee validity of pooling sexes. Statistical analyses were performed using
SPSSS software (version 10.1, Chicago, Illinois). A p-value less than 0.05 was
consideredd significant.
Results s
Fromm the total number of 785 cases, 196 (25.0%) died with CHD as
underlyingg cause, and 589 (75.0%) were non-fatal CAD events. Owing to
matching,, age was comparable between cases and controls. As expected,
bothh women and men who developed CAD during follow-up were more
likelyy than controls to smoke and have diabetes (table 1). Total cholesterol
levels,, systolic and diastolic blood pressure, BMI, white cell count and CRP
weree significantly higher in cases than controls, and HDL cholesterol levels
weree significantly lower in cases than controls. Among men, median IL-8
concentrationss were higher in cases (3.5 pg/ml, quartile distribution 23%,
24%,, 23%, 31%) than in controls (3.1 pg/ml, quartile distribution 28%, 24%,
23%,, 25%, p = 0.001). Among women, the IL-8 concentrations in cases (3.5
pg/ml,, quartile distribution 24%, 23%, 26%, 27%) and controls (3.0 pg/ml,
28%,, 24%, 25%, 23%) were significantly different (p = 0.2). Baseline IL-8 levels
weree not significantly different between people with fatal and non-fatal
CAD.. Table 2 shows the distribution of cardiovascular risk factors by sex
andd IL-8 quartile. Among men, a linear relationship was observed between
IL-88 quartile and age (p for linearity < 0.0001). Among women, age also
increasedd per IL-8 quartile but linearity was not statistically significant (p =
0.1).. No linear relationship was observed between IL-8 quartiles and any of
thee other cardiovascular risk factors.
Tablee 3 shows the unadjusted and adjusted ORs for future CAD by IL88 quartile. For both the unadjusted and adjusted ORs, the interaction
betweenn sex and IL-8 was not statistically significant, and data for men
andd women were therefore pooled, though sex specific ORs are also shown.
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Tablee 3. Odds ratios for future CAD events by IL-8 quartile and sex
IL-8quartik»»

1

Quartileerange,pg/ml <2.1
Menn and women
ORR unadjusted
ORadjusted(l))
ORR adjusted (2)
ORR adjusted (3)
Men n
ORR unadjusted
ORadjusted(l))
ORR adjusted (2)
ORR adjusted (3)
Women n
ORR unadjusted
ORR adjusted (1)
ORR adjusted (2)
ORR adjusted (3)

2
2.1-3.2

3

4

3.2-4.6

>4.8

P

1.00 1.27(0.99-1.65) 145(1.13-1.88) 1.72(1.34-2.21) < 0.0001
1.00 1.21(0.91-1.61) 1.31(0.98-1.75) 1.58(1.19-2.09)
0.002
1.00 1.20(0.90-1.60) 1.30(0.97-1.74) 1.56(1.18-2.07)
0.003
1.00 1.60(1.09-2.34) 1.49(1.01-2.22) 1.77(1.21-2.60)
0.01
1.00 1.30 (0.94 -1.81)
1.00 1.31(0.91-1.88)
1.00 1.29(0.89-1.85)
1.00 1.93(1.15-3.22)
1.00
1.00
1.00
1.00

1.22(0.80-1.86)
1.13(0.71-1.82)
1.16(0.72-1.86)
1.53(0.83-2.81)

1.49 (1.07 - 2.07) 1.78 (1.31 - 2.43)
1.48(1.02-2.15) 1.62(1.14-2.30)
1.44(0.99-2.10) 1.58(1.11-2.25)
2.08(1.20-3.59) 1.74(1.05-2.91)
1.38(0.92-2.09)
1.12(0.70-1.80)
1.13(0.70-1.83)
1.12(0.61-2.06)

1.60(1.05-2.45)
1.58(0.97-2.57)
1.60(0.98-2.62)
2.05(1.11-3.80)

0.001
0.01
0.02
0.04
0.03
0.1
0.1
0.1

Oddss ratios for the risk of CAD for males, females, and for sexes combined,
adjustedd for sex. (1) Adjustment for age, systolic blood pressure, LDL cholesterol,
HDLL cholesterol, BMI (continuous variables), smoking, diabetes, and hormone
replacementt therapy (2) Adjustment for variables above and in addition CRP (3)
Adjustmentt for variables above and in addition CRP and white cell count. P-value for
X22 linear trend with 1 degree of freedom.

Plasmaa concentrations of IL-8 were strongly related to the risk of future
CAD,, such that individuals in the highest IL-8 quartile had an unadjusted
ORR of 1.72 (95%CI = 1.34-2.21), compared to those in the lowest IL-8 quartile
(pp for linearity < 0.0001). The relationship between IL-8 and risk of CAD was
nott substantially changed upon adjustment for traditional cardiovascular
riskk factors (OR for the highest IL-8 quartile = 1.58, 95%CI = 1.19-2.09, p =
0.002)) or upon adjustment for traditional risk factors and CRP levels (OR =
1.56,, 95%CI = 1.18-2.07, p = 0.002). Interestingly, additional adjustment for
whitee cell count had two effects on the relationship between IL-8 levels
andd future CAD. First, the CAD risk estimates per IL-8 quartile became
higher.. Second, the shape of the relationship appeared to change from a
linearr relationship to one with a threshold such that the risk of future
CADD was significantly higher in the second IL-8 quartile compared to the
lowestt reference quartile (OR = 1.60, 95%CI = 1.09-2.34, p = 0.01) and did not
increasee further in the third and fourth IL-8 quartile. The assumption that
thee relationship was more compatible with a threshold model than with a
linearr one, was underlined by the observation that the fit of this threshold
modell did not differ significantly from a model where IL-8 quartiles were
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enteredd as categorical variables (data not shown). The fully adjusted risk of
CADD appeared to be increased in all individuals with an IL-8 concentration
abovee the lower detectionn limit of 2.0 pg/ml.
Plasmaa concentrations of IL-1B, IL-6, IL-10, IL-12 and TNF- a were also
determinedd in all samples. However, for these respective cytokines, 60.8%,
96.9%,, 77.9%, 82.5%, and 90.4% of the samples had cytokine concentrations
beloww the lower detection limit of 2.0 pg/ml. Thus, our assay was not
sensitivee enough to detect plasma concentrations in healthy individuals,
andd we were not able to give a reliable estimate of the predictive value of
thesee cytokines in our cohort.
Discussion n
Thee present study provides evidence that elevated plasma levels of IL88 are associated with an increased risk of incident CAD in apparently
healthyy individuals, such that people in the highest IL-8 quartile had a
fullyy adjusted OR of 1.77 (95%CI = 1.21 - 2.60) compared to those in the
lowestt quartile {p = 0.001). This relationship was independent of traditional
cardiovascularr risk factors and also independent of CRP levels.
Recruitmentt of peripheral blood monocytes into the arterial wall is
onee of the earliest steps in atherosclerosis. The vascular wall itself
orchestratess this process by modulating the expression of a wide variety
off cytokines that attract leukocytes, enable rolling leukocytes to adhere
too the endothelium, and facilitate trans-endothelial immigration into
thee subendothelial space.24 Endothelial cells can be stimulated to express
cytokines,, such as IL-8 and MCP-1, by triggers such as high glucose,25
modifiedd LDL cholesterol,26 homocysteine,27 and nitric oxide.28 If triggered
byy oxidized LDL cholesterol (oxLDL), macrophages in the subendothelial
spacee can also be a source of IL-8.29"31 In addition to its role in the initiation
andd progression of atherosclerosis, IL-8 may also increase the risk of
cardiovascularr events by destabilizing existing atherosclerotic plaque.
Macrophage-derivedd foam cells in atherosclerotic plaque produce matrix
metalloproteinases,, which mediate extracellular matrix degradation
andd consequent plaque destabilization.24 30 This process is contained
byy the simultaneous release of tissue inhibitors of metalloproteinases
(TIMP's).. TIMP expression is down-regulated by oxLDL in a dose-dependent
manner,, and this process is mediated via IL-8. Additional evidence for this
mechanismm is provided by the observation that IL-8 plasma levels were
foundd to be higher in patients with unstable CAD than in patients with
stablee CAD and controls.1720
Thee fact that the predictive value of IL-8 plasma levels is statistically
independentt from traditional cardiovascular risk factors is in contrast
withh other inflammatory risk factors such as CRP levels and IL-6 levels.6
Interestingly,, the relationship between IL-8 levels and CAD risk was
alsoo independent of CRP concentration. However, this relationship
wass substantially affected by adjustment for white cell count, another
inflammationn marker implicated in cardiovascular disease independent
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off classical risk factors.32 Interestingly, adjustment for white cell count
resultedd in, first, a stronger predictive value of IL-8 levels for CAD risk and,
second,, an apparent change in the shape of this relationship from a linear
onee to one with a threshold. These changes imply a biological relationship
betweenn IL-8 levels and white cell count which is potentially explained
byy IL-8 expression in leukocytes or vice versa, by the effect of IL-8 on
leukocytee recruitment into the vessel wall. However, mean levels of white
celll count, the number of observations and the white cell differentiation
(intoo granulocytes, monocytes and lymphocytes) did not differ between
IL-88 quartiles. It must be kept in mind that in each IL-8 quartile and in
eachh adjustment model, the 95% confidence intervals before and after
adjustmentt for white cell count overlapped, and thus that the apparent
changess upon adjustment may have been chance findings. The fully
adjustedd risk of CAD appeared to be increased in all individuals with an
IL-88 concentration above the lower detection limit of 2.0 pg/ml. However,
thiss threshold value must be interpreted with caution because other IL-8
assayss may yield different absolute IL-8 concentrations, especially when
performedd in other patient populations. In addition, we were not able to
discernn whether values below 2.0 pg/ml were more appropriate threshold
valuess because 2.0 pg/ml was the lowest detectable concentration. Despite
thee evidence for a biological relationship between IL-8 levels and white cell
count,, IL-8 levels also had relationship with CAD risk that was statistically
independentt of white cell count. This observation suggests that IL-8
mayy have an effect on the risk of CAD which is not related to white cell
recruitment,, possibly through a destabilizing effect on atherosclerotic
plaquee through down-regulation of TIMP expression.24 30
AA number of issues have to be taken into account when interpreting
thee results of the present study. Plasma levels of IL-8 were determined
inn a single sample that was obtained at a non-uniform time of the day.
Diurnall variation and variation over time could have affected the IL-8
concentrations.. In addition, we cannot rule out that sample storage at
-800 'C for 6-10 years may have affected the detection of IL-8. However, both
thesee limitations would lead to increased random measurement error,
whichh leads to an underestimation of any relationship and therefore do
nott negate our findings. While the current data are unable to establish
whetherr the relationship between IL-8 and CAD is causal, it is unlikely
thatt differences in IL-8 plasma levels occurred as a consequence of
cardiovascularr events because individuals with symptomatic cardiovascular
diseasee were excluded from our analysis. However, we cannot exclude the
possibilityy that IL-8 concentration is a marker of advanced subclinical
atherosclerosis.. Of note, IL-8 concentrations were not related to other
modifiablee cardiovascular risk factors, and consistently, the OR for future
CADD was not affected by adjustment for these risk factors.
Wee conclude that elevated plasma concentrations of IL-8 are associated
withh an increased risk of future CAD in apparently healthy individuals.
Thiss relationship appears to be stronger in men than in women and is

independentt of traditional cardiovascular risk factors and CRP. These
prospectivee data support a role for IL-8 in the development of symptomatic
coronaryy artery disease.
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Plasmaa concentration of
macrophagee migration inhibitory
factorr and the risk of future
myocardiall infarction or coronary
arteryy disease death in men and
womenn without prior myocardial
infarctionn or stroke; the EPICNorfolkk prospective population
study y

Abstract t
Background Background

Macrophagee migration inhibitory factor (MIF), a pro-inflammatory
cytokinee has been implicated in atherogenesis, and may predictive of
futuree myocardial infarction or death of coronary artery disease (CAD) in
apparentlyy healthy individuals.
Methodss and Results

Wee performed a prospective case-control study nested in the EPIC-Norfolk
cohort.. We selected men and women who did not report a history of
myocardiall infarction or stroke at baseline. Baseline MIF concentrations
weree measured among 777 individuals who suffered a myocardial
infarctionn or CAD death during follow-up, and 1554 matched controls
whoo remained free of CAD. Baseline MIF concentrations were higher in
casess than controls (median 107.4 ug/1 versus 90.7 pg/1, p=0.001). The risk of
futuree myocardial infarction or death from CAD increased with increasing
MIFF quartiles (p for linearity <0.0001). Individuals in the highest MIF
quartilee had an unadjusted odds ratio for future myocardial infarction
orr CAD death of 1.6 (95%CI=1.2-2.0). After adjustment for traditional risk
factorss and C-reactive protein, this odds ratio was 1.3 (95%CI=1.0-1.7). Upon
additionall adjustment for white cell count, this relationship was no longer
statisticallyy significant.
Conclusions Conclusions

Amongg men and women who did not report a history of heart attack
orr stroke, elevated levels of MIF were associated with an increased risk
off myocardial infarction or CAD death independent of traditional
cardiovascularr risk factors and C-reactive protein levels. However, this
relationshipp was not very strong. These prospective data support a
regulatoryy role for MIF inn the process of atherosclerosis.

Background d
Inflammationn is involved in the initiation and progression of
atherosclerosiss and in the development of acute coronary syndromes.1
Forr clinical purposes, C-reactive protein is gaining acceptance as the most
usefull inflammatory plasma marker.2 However, the inflammatory processes
thatt underlie atherosclerosis are mediated by a multitude of cytokines
andd are unlikely to be reflected fully by C-reactive protein levels alone.
Prospectivee evidence on other cytokines in apparently healthy individuals
iss limited and exists only for interleukin-6,3^ and macrophage inhibitory
cytokine-1.7 7
Macrophagee migration inhibitory factor (MIF) is considered to be a
pleiotropicc cytokine but, in contrast to other cytokines, it has not only
regulatoryy functions but also at least two enzymatic activities.8-9 MIF
hass a homotrimeric structure and is expressed by a range of leukocytes
includingg monocytes, macrophages, neutrophils, and mast cells, but also
byy endocrine organs involved in stress response such as the hypothalamus
andd adrenal glands.M1 Under physiological circumstances, MIF is thought
too regulate host responses to infection and stress. Consistent with this
hypothesis,, MIF was found to upregulate the expression of toll-like receptor44 by macrophages12 and to counterbalance the immunosuppressive
effectss of glucocorticoids by modulating intracellular pro-inflammatory
pathways.13144 MIF is involved in several pathophysiological inflammationmediatedd conditions such as sepsis,15 arthritis,16 bronchial asthma,17
glomerulonephritis,188 renal transplant rejection,19 and acute respiratory
distresss syndrome.2021 In addition, MIF is thought to be involved in
atherosclerosiss because it induced expression of intercellular adhesion
molecule-11 by vascular endothelial cells and, interestingly, upregulation of
MIFF was closely associated with adhesion of monocytes to the endothelium
andd subsequent migration into the subendothelial space.22 Inhibition
off MIF resulted in a shift in the cellular composition of neointimal
atheroscleroticc plaques toward a more stabilized phenotype, possibly
resultingg from a reduction of monocyte recruitment by endothelial MIF.23
Inn humans, evidence for a role of MIF in atherosclerosis is limited as only
onee histological study has reported an upregulation of MIF during the
progressionn of atherosclerosis towards inflammatory stages.24 Whether MIF
plasmaa levels are predictive of the risk of clinical coronary artery disease
remainss unclear.
Itt was our objective to determine whether, in individuals who had never
sufferedd a myocardial infarction or stroke, elevated plasma concentrations
off MIF were associated with an increased risk of future coronary artery
disease.. In addition, we investigated whether this relationship was
modifiedd by other cardiovascular risk factors.
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Methods s
StudyStudy design
Wee performed a nested case-control study among participants of the EPICNorfolkk study (EPIC, European Prospective Investigation into Cancer and
Nutrition),, a prospective population study of 25,663 men and women aged
betweenn 45 and 79 years, resident in Norfolk, United Kingdom.25 EPICNorfolkk is part of a nine-country collaborative study designed to investigate
dietaryy and other determinants of cancer. Additional data were obtained to
enablee the assessment of determinants of other diseases. Participants were
recruitedd by post from age-sex registers of general practices in Norfolk.25
Thee study sample was closely similar to United Kingdom samples with
respectt to many characteristics including anthropometry, blood pressure,
andd plasma lipids, but with a lower proportion of smokers.26 At the baseline
surveyy between 1993 and 1997, participants attended a baseline clinic visit
andd completed a detailed health and lifestyle questionnaire.
Alll individuals have been flagged for death certification at the United
Kingdomm Office of National Statistics, with vital status ascertained for the
entiree cohort. In addition, participants admitted to hospital were identified
usingg their unique National Health Service number by data linkage with
ENCORE,, the East Norfolk Health Authority database, which identifies all
hospitall contacts throughout England and Wales for Norfolk residents.
Thee underlying cause of death or hospital admission was coded by trained
nosologistss according to the International Classification of Diseases 9th
revision.. Fatal coronary artery disease during follow-up was defined as
deathh with the underlying cause coded as International Classification
off Diseases codes 41CM14. Non-fatal coronary artery disease was defined
ass hospital admission with the underlying cause coded as International
Classificationn of Diseases codes 410-414. In 1996, we conducted a validation
studyy of coronary artery disease cases ascertained from death certificates
andd hospital admissions. Confirmation of the cause of death was sought
inn general practice and hospital notes or the post mortem report. For
coronaryy deaths identified from death certificates, the cause of death
wass coded as a definite coronary death, possible coronary death, or not a
coronaryy death using standard WHO-MONICA criteria.27 Out of 39 deaths,
388 were confirmed as such by inspection of the notes. For cases identified
basedd on linkage with hospital admission databases, the admission
diagnosiss was evaluated by inspection of hospital notes. The event was
thenn coded as a definite myocardial infarction, possible myocardial
infarctionn or not a myocardial infarction on the basis of the clinical history,
ECGG changes and enzyme changes using standard WHO-MONICA criteria.27
Alll 26 patients with a hospital discharge diagnosis of myocardial infarction
hadd either a definite or possible myocardial infarction by WHO-MONICA
criteria.. This validation study indicates that identification of events of
coronaryy artery disease from death certification or hospital admissions
providess a valid ascertainment of events. We report results with follow-up
upp to January 2003, an average of about 6 years. The study was approved

byy the Norwich District Health Authority Ethics Committee and all
participantss gave signed informed consent.
Participants Participants

Forr the present analysis, we excluded individuals who reported a history of
heartt attack or stroke at the baseline clinic visit. Cases were 777 individuals
whoo developed a myocardial infarction or died of coronary artery disease
duringg follow-up. Controls were study participants who remained free of
coronaryy artery disease during follow-up. Two controls were matched to
eachh case by sex, age (within 5 years), and date of visit {within 3 months).
BiochemicalBiochemical analyses

Bloodd was taken by venepuncture into plain and citrate tubes and
processedd for assay at the Department of Clinical Biochemistry, University
off Cambridge, or storage at -80° C. Serum levels of total cholesterol,
high-densityy lipoprotein cholesterol, and triglycerides were measured
onn fresh samples with the RA1000 (Bayer Diagnostics, Basingstoke,
Unitedd Kingdom) and low-density lipoprotein cholesterol levels were
calculatedd with the Friedewald formula.28 From 1994, full blood count was
additionallyy measured on fresh EDTA samples using a Coulter Counter and
thiss measure was available on approximately 60% of the cohort. In 2003,
plasmaa samples for cases and controls were retrieved from frozen storage,
thawed,, and MIF was measured by use of a commercially available assay
(R&DD Systems, Minneapolis, Minnesota). The lower detection limit was 62.5
Mg/1,, the upper detection limit was 2000 |jg/l, and the intra-assay variation
amongg duplicates was 9.5 %. C-reactive protein levels were measured with
aa sandwich-type enzyme-linked immunosorbent assay in which polyclonal
rabbitt anti-C-reactive protein antibodies were used as catching antibodies
andd biotinylated monoclonal antibodies against C-reactive protein (Sanquin
Research,, Amsterdam, the Netherlands) as the detecting antibody. Results
weree related to a standard consisting of commercially available C-reactive
proteinn (Behringwerke AG, Marburg, Germany). The lower detection limit
wass 0.1 mg/1. Samples were analyzed in random order to avoid systemic
bias.. Researchers and laboratory personnel had no access to identifiable
informationn and could identify samples by number only.
StatisticalStatistical analysis

Subjectss with MIF concentrations below the lowest detection limit were
assumedd to have the lowest detectable concentration and subjects with
concentrationss above the upper detection limit were assumed to have
thee highest detectable concentration. Baseline characteristics were
comparedd between cases and controls taking into account the matching
betweenn them. A mixed effect model was used for continuous variables
andd conditional logistic regression was used for dichotomous variables.
Becausee MIF and triglyceride levels had a skewed distribution, values were
log-transformedd before statistical analysis but untransformed medians
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Tablee 1. Baseline characteristics of study participants
Cases s

Controls s
Men,, n
Age,, years

1014 4
64.33

P* *

508 8

7.8

64.33

7.8

Matched d

Smoking g

<0.001 1

-Never r

2988 (30)

1211 (24)

-Past t

601(60) )

303(60) )

-- Current

1011 (10)

Bodyy mass index, kg/m2

84(17) )

26.44

3.1

Totall cholesterol, mg/dl

234.11

42.2

243.66

43.0

LDLL cholesterol, mg/dl

153.33

5

159.11

0

HDLL cholesterol, mg/dl

48.00

12.8

44.99

Triglycerides,, mg/dl

27.11

<0.0001 1

3.5

2

150.5(106.2-212.4) ) 168.22 (123.9 - 247.8)

Systolicc blood pressure, mmHg

140.44

Diastolicc blood pressure, mmHg

84.66

17.8
1

<0.0001 1

12.0

<0.0001 1

MIRR ug/l

95.66 (62.5 -167.6)
2.99 5.1

111.2(67.0-189.4) )

(n=535) )
66.22 7.0

(n=269) )
66.33 7.0

315(59) )
1800 (34)
38(7) )
26.44 4.1

1199 (44)
1122 (42)
377 (14)
27.66 4.5

3.99

0.001 1

Matched d
<0.0001 1

Totall cholesterol, mg/dl

258.99

LDLL cholesterol, mg/dl

166.88

HDLL cholesterol, mg/dl

61.11
140.00

Diastolicc blood pressure, mmHg

82.55

MIF,, ug/l
C-reactivee protein, mg/l

<0.0001 1

43.7

269.00

0

173.88

1

0.09 9

56.55

16.3

0.001 1

3

52.6

141.6(97.4-194.7) ) 168.2(123.9-239.0) )

Systolicc blood pressure, mmHg
Diabetes s

0.07 7
0.001 1

5.6

Smoking g

Triglycerides,, mg/dl

<0.0001 1

87.33

39(8) )

-- Never
-Past t
-- Current
Bodyy mass index, kg/m2

O.0001 1

18.6

31(3) )

Women n
Age,, years

0.004 4

1466

Diabetes s
C-reactivee protein, mg/l

<0.0001 1

19.9
5

0.008 8

<0.0001 1

143.22

9

0.02 2

84.99

1

0.004 4

8(2) )

17(6) )

0.02 2

76.7(62.5-137.5) )

100.6(62.5-180.7) )

0.014 4

3.33

4.9

4.88

5.9

<0.0001 1

Dataa are presented as mean
, median (interquartile range), or number (%).
P-valuess are for mixed effect model on continuous variables, and for conditional
logisticc regression on dichotomous variables. Triglyceride and MIF concentrations
weree log-transformed before analysis. * indicates p-value for comparison between
casess and controls taking into account the matching variables. A mixed effect model
w a ss used for continuous variables and conditional logistic regression was used for
categoricall variables.
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withh corresponding interquartile range are shown in the tables. Mean
riskrisk factor levels per MIF quartile were calculated in order to determine
relationshipss between MIF levels and traditional cardiovascular risk factors.
Forr continuous risk factors, we also calculated Spearman correlation
coefficientss and corresponding p-values. Conditional logistic regression
analysiss was used to calculate odds ratios (OR) and corresponding 95%
confidencee intervals (95%CI) as an estimate of the relative risk of incident
coronaryy artery disease. MIF concentrations were analysed as categorical
variabless after division into quartiles. The lowest quartile was used as
referencee category. Odds ratios were adjusted for the following traditional
cardiovascularr risk factors: age, sex, smoking, systolic blood pressure, total
cholesterol,, high-density lipoprotein cholesterol, diabetes, and body mass
index.. Odds ratios were also estimated after additional adjustment for Creactivee protein and after additional adjustment for both C-reactive protein
andd white cell count. The interaction between sex and MIF was calculated
too assess the validity of pooling sexes. Statistical analyses were performed
usingg SPSS software (version 10.1, Chicago, Illinois). A p-value less than 0.05
wass considered significant.
Results s
Fromm the total number of 777 cases, 194 (25%) died with coronary artery
diseasee as underlying cause and 583 (75%) had a non-fatal myocardial
infarction.. Owing to matching, age was comparable between cases
andd controls. As expected, both women and men who developed a
cardiovascularr event during follow-up were more likely than controls to
smokee and have diabetes (table 1). Among both sexes, total cholesterol
levels,, systolic and diastolic blood pressure, and body mass index were
significantlyy higher in cases than controls and high-density lipoprotein
cholesteroll levels were significantly lower in cases than controls. Baseline
mediann MIF concentrations were higher in cases (107.4 ug/1, interquartile
rangee = 62.5-185.3) than in controls (90.7 pg/1, interquartile range = 62.5156.4,, p=0.001).
Tablee 2 shows the distribution of traditional cardiovascular risk factors per
sex-specificc MIF quartile. A linear relationship was observed between MIF
quartiless and body mass index, total cholesterol, high-density lipoprotein
cholesterol,, triglycerides, C-reactive protein and white cell count. Among
bothh men and women, the unadjusted odds ratio for future myocardial
infarctionn or death from coronary artery disease was elevated in the
highestt MIF quartiles (p for linearity = 0.003 for men and p for linearity
== 0.006 for women; table 3). For both the unadjusted and adjusted odds
ratios,, the interaction between sex and MIF did not reach statistical
significancee which justifies pooling of the sexes. For sexes combined, the
relationshipp between MIF and risk of future coronary artery disease was
slightlyy attenuated but still significant after adjustment for classical risk
factorss (odds ratio = 1.3, 95%CI = 1.0-1.7 inn the highest quartile), and after
adjustmentt for classical risk factors and C-reactive protein (odds ratio = 1.3,
187 7

95%CII = 1.0-1.7 in the highest quartile. Upon adjustment for classical risk
factors,, C-reactive protein, and white cell count, the observed relationship
wass substantially attenuated and no longer statistically significant. This
relationshipp between MIF quartiles and cardiovascular risk did not differ
whenn instead of white cell count, adjustment was made for the number of
monocytes,, lymphocytes, or granulocytes {for each analysis: OR=1.2, 95%CI
== 0.8-1.7 in the highest MIF quartile). All white cell count-adjusted risk
estimatess were based on approximately 60% of individuals because white
celll count was not available in all subjects.
Discussion n
Inn the present prospective nested case-control study, plasma levels of MIF, a
proinflammatoryy cytokine, were elevated in men and women who did not
reportt a history of heart attack or stroke at baseline but who did suffer a
myocardiall infarction or died of coronary artery disease during follow-up.
Afterr adjustment for traditional cardiovascular risk factors and C-reactive
proteinn levels, individuals in the highest MIF quartile had an odds ratio for
futuree myocardial infarction or coronary artery disease death of 1.3 (95%CI
== 1.0-1.7, p=0.03), compared to those in the lowest quartile. Upon additional
adjustmentt for white cell count, the odds ratio was no longer statistically
significant.. These results suggest that MIF is involved in the inflammatory
processess that underlie atherosclerosis.
Inflammationn is a key process in the initiation and progression of
atherosclerosiss and in the development of clinical cardiovascular events.
AA number of cytokines have been found to predict future cardiovascular
eventss in individuals with prevalent cardiovascular disease including
tumorr necrosis factor-a,29 interleukin-18,30 interleukin-10,31 and soluble
CD400 ligand.32 However, in individuals without prevalent cardiovascular
diseasee a predictive role has been established only for C-reactive
protein,51433344 interleukin-6,M and macrophage inhibitory cytokine-1.7 For
clinicall purposes, C-reactive protein is considered to be the most useful
inflammatoryy marker due to its relative stability over time, the availability
off standardized commercial assays, and the abundance of clinical evidence
forr its strong relationship with the risk of future cardiovascular events.
However,, the inflammatory processes involved in atherosclerosis are likely
too be much more complex than can be reflected by C-reactive protein
plasmaa levels only.
MIFF is a pleiotropic cytokine is thought to regulate the host response to
stresss and infection. Stress-induced increases in circulating glucocorticoid
levelss have immunosuppressive effects but these effects may endanger the
integrityy of the host should an offending pathogen survive the primary
hostt defense system. A principal role of MIF is to counterbalance these
stress-inducedd immunosuppressive effects. A second important role of MIF
iss to facilitate the host to raise an adequate immune response to infectious
stimuli.. The upregulation of MIF plasma levels, either by the release of
preformedd MIF or by its de novo synthesis,35 can be triggered by indirect
188 8

CO O

O) )

88

1*. .

oo

öö

oo
VV

ii

oo 9

99

o ö ö

OO

ÖÖ

o

V

o

V

V

K)) O) S f (O O)
r-- T- ö, o> o co

TT T

11 ? 2 S i §

SS 3

o o o o

óó

ö

<9 ö

o

ö

O)) £
33 C

coo 2
a>> ai
"coo ' F
^^

®

cc

COO

©© -ö

COO « j
CD D

tt
^"^^ ^

1-4 4

co t o

AA

S

CO O

$$

rr r

UHH
1—1 1

»~~

«« CO O,

ss

T3 3

&&

oo
co o
•H H

OO

ss

??

ff
I

^** ^""^ T l

m

.

r

JJ

4J

~~ — _

n , j

l Tï
IJ
"*T**
ÏÏ "H

o»» 8

CM M

T»

O) )

£

ss
ie *
T ^
f ** +**
Ö.. coeiso £r &
PP
^^ cll 33 5 2 K
::

??

** 44
Q «i

T©
~

44 4
IO O

88

*~

ss

5§

(dé

>> c
0)) —
"OO IL

T ^ rt '•«

S 3I
££ g88s? si

ES S
CD D
T33 «D
CC 3

0> >

o> > IO Oco oO))
* * • * * CJ J
oo
o> >** *T-"
" CO O 44 4
•*** fl -H ^
^-P«-- co o1 * . . <o o
co o• ** tri rrt t>
^p. .
co or-CM M

ss i §

•<^f f

CO

(U U
C/5 5

uu

iSS co
»» *
444 Q.

cc a>

§8§ff

CDD c

s

n) )
XX

fH H
OO

Ei i
ss
s
.«5-5 5

+11 4* -H H

ÖÖ

**

ro o

OO CO
cc ®

coo ei «J to co o, a; *i e» «,

< S k T ^ " ' - * — » §§ CM o

??

to

r

eoo - .

«> >
CMM

aa
•
IA A
CM M

Q .. ^

S

to o

a o

^,
r

^^

S-

44 ^

o o )

( 0

o> co
44

-H

N..

^
-M ^

a q i o

oo

co 3: i*. ^- CM ™
CMM

,tf f

. ,,

^

IO

(M

^

*"•*•:
co

".

G.. Ö £ S 44 ^ 4) 41 # J
T--

$ 4 4

«-• T-

-,

O) )
on n 0>>
8»»

r-rS? f3..
?

g 4»

88

,_

coo «
*~~ có

*f —. «t <*
n . 3*, 44 44

•MM

41

oo

mm ww
co w
eo ^*~* ^
^-^^ w" r i +f
CM M
COO to K

«

^ 5=
44 ^
°. a>
tóó

^
44
"?
'"

*—

'Il l
«ï
O hN
^
44 ^
^ CB
"

T"

CM M

O) )
XX

^^

i 1»

CD

'öö 'o
033 fc
O-- <r>
«« O
XX o

a>> c
coo o

^^

co

COO P

00

I I II

CD

S3 3

88 8 si 8 S «
" **

coo É
.22 o
- >>

ww «Q s g
K"" •*

!!

455 co

I f j O O i - C O ^ ^ t - U ÏÏ
COO «tf CM
CO' - ^ cd có

IO O

CMM CM

T-*

^

•== CD
**
£
.. Q.

coo a>
oo
ö

y-r

(D

«f f
«« s8

22 E

CDD fc (ö

55 "§ p" I? o. S

• cc co c3

oo co

f*3|f|g^ ^

ww

-

coo .E o
Q4-J55

189 9

stress-inducedd stimuli or by direct pro-inflammatory stimuli such as tumor
necrosiss factor and lipopolysaccharide.36 In turn, MIF facilitates the host
too raise an adequate immuneresponse by influencing various intracellular
pro-inflammatoryy pathways13•" and by upregulating the expression in
macrophagess of toll-like receptor-4, the innate immune receptor for
lipopolysaccharide.122 Although MIF is required to combat infection,
highh plasma levels of MIF are harmful during acute infections. The
administrationn of recombinant MIF alone did not induce shock in mice but
whenn co-administered with lipopolysaccharide or E.Coli, recombinant MIF
levelss did exacerbate lethal endotoxemia.37 The MIF-induced upregulation
off toll-like receptor4 may be one of the mechanism linking MIF to
cardiovascularr risk because the toll-like receptor-4 has been shown to be
involvedd to the progression of atherosclerosis and the risk of cardiovascular
events.3839 9
MIFF is not only produced by immune cells but was also detected in
vascularr endothelial cells and smooth muscle cells in histologically normal
arteries.244 In early stages of atherosclerosis, oxidized low-density lipoprotein
cholesteroll accumulates in the subendothelial space. Oxidized lowdensityy lipoprotein cholesterol affects the expression pattern of adhesion
moleculess on endothelial cells thereby promoting the immigration of
macrophagess and other inflammatory cells into the vessel wall. MIF is one
off the cytokines that are upregulated in endothelial cells after incubation
withh oxidized low-density lipoprotein cholesterol and its expression is
upregulatedd as early atherosclerotic plaques progress towards advanced
stages.222 In vitro studies have shown that macrophages stimulated with
MIFF secrete tumor necrosis factor andinterleukin-8, both proinflammatory
cytokiness abundantly present in atherosclerotic lesions.20 In addition,
MIFF can upregulate the expression of intercellular adhesion molecule-1
byy endothelial cells and this upregulation is associated with monocyte
adhesionn onto the endothelium and subsequent migration into the
subendotheliall space.22Thus, oxidized low-density lipoprotein cholesterol
mayy promote the immigration of macrophages into the subendothelial
spacee and endothelium-derived MIF may facilitate process. Interestingly,
inn apolipoprotein E-deficient mice, inhibition of MIF resulted in a shift
inn the cellular composition of neointimal atherosclerotic plaques toward
aa stabilized phenotype with reduced macrophage/foam cell content and
increasedd smooth muscle cell content content.23 This observation in
combinationn with the results of our study supports the hypothesis that MIF
mayy increase the risk of coronary artery disease by enhancing the number
off macrophages in prevalent atherosclerotic plaque, thereby increasing
plaquee instability and proneness to rupture.
AA number of issues have to be taken into account when interpreting
thee results of the present study. Plasma levels of MIF were determined
inn a single sample that was obtained at a non-uniform time of the day.
Diurnall variation and variation over time could have affected the MIF
concentrationss that we measured. However, this would lead to random

Tablee 3. Odds ratios for future coronary artery disease by MIF quartile
44
PP
22
33
Mirr quaniie
\\
Quartilee range, ug/t

<62,5 5

62,5-94,5 5

94,6-166,6 6

>> 166,6
205/324 4

183/343 3
Menn and women, n 189/489 9 124/288 8
1,11 (0,9-1,4) 1,4(1,1-1,8) )
Unadjusted d
1.0 0

1,6(1,2-2,0) )

1,0 0

1,0(0,8-1,4) ) 1,11 (0,9-1,5)

1,3(1,0-1,7) )

0,03 3

1,0 0

1,0(0,7-1,3) ) 1,11 (0.8-1,4)
0,9(0,6-1,4) ) 1,0(0,7-1,4) )

1,3(1,0-1,7) )
1,2(0,8-1,7) )

0,03 3
0,4 4

Adjustedd (1)
Adjustedd (2)
Adjustedd (3)

1,0 0

<< 0,0001

Unadjusted d

1.0 0

129/237 7
86/181 1
1,3(0,9-1,8) ) 1,4(1,1-1,9) )

1,5(1,1-2,1) )

0,003 3

Adjustedd (1)

1,0 0

1,4(1,0-2,1) ) 1,3(0,9-1,8) )

1,5(1,1-2,1) )

0,03 3

Adjustedd (2)

1.0 0

1,5(1,1-2,1) )

0,03 3

Adjustedd (3)

1.0 0

1.4(1,0-2,0) ) 1,3(0,9-1,8) )
1,4(0,8-2,3) ) 1,1(0,7-1,8) )

1,3(0,8-2,1) )

0,3 3

Men,, n

106/289 9

Unadjusted d

1.0 0

0.9(0,6-1,3) ) 1,3(0,9-2,0) )

64/96 6
1,7(1,1-2,4) )

0,006 6

Adjustedd (1)

1.0 0
1,0 0

0,6(0,4-1,0) )

1,0(0,6-1,5) )

1,2(0,8-1,9) )

0,3 3

0,6(0,4-1,1) ) 1,0(0,6-1,5) )

1,2(0,8-2,0) )

0,3 3

1,0 0

0,6(0,3-1,1) ) 0,9(0,5-1,5) )

1,11 (0,6-1,9)

0,8 8

Women,, n

Adjustedd (2)
Adjustedd (3)

83/200 0

38/107 7

54/106 6

141/228 8

Oddss ratios for the risk of myocardial infarction or death from coronary artery
diseasee for sexes combined adjusted for sex, and for men and women separately.
(1)) Adjustment for age, systolic blood pressure, total cholesterol, high-density
lipoproteinn cholesterol, body mass index (continuous variables), smoking and
diabetes.. (2) Adjustment for variables above and in addition,, C-reactive protein. (3)
Adjustmentt for variables above and in addition, C-reactive protein and white cell
count.. The numbers in parentheses indicate the number of cases/controls within
thatt quartile. The total number of cases/controls for the unadjusted odds ratio, the
adjustedd odds ratio (1), adjusted odds ratio (2), and adjusted odds ratio (3) were
777/1551,, 703/1449, 701/1448, 442/911, respectively. * indicates p-value for x2
linearr trend with 1 degree of freedom.

misclassificationn in our data and therefore to an underestimation of our
findings.. Second, the relationship between MIF plasma concentrations, MIF
concentrationss in the subendothelial space, and MIF activity levels requires
furtherr exploration. Third, whether or not MIF is instrumental in the
developmentt of future cardiovascular events remains to be established. It
iss unlikely that differences in MIF plasma levels occurred as a consequence
off previous cardiovascular events because individuals with symptomatic
cardiovascularr disease were excluded from our analysis but we cannot
excludee the possibility that MIF levels reflect the extent of subclinical
atherosclerosis. .
MIFF plasma levels were strongly correlated with most traditional
cardiovascularr risk factors. It is therefore not surprising that adjustment
forr these parameters substantially attenuated the relationship between
MIFF and the risk of coronary artery disease. Despite the fact that C-reactive
proteinn was also strongly correlated with MIF, additional adjustment for
191 1

C-reactivee protein did not affect the observed relationship. Therefore,
thesee data suggest that MIF may represent an inflammatory pathway
thatt is relevant for atherogenesis and independent of C-reactive protein.
Thee observed relationship was substantially attenuated upon additional
adjustmentt for white cell count which is an established risk factor for
cardiovascularr disease independent of classical risk factors.4041 White cell
countt was available in approximately 60% of the individuals resulting in
losss of statistical power but the point estimates for the risk of coronary
arteryy disease were also substantially reduced after adjustment for white
celll count. MIF is expressed by a range of leukocytes including monocytes,
macrophages,, neutrophils, and mast cells. It is constitutively expressed
andd stored in intracellular pools and therefore does not require de novo
proteinn synthesis before secretion. This observation may explain why
thee relationship between MIF and the risk of coronary artery disease
disappearedd upon adjustment for white cell count.
Inn conclusion, these prospective data support a role for MIF in determining
thee risk of coronary artery disease. However, the relationship between
MIFF levels and the risk of future myocardial infarction or death from
coronaryy artery disease was weak and was attenuated upon adjustment for
traditionall cardiovascular risk factors. Because in mice, inhibition of MIF
resultedd in a shift in the cellular composition of atherosclerotic plaques
towardd a stabilized phenotype, MIF may be a therapeutic target that
warrantss further exploration in humans.
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C-reactivee protein levels and
coronaryy artery disease incidence
andd mortality in apparently healthy
menn and women; the EPIC-Norfolk
prospectivee population study 19932003 3

Abstract t
Background Background

Measurementt of C-reactive protein (CRP) levels has been proposed as a
usefull marker to improve the prediction of future coronary artery disease
(CAD)) risk, but this notion has been challenged recently.
MethodsMethods and Results

Wee performed a prospective case-control study nested in the EPIC-Norfolk
cohort.. Cases were 1108 apparently healthy men and women who did
nott report a history of heart attack or stroke at the baseline visit, but
developedd fatal of non-fatal CAD during follow-up. A total of 2164 controls
weree matched by age, sex, and enrolment time. The study sample had risk
factorr levels comparable to those of contemporary Western populations.
Thee odds ratio (OR) for future CAD incidence was 2.49 (95% CI=2.02-3.08, p
forr linearity O.OOOl) unadjusted, and 1.66 (95%CI = 1.31-2.12, p for linearity
<0.0001),, after adjustment for systolic blood pressure, LDL-cholesterol, HDLcholesterol,, body mass index, diabetes, and smoking habit, for top versus
bottomm quartile of the CRP distribution. Notably, the risk factor adjusted
predictivee value was substantially stronger for fatal CAD (OR = 2.92,
95%CII = 1.83-4.67, p for linearity <0.0001) than for non-fatal CAD. In the
multivariatee regression model, CRP was among the strongest predictors of
CADD incidence and mortality.
Conclusions Conclusions

Inn this British cohort with risk factor levels representative of a
contemporaryy Western population, CRP concentration was among the
strongestt predictors of CAD incidence and mortality. We suggest that
currentt guidelines on CRP measurement in clinical practice should be
basedd on contemporary and representative populations.

Introduction n
Elevatedd levels of C-reactive protein (CRP) predict future myocardial
infarctionn in patients with stable1 and unstable coronary artery disease
(CAD),2,33 and even in apparently healthy men4 and women.5-6 A recent
clinicall guideline suggested that the CRP measurement could be used
ass an adjunct to traditional cardiovascular risk factors to improve the
predictionn of absolute risk of CAD.7 More recently, however, the largest
prospectivee study ever to assess CRP, the Reykjavik study, observed that
thee epidemiological relation between CRP levels and CAD incidence was
lesss strong than reported in previous studies.8 The authors concluded that
clinicall guidelines that recommend CRP measurement in daily practice
mayy need to be reviewed. This conclusion has led to an ongoing debate.*13
Thee discussion has revolved around obvious explanations for the apparent
discrepancies,, including differences in CAD definition, follow-up time,
cut-offf values for categorizing CRP, and the adjustment for other risk
factors.. We propose an alternative explanation. The relative importance
off risk factors in a population depends on the distribution of those risk
factors,144 which may vary between populations but also within the same
populationn over time. We hypothesized that the importance of CRP levels in
aa contemporary Western population may be different than in the Reykjavik
studyy with baseline data collected in 1967. We tested this hypothesis using
dataa from an ongoing prospective population study, a large prospective
studyy of CAD events, examining the predictive value of CRP levels for future
CADD in apparently healthy men and women.
Methods s
Wee performed a nested case-control study among participants of the EPICNorfolkk (European Prospective Investigation into Cancer and Nutrition)
study,, a prospective population study of 25,663 men and women aged
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline
questionnairee survey and attended a clinic visit.15 Participants were
recruitedd from age-sex registers of general practices in Norfolk as part of
thee ten-country collaborative EPIC study designed to investigate dietary
andd other determinants of cancer. Additional data were obtained in EPICNorfolkk to enable the assessment of determinants of other diseases.
Thee design and methods of the study have been described in detail.15 In
short,, participants completed a detailed health and lifestyle questionnaire
att the baseline survey between 1993 and 1997. Blood was taken by
venepuncturee into plain and citrate bottles. Blood samples were processed
forr assay at the Department of Clinical Biochemistry, University of
Cambridge,, or stored at -80 °C. All individuals have been flagged for
deathh certification at the UK Office of National Statistics, with vital status
ascertainedd for the entire cohort. In addition, participants admitted
too hospital were identified using their unique National Health Service
numberr by data linkage with ENCORE (East Norfolk Health Authority
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T a b l ee 1 . B a s e l i n e c h a r a c t e r i s t i c s
Non-fatal l
Subjects s

Cases s

1515 5

770 0

Age e

88

Malee sex

Fatal l

Controls s

P* *

88

61.2(927) )

Controls s

Cases s

649 9

338 8

Matched d

61.5(474) ) Matched d

Smoking g

77

p#» »

77

68.77 (446)

Matched d

69.8(236) )

<< 0.0001

-Never r

42.66 (639)

34.33 (262)

35.5(227) )

26.11 (87)

-Past t

49.22 (739)

51.6(394) )

56.3(360) )

55.0(183) )

-- Current

8.2(123) )

14.00 (107)

8.11 (52)

18.99 (63)

Diabetes s

1.5(23) )

8.11 (47)

Bodyy mass index
Systolicc blood pressure
Diastolicc blood pressure

<< 0.0001

2.55 (16)

7.44 (25)

26.33

3.5

27.44

3.8

<< 0.0001

26.33

3.4

1388

8

1422

8

<< 0.0001

1411

8

833

1

855

12

<< 0.0001

844

Totall cholesterol

6.33

1.2

6.55

2

<< 0.0001

6.33

1

LDLL cholesterol

4.00

0

4.33

0

<< 0.0001

4.11

HDLL cholesterol

1.399

6 << 0.0001

1.344

Triglycerides s
C-reactivee protein

0 1.277

Matched d
<< 0.0001

1

27.11

0.006 6

3.9

0.001 1

99

<< 0.0001

877

3

<< 0.0001

6.55

2

0.01 1

0

4.22

1

0

1.266

0.04 4
8

0.003 3

1.6(1.1-2.4)1.9(1.4-2.8) ) << 0.0001 1.7(1.2-2.3) ) 1.9(1.3-2.7) ) << 0.0001
1.4(0.7-3.1) )2.1(0.9-4.3) ) << 0.0001 1.6(0.8-3.3) ) 3.3(1.5-6.9) ) << 0.0001

Dataa are presented as mean
, percentage (n), or median (interquartile range).
Comparisonss between cases and matched controls were by conditional logistic
regressionn for categorical variables, and by mixed effect model for continuous
variables.. P* indicates p-value for non-fatal cases versus matched controls, and P**
indicatess p-value for fatal cases versus matched controls. Triglyceride levels and
CRPP levels were log-transformed before analysis.

database),, which identifies all hospital contacts throughout England and
Waless for Norfolk residents. Participants were identified as having CAD
duringg follow-up if they had a hospital admission and/or died with CAD
ass underlying cause. CAD was defined as codes 410-414 according to the
Internationall Classification of Diseases 9th revision. Case ascertainment
hass been described in detail elsewhere.16 We report results with follow-up
upp to January 2003, an average of about 6 years. The study was approved by
thee Norwich District Health Authority Ethics Committee. All participants
gavee signed informed consent.
Participants Participants

Wee have previously described a similarly designed nested case-control
study.16"188 An extended follow-up has resulted in the identification of
moree CAD cases allowing the present study to be considerably larger. We
excludedd all individuals who reported a history of heart attack or stroke
att the baseline clinic visit. Cases were individuals who developed a fatal or
non-fatall CAD during follow-up until November 2003. Controls were study
participantss who remained free of any cardiovascular disease during follow200 0

up.. We matched two controls to each case by sex, age (within 5 years), and
timee of enrolment (within 3 months).
BiochemicalBiochemical analyses

Serumm levels of total cholesterol, HDL cholesterol, and triglycerides
weree measured on fresh samples with the RA1000 (Bayer Diagnostics,
Basingstoke,, UK), and LDL cholesterol levels were calculated with the
Friedewaldd formula.19 C-reactive protein levels were measured with a
sandwich-typee ELISA in which polyclonal rabbit anti-C-reactive protein
antibodiess were used as catching antibodies and biotinylated monoclonal
antibodiess (CLB anti-CRP-2) as the detecting antibody, as previously
described.200 Results were related to a standard consisting of commercially
availablee C-reactive protein (Behringwerke AG, Marburg, Germany). The
lowerr detection limit was 0.1 mg/1. Samples were analyzed in random order
too avoid systemic bias. Researchers and laboratory personnel had no access
too identifiable information, and could identify samples by number only.
StatisticalStatistical analysis

Baselinee characteristics were compared between cases and matched
controlss taking into account the matching between them. A mixed
effectt model was used for continuous variables and conditional logistic
regressionn was used for categorical variables. Because triglycerides and
CRPP levels had a skewed distribution, values were log-transformed before
beingg used as continuous variables in statistical analyses but in the tables
wee show untransformed medians and corresponding interquartile ranges
(IQR).. Odds ratios (OR) and corresponding 95% confidence intervals (95%CI)
ass an estimate of the relative risk of incident CAD were calculated using
conditionall logistic regression analysis taking into account matching for
sex,, age, and time of enrolment. Odds ratios were calculated for quartiles
andd tertiles of the CRP distribution among controls. The lowest CRP
quartilee was used as the reference category. Odds ratios were adjusted
forr the following cardiovascular risk factors: smoking (yes/no), diabetes
(yes/no),, body mass index, systolic blood pressure, LDL-c, and HDL-c (each
ass continuous variable). Additional analyses were performed entering
continuouss risk factors as quartiles, and adjusting for total cholesterol
insteadd of LDL-c and HDL-c. Conditional logistic regression (taking into
accountt matching for sex, age, and time of enrolment) was used to
calculatee ORs with corresponding 95%CIs for each risk factor. Comparisons
weree between smokers vs non-smokers, diabetics vs non-diabetics, and
extremee quartiles for continuous variables. In addition, the area under
thee curve (AUC) for the receiver-operating-characteristic (ROC) curve was
calculatedd for each risk factor by conditional logistic regression (here
continuouss risk factors were entered as continuous variables) as previously
described.211 Subsequently, risk factors were entered into the conditional
logisticc regression model in the order of the strength of ORs, and the
cumulativee area under the ROC curve was calculated. The area under an
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ROCC curve for a regression model indicates the percentage of CAD events
thatt could be predicted successfully using the risk factors in that model.
Statisticall analyses were performed using SPSS software (version 12.0.1,
Chicago,, Illinois). A p-value < 0.05 was considered to indicate statistical
significance. .
Results s
Wee identified 1108 individuals who did not report a history of
cardiovascularr disease at the baseline visit but who did develop CAD
duringg follow-up. Of these, 770 (69.5%) were non-fatal and 338 (30.5%) were
fatall events. A total of 1056 cases could be matched to two controls, and
522 cases could be matched to one control only. Thus, the control group
comprisedd 2164 people. Due to matching, age and sex were comparable
betweenn cases and controls (table 1). As expected, cases were more likely
thann controls to smoke and have diabetes (p < 0.0001 for each). Levels of
totall cholesterol, low-density lipoprotein cholesterol (LDL-c), triglycerides,
systolicc and diastolic blood pressure, body mass index (BMI), and CRP
weree also significantly higher in cases than controls, and high-density
lipoproteinn cholesterol (HDL-c) levels were significantly lower (p < 0.0001 for
each).. These differences showed similar patterns when cases were divided
intoo fatal and non-fatal cases. When non-fatal cases were compared with
fatall cases, the latter group tended to be older and have higher levels of
systolicc and diastolic blood pressure, and CRP. In addition, fatal cases were
moree often men and smokers. Taking into account the matching for sex,
agee and enrolment time, and adjusting for all traditional cardiovascular
riskk factors, the OR for future CAD incidence was 1.66 (1.31 - 2.12) for those
inn the highest CRP quartile compared to those in the lowest quartile (p for
linearityy < 0.0001) (table 2).
Too assess the reliability of the association between CRP levels and CAD risk,
wee entered covariates as continuous and categorical variables. The risk
estimatess varied marginally such that the latter generally yielded slightly
higherr ORs. Also, ORs were marginally higher when we adjusted for total
cholesteroll instead of LDL-c and HDL-c. Similarly, to assess whether ORs
weree materially different when using alternative cut-offs, we repeated these
analysess using tertile cut-offs. ORs were slightly lower in the top category
comparedd to the bottom category when tertiles (cut-off 2.3 mg/1) were used,
comparedd to when quartiles were used (cut-off 3.1 mg/1). The risk estimates
weree not significantly different when stratified by levels of the classical
cardiovascularr disease risk factors, nor by the length of follow-up time (data
nott shown). The OR for future CAD was considerably higher for fatal CAD
thann for fatal and non-fatal CAD combined. Of all people who developed
CADD in the present analysis, those in the highest CRP quartile had a 2.5foldd increased risk of mortality (OR = 2.47,1.59-3.87) compared to those in
thee bottom quartile. The predictive values of CRP levels for fatal and nonfatall CAD were significantly different (p = 0.002). Taking into account the
matchingg for sex, age and enrolment time, and adjusting for traditional
203 3

Tablee 3. Fully adjusted risk estimates for incident CAD by various
cardiovascularr risk factors
Alll cases versus controls
Casess / controls

1108/2164 4

Fatal cases versus controls
338/649 9

Sex x

Matched d

Matched d

Age e

Matched d

Matched d

Smoking g

2.13(1,65-2.75} }

<< 0.0001

2.46(1.55-3.91) )

0.0001 1

Diabetes s

4.266 (2.61-6.93)

<< 0.0001

2.611 (1.24-5.49)

0.01 1

BMI I

1.74(1.36-2.23) )

<< 0.0001

1.27(0.82-1.96) )

0.3 3

Systolicc BP

1.56(1.22-1.99) )

<< 0.0001

1.96(1.24-3.11) )

0.001 1
0.1 1

LDL-c c

1.68(1.33-2.14) )

<< 0.0001

1.41(0.89-2.24) )

HDL-c c

0.577 (0.44-0.73)

<< 0.0001

0.80(0.49-1.30) )

0.3 3

CRP P

1.66(1.31-2.12) )

<< 0.0001

2.92(1.83-4.67) )

<< 0.0001

Dataa are fully adjusted odds ratios, corresponding 95% confidence intervals, and
p-valuess for linearity. Odds ratios were calculated by conditional logistic regression
takingg into account matching for sex, age, and enrolment time, and adjusting for
alll other risk factors indicated. Comparisons were between smokers versus nonsmokers,, diabetics versus non-diabetics, and top quartile versus bottom quartile
forr continuous risk factors. The other risk factors in the regression model were
enteredd as dichotomous variables for smoking and diabetes, and otherwise as
continuouss variables. BP indicates blood pressure, BMI indicates body mass index,
LDL-cc indicates low-density lipoprotein cholesterol, HDL-c indicates high-density
cholesterol,, CRP indicates C-reactive protein.

riskk factors, all evaluated risk factors were significant independent
predictorss of CAD risk (table 3). The OR comparing top quartile versus
bottomm quartile was similar for CRP levels as for other continuous risk
factors,, at least for fatal and non-fatal CAD combined. When only fatal CAD
wass considered, the predictive value of CRP was substantially higher than
thosee of other risk factors.
Thee area under the ROC curve was calculated by conditional logistic
regressionn (taking into account the matching for sex, age, and time of
enrolment)) for each evaluated risk factor. CRP levels yielded the highest
AUC,, both for total CAD incidence (figure la) and for CAD mortality (figure
lb).. Stepwise entry of all risk factors into a conditionall logistic regression
modell in the order of their AUC, showed that the cumulative AUC
increasedd with an increasing number of risk factors in the model. For total
CADD incidence, the greatest contributor was CRP concentration, with some
additionall contribution of other risk factors (figure la). For CAD mortality,
thee greatest contributor was CRP concentration, with little additional
contributionn of other risk factors (figure lb).
Discussion n
Inn this large prospective study, we found that circulating levels of CRP were

aa strong risk factor for future CAD incidence and mortality. Individuals in
thee highest quartile had a 66% increased risk of CAD compared with those
inn the lowest quartile, which is consistent with previous large studies.
Importantly,, however, in this cohort with risk factor levels representative of
aa contemporary Western population, CRP levels were among the strongest
predictorss of CAD incidence and mortality, and definitely not weaker
thann traditional risk factors. In addition, the predictive value of CRP was
substantiallyy higher for CAD mortality than for non-fatal CAD incidence.
Thesee observations have implications for the interpretation of recent
studiess investigating the association between CRP and CAD risk, and for the
overalll relevance of CRP measurement in clinical practice.
C-reactiveC-reactive protein levels as a risk f actor f or coronary artery disease

Thee positive association between CRP levels and CAD risk is well
established.. A recent updated meta-analysis reported a summary odds
ratioo of approximately 1.6 (1.5-1.7),8 which is consistent with the magnitude
off the association in our study. Sensitivity analyses suggested that the
strengthh of the association between CRP and CAD risk was not materially
alteredd by choice of cut-off value or alternative modeling of covariates.
However,, we cannot entirely exclude the possibility that the choice of
cut-offf value may have a marginal impact on the predictive value of CRP.
Givenn recent clinical guidelines recommending the use of 3.0 mg/1 as a cutofff value,7 and in order to increase comparability of the epidemiological
evidence,, it would be appropriate to include an analysis using that value
inn subsequent prospective epidemiological studies. Interestingly, in the
sensitivityy analyses, we found that circulating levels of CRP were much
strongerr predictors of CAD mortality than total CAD incidence. In every
studyy in the CRP field performed thus far, CAD outcome was defined as
thee incidence of either fatal myocardial infarction, or the combination
off fatal plus non-fatal myocardial infarction. This maximizes statistical
powerr but assumes that the predictive value for fatal and non-fatal events
iss equivalent. Our results suggest that this is not the case. If confirmed
inn future epidemiological studies, this observation may provide an
explanationn for the discrepancy between study results.
Basedd on the observed summary odds ratio of approximately 1.6, Danesh
ett al. recently suggested that recommendations on CRP measurement
inn clinical practice may need to be reviewed.8 They substantiated their
conclusionn by the observation that CRP levels added only marginally to the
predictivee value of stronger risk factors; in their study total cholesterol,
smoking,, and systolic blood pressure. However, In the Reykjavik study,
whichh was initiated in 1967, cholesterol levels were higher and CRP levels
lowerr than in contemporary Western populations. As stressed recently,9
suchh differences in the distribution of relevant risk factors may have an
impactt on the predictive value of a given risk factor.14 In contrast to the
Reykjavikk study, we observed in our study cohort with risk factor levels that
reflectt those of a contemporary Western population,22 that CRP levels were

Figuree l a . Relative strengths of cardiovascular risk factors for incidence of
coronaryy artery disease
Riskk factor

OR (95%CI)

AUC (95%CI)

CRP P

2.4(1.9-3.0))

0.60(0.58-0.62)

11 /HDL-c

2.1(1.7-2.7))

0.59(0.57-0.61)

BMI I

2.1(1.7-2.5))

0.58(0.56-0.60)

Systolicc BP

2.0(1.6-2.5))

0.58(0.56-0.60)

LDL-c c

1.7(1.4-2.2))

0.56(0.54-0.58)

Smoking g

2.1(1.6-2.6))

0.54(0.52-0.56)

Diabetes s

3.99 (2.6-5.9)

0.52 (0.50-0.54)

0.55

0.6

0.7

0.8
Cumulativee area under the ROC curve

Conditionall logistic regression (taking into account matching for sex, age, and time
off enrolment) was used to calculate odds ratios (OR) with corresponding 95% confidencee intervals (95%CI) for each risk factor. Comparisons were between smokers
vss non-smokers, diabetics vs non-diabetics, and extreme quartiles for continuous
variables.. In addition, the area under the curve (AUC) for the receiver-operatingcharacteristicc curve was calculated for each risk factor by conditional logistic regressionn (here continuous risk factors were entered as continuous variables). HDL-c is
displayedd as 1 / HDL-c. Subsequently, risk factors were entered into the conditional
logisticc regression model in the order of the AUCs. The figure displays the cumulativee area under the ROC curve upon adding the risk factor in that line, so the first line
representss a model with CRP levels only, the second line represents a model with
CRPP levels and HDL-c levels, etc. Further deviation from unity (0.5 in an ROC curve)
indicatess higher predictive value of that model.
amongg the strongest predictors of future CAD. These observations suggest
t h a tt risk prediction requires careful consideration of the underlying
characteristicss of each population.
PathophysiologicalPathophysiological evidence
Besidess the epidemiological evidence for its role as inflammatory marker
inn clinical practice, evidence is now accumulating that CRP may play an
activee role in the initiation and progression of atherosclerosis by acting as a
procoagulant, 23255 eliciting inflammatory parameters, 25 enhancing foam cell

206 6

formationn in atherosclerotic lesions,26 and promoting leukocyte adhesion to
endotheliall cells.27 However, our observation that CRP levels are a stronger
determinantt of fatal than of non-fatal CAD suggests that CRP may also play
ann active role in determining CAD mortality. This observation is consistent
withh recent prospective evidence that several inflammatory plasma
markerss were related to the fatality of coronary events,28 and also with
thee results of experimental myocardial infarction models, which showed
thatt raising CRP levels before coronary occlusion resulted in increased
infarctt size.29-30 This effect was abrogated by complement depletion. In
humans,, immunohistochemical studies have shown co-localization of
CRPP and complement in the hearts of patients who died from myocardial
infarction.31322 These observations suggest that CRP can bind to ischemic
cardiomyocytess and initiate the complement cascade which aggravates the
inflammatoryy reaction ensuing in ischemic myocardium and enhances
myocardiall damage.33
Limitations Limitations

Ourr study has several limitations. First, we used fatality as our definition
off case-severity and compared fatal and non-fatal coronary events, but in
practice,, these are part of a spectrum. We identified CAD using hospital
admissionn and mortality records. Exclusion of milder events not resulting
inn hospital admission may have underestimated absolute event rates and
reducedd the range of case severity. Second, plasma levels of CRP were
determinedd in a single sample that was obtained at a non-uniform time
off the day. Diurnal variation and variation over time could have affected
CRPP concentrations. However, random measurement errors in both
casee ascertainment and exposure assessment would underestimate any
relationshipss between CRP levels and CAD risk, and therefore do not negate
ourr findings. The extent of measurement error is unlikely to differ from
thosee for other risk factors, or from other prospective studies on which
clinicall recommendations are based.
Conclusion Conclusion

Wee observed that in a population with risk factor levels representative for
contemporaryy Western populations, CRP levels were among the strongest
predictorss of future CAD, and definitely not weaker than traditional
cardiovascularr risk factors. Second, our results indicate that the predictive
valuee of CRP plasma levels may be stronger for CAD mortality than for
totall CAD incidence. These observations have important implications
forr the interpretation of studies investigating the association between
CRPP levels and CAD risk, and for the relevance of CRP measurement
inn clinical practice in general. We propose that current guidelines on
CRPP measurement in clinical practice be based on data obtained in
contemporaryy and representative populations.

Figuree l b . Relative strengths of cardiovascular risk factors for incidence of
fatall coronary artery disease
Riskk factor

ORR (95%CI)

AUC (95%CI)

CRP P

3.9(2.5-6.1))

0.66(0.62-0.69)

Systolicc BP

2.3(1.5-3.4))

0.61(0.57-0.65)

11 / HDL-c

1.7(1.1-2.6))

0.57(0.53-0.61)

BMI I

1.7(1.2-2.4))

0.56(0.52-0.60)

Smoking g

2.6(1.8-3.9))

0.55(0.51-0.59)

LDL-c c

1.4(1.0-2.1))

0.52(0.49-0.56)

Diabetes s

3.2(1.7-6.1))

0.52(0.48-0.56)

0.55

0.6

0.7

0.8
Cumulativee area under the ROC curve

Relativee strengths of cardiovascular risk factors for future fatal CAD in apparently
healthyy men and women. Methods as in figure 1a.
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Interactionn between a genetic
variantt of the platelet fibrinogen
receptorr and fibrinogen levels in
determiningg the risk of
cardiovascularr events

Abstract t
Background Background

Thee P1A1A2 polymorphism of glycoprotein Ilia (GPIIIa), which affects postoccupancyy signaling by the platelet fibrinogen receptor Ilbllla, has been
investigatedd as a potential genetic risk factor for cardiovascular events in
numerouss studies, without consistent results. We investigated whether the
effectt of this genetic variant of the platelet fibrinogen receptor on the risk
off cardiovascular events is affected by fibrinogen plasma levels.
Methods Methods

Thee GPIIIa P1A1A2 polymorphism and fibrinogen levels were determined in
4555 men with angiographically documented coronary atherosclerosis.
Results Results

Neitherr carriership of the rare P1A2 allele, nor fibrinogen plasma levels
affectedd the time to cardiovascular event, as assessed in a proportional
hazardss model. However, there was a significant interaction between
P1A22 carriership and fibrinogen plasma levels (p=0.002). Carriership of
thee variant P1A2 allele significantly affected event-free survival only in
individualss within the highest fibrinogen quartile (hazard ratio=2.7,
95%CI=1.1-7.1,, p=0.03).
Conclusions Conclusions

Wee observed a statistically significant interaction between a genetic variant
off the platelet fibrinogen receptor and fibrinogen levels in determining
thee risk of cardiovascular events. This interaction may account for the
inconsistentt results of genetic association studies investigating this
genotypee as genetic risk factor in thrombotic cardiovascular events.

Introduction n
Glycoproteinn Ilia (GPIIIa) is one of the two protein components of the
platelett fibrinogen receptor Ilbllla. It contains a Leu33Pro polymorphism
thatt is better known as P1A1A2, where P1A1 indicates the common 33Leu
allele,, and P1A2 the rare 33Pro allele. The P1A2 allele has been associated
withh an enhanced adhesive phenotype in several in vitro and in vivo
studies.. Recent evidence suggests that the P1A2 allele can induce enhanced
post-occupancyy signaling through mitogen-activated protein kinase and
myosinn light chain kinases, which may explain their hyperfunctional
phenotype.11 Whether or not this genotype-dependent biochemical
differencee is clinically relevant, is still unresolved. Since Weiss et al.
proposedd the P1A1A2 polymorphism as a genetic risk factor for myocardial
infarction,22 an abundance of genetic association studies have attempted to
replicatee their finding, with inconsistent results.34 This is not uncommon
inn genetic association studies, and suggests that other factors may interact
withh the investigated relationship.5
AA recent report from the Framingham Heart Study described that plasma
fibrinogenfibrinogen levels may modify the relationship between this genotype
andd an intermediate phenotype, i.e. platelet aggregation.6 A genotypedependentt influence of fibrinogen levels on epinephrine and ADP
aggregationn thresholds was observed, i.e. higher fibrinogen quartiles were
associatedd with decrementally lower agonist thresholds, but only in P1A1A1
homozygotes.. In carriers of the variant P1A2 allele this relationship was
nott observed. This interaction between the P1A1A2 polymorphism and
fibrinogenfibrinogen levels may provide an explanation for the inconsistency among
associationn studies with clinical endpoints. Surprisingly, out of the wide
rangee of studies associating the risk of atherothrombotic events with this
geneticc variant of the platelet fibrinogen receptor, only two have provided
dataa on fibrinogen levels as covariates.78
Wee hypothesized that the interaction between the P1A1A2 polymorphism
andd fibrinogen levels that exists for platelet aggregation, also affects the
riskk of clinical cardiovascular events. We investigated this hypothesis in
aa group of patients with symptomatic coronary artery disease (CAD) that
weree included in the REGRESS study.9
Methods s
StudyStudy design

Thee REGRESS study and design have been described previously.9 Briefly,
REGRESSS is a randomized, placebo-controlled multicenter trial that
assessedd the effect of two years of treatment with pravastatin 40 mg on
progressionn and regression of angiographically documented coronary
atherosclerosiss in 885 male patients with a normal to moderately raised
serumm cholesterol, i.e. between 4 and 8 mmol/L (155 to 310 mg/dL), and
triglyceridess <4.0 mmol/L (354 mg/dL) as determined after an overnight
fast.. Patients were divided into one of three strata according to the type of
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primaryy management elected at the participating center: percutaneous,
surgicall or medical treatment. In each stratum, patients were then
randomizedd to receive pravastatin 40 mg once daily or matching placebo.
Patientss and physicians were blinded to the randomization throughout the
study.. All patients gave informed consent, and the study was approved by
thee Ethical Review Boards of the participating institutions.
ClinicalClinical outcome measures

Coronaryy angiograms were analyzed quantitatively by the Cardiovascular
Measurementt System (CMS, MED1S Medical Imaging Systems, Nuenen,
thee Netherlands). The quantitative coronary arteriographic procedures
havee been described in detail previously.9 Primary end points were (a) the
changee in average minimal obstruction diameter (MOD) per patient and (b)
thee change in average mean segment diameter (MSD) per patient. Change
inn MOD mainly reflects focal progression-regression of atherosclerosis,
andd change in MSD mainly reflects diffuse progression-regression of
atherosclerosis. .
Thee following clinical events (according to prespecified criteria) were
recordedd during the study follow-up period of two years, and identified
beforee unblinding: myocardial infarction (fatal or nonfatal); coronary
heartt disease death (other than known fatal myocardial infarction); nonscheduledd percutaneous or surgical revascularization; stroke and transient
ischemicc attack, and death (all other causes).
BiochemicalBiochemical and DNA analyses

Totall cholesterol, high-density lipoprotein cholesterol (HDL), and
triglyceridess were measured on fasting blood samples at the Lipid Reference
Laboratory,, as published previously.9 Low-density lipoprotein cholesterol
(LDL)) was calculated according to the Friedewald formula.
Plasmaa samples for fibrinogen measurement were obtained at baseline
inn EDTA-coated containers. Samples were available for 477 individuals.
Fibrinogenn levels were determined using an enzyme immuno-assay that
usess a monoclonal antibody against the carboxy-terminal end of the
fibrinogenn Act-chain as the capture antibody (G8), and a monoclonal
antibodyy against the amino-terminal end of the Aa-chain (Y18) as the
taggingg antibody.10
Genomicc DNA was extracted according to a standard protocol. PCR
amplificationn was performed on 1 \A DNA in 10 \A ReddyMix™ (ABgene,
Epsom,, UK) according to methods previously described.11 Researchers and
laboratoryy personnel had no access to identifiable information, and could
identifyy samples by a number only.
StatisticalStatistical analysis

Withinn each of the treatment groups, the assumption of Hardy-Weinberg
equilibriumm was tested by means of gene counting and chi-square
analysis.. Individuals were divided into two genetic groups: non-carriers

Tablee la. Baseline characteristics according to GPIIIa P1A1A2 genotype
PIA1A1 1
Subjects s

334 334

Age-yr r

555

8

Bodyy mass index - kg/m2

266

3

1355
822

Currentt or former smoker

294(88) )

LOLL cholesterol - mmol/l
HDLL cholesterol - mmol/l
Triglyceridess - mmol/l

9
10

83(25) )
6.11

8
33

Diastolicc blood pressure - mmHg
Currentt smoker

1144 + 7
577

Systolicc blood pressure - mmHg

Totall cholesterol - mmol/l

PIA1A22 + PIA2A2

77
822

1

1099 (89)
36(29) )

9

5.99

0.9

4.33

0.8

4.22

0.8

0.99

0.2

0.99

0.3

1.67(1.21-2.27) )

1.47(1.05-2.09) )

Historyy of myocardial infarction

158(47) )

58(48) )

Leftt ventricular ejection fraction - %

700

3

711

2

Meann segment diameter - mm

2.88

5

2.99

0.5

Minimall obstruction diameter - mm

1.99

5

2.00

7

Stenosis-% %

355

2

366

6

Coronaryy artery disease
- 11 vessel

1488 (44)

511 (42)

- 22 vessels

114(34) )

38(31) )

- 33 vessels

711 (21)

322 (26)

Eventt rate

555 (16)

16(13) )

Dataa are presented as mean
, median (25th - 75th percentile), or n (%).
Triglyceridee concentrations had a skewed distribution. Therefore, statistical analyses
weree based on log-transformed data, but untransformed data are shown in the table.

(P1A1A1)) and carriers of the variant allele (P1A1A2 + P1A2A2). These genetic
groupss were compared with respect to relevant baseline characteristics,
concentrationss of lipids and lipoproteins, in-trial changes of lipid
andd lipoprotein concentrations, and in-trial changes of angiographic
parameters.. Differences in baseline parameters were analyzed with
thee independent samples t- test or the Pearson's chi-square test where
appropriate.. Changes in lipid concentrations, lipoprotein concentrations,
andd in-trial angiographic changes were compared by one-way analysis
off covariance, with baseline values as covariates. Since triglyceride and
fibrinogenn concentrations had a skewed distribution, the statistical
analysess were based on log-transformed data. However, the concentrations
inn the tables are gives as untransformed medians (25th - 75th percentile). A
Coxx proportional hazards model was used to analyze event-free survival,
usingg genotype, fibrinogen plasma levels and the interaction between
thesee two as independent variables. A Cox proportional hazards model
assumess that the hazard associated with a risk factor is proportional
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overr the course of time, and over the range of covanate values.
Transformationn of the covariate values, for instance logarithmically,
mayy affect this proportionality. In order to determine the functional
formm of the covariate fibrinogen to be included in the model, martingale
residuess were calculated and plotted against fibrinogen. A nonparametric
regressionn line was fitted on the data. Linearity indicates that the log (risk)
increasess linearly with the chosen functional form of the covariate (and
thee interaction). Second, in order to assess the general fit of the model,
Cox-Snelll residuals were calculated and plotted against the estimated
cumulativee hazard of the residuals. Closeness of the estimates to the 45°
linee suggests a good fit of the model.

Results s
Off the 885 patients enrolled in REGRESS, fibrinogen concentrations
weree available for 477 individuals. From these, 455 could be genotyped
forr the GPIIIa P1A1A2 polymorphism. These 455 individuals did not
differr significantly from the original 885 patients for any of the baseline
characteristics,, treatment variables, or risk of cardiovascular events,
exceptt for a higher percentage of excluded patients being in the stratum
thatt was initially treated surgically. In the entire cohort, 114 (25.1%) were
heterozygouss and 7 (1.5%) were homozygous for the variant allele. The
raree P1A2 allele was found at a frequency of 0.14 (95%CI 0.11-0.17). These
frequenciess did not differ significantly between the two treatment groups.
Forr the placebo group, the pravastatin group, and the total cohort, the
observedd allele frequencies were in Hardy-Weinberg equilibrium.
BaselineBaseline characteristics

Patientss were classified according to carriership of the P1A2 allele and
accordingg to fibrinogen quartile. There were no statistically significant
differencess between the groups at baseline with respect to CAD risk factors,
severityy of coronary atherosclerosis, treatment, or risk of cardiovascular
events,, except for a slightly lower triglyceride concentration among P1A2
carrierss (table la and lb).
In-trialIn-trial changes of lipids and angiographic parameters

Thee GPIIIa polymorphism did not affect in-trial changes of total cholesterol,
LDLL cholesterol, triglycerides, or HDL cholesterol (data not shown).
Pravastatinn reduced total cholesterol, LDL, and triglycerides, and increased
HDLL to a similar extent in both genetic subgroups. Changes in angiographic
measurementss were also not affected by the GPIIIa polymorphism, with
similarr effects of pravastatin treatment in both genetic subgroups.
FibrinogenFibrinogen concentrations

Amongg patients who did not have an event during follow-up, fibrinogen
concentrationss did not differ according to P1A2 genotype (table 2).
Fibrinogenn concentrations were also comparable between non-carriers

Tablee lb. Baseline characteristics according to fibrinogen quartile
Fibrinogenn quartiles

11

22

113 3

116 6

Age e

555

8

Bodyy mass index

266

3

Systolicc blood pressure

3

44

112 2

114 4

""

88

88
266

88

1377

266

2

1344

6

1355

9

811

0

811

1

Currentt or former smoker

99(88) )

104(90) )

96(88) )

Currentt smoker

25(22) )

322 (28)

25(22) )

0.9

6.11

104(91) )
33(29) )

0.9

5.99

0.8

5.99

0.8

0.7

4.22

0.2

0.2

0.99

0.2

LDLL cholesterol

4.33

9

4.44

0.8

4.33

HDLL cholesterol

0.99

2

1.00

2

0.99

Triglycerides s

3

9

811

6.00

99
266

00

Diastolicc blood pressure

Totall cholesterol

0

3

1.68(1.20-2.14)) 1.51(1.14-2.12) 1.77(1.16-2.36) 1.58(1.16-2. .

Historyy of myocardial infarction

533 (47)

55(47) )

49(44) )

599 (52)

Leftt ventricular ejection fraction

711

2

700

3

722

1

700

3

Meann segment diameter

2.99

5

2.77

0.5

2.88

0.4

2.99

0.5

Minimall obstruction diameter

1.99

6

1.88

5

2.00

0.4

1.99

6

Stenosis s

377

5

355

5

8

366

4

311

Coronaryy artery disease
- 11 vessel

50(44) )

48(41) )

55(49) )

46(40) )

-- 2 vessels

322 (28)

411 (35)

366 (32)

433 (38)

-- 3 vessels

311 (27)

277 (23)

20(18) )

255 (22)

Eventt rate

13(12) )

20(17) )

211 (19)

17(15) )

Dataa are presented as mean
, median (25th - 75th percentile), or n (%).
Triglyceridee concentrations had a skewed distribution. Statistical analyses were
basedd on log-transformed data, but untransformed data are shown in the table. Fbg
indicatess fibrinogen

whoo did, and those whoo did not have an event. However, P1A2 carriers who
developedd a cardiovascular event had a significantly higher fibrinogen
concentrationn (median=4.64) compared to P1A2 carriers who did not have
ann event (median=3.03, p=0.03), and compared to non-carriers who did
havee an event (median=3.06, p=0.02). No plasma samples were available
too determine fibrinogen concentrations during follow-up, so the effect of
pravastatinn treatment on fibrinogen levels could not be determined.
RiskRisk of cardiovascular events

Neitherr carriership of the P1A2 allele, nor fibrinogen plasma levels affected
thee time to cardiovascular event, as assessed by a Cox proportional hazards
model.. However, there was a significant interaction between GPIIIa
genotypee and fibrinogen plasma levels (p=0.002). These results did not
changee substantially after adjustment for all other significant baseline
characteristicss (multi-vessel disease, randomized treatment allocation
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(pravastatinn or placebo), BMI, age, and percentage stenosis), nor after
adjustmentt for aspirin use. The statistical significance differed slightly
dependingg on the transformation of fibrinogen values. Martingale residuals
weree associated linearly with untransformed fibrinogen values (and
interaction),, justifying the use of untransformed values (data not shown).
Cox-Snelll residuals were calculated and plotted against the estimated
cumulativee hazard of the residuals (figure 1). The plot follows the 45°
linee except in the tail where the variability of the cumulative hazard rate
iss large. This suggests a good fit of the model, and substantiates that the
interactionn found between fibrinogen plasma levels and GPIIIa genotype is
trulyy present in our data. Carriership of the rare P1A2 allele significantly
affectedd event-free survival only in individuals within the highest
fibrinogenfibrinogen quartile (hazard ratio=2.7, 95%CI=1.1-7.1, p=0.03). Conversely, the
fibrinogenfibrinogen concentration was a significant predictor of event-free survival
onlyy in carriers of the P1A2 allele (p=0.003).
Discussion n
Inn a cohort of men with symptomatic coronary artery disease, we observed
ann interaction between a genetic variant of the platelet fibrinogen
receptorr and plasma fibrinogen levels in determining the risk and time to
cardiovascularr event during follow-up. The variant P1A2 allele was a risk
factorr for developing cardiovascular events only among those within the
highestt fibrinogen quartile, suggesting that both may be required to cause
ann important risk increase.
Severall mechanistic studies have provided in vitro data on the functional
propertiess of the P1A1A2 polymorphism. Many studies have assessed its
effectt on platelet aggregation, which has been shown to be an important
predictorr of the risk of cardiovascular events and mortality.12 However, the
resultss of these studies have not yielded consistent results. Compared to
P1A1A11 platelets, the threshold for P1A2 platelet activation was found to
bee lower,1314 higher,1516 and unaltered.17 Similarly, binding of exogenous
fibrinogenfibrinogen was increased1318 and unaltered.17 An important drawback of
aggregationn studies is the large heterogeneity of variables that may affect
platelett aggregation, such as the agonists used, the concentrations used,
etc.199 A large substudy from the Framingham Heart Study demonstrated
thatt P1A1A2 genotype was associated with platelet aggregation as well.14
Ann additional reason for the large inconsistency may derive from the
factt that aggregation tests assess the combined effects of two separate
processes,, namely (I) platelet activation with subsequent expression of
GPIIblllaa receptors, and (II) GPIIbllla-dependent thrombus formation
byy platelet - fibrinogen binding. The first process is likely to depend on
thromboxanee A2 production by cyclo-oxygenase but the exact mechanism
remainss unclear. Aspirin affects this mechanism, and this may underlie the
genotype-dependentt differential anti-thrombotic effect of aspirin observed
inn several studies. The second process may depend on (I) the number of
GPIIblllaa receptors expressed per platelet, (II) the GPIIbllla-fibrinogen

Table2.. Fibrinogen concentrations according to P1A1A2 genotype and event
status s
Noo event
Event t
P* *

PIA1A1 1

PIA1A22 + PIA2A2

Pt t

3.077 (2.3^4.04)
n=279 9
3.066 (2.45-3.49)
n=55 5
NS S

3.033 (2.4-M.02)
n=105 5
4.64(2.89-6.31) )
n=16 6
0.02 2

NS S
0.03 3

** P-value for the comparison event versus no event, t P-value for the comparison
A1A11 versus A2.

dissociationn constant, and (III) the plasma fibrinogen concentration. After
ADPP stimulation, surface expression of GPIIbllla is significantly higher in
PlA2-positivee platelets than in P1A1A1 platelets.13 The dissociation constant
hass been shown to be unaffected by the GPIIIa polymorphism.17 A role for
thee plasma fibrinogen concentration in in vitro platelet aggregation has
beenn suggested,6 but a role in in vivo platelet aggregation has not been
studiedd thus far. Most of these variables are usually not taken into account
whenn performing platelet aggregation studies, and may have differed
substantiallyy between the studies mentioned.
Inn addition to platelet aggregation, other platelet characteristics have been
investigatedd as well as potential mediators for the suggested increased
adhesivee phenotype of the P1A2 allele. Receptor-ligand interaction was
shownn to be unaffected,20 but PlA2-positive platelets did display lower
thresholdss for GPIIbllla activation and a-granule release.13 In addition, P1A2positivee platelets showed greater a-granule release and greater adhesion to
fibrinogenn under shear stress.1 These observations may be caused by the fact
thatt the P1A2 allele can induce enhanced post-occupancy signalling
throughh mitogen-activated protein kinase and myosin light chain kinases.1
Thesee in vitro studies provide supportive evidence for an enhanced
adhesivee phenotype of the P1A2 allele. Two study groups have used bleeding
timee wounds to assess the coagulation process in vivo. In a study performed
amongg Caucasians, bleeding times were shorter in P1A2 carriers than in
non-carriers.21222 In blood derived from these bleeding time wounds, several
markerss of thrombin generation and fibrinogen consumption were
consistentlyy higher in PlA2-positive subjects.21 "However, in a study that
measuredd bleeding times in Greenland Inuit, a population with a low
incidencee of ischemic heart disease, such a relationship between bleeding
timee and the GPIIIa genotype was not observed.24
Thee concept of an interaction between GPIIIa genotype and an
environmentall factor is supported by a number of recent studies. A
substudyy from the Framingham Heart Study found a genotype-dependent
influencee of fibrinogen on epinephrine and ADP thresholds for platelet
aggregation,, i.e. higher fibrinogen quartiles were associated with
incrementallyy lower agonist thresholds, but only in non-carriers. Among
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P1A22 earners, such a relationship was not observed. In the highest
fibrinogenfibrinogen quartile, the agonist thresholds did not differ between carriers
andd non-carriers. However, these results are hard to compare with our in
vivoo observations. For instance, the trigger for in vivo platelet aggregation
consistss of several agonists combined, compared to one in in vitro
experiments.. The concentration of these agonists may be of a completely
differentt order of magnitude, than the ones used in vitro. In addition, the
Framinghamm substudy did not include patients on aspirin. In our study
overr 50% used aspirin, which has been reported to have a genotypedependentt antithrombotic effect although no consensus exists on this.
Inn addition, two recent clinical studies have also suggested that an
interactionn may exist between this polymorphism and an environmental
factor,, i.e. smoking. Compared to non-smoking non-carriers, carriers of the
variantt P1A2 allele who smoked had a 13-fold increased risk of myocardial
infarction,, while non-smoking carriers were not at increased risk.25 We did
nott observe such an interaction in our cohort. Second, Barakat et al.
suggestedd that an interaction exists between this polymorphism and
smokingg in determining the severity of acute coronary syndromes (ACS).
Theyy hypothesized that smoking P1A2 carriers are more prone to make
strongerr thrombi, and thus are more likely to develop ST-elevation ACS
thann non-ST-elevation ACS. Consequently, among smokers suffering a nonST-elevationn ACS the P1A2 allele frequency should be substantially reduced,
whichh is what they observed.26
Fibrinogenn levels, which were not determined in these studies, maybe the
pathophysiologicall explanation for this observed interaction since smoking
iss known to affect fibrinogen levels. In our study, there was a trend towards
higherr fibrinogen plasma levels in smokers, compared to non-smokers (3.31
++ 1.37 g/L vs 3.57 + 1.61 g/L, p=0.084). In the current study, we did not
observee a significant interaction between genotype and smoking. This may
havee been caused by the fact that using smoking as a dichotomous risk
factorr instead of fibrinogen as continuous risk factor, reduced the statistical
powerr to detect such an interaction.
Thee relationship between this genetic variant of the platelet fibrinogen
receptorr and cardiovascular events has been assessed in numerous genetic
associationn studies but only two have reported data on fibrinogen levels as
covariates.. Only Senti et al. observed and discussed a relationship between
thesee two variables in their study of patients with a first myocardial
infarction.. Fibrinogen levels were significantly higher among P1A1A1
individualss than among P1A2 carriers, suggesting that the latter require
lesss high fibrinogen levels to develop a myocardial infarction. Our
observationn of a fibrinogen level-dependent risk increase of cardiovascular
eventss only among P1A2 carriers is not consistent with this finding.
However,, our study investigates the risk of cardiovascular events in patients
withh established coronary artery disease, which involves not necessarily the
samee pathophysiological pathway as that in patients with first MI.

Limitations Limitations
Theree are several potential limitations to the present study. The events
definedd in REGRESS include a number of different clinical entities, i.e. nonscheduledd percutaneous or surgical revascularization, non-fatal myocardial
infarction,, and fatal myocardial infarction.9 Part of these events may have
beenn caused by restenosis. Nevertheless, the large majority were events in
whichh atherosclerotic plaque rupture and subsequent thrombotic
occlusionn are the underlying pathophysiological processes. The fact that
thesee plaque rupture-related events led to a range of clinical outcomes may
havee depended on numerous other factors, and does not negate our
findings.. Second, the current analysis was a non-predefined subanalysis of
thee REGRESS cohort, and the number of events observed during the twoyearr follow-up period was relatively low. Therefore, we cannot exclude the
possibilityy that our observation was a chance finding. Our observation may
providee an explanation for the inconsistency among association studies on
GPIIIaa genotype and cardiovascular endpoints, but, being an association
studyy itself, our observation requires confirmation in larger cohorts. Third,
noo plasma samples were available to determine fibrinogen concentrations
duringg follow-up. Evidence exists that statin treatment may increase
fibrinogenfibrinogen levels by approximately 3%.27 However, adjustment for
pravastatinn treatment did not change the strength of the observed
interaction. .
Conclusion Conclusion
Wee conclude that in this cohort of men with symptomatic coronary artery
disease,, carriership of the GPIIIa variant P1A2 allele significantly affected
thee risk of developing a cardiovascular event during follow-up, but only in
individualss within the highest fibrinogen quartile. This interaction with
fibrinogenfibrinogen plasma levels may provide a plausible explanation for the
inconsistencyy among case-control studies investigating the role of this
GPIIIaa polymorphism as a risk factor for atherothrombotic events.
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Geneticc variation in coagulation
andd fibrinolytic proteins and their
relationn with acute myocardial
infarction;; a systematic review

Abstract t
Background Background
Itt is pathophysiological^ conceivable that genetic variations in coagulation
andd fibrinolytic proteins are associated with the risk of myocardial
infarction. .
MethodsMethods and Results
Wee performed a literature search to identify published case-control studies
correlatingg the factor V Leiden or prothrombin G20210A mutations or
fibrinogenfibrinogen G-455A or plasminogen activator inhibitor-1 (PAI-1) 4G/5G
polymorphismss with the risk of myocardial infarction. Studies were
includedd only if they used solid diagnostic criteria and complied with
publishedd methodological criteria. A common OR with corresponding
95%% CI was calculated for the risk of myocardial infarction in a fixed-effect
modell according to Mantel-Haenszel. The factor V Leiden and prothrombin
G20201AA mutations did not significantly correlate with myocardial
infarctionn (OR 1.26, 95% CI 0.94 to 1.67, P=0.12 and OR 0.89, 95% CI 0.59 to
1.35,, P=0.6, respectively). Inclusion of the studies that investigated young
patientss (<55 years) made the association significant for factor V Leiden
(ORR 1.29, 95% CI 1.03 to 1.61, P=0.02). Homozygosity for the fibrinogen 455AA allele was significantly associated with a decreased risk of myocardial
infarctionn (OR 0.66, 95% CI 0.44 to 0.99, P=0.04), whereas the PAI-1 4G4G
genotypee was significantly associated with increased risk (OR 1.20, 95% CI
1.044 to 1.39, P=0.04).
Conclusions Conclusions
Associationss between these genetic variations and myocardial infarction
weree weak or absent. In the absence of clinical implications, our results
indicatee that screening of patients with myocardial infarction for these
geneticc variations is not warranted.

Background d
Thrombosis,, triggered by atherosclerotic plaque rupture, is generally
acceptedd as the most common pathogenetic pathway of acute myocardial
infarction.11 In recent years, several genetic variations in coagulation and
fibrinolyticfibrinolytic proteins have been described, and numerous case-control
studiess have sought to correlate these genetic variations with the risk
off myocardial infarction. However, clear relationships have not been
established,, possibly owing to lack of statistical power of the individual
studiess or their heterogeneity in terms of methodological design, outcome
definition,, or selection of cases and controls. We hypothesized that a metaanalysiss could provide stronger evidence in favor of the hypothesis that
geneticc variations in coagulation or fibrinolytic proteins are associated
withh the risk of myocardial infarction. We limited our analysis to 4 genetic
variationss that are common and on which sufficient published data were
available,, ie, the factor V Leiden and prothrombin G20210A mutations and
thee fibrinogen Js-chain G-455A and plasminogen activator inhibitor-1 (PAI-1)
4G/5GG polymorphisms.
Methods s
LiteratureLiterature search

Wee identified all case-control studies correlating the factor V Leiden
mutation,, the prothrombin G20210A mutation, the fibrinogen fs-chain G455AA polymorphism, or the PAI-1 4G/5G polymorphism with myocardial
infarction.. The literature was scanned by a formal search of MEDLINE
andd EMBASE electronic databases between 1990 and January 2001. Terms
thatt were used for the search were both MeSH terms and {part of) the
textt words "acute coronary syndromes" or "myocardial infarction" in
combinationn with "factor V," "prothrombin," "fibrinogen," or "plasminogen
activatorr inhibitor," in combination with "polymorphism," "mutation,"
orr "genetics." The search results were limited to "human" and "English
language."" Reference lists of identified articles were scanned for additional
potentiallyy relevant publications. In addition, for each identified
publication,, an electronic "cited reference search" was performed (Web
off Science version 4.1.1, Institute for Scientific Information 2000), which
identifiedd all articles that cited the index publication.
SelectionSelection criteria

Studiess were included only if they were published as full-length articles in
peer-reviewedd journals and correlated the presence of a genetic variation
withh the risk of myocardial infarction in a group of unrelated cases
andd an appropriate group of controls who were representative of the
populationn from which the cases were recruited. We evaluated all studies
forr compliance with recently published criteria for methodological quality.2
Becausee none of the studies strictly fulfilled the criteria on objectivity
andd reproducibility, these were not used as a reason for exclusion. Studies
weree excluded if they did not comply with one or more of the criteria on

delineationn or spectrum of cases or controls. In addition, studies were
excludedd if they did not use at least 2 of the following 3 criteria for the
diagnosiss of myocardial infarction: chest pain, diagnostic ECG, and elevated
cardiacc enzymes. We also accepted studies that used angiographic or
postmortemm confirmation. All identified publications were independently
evaluatedd by 2 investigators for compliance with these criteria. The
resultss were compared and disagreements resolved by consensus. Studies
investigatingg patients with a myocardial infarction before the age of 55
yearss were excluded from the main analysis because of failure to include
ann adequate spectrum of cases.2 Provided that they met all other inclusion
criteria,, these studies were included in a secondary analysis.
DataData extraction

Dataa were independently extracted and entered into separate databases
byy 2 investigators. The results were compared and disagreements resolved
byy consensus. One publication did not provide a quantitative summary of
results,33 but complete data were subsequently obtained from the principal
investigator.. Authors were also contacted in case of a potential overlap
betweenn publications.
DataData analysis

Dataa were analyzed with Review Manager version 4.1 (The Cochrane
Collaborationn 2000). The raw data from each population were entered as a
separatee stratum. ORs with 95% CI for dichotomous data were calculated
byy the fixed-effects model according to Peto and Mantel-Haenszel. Tests for
heterogeneityy were performed with each meta-analysis.4 For the fibrinogen
andd PAI-1 polymorphisms, analyses were performed according to both a
recessivee model in which homozygotes for the rare allele were compared
againstt homozygotes for the other allele, and a dominant model in which
carrierss of at least 1 rare allele were compared against homozygotes of the
otherr allele.

Results s
FactorFactor V Leiden mutation

AA total of 18 studies were initially identified.^22 From those, 12 studies were
excludedd because no solid diagnostic criteria for myocardial infarction
weree used,1720 there was inadequate delineation of cases,2122 or there was an
inadequatee spectrum of cases,1116 leaving a total of 6 studies in the analysis.
Thee pooled analysis of the 6 qualifying studies included a total of 1302
patientss and 2093 controls and indicated a nonsignificant association with
myocardiall infarction (OR 1.26, 95% CI 0.94 to 1.67, P=0.12; Figure l).5"10 Eight
studiess that investigated patients with myocardial infarction before the age
off 55 years were initially identified.1116 Addition of the remaining 6 studies
madee the association stronger and significant (OR 1.29, 95% CI 1.03 to 1.61,
P=0.02).11166 All tests for heterogeneity were nonsignificant.

Figuree 1. Prevalence of the factor V Leiden mutation in patients with myocardiall infarction and controls.
Study y

ORR (95%CI)

Prevalencee in cases Prevalence in controls

Myocardiall infarction
2.488 (0.24-25.44)
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Oddss ratios for the outcome myocardial infarction in factor V Leiden carriers comparedd with non-carriers as reference group. Point estimates and corresponding 95%
confidencee intervals are presented for individual studies and for the pooled analysis.

ProthrombinProthrombin G20210A mutation
AA total of 13 studies were initially identified.510131419'2330 From those, 9
studiess were excluded because they did not use solid diagnostic criteria for
myocardiall infarction19-26 or because of inadequate delineation of cases27
orr an inadequate spectrum of cases,13-14-2527-30 leaving a total of 4 studies
inn the analysis. A pooled analysis of the remaining 4 studies included a
totall of 1535 patients and 2943 controls and indicated no association with
myocardiall infarction (OR 0.89, 95% CI 0.59 to 1.35, P=0.6; Figure 2).5-10-2324
Fivee studies that investigated patients with myocardial infarction before
thee age of 55 years were identified.131425-2730 From those, 2 were excluded
becausee of inadequate delineation 27 of cases or an inadequate spectrum of
cases.300 Addition of the remaining 3 studies yielded an OR of 1.11 (95% CI

Figuree 2. Prevalence of the prothrombin G20210A mutation in patients
withh myocardial infarction and controls.
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Oddss ratios for the outcome myocardial infarction in prothrombin G20210A carriers
comparedd with non-carriers as reference group. Point estimates and correspondingg 95% confidence intervals are presented for individual studies and for the pooled
analysis. .

0.799 to 1.56, P=0.6).1314-25 All tests for heterogeneity were nonsignificant.
FibrinogenFibrinogenfe-ChainG-455A polymorphism
Fivee studies were initially identified.3 3134 From those, 3 studies were
excludedd because no solid diagnostic criteria for myocardial infarction
weree used3-31 or because of an inadequate spectrum of cases,34 leaving 2
studiess in the analysis. A total of 983 patients and 1121 controls from 3
distinctt populations in 2 studies were included in the pooled analysis.32 33
Thee recessive model indicated a significant association between AA
genotypee and a lower risk of myocardial infarction (OR 0.67, 95% CI 0.45
too 0.98, P=0.04; Figure 3). The dominant model indicated a nonsignificant
associationn between carriership of at least 1 A allele and the risk of
myocardiall infarction (OR 0.91, 95% CI 0.76 to 1.09, P=0.3). In a secondary
analysis,, addition of the only study that investigated patients with
myocardiall infarction before the age of 55 years34 did not substantially

changee the results (recessive model: OR 0.68, 95% CI 0.46 to 0.99, P=0.04;
dominantt model: OR 0.92, 0.78 to 1.09, P=0.3).34 All tests for heterogeneity
weree nonsignificant.
PAI-1PAI-1 4G/5G polymorphism
AA total of 18 articles were initially identified.131535'50 From those, 11
studiess were excluded because they did not use solid diagnostic criteria
forr myocardial infarction43"7'49 50 or because of inadequate delineation of
cases15-500 or an inadequate spectrum of cases,1342 leaving 7 studies in the
analysis.. The qualifying 7 studies described a total of 2813 patients and
33588 controls from 8 distinct populations. 3 " 1 The pooled analysis indicated
aa significant association between the 4G allele and increased risk of
myocardiall infarction (recessive model: OR 1.20, 95% CI 1.04 to 1.39, P=0.04,
Figuree 4; dominant model: OR 1.18, 95% CI 1.04 to 1.37, P=0.01). The test for
heterogeneityy was significant (P=0.04). Exclusion of the only postmortem
study 355 resulted in nonsignificant heterogeneity without substantially
changingg the results. Three studies investigating patients with myocardial
infarctionn occurring before the age of 55 years were identified. 3233 50 One
Figuree 3. Prevalence of the fibrinogen G-455A polymorphism in patients
withh myocardial infarction and controls
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Prevalencee in cases

Prevalence in controls
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Oddss ratios for the outcome myocardial infarction in AA homozygotes compared with
GGG homozygotes as reference group. Point estimates and corresponding 95% confidencee intervals are presented for individual studies and for the pooled analysis.

studyy was excluded because of inadequate delineation of cases.50 Addition
off the remaining 2 studies1342 did not substantially change the results
(recessivee model: OR 1.20, 95% CI 1.04 to 1.37, P=0.01; dominant model: OR
1.17,, 95% CI 1.04 to 1.32, P=0.009).
Discussion n
Inn our pooled analyses, the factor V Leiden and prothrombin G20201A
mutationss did not significantly correlate with the risk of myocardial
infarction.. Homozygosity for the fibrinogen -455A allele and PAI-1 4G
allelee were significantly associated with decreased and increased risk of
myocardiall infarction, respectively.
Thee factor V Leiden mutation renders factor V relatively insensitive
too proteolytic degradation by activated protein C, thus creating a
procoagulantt state, which increases the risk of venous thrombosis
approximatelyy 2- to 4-fold compared with non-carriers. Although
pathophysiologicallyy also conceivable in arterial atherothrombosis, we
identifiedd no significant association with myocardial infarction in our
primaryy analysis. The addition of studies that investigated young patients
(<555 years) resulted in a significant association. Several authors have
reportedd that the observed association may be affected by interaction
withh other risk factors. For instance, Rosendaal et al.12 observed that the
riskk of myocardial infarction was not elevated in non-smoking factor V
Leidenn carriers, whereas factor V Leiden carriers who smoked had a 32-fold
riskk increase (95% CI 7.7 to 133) compared with a 9-fold increased risk in
smokerss without a factor V Leiden mutation. Thus, additional risk factors
mayy amplify the risk associated with this prothrombotic genetic variation.
Thee prothrombin G20210A mutation has been associated with increased
levelss of prothrombin and is clearly associated with an increased risk of
venouss thrombosis.51 However, neither the individual studies or our pooled
analysiss showed a significant association with the risk of myocardial
infarction. .
Owingg to the clear association between the fibrinogen G-455A
polymorphismm and fibrinogen plasma levels,3 52 many studies have
focusedd on its association with myocardial infarction. The individual casecontroll studies show very consistently (although not significantly) that
AAA homozygosity, compared with GG homozygosity, is associated with
decreasedd risk of myocardial infarction, and the pooled analysis confirms
thiss finding. An association does not exist between carriership of at least
11 A allele and the risk of myocardial infarction. If a cause-effect relation
existss between the A allele and risk of myocardial infarction, the effect may
bee present only in homozygotes.
Thee PAI-1 4G/5G polymorphism has been associated with increased PAI-1
levels.444 Both alleles bind to a transcriptional activator, whereas the 5G
allelee also binds a repressor protein to an overlapping binding site. In
thee absence of bound repressor, the basal level of PAI-1 transcription is
increased.. Compared with 5G homozygosity, both 4G homozygosity and

Figuree 4. Prevalence of the PAI-1 4G5G polymorphism in patients with myocardiall infarction and controls.
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Oddss ratios for the outcome myocardial infarction in 4G4G homozygotes compared
withh 5G5G homozygotes as reference group. Point estimates and corresponding
95%% confidence intervals are presented for individual studies and for the pooled
analysis. .

4GG carriership (4G4G and 4G5G genotypes combined) were marginally
significantlyy associated with increased risk of myocardial infarction.
However,, there is convergence to unity proportional to study size (Figure 4),
whichh may indicate publication bias in favor of small studies with positive
results.. Therefore, the weak association must be interpreted with caution.
Thee results of studies correlating genetic variations with the risk of
aa disease are often too inconsistent to draw conclusions. This can be
attributedd to heterogeneity of the individual studies in terms of outcome
definition,, design, selection of cases and controls, study size, genetic
makeupp of the populations studied, and the interaction with acquired
orr environmental risk factors. In this review, we evaluated all identified

studiess for these confounders. Because none of the identified studies met
thee criteria for reproducibility and objectivity,2 these criteria were not
applied.. However, it is unlikely that non-conformation with these criteria
wouldd invalidate our findings. The included studies did fulfill the criteria
forr outcome definition and selection of cases and controls. However,
severall limitations remain. First, interaction between genetic variations
andd acquired or environmental risk factors could not be evaluated because
dataa on these risk factors are not uniformly available. Second, the included
studiess differed substantially with regard to both the degree of matching
betweenn cases and controls and their racial background. Also, because of
thee retrospective design of most studies, people who died as a consequence
off myocardial infarction were not included. We did, however, include
studiess investigating fatal myocardial infarction, because these belong to
thee full spectrum of disease, and exclusion would create a selection of less
severee cases. Lastly, publication bias cannot be ruled out and is suggested
inn some of the analyses (eg, Figure 4). Importantly, the analyses represent
associationss between a genetic variation and the risk of acute myocardial
infarction.. Although tempting, conclusions on causality cannot be drawn.
Thee associations between the discussed genetic variations and myocardial
infarctionn were, if significant at all, rather weak. The presence of additional
riskk factors may amplify these associations, but this does not have any
clinicall implications. Thus, in the absence of therapeutic consequences, our
resultss suggest that screening of patients with myocardial infarction for
thee discussed genetic variations is not warranted.
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Fibrinogenn plasma levels, the factor
XIIII Val34Leu variant and the risk of
futuree coronary artery disease; the
EPIC-Norfolkk prospective population
study y

Introduction n
Thee most common cause of acute coronary syndromes is atherosclerotic
plaquee erosion or rupture with superimposed thrombosis resulting in
occlusionn of an epicardial coronary artery.12 In recent years, numerous
associationn studies have assessed the role of genetic variants of haemostatic
proteinss as potential risk factors for acute coronary syndromes,34 but
consistentt relationships have not been established. Poor reproducibility
iss often experienced in the field of genetic association studies, and may
bee caused by differences in patient and control definition, population
heterogeneity,, and limited statistical power.5 An additional drawback of
geneticc association studies is the fact that they typically assess only one
geneticc variant in one of the proteins involved in pathophysiological
processes.. Genegene and gene-environment interactions are not taken into
account,, usually because they are poorly understood. Better understanding
off the genetic and environmental context in which a genetic variant may
havee an effect, is therefore warranted.
Thee final phase of the coagulation cascade is the conversion of fibrinogen
too fibrin, and its subsequent cross-linking by factor XIII.6 Elevated
fibrinogenfibrinogen levels are an established predictor cardiovascular events
independentt of traditional risk factors.78 Factor XIII contains a common
codingg variant which predicts a valine to leucine substitution at codon 34.
Thee rare 34Leu allele has been associated with a reduced risk of myocardial
infarctionn and stroke,941 but this observation was not confirmed in other
studies.12133 Lim et al. have recently described gene-environment interaction
ass a potential explanation for these inconsistencies.14 They observed that
aa protective effect of the 34Leu allele is present in individuals with high
fibrinogenfibrinogen plasma levels, but not in those with low fibrinogen levels. The in
vitroo outcome used in this study was thrombus structure and permeability,
whichh may be clinically relevant because denser thrombus structures has
beenn observed in patients with premature coronary artery disease and
myocardiall infarction,1516 and in their relatives.17
Wee hypothesized that the interaction between the factor XIII Val34Leu
variantt and fibrinogen plasma levels which affects thrombus structure, also
affectss the risk of clinicall cardiovascular events. We tested this hypothesis
inn a prospective case-control study, nested in the EPIC-Norfolk cohort study.
Methods s
Wee performed a nested case-control study among participants of the EPICNorfolkk (European Prospective Investigation into Cancer and Nutrition)
study,, a prospective population study of 25,663 men and women aged
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline
questionnairee survey and attended a clinic visit.18 Participants were
recruitedd from age-sex registers of general practices in Norfolk as part of
thee ten-country collaborative EPIC study designed to investigate dietary
andd other determinants of cancer. Additional data were obtained in EPIC-

Norfolkk to enable the assessment of determinants of other diseases.
Thee design and methods of the study have been described in detail.18 In
short,, eligible participants were recruited by mail. At the baseline survey
betweenn 1993 and 1997, participants completed a detailed health and
lifestylee questionnaire. Blood was taken by venepuncture into plain and
citratee bottles. Blood samples were processed for assay at the Department
off Clinical Biochemistry, University of Cambridge, or stored at -80 °C. All
individualss have been flagged for death certification at the UK Office of
Nationall Statistics, with vital status ascertained for the entire cohort. In
addition,, participants admitted to hospital were identified using their
uniquee National Health Service number by data linkage with ENCORE (East
Norfolkk Health Authority database), which identifies all hospital contacts
throughoutt England and Wales for Norfolk residents. Participants were
identifiedd as having coronary artery disease (CAD) during follow-up if they
hadd a hospital admission and/or died with CAD as underlying cause. CAD
wass defined as codes 410-414 according to the International Classification of
Diseasess 9th revision. We report results with follow-up up to January 2003,
ann average of about 6 years. The study was approved by the Norwich District
Healthh Authority Ethics Committee. All participants gave signed informed
consent. .
Participants Participants
Wee have previously described a similarly designed nested case-control
study.19"211 Since that study, an extended follow-up has resulted in the
identificationn of more CAD cases allowing the present study to be
considerablyy larger. We excluded all individuals who reported a history of
heartt attack or stroke at the baseline clinic visit. Cases were individuals
whoo developed a fatal or non-fatal CAD during follow-up until November
2003.. Controls were study participants who remained free of any
cardiovascularr disease during follow-up. We matched two controls to each
casee by sex, age (within 5 years), and time of enrolment (within 3 months).
BiochemicalBiochemical analyses
Serumm levels of total cholesterol, HDL cholesterol, and triglycerides
weree measured on fresh samples with the RA1000 (Bayer Diagnostics,
Basingstoke,, UK), and LDL cholesterol levels were calculated with the
Friedewaldd formula.22 C-reactive protein levels were measured with a
sandwich-typee ELISA in which polyclonal rabbit anti-C-reactive protein
antibodiess were used as catching antibodies and biotinylated monoclonal
antibodiess (CLB anti-CRP-2) as the detecting antibody, as previously
described.233 Results were related to a standard consisting of commercially
availablee C-reactive protein (Behringwerke AG, Marburg, Germany).
Fibrinogenn in plasma was measured with a polymerization method as
originallyy described by Clauss.24 Genotyping of the factor XIII Val34Leu
variantt was determined by Taqman ABI high-throughput genotyping
technologyy at Strangeways Research Laboratories, Cambridge, UK. DNA
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wass stored in 36 matrix 96-well plates, with each plate containing two
duplicatess and two negative controls. Samples were analyzed in random
orderr to avoid systemic bias. Researchers and laboratory personnel had no
accesss to identifiable information, and could identify samples by number
only. .
StatisticalStatistical analysis
Baselinee characteristics were calculated for cases and matched controls.
Becausee triglycerides, fibrinogen levels and CRP levels had a skewed
distribution,, values were log-transformed before being used as continuous
variabless in statistical analyses but in the tables we show untransformed
medianss and corresponding interquartile ranges (IQR). People were divided
accordingg to tertiles of fibrinogen concentration based on the distribution
amongg controls. Mean risk factor levels by fibrinogen tertile and factor
XIIII genotype were calculated in order to determine relationships between
thesee factors and traditional cardiovascular risk factors. Odds ratios (OR)
andd corresponding 95% confidence intervals (95%CI) as an estimate of the
relativee risk of incident CAD were calculated using conditional logistic
regressionn analysis taking into account matching for sex, age, and time
off enrolment. Odds ratios were adjusted for the following cardiovascular
riskk factors: smoking (yes vs no), body mass index, diabetes, systolic blood
pressure,, LDL-c, and HDL-c. The interaction term between fibrinogen tertiles
andd the factor XIII genotype (ValVal versus Leu carriers) was calculated
byy conditional logistic regression, taking into account the matching for
Tablee 1. Baseline characteristics for cases and controls
Controls s

Cases s

Subjects s

386 6

189 9

Malee sex

76.99 (297)

79.4(150) )

Bodyy mass index, kg/m2

77

77

Age,, years
26.44

3.4

27.00

3.0

Smoking g
-- Never

41.3(158) )

25.44 (47)

-- Previous

50.11 (192)

60.0(111) )

-- Current

8.66 (33)

14.66 (27)

Diabetes s

1.0(4) )
1399

Systolicc bloodpressure, mmHg

7

4.88 (9)
1433

11

Diastolicc bloodpressure, mmHg

0
33

LDLL cholesterol, mmol/l

4.11

0

4.33

0

HDLL cholesterol, mmol/l

1.33

3

1.22

3

Triglycerides,, mmol/l

1.7(1.2-2.3) )

1.8(1.4-2.7) )

Fibrinogen,, mmol/l

3.00 (2.5-3.4)

3.11 (2.5-3.7)

Dataa are reported as percentages (n), means

SD, or median (interquartile range).

sex,, age and enrolment time, and adjusting for smoking {yes vs no), body
masss index, diabetes, systolic blood pressure, LDL-c, and HDL-c. Statistical
analysess were performed using SPSS software (version 12.0.1, Chicago,
Illinois).. A p-value < 0.05 was considered to indicate statistical significance.
Results s
Dataa were available for 189 cases and 386 matched controls. Due to
matching,, age and sex were comparable between cases and controls.
Ass expected, cases were more likely than controls to be smokers and
havee diabetes, and had higher systolic and diastolic blood pressure, LDL
cholesterol,, triglycerides and fibrinogen levels (table 1). Cases had lower
HDLL cholesterol levels than controls. Risk factor levels were not importantly
associatedd with the factor XIII Val34Leu genotype (table 2). However, risk
factorss were associated with fibrinogen levels. Elevated fibrinogen levels
weree associated with female sex, smoking, higher age, higher systolic and
diastolicc blood pressure, higher LDL cholesterol, and lower HDL cholesterol.
Withh increasing tertiles of fibrinogen, the risk of future coronary artery
diseasee increased but this did not reach statistical significance (table 3).
Overr all, people in the highest fibrinogen tertile had an odds ratio of 1.56
(95%CII = 0.99-2.46, p for linearity = 0.06), compared to people in the lowest
tertile.. Interestingly, the point estimate for people in the top tertile was
higherr when only ValVal homozygotes were considered (OR = 2.01, 95%CI
== 0.83-4.88), but due to the reduced number of observations the statistical
significancee was attenuated (p for linearity= 0.2). Among 34Leu carriers,
thee risk for people in the top fibrinogen tertile was substantially lower
(ORR = 1.26, 95%CI = 0.46-3.48, p for linearity = 0.6). The statistical term for
interactionn between fibrinogen tertiles and factor XIII genotype (ValVal
versuss Leu carriers) did not reach statistical significance (p = 0.15)
Discussion n
Inn this prospective nested case-control study, we observed that fibrinogen
plasmaa levels were associated with an increased risk of coronary artery
diseasee among apparently healthy men and women, an observation that
iss consistent with several other studies. A recent study that assessed
thrombuss structure as outcome, suggested that this association was subject
too complex genotype-environment interaction, such that it was strong
amongg people homozygous for the factor XIII 34Val allele, but attenuated
inn the presence of factor XIII 34Leu alleles. Our data suggest that such an
interactionn may indeed exist. However, due to the limited statistical power
off our study we were not able to provide supporting evidence for such a
claim. .
Thee formation of intracoronary thrombus is a pivotal process in the
majorityy of coronary events. The structure of such thrombus exhibits
substantiall inter-individual variability. Fibrinogen plays an important
rolee in thrombus formation by acting as a ligand for platelet glycoprotein
Ilb/IIIaa receptors, and high fibrinogen concentrations are associated with

Tablee 2. Baseline characteristics by genotype and by fibrinogen tertile.
Genotypee
ValVall

Fibrinogen tertUes

ValLeu

LeuLeu

1

2

3

Subjectss

309

230

36

188

180

207

Malee sex

76.7(237)

78.7(181)

80.6(29)

84.5(159)

78.9(142)

70.5(146)

Agee

7

Bodyy mass index

7

26.5

1

26.7

8
4

62 7

27.0

1

7

26.4

2

65

26.5

1

6

26.9

5

Smoking g
-Neverr

34.9(109)

39.5(90)

25(9)

37.4(70)

31.1(55)

-Previouss

52.0(158)

52.6(121)

69.4(25)

53.5(100)

61.1(108)

39.2(80)
46.6(95)

-Currentt

13.2(42)

7.9(19)

5.6(2)

9.1(17)

7.9(14)

14.2(29)

Diabetess

2.3(7)

2.2(5)

2.8(1)

1.1(2)

4.4(8)

1.4(3)

Systolicc bloodpressure

140

8

141

18

142

1

137

7

143

8

142

9

Diastolicc bloodpressure

84

2

84

1

86

3

82

0

85

2

85

2

LDLL cholesterol

4.1

0

4.2

0

5.2

2

3.9

9

4.2

0

4.3

0

HDLL cholesterol

1.3

4

1.3

3

1.2

3

1.3

3

1.3

4

1.2

4

Triglyceridess

1.8(1.3-2.5)

1.6(1.1-2.4)

Fibrinogenn

3.1(2.6-3.6)

2.9(2.4-3.3) 3.1(2.5-3.5)2.3(2.1-2.5 3.0(2.8-3.1)3.7(3.5-4.1)

2.0(1.7-3.1)1.7(1.1-2.4)1.8(1.4-2.5)1.7(1.2-2.5)

Dataa are reported as percentages (n), means

SD, or median (interquartile range).

thee development of clots with a tighter network of thin fibrin fibres and
smalll pore size.14"16 25 These thrombus characteristics predispose to low
clott permeability, which is associated with an elevated risk of coronary
events.1516266 The rationale behind these findings is that dense thrombi
builtt from thin tightly packed fibrin fibres have a slower fibrinolysis rate
becausee fibrinolytic proteins can penetrate the thrombus only to a limited
extent.. Such tight clots may therefore be more resistant to fibrinolysis
andd therefore more strongly associated with occlusive thrombosis of
coronaryy arteries. However, Lim et al. showed that at high plasma levels
off fibrinogen, samples homozygous for the factor XIII 34Leu allele form
looserr clots with thicker fibrin fibres than do clots formed from samples
homozygouss for the 34Val allele.14 Because looser thrombus structure
hass been associated with a relative increase in clot lysis,26,27 this in
vitroo observation suggests that the factor XIII 34Leu allele may have a
protectivee effect against the development of atherothrombotic disease,
butt only in the presence of high fibrinogen levels. This observation may
explainn the apparently paradoxical finding that at low normal fibrinogen
concentrations,, the protective 34Leu variant was found to increase fibrin
cross-linkingg activity and to produce fibrin clots that are less susceptible to
fibrinolysisfibrinolysis than with the 34Val variants.28
Thus,, in vitro data suggest that the factor XIII 34Leu allele may be
associatedd with a relative protection against the development of
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atherothromboticc disease among people with elevated fibrinogen levels.
Thee role of circulating fibrinogen concentrations in vascular disease, and
thee effects of fibrinogen on fibrin structure and function are important
inn the understanding of disease mechanisms. In clinical studies, there
havee been many reports of associations between raised fibrinogen
concentrationss and risk of atherothrombotic disorders.729-30 The general
relationshipp between the factor XIII Val34Leu variant and the risk of
atherothromboticc disease has been studied extensively as well, but with
inconsistentt results.9"13 These studies did not usually take fibrinogen levels
intoo account, but most of them did report the prevalence of smoking which
iss known to raise fibrinogen levels.3133 In a study investigating the risk of
ischemicc stroke, the risk increased with the number of pack-years among
34Vall homozygotes, but not significantly among 34Leu carriers. Also, the
relationshipp between smoking and the risk of myocardial infarction was
attenuatedd by the 34Leu allele.34 However, it remains unclear whether these
observationss were caused by a true protective effect of the 34Leu allele on
diseasee risk, or merely by the limited statistical power among the small
groupp of carriers of the less common 34Leu allele.
Limitations Limitations

Theree are several potential limitations to the present study. First, recent
historyy has seen numerous genetic association studies with inconsistent
results.. Part of these inconsistencies may be explained by differences in
patientt and control definition, population heterogeneity, and importantly,
limitedd statistical power. The size of the current study was substantial
comparedd to other studies in this field. However, because we studied
ann interaction between factor XIII genotype and fibrinogen levels, the
statisticall power was limited. We cannot exclude the possibility that the
absencee of an interaction as reported in this study, was caused by limited
statisticall power. Therefore, this hypothesis needs to be tested in even larger
prospectivee studies that have data available on both factor XIII genotype
andd fibrinogen levels. Second, no plasma samples were available to
determinee fibrinogen concentrations during follow-up. Evidence exists that
fibrinogenfibrinogen levels may fluctuate over time, so evidence on self correlation
wouldd enhance the accuracy of the reported observation.
Conclusion Conclusion

Wee conclude that in this prospective study of apparently healthy men and
women,, no evidence exists to support an interaction between fibrinogen
levelss and the factor XIII Val34Leu variant in determining the risk of
coronaryy artery disease. This lack of evidence may have been caused by
thee fact that this study had limited statistical power to detect such an
interaction. .

Tablee 3. Odds ratio for future coronary artery disease by fibrinogen tertile.
Fibrinogenn tertites
11
Alll genotypes
VaiVal l
ValLeuu + LeuLeu

22

1.00 0

PP for linearity
33

0.93 3

1.56 6

(0.58-1.50) )

(0.99-2.46) )

1.00 0

0.97 7

2.01 1

(0.44-2.14) )

(0.83-4.88) )

1.00 0

1.00 0

1.26 6

(0.40-2.52) )

(0.46-3.48) )

0.06 6
0.2 2
0.6 6

Dataa are odds ratios for future coronary artery disease, corresponding 95%
confidencee intervals and p-valuesfor linearity. Odds ratios were calculated by
conditionall logistic regression taking into account the matching for age, sex, and
enrolmentt time. Data are presented for all factor XIII Val34Leu genotypes combined,
andd for VaiVal homozygotes and Leu carriers separately.
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Summaryy and conclusion
Thiss thesis explores from several different angles the pathogenesis of
atherosclerosiss and its principal clinical manifestation coronary artery
disease.. First, the thesis investigates three different fields of research
essentiall in atherogenesis: (1) lipids, lipoproteins and apolipoproteins, (2)
oxidationn and inflammation, and (3) coagulation and fibrinolysis. Second,
withinn each field, research focuses on the triangulation between genes,
proteins,, and cardiovascular risk. In some chapters, we explore the concept
off Mendelian Randomization as a method to mutually reinforce the value
off classical and genetic epidemiology. In several other chapters, we study
thee relationships among protein levels and cardiovascular risk, genetics
andd cardiovascular risk, or the interaction between protein levels and
geneticss on cardiovascular risk. The implications of the findings for our
understandingg of atherosclerosiss and the prevention of coronary artery
diseasee are discussed.
PartPart I: Lipids, lipoproteins and apolipoproteins

Chapterr 2 is a meta-analysis of genetic association studies that assessed
thee relationships between three different variants in the apolipoprotein
BB (apoB) gene, lipid levels and coronary artery disease risk. We observed
thatt homozygotes for the Xbal X+ allele had significantly elevated levels
off LDL cholesterol (LDL-c) and apoB but a decreased risk of coronary
arteryy disease. Homozygosity for the signal peptide deletion allele was
associatedd with similarly increased levels of LDL-c and apoB, and with an
increasedd cardiovascular risk. Subjects homozygous for the rare EcoRI
allelee had significantly decreased levels of total and LDL cholesterol,
butt their risk of coronary artery disease was not siognificantly altered.
Thesee data suggest that besides the direct relationships among apoB
levels,, hypercholesterolemia and cardiovascular risk, other factors
suchh as molecular variants of the apoB molecule may have an effect
onn cardiovascular risk as well. In chapter 3 we compared the value of
lipidss with that of apolipoproteins in the prediction of cardiovascular
risk.. Specifically, we performed a prospective nested case-control study
nestedd in the EPIC-Norfolk cohort and quantified the levels of low density
lipoproteinn cholesterol (LDL-c), high density lipoprotein cholesterol (HDLc),, apolipoprotein A-I (apoA-I), and apoB. We observed that compared
too LDL-c and HDL-c, the gold standards in dyslipidemia management
andd the recommended parameters for risk prediction, serum levels of
apoA-II and apoB were substantially better predictors of the risk of future
coronaryy artery disease among apparently healthy men and women.
Amongg all parameters tested, the ratio apoB/A-I was the strongest predictor
off cardiovascular risk even after adjustment for LDL-c and HDL-c. Our
observationss provide a strong argument for the use of apolipoproteins in
cardiovascularr risk prediction.
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Chapterr 4 describes the relationships among variants in the gene for
cholesteryll ester transfer protein (CETP), lipid parameters and the risk
off cardiovascular disease. The clinical relevance lies in the fact that
pharmaceuticall companies have developed inhibitors of CETP activity
whichh have been shown to raise HDL-c levels. Research on naturally
occurringg variants in the CETP gene has yielded numerous insights that
havee been relevant for understanding the lipoprotein metabolism, and
cruciall to the development of pharmacological CETP inhibition. We
concludee that the currently available evidence suggests that several genetic
variantss in the CETP gene are associated with altered CETP plasma levels
andd activity, HDL-c plasma levels, LDL and HDL particle size, and possibly
thee risk of cardiovascular disease. In chapter 5, we performed a largescale
analysiss to assess the relationships among the TaqlB variant in the CETP
gene,, HDL-c levels and cardiovascular risk. We performed a meta-analysis
off individual patient data derived from 7 large population-based studies
(eachh >500 individuals) and 3 randomized placebo-controlled pravastatin
trials.. After adjustment for relevant cardiovascular risk factors, B2B2
individualss had 0.11 mmol/1 higher HDL-c levels than B1B1 individuals.
Consistently,, the B2 allele was associated with a significantly lower risk
off CAD. This relationship disappeared upon adjustment for HDL-c levels.
Wee concluded that the CETP TaqlB variant is firmly associated with HDL-c
plasmaa levels, and as a result with the risk of CAD. Chapter 6 investigates
thee relationship between CETP, HDL-c levels, and cardiovascular risk, but
thiss time we assessed CETP at the protein level. Because evidence exists
thatt the effect of CETP depends on metabolic context, in particular on
triglyceridee levels, we also tested for effect modification by triglyceride
levels.. A nested case-control study was performed in the prospective EPICNorfolkk cohort study. CETP levels were not significantly different between
casess and controls. CETP levels were significantly related with plasma
levelss of total cholesterol, LDL-c, and HDL-c. The risk of CAD increased with
increasingg CETP quintiles, such that subjects in the highest quintile had an
adjustedd odds ratio of 1.43 versus those in the lowest. Among individuals
withh triglyceride levels below the median, no relationship between CETP
levelss and CAD risk was observed, but this relationship was strong among
thosee with high triglyceride levels, such that those in the highest CETP
quintilee had an odds ratio of 1.87. We concluded that elevated CETP levels
aree associated with an increased risk of future CAD in apparently healthy
individuals,, but only in those with high triglyceride levels. CETP levels
havee an inverse relationship with HDL-c levels. In addition, a strong and
inversee relationship exists between HDL-c levels and cardiovascular risk.
Pharmaceuticall companies have jumped to the development of inhibitors
off CETP activity under the assumption that CETP inhibition would result
inn raised HDL-c levels and a concomitant reduction in cardiovascular risk.
Chapterr 7 reviews the currently available evidence on these inhibitors of
CETPP activity. First, we discuss the evidence from epidemiological studies
showingg that the relationship between low CETP levels and high HDL256 6

cc levels can indeed be extrapolated to a reduced risk of cardiovascular
disease.. Second, we summarize the data available on the safety and efficacy
off CETP inhibitors, and we speculate on their potential future role in the
treatmentt of dyslipidemia and the prevention of cardiovascular disease.
PartPart II: Oxidation and inflammation

Lipoproteinss are atherogenic because they penetrate the arterial
wall,, undergo various modifications, and initiate a self-perpetuating
inflammatoryy process that ultimately leads to atherosclerotic plaque
formation.. One of the proteins that modifies lipoproteins in the vessel wall,
iss type II secretory phospholipase A2 (sPLA2). Its activity yields LDL particles
thatt interact more readily with proteoglycans in the arterial wall, thereby
increasingg their residence time in the vessel wall, and as a consequence,
theirr chance to undergo modification. In addition, sPLA2-mediated
hydrolysiss of phospholipids yields among others, lysophospholipids and
freee fatty acids such as arachidonic acid, known precursors of various
proinflammatoryy mediators such as leukotrienes and prostaglandins.
Finally,, sPLA2-modified LDL particles are more susceptible to oxidation.
Inn chapter 8, we assessed the relationship between serum levels of sPLA2
andd the risk of future coronary artery disease among apparently healthy
menn and women. We observed that people in the highest sPLA2 quartile
weree at an increased risk of developing coronary artery disease, even after
adjustmentt for traditional cardiovascular risk factors and CRP.
Afterr undergoing various molecular modifications, lipoproteins in the
arteriall wall may initiate the inflammatory system because several
molecularr patterns of modified lipoproteins show molecular mimicry
withh infectious pathogens. For instance, the innate inflammatory system
usess toll-like receptor-4 to recognize phosphatidyl choline (PC), which
characterizess the cell membrane of gram-negative bacteria, including S.
pneumoniae.. Modified lipoproteinsmay expose these PC groups, thereby
triggeringg an inflammatory response. In chapter 9, we investigated
whetherr variants of the toll-like receptor-4, which are known to blunt the
inflammatoryy response lipopolysaccharide inhalation, affected the risk of
cardiovascularr events. We observed that among people with prevalent CAD,
carrierss of these variants have an increased risk of cardiovascular events.
Pravastatinn therapy reversed this relationship. Subsequently, the triggered
inflammatoryy response facilitates recruitment of peripheral blood
monocytess into the arterial wall. The vascular wall itself orchestrates this
processs by modulating the expression of a wide variety of cytokines that
attractt leukocytes, enable rolling leukocytes to adhere to the endothelium,
andd facilitate trans-endothelial immigration into the subendothelial space.
Interleukin-88 is one of these cytokines expressed by endothelial cells.
Chapterr 10 describes the observation that apparently healthy people with
highh interleukin-8 levels have an increased risk of future cardiovascular
events.. One of the other inflammatory proteins orchestrating the
inflammatoryy process that facilitates atherosclerosis, may be macrophage

migrationn inhibitory factor (MIF). It may play an important role in
facilitatingg the adhesion and subsequent entry of monocytes into the
arteriall wall as well. In chapter 11, we found that plasma levels of MIF were
associatedd with an increased risk of future cardiovascular events among
apparentlyy healthy men and women.
Thiss inflammatory aspect of atherosclerosis has started to gain attention in
recentt years. In particular, the use of C-reactive protein as an inflammatory
markerr in clinical practice has been a topical debate. CRP levels
undoubtedlyy predict future cardiovascular events, but opponents of its
usee in clinical practice have argued that its added value is only marginal.
Inn chapter 12, we investigated the added value of C-reactive protein levels
onn top of traditional cardiovascular risk factors in predicting future
cardiovascularr events in a contemporary Western population.
PartPart III: Coagulation and fibrinolysis

Clinicall manifestations of atherosclerosis occur due to arterial occlusion.
Thee principal cause is occlusive thrombosis after atherosclerotic plaque
rupturee or erosion. Thrombus formation results from the interaction
betweenn activated platelets and the coagulation system. In particular,
activatedd platelets which expose numerous Ilb/IIIa receptors, bind several
fibrinogenn fibers thereby causing the formation of a thrombus network. A
geneticc variant of glycoprotein Ilia, one of the components of the Ilb/IIIa
receptors,, has been associated with an enhanced adhesive phenotype, but
observationss have been inconsistent. In chapter 13, we studied whether
thiss inconsistency may be explained by environmental factors. We observed
thatt the variant allele was indeed associated with an increased risk of
cardiovascularr events, but only among people with high fibrinogen levels.
Besidess this variant of glycoprotein Ilia, several other genetic variants of
haemostaticc proteins have been implicated in determining the risk of
cardiovascularr events as well. However, as often in genetic association
studies,, the results have been inconsistent. An important factor in this
inconsistencyy may be lack of statistical power. In chapter 14, we therefore
performedd meta-analyses on all studies that associated the presence of
fourr genetic variants with the risk of myocardial infarction. The factor
VV Leiden and prothrombin G20201A mutations did not significantly
correlatee with myocardial infarction. Homozygosity for the fibrinogen 455AA allele was significantly associated with a decreased risk of myocardial
infarction,, whereas the PAI-14G4G genotype was significantly associated
withh increased risk. As described in chapter 13, environmental factors may
determinee the relationship between genetic variants and outcome. The
molecularr interaction between factor XIII and fibrin fibers play a role in
thee later phases of thrombus formation. A recent in vitro study suggested
thatt the factor XIII Val34Leu variant may increase the density of thrombus
structure,, thereby enhancing its risk profile. In chapter 15, we tested
whetherr the in vitro finding could be reproduced in a prospective study
amongg apparently healthy men and women. We observed no statistically

significantt interaction between fibrinogen plasma levels and the factor XIII
Val34Leuu variant in determining the risk of cardiovascular events. However,
ourr study may have lacked statistical power to detect such an interaction.
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Samenvattingg en conclusie
Ditt proefschrift beschrijft vanuit verschillende gezichtspunten, onderzoek
naarr de pathofysiologie van atherosclerose en haar belangrijkste
klinischee manifestatie: coronairlijden. Het onderzoek betreft ten eerste
driee verschillende inhoudelijke aspecten van atherogenese: (1) lipiden,
lipoproteïness en apolipoproteïnes, (2) oxidatie and ontsteking, en (3)
stollingg en fibrinolyse. Ten tweede beschrijft het onderzoek binnen elk van
dezee velden onderzoek op drie verschillende niveaus: gen, eiwit en ziekte.
Inn sommige hoofdstukken gebruiken we het nieuwe concept Mendeliaanse
Randomisatiee als een methode waarin klassieke en genetische
epidemiologiee elkaar ondersteunen en onderbouwen. In een aantal andere
hoofdstuken,, bestuderen we de relatie tussen eiwit concentraties en het
risicoo op coronairlijden, genetische varianten en coronbairlijden, of de
interactiee tussen eiwit concentraties en genetische varianten voor het
risicoo op coronairlijden. De betekenis van onze bevindingen voor het begrip
overr het ontstaan van atherosclerose en voor de preventie ervan, worden
besproken. .
DeelDeel I: Lipiden, lipoproteïnes en apolipoproteïnes

Hoofdstukk 2 is een meta-analyse van genetische studies naar de
relatiee tussen drie varianten in het gen voor apolipoproteïne B (apoB),
lipidenwaarden,, en het risico op coronairlijden. Homozygoten voor het
Xball X+ allel hadden significant hogere LDL cholesterol {LDL-c) en apoB
concentratiess maar een verlaagd risico op coronairlijden. Homozygotie
voorr het signaal peptide deletie allel was geassocieerd met verhoogde LDL-c
enn apoB waardes en met een verhoogd risico op coronairlijden. Mensen die
homozygoott waren voor the minst voorkomende allel van de EcoRI variant
haddenn significant lagere LDL-c waardes, maar hun risico op coronairlijden
wass niet veranderd. De drie onderzochte apoB varianten zijn geassocieerd
mett veranderde lipiden concentraties, maar niet noodzakelijkerwijs met
eenn veranderd cardiovasculair risico. Deze resulatetn suggereren naast
dee directe relatie tussen de apoB concentratie, hypercholesterolemie
enn cardiovasculair risico, andere factoren zoals moleculaire varianten
vann apoB mogelijk een rol spelen bij het ontstaan van atherosclerose.
Inn hoofdstuk 3 hebben we de waarde van lipiden en apolipoproteïnes
vergelekenn bij het voorspellen van toekomstige cardiovasculaire
eindpunten.. We deden een prospectieve nested case-controle studie
nestedd in het EPIC-Norfolk cohort en bepaalden de concentraties LDL-c,
highh density lipoprotein cholesterol (HDL-c), apolipoproteïne A-I (apoA-I)
enn apoB. Vergeleken met LDL-c en HDL-c, de gouden standaard voor de
behandelingg van dyslipidemie en de aangeraden parameters voor risico
voorspelling,, waren serum concentraties apoA-I en apoB significant betere
voorspellerss van het risico op toekomstige cardiovasculaire eindpunten on
dezee groep schijnbaar gezonde mannen en vrouwen. Van alle onderzochte
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parameterss was de ratio apoB/A-I de sterkste voorspeller van cardiovasculair
risico,, zelfs na correctie voor LDL-c en HDL-c. Deze bevinding is een sterk
argumentt voor het gebruik van apolipoproteïnes bij het voorspellen van
cardiovasculairr risico.
Hoofdstukk 4 beschrijft de relaties tussen varianten in het gen voor
cholesteryll ester transfer protein (CETP), lipidenwaardes en het risico op
coronairlijden.. Onderzoek naar natuurlijk voorkomende varianten in het
CETPP gen heeft geleid tot talloze inzichten in de werking van de cholesterol
stofwisseling.. Deze relaties hebben mogelijk klinische relevantie omdat
farmaceutischee bedrijven remmers van CETP activiteit hebben ontwikkeld,
enn deze middelen verhogen het HDL-c. We concluderen dat verschillende
genetischee varianten van CETP geassocieerd zijn met veranderde CETP
activiteit,, veranderde HDL-c concntraties en mogelijk een veranderd risico
opp coronairlijden. Hoofdstuk 5 beschrijft een grootschalig onderzoek
naarr de relatie tussen de CETP TaqlB variant, HDL-c concentraties en
hett risico op coronairlijden. Het betreft een meta-analyse op individuele
dataa afkomstig van 7 grote populatie studies en 3 gerandomiseerde
placebo-gecontroleerdee pravastatine studies. Na correctie voor relevante
cardiovasculairee risicofactoren hadden mensen met het B2B2 genotype
0.111 mmol/1 hogere HDL-c waardes dan B1B1 homozygoten. Het B2
allell was bovendien geassocieerd met een significant lager risico op
coronairlijden.. Deze laatste associatie verdween na correctie voor HDLc.. Uit deze resultaten concluderen we dat de CETP TaqlB variant sterk
geassocieerdd is met HDL-c plasma concentraties, en als gevolg daarvan met
hett risico op coronairlijden. In hoofdstuk 6 onderzochten we opnieuw de
relatiee tussen CETP, HDL-c concentraties en het risico op coronairlijden,
maarr dit keer bekeken we CETP op eiwit niveau. Omdat eerder onderzoek
suggereertt dat het effect van CETP afhankelijk is van de metabole context,
inn het bijzonder van triglyceride waardes, hebben we in dit onderzoek ook
gekekenn naar effect modificatie door triglyceriden. In deze prospectieve
case-controlee studie die plaatsvond binnen het EPIC-Norfolk cohort,
vondenn we dat CETP waardes niet significant verschilden tussen cases
enn controles. Het risico op coronairlijden nam toe in de hogere CETP
kwintielen,, zodat mensen in het hoogste kwintiel een gecorrigeerde odds
ratioo van 1.43 hadden ten opzichte van degenen in het laagste kwintiel.
Onderr de mensen met triglyceride waardes onder de mediaan bestond
geenn relatie tussen CETP en het risico op coronairlij de, terwijl deze relatie
sterkk was onder mensen met hoge triglyceride waardes. We concludeerden
datt hogere CETP concentraties geassocieerd zijn met een verhoogd risico
opp coronairlijden, maar alleen bij mensen met hoge triglyceride waardes.
Zoalss eerder beschreven bestaat er een omgekeerde correlatie tussen CETP
waardess en HDL-c, en bovendien bestaat en een omgekeerde relatie tussen
HDL-cc en het risico op coronairlijden. Farmaceutische bedrijven zijn al
jarenn geleden begonnen met de ontwikkeling van CETP remmers, ervan
uitgaandee dat remming van CETP zou leiden tot hogere HDL-c waardes
enn een lager cardiovasculair risico. In hoofdstuk 7 vatten we de huidige

gegevenss samen over remmers van CETP activiteit. Ten eerste beschrijven
wee resultaten van epidemiologische studies waaruit blijkt dat de relatie
tussenn CETP en HDL-c waarschijnlijk inderdaad geëxtrapoleerd kan worden
naarr het cardiovasculaire risico. Ten tweede vatten we de gegevens samen
uitt de eerste klinische studies met CETP remmers, en we speculeren over de
mogelijkee rol in de behandeling van dyslipidemie en de preventie van hartenn vaatziekten.
PartPart II: Oxidatie en ontsteking

Lipoproteïness zijn atherogeen omdat ze de arteriële vaatwand penetreren,
daarr verschillende modificaties kunnen ondergaan, en vervolgens
eenn zichzelf onderhoudend ontstekingsproces op gang brengen dat
uiteindelijkk leidt totde vorming van atherosclerose. Een van de eiwitten die
lipoproteïness modificeert in de vaatwand, is type II secretory phospholipase
A22 (sPLA2). De activiteit leidt tot lipoproteins die beter binden aan
proteoglycanenn in de vaatwand, en daardoor langer in de vaatwand
verblijven.. Daarnaast zorgt sPLA2 gemedieerde hydrolyse van fosfolipiden
voorr het vrijkomen van lysofosfolipiden en vrije vetzuren die op hun
beurtt weer voorlopers zijn van ontstekingsmediatoren zoals leukotrienen
enn prostaglandins. Tenslotte zijn sPLA2 gemodificeerde LDL partikels
gevoeligerr voor oxidatie. In hoofdstuk 8 onderzochten we de relatie tussen
serumm concentraties van sPLA2 en het risico op toekomstig coronairlijden
onderr schijnbaar gezonde mannen en vrouwen. Mensen in het hoogste
sPLA22 kwartiel hadden een verhoogd risico op coronairlijden, zelfs na
correctiee voor traditionele risicofactoren en CRP.
Gemodificeerdee lipoproteïnes kunnen in de vaatwand een
ontstekingsprocess op gang brengen omdat sommige moleculaire patronen
vann gemodificeerde lipoproteïnes identiek zijn aan die van infectieuze
pathogenen.. Het aangeboren immuunsysteem gebruikt toll-like receptor44 voor de herkenning van fosfatidyl choline, een molekuul dat voorkomt
inn de celmembraan van gram-negatieve bacteriëen zoals S. pneumoniae.
Gemodificeerdee lipoproteïnes kunnen deze molekulen ook exposeren
enn op die manier een ontstekingsproces op gang brengen. In hoofs stuk 9
onderzochtenn we of genetische varianten van toll-like receptor-4, waarvan
bekendd is dat ze de ontstekingsreactie op lipopolysaccharide inhalatie
verzwakken,, een effect hebben op het rsico op cardiovasculaire eindpunten.
Onderr mensen met bestaand coronairlijden hadden de dragers van zo'n
genetischee variant een verhoogd risico op cardiovasculaire eindpuneten.
Behandelingg met pravastatine leidde tot een omkering van deze relatie.
Dee op gang gebrachte ontstekingsreactie faciliteert vervolgens het
binnetredenn van witte bloedcellen, met name monocyten, in de vaatwand.
Dee vaatwand zelf speelt een belangrijke rol in het regelmechanisme dat
ervoorr zorgt dat witte bloedcellen kunnen kleven aan endotheelcellen en
vervolgenss de subendotheliale ruimte kunnen binnengaan. Interleukine-8
iss een van de cytokines die door endotheel tot expressie worden gebracht.
Hoofdstukk 10 beschrijft de bevinding dat schijnbaar gezonde mensen met
263 3

verhoogdee plasma concentraties van interleukine-8 een verhoogd risico
opp coronairlijden hebben. Een ander cytokine dat een rol speelt bij het
ontstekingsprocess dat atherosclerose faciliteert, is macrophage migration
inhibitoryy factor (MIF). Het speelt waarschijnlijk ook een belangrijke rol
bijj de adhesie van leukocyten aan endotheel en het daarna binnentreden
vann de vaatwand. In hoofdstuk 11 beschrijven we de bevinding dat plasma
concentratiess van MIF geassocieerd zijn met een verhoogd risico op
coronairlijdenn onder mensen die ogenschijnlijk gezond zijn.
Hett ontstekingsaspect van atherosclerose krijgt de laatste jaren uitgebreide
belangsteling.. Met name het gebruik van C-reactive protein (CRP) in de
klinischee praktijk is eenn onderwerp waarover vele wetenschappelijke
discussiee worden gevoerd. Niemand twijfelt eraan dat CRP waarde
hebbenn bij het voorspellen van toekomstige cardiovasculaire eindpunten.
Tegenstanderss vinden echter dat de toegevoegde waarde ten opzichte van
traditionelee risicofactoren slechts marginaal is. In hoofdstuk 12 hebben
wee de voorspellende waarde van CRP onderzocht als toevoeging aan
traditionelee risicofactoren bij het voorspellen van coronairlijden in een
hedendaagsee Westerse populatie.
PartPart III: Stolling en fibrinolyse

Klinischee manifestaties van atherosclerose ontstaan door arteriële
occlusie.. De belangrijkste oorzaak hiervan is trombotische afsluiting
naa ruptuur of erosie van atherosclerotische plaque. De vorming van
trombuss ontstaat door de interactie tussen geactiveerde bloedplaatjes
enn het stollingssysteem. Geactiveerde plaatjes exposeren veel Ilb/IIIa
receptorenn die fibrinogen vezels kunnen binden. Op die manier vormt
zichh een thrombus network. Verschillende studies hebben beschreven dat
eenn genetische variant van glycoproteïne lila, een van de bestanddelen
vann de Ilb/IIIa receptor, geassocieerd zou zijn met een verhoogd risico
opp atherotrombotische eindpunten. Echter, de resultaten van dergelijke
studiess zijn inconsistent. In hoofdstuk 13 hebben we onderzocht of
dezee inconsistentie verklaard kan worden door omgevingsfactoren. In
dezee studie zagen we dat dragers van het variant allel inderdaad een
verhoogdd risico hadden op atherotrombotische eindpunten, maar alleen
alss ze een hoge concentratie fibrinogeen hadden. Naast deze genetische
variantt in glycoproteïne lila bestaan er veel andere genetische varianten
vann hemostatische factoren waarover studies verschene zijn. Over
hett algemeen zijn de resultaten van studies naar de associatie tussen
genetischee varianten en een ziekte weinig consistent. Een belangrijke
oorzaakk hiervan zou de beperkte statistische power kunnen zijn. Om dit
probleemm te ondervangen hebben we in hoofdstuk 14 een meta-analyse
gedaann van alle studies over de relatie tussen vier genetische variantenn in
vierr hemostatische eiwitten en het risico op myocardinfarct. De factor V
Leidenn en prothrombine G202O1A mutaties waren niet geassocieerd met
hett risico op myocardinfarct. Homozygotie voor het fibrinogeen -455A
allell was geassocieerd met een verlaagd risico op myocardinfarct terwijl

hett PAI-1 4G4G genotype geassocieerd was met een verhoogd risico. Zoals
beschrevenn in hoofdstuk 13 kunnen omgevingsfactoren invloed hebben
opp de relatie tussen een genetische variant en een ziekte. De moleculaire
interactiee tussen factor XIII en fibrine vezels speelt een rol in de latere
fasee van trombus formatie. Een recente in vitro studie heeft aangetoond
datt de factor XIII Val34Leu variant de dichtheid van de trombus structuur
verhoogt,, maar alleen bij hoge fibrinogeen concentraties. In hoofdstuk 15
hebbenn we onderzocht of deze in vitro bevinding ook op klinisch niveau
relevantt zou kunnenzijn. In een prosepctieve studie onder schijnbaar
gezondee mensen was er geen aanwijzing voor een significante interactie
tussenn de factor XIII variant en fibrinogeenconcentraties voor het risico op
toekomstigg coronairlijden. Het is mogelijk dat deze studie niet voldoende
statistischee power had om een dergelijke interactie te kunnen aantonen.
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Dankwoord d
Hett schrijven van dit proefschrift was een lange rit die niet altijd op
souplessee werd gereden. Nu de eindstreep in zicht komt, is een dankwoord
opp z'n plaats aan hen die mij de afgelopen vier jaar regelmatig uit de wind
hebbenn gehouden.
Prof.. dr. JJ.P. Kastelein. Beste John, jouw ervaring als begeleider, inspirator
enn supervisor is onmisbaar geweest bij de totstandkoming van dit boekje.
Dee gedrevenheid en visie waarmee je leiding geeft aan een inmiddels
enormee onderzoeksgroep vind ik groots. Je hebt een haarscherpe gevoel
voorr what's hot and what's not, je kent iedereen in het wereldje, en nog
belangrijker:: iedereen kent jou. Een telefoontje (How are the kids?) of een
mailtjee met de toevoeging "on behalf of John Kastelein" opent vele deuren
inn de cardiovasculaire wereld. Ik heb erg veel gehad aan je begeleiding
omdatt ik je altijd even kon aanschieten in de gang voor kort overleg, en
omdat,, ondanks je drukke schema, ieder nieuw manuscript de volgende
dagg alweer retour lag in mijn postvakje. Onze samenwerking is pas
echtt goed op gang gekomen tijdens mijn verblijf in Cambridge toen we
veelvuldigg telefonisch contact hadden over hoe we de cardiovasculaire arm
vann de EPIC-Norfolk studie moesten vormgeven. Sindsdien is het overleg
nogg intensiever geworden (je belt zelfs vanuit het zwembad in Las Vegas),
enn ik ga ervanuit dat we de komende tijd op dezelfde weg doorgaan.
Prof.. dr. RJ.G. Peters. Beste Ron, ik vind het een hele eer dat ik als eerste
onderr jouw promotorschap mag promoveren. Ik denk dat het AMC
mett jouw benoeming een uitstekende keuze heeft gemaakt. Ik wil je
bedankenn voor het vertrouwen datje in mij hebt gesteld door me als net
afgestudeerdee arts zonder veel onderzoekservaring aan te nemen voor een
promotie-- en opleidingstraject. Ten tweede wil ik je bedanken voor het feit
datjee me, na het afronden van het richtlij nen-proj eet, de tijd en vooral
dee vrijheid hebt gegeven om te proberen in de resterende tijd alsnog een
proefschriftt bij elkaar te schrijven. Ik heb veel bewondering voor je heldere
manierr van denken, redeneren en uitleggen. Helaas was er de afgelopen
jarenn door omstandigheden, en door die voortdurend afgaande pieper, vaak
maarr weinig tijd om met je te kunnen overleggen. Desondanks heb ik veel
vann je geleerd en ik hoop ook tijdens mijn klinische opleiding nog veel van
jee te mogen leren.
Prof.. K.T. Khaw. Dear Kay-Tee, few research collaborations have started
underr better conditions than ours at the World Heart Federation Seminar
inn Kerala, India. Our long discussions at that meeting have led to a research
collaborationn which I think is quite remarkable. The research opportunities
youu offered me as an inexperienced PhD student have been overwhelming,
andd I want to thank you for allowing me to work with the EPIC-Norfolk

dataa and materials which must have cost you blood, sweat and tears to
collectt over the past ten years. In close collaboration with my home front in
Amsterdam,, we have initiated research collaborations with some of the top
centerss in the world, and designed an impressive case-control study which
hass already led to several chapters in this thesis and will undoubtedly
yieldd many more publications in the near future. In addition, I want to
thankk you for your great hospitality during my initial visits to Cambridge
andd in particular for your invitation to come and work in Cambridge the
previouss winter. It has been a great honour and privilege for me to work
inn Cambridge, and a great learning experience. Also, I want to take this
opportunityy to thank the other EPIC investigators, Sheila, Nick and Nick
(whatt an honour to work with a member of the Royal Society!), and all
thee other people at Strangeways, including Robert, Joanna, Larissa, Steve,
Shabina,, Trisha, Mei, and Manj.
Dr.. J.W. Jukema. Beste Wouter, ik denk dat de ommekeer in mijn
onderzoekk gekomen is door onze ontmoeting tijdens de European Society
off Cardiology 2001 in Stockholm. Vanaf dat moment is het onderzoek
datt in dit boekje beschreven staat pas echt op gang gekomen , en onze
samenwerkingg met de gegevens van de inmiddels legendarische REGRESS
studiee heeft geleid tot een paar mooie hoofdstukken. Verder wil ik je
natuurlijkk enorm bedanken voor het in mij gestelde vertrouwen want de
vanzelfsprekendheidd waarmee je mijn laatste halfjaar salaris uit de mouw
schudde,, verbaast me nog steeds. Ik hoop ook de komende tijd nog veel met
jee te mogen samenwerken.
Prof.. dr. P.H. Reitsma. Beste Pieter, ook jij bent onmisbaar geweest bij
hett totstandkomen van dit boekje. Toen ik begin 2002 bij jou aanklopte
omm te vragen of ik wat bepalingen mocht doen op jouw lab, heb je me
bijzonderr gastvrij ontvangen en me alle mogelijkheden geboden. En ook
toenn ik, na die eerste studie, met nieuwe plannen kwam kon ik altijd bij je
binnenlopenn om je mening te vragen over een nieuw onderzoeksvoorstel,
omm te overleggen, ofte brainstormen. Ik wil je daarom bedanken voor je
enormee gastvrijheid en voor al je goede adviezen en ideeën.
Prof.. dr. A.H. Zwinderman. Beste Koos, hoewel je niet bij veel hoofdstukken
inn dit boekje direct betrokken bent geweest, was je voor mij de afgelopen
twintigg jaar wel onmisbaar als vraagbaak. We hebben veel samengewerkt
aann artikelen die niet in dit boekje zijn opgenomen, en ook aan projecten
diee in de nabije toekomst zullen leiden tot publicaties. Heel veel heb
ikk geleerd van de feilloze manier waarop jij met complexe statistische
problemenn kunt omgaan. Als ik in een paar woorden mijn praktische
klinischee vraag heb geschetst, kun jij dat feilloos terugbrengen tot een
statischee formule die vervolgens met de marker op het whiteboard wordt
uitgewerkt.. En als dan uit de logaritme van formule A de likelihood van B
volgt,, kun je me dat weer haarfijn uitleggen in bewoordingen die voor deze

eenvoudigee dokter te begrijpen zijn. Na zo'n uitlegsessie krijg ik af en toe
hett idee dat ik wat van statistiek begin te begrijpen.
Prof.. dr. CE. Hack. Beste Erik, onze samenwerking is pas erg laat in mijn
promotie-tijdd tot stand gekomen. Aanvankelijk klopte ik aan om een
routine-bepalingg op het CLB te mogen komen doen, en daarvoor heb je me
ergg gastvrij onthaald. Maar toen ik eenmaal thuis was op het CLB, hebben
wee nog regelmatig staan brainstormen over nieuwe ideëen en nog meer
bepalingen.. Ik ben je erg dankbaar voor je gastvrijheid, en vooral voor alle
mogelijkhedenn om steeds maar weer nieuwe bepalingen op te zetten in de
EPIC-Norfolkk set. Ik denk dat het CLB je erg zal gaan missen.
Dr.. JA. Kuivenhoven. Beste Kuif, hoewel je betrokken bent geweest bij
slechtss een paar hoofdstukken in dit boekje, hebben we de afgelopen tijd
ergg veel contact gehad. Ten eerste heb ik erg veel gehad aan onze discussies
overr CETP en het HDL metabolisme; allebei onderwerpen waarmee ik
pass tegen het einde van mijn onderzoek in aanraking ben gekomen. En
tenn tweede wil ik je bedanken voor de grondigheid waarmee je mijn
manuscriptenn doorzaagt en afkraakt. Ik weet zeker dat het opzetten van de
volgendee serie EPIC-Norfolk bepalingen bij jou in uitstekende handen is.
Prof.. dr. K.I. Lie, prof. dr. AAM. Wilde, prof. dr. JJ. Piek, prof. dr. M.M. Levi,
prof.. dr. H.R. Büller. Hooggeleerde heren, jullie wil ik bedanken voor het
leidingg geven aan de afdelingen Cardiologie en Vasculaire Geneeskunde
vann het AMC; afdelingen waar ik de afgelopen jaren heb kunnen profiteren
vann een uitstekend onderzoeksklimaat, en afdelingen waar ik de komende
jarenn hoop te kunnen profiteren van een uitstekend opleidingsklimaat.
Dee leden van mijn promotiecommissie, prof.dr. H.R. Büller, prof.dr. PA.F.M.
Doevendans,, prof.dr. H. Pannekoek, dr. EJ.G. Sijbrands, prof.dr. AA.M.
Wilde,, en prof.dr. A.H. Zwinderman, wil ik bedanken voor hun bereidheid
zittingg te nemen in mijn promotie-commissie, en voor het kritisch
doornemenn van dit manuscript.
Inmiddelss dr. Moons en dr. Bijsterman, helaas heb ik het de laatste
anderhalfjaarr zonder jullie moeten stellen. De Plavix-bal ligt inmiddels
onderr een dikke laag stof in de hoek, maar het hooghoud-klassement hangt
nogg steeds op de locker links boven. Helaas is er aan de koppositie niets
meerr veranderd. Beste Arno, weinig mensen hebben tijdens hun promotieonderzoekk zoveel tegenslagen gehad als jij. Maar met eindeloos geduld,
urenlangee telefoongesprekken (Nee hoor mevrouw, het middel is volstrekt
veilig),, de nodige diplomatie en stapels gevulde koeken is het je uiteindelijk
tochh gelukt een prachtig boekje af te leveren. Ik wil je met name bedanken
voorr dee goedbedoelde en bemoedigende woorden waarmee je mij in mijn
eerstee weken hebt aangemoedigd en gerustgesteld: "Dat onderzoek van jou
wordtt nooit wat! Vergeet het maar! Dat wordt niets! Misschien had ik toen

beterr naar je adviezen moeten luisteren.
Bestee Niek, de man met de mooiste tweede naam van het AMC, zonder
jouu waren mijn eerste drie promotie-jaren een stuk saaier geweest. Jij
bentt altijd in staat om met een rake opmerking een saaie ochtend open
tee breken. Ik heb genoten van je escapades op onderzoeksgebied (rebound
thrombose,, het allerbelangrijkste ziektebeeld ter wereld; de inclusie van
dee tweede patiënt in de HITS studie kan nu toch niet al te lang meer op
zichh laten wachten), op fiscaal gebied (die blauwe envelop heb ik gewoon
weggegooid),, en als Valentino Rossi (die 120 km-borden op de snelweg
geldenn alleen voor auto's). En ook je nieuwste verhalen uit de kliniek zijn
niett te versmaden (ik ben blij dat die duif op een humane manier aan zijn
eindee is gekomen). Ik kijkk ernaar uit opnieuw collega van jullie te worden
inn de kliniek. Beste Roeloffina, dank voor het gezelschap de afgelopen
jaren.. Hoewel we wat betreft werkzaamheden niet veel met elkaar te
makenn hebben gehad, konden we het altijd prima met elkaar vinden. Met
namee wil ik je bedanken voor je hulp de afgelopen maanden bij de laatste
voorbereidingen. .
Hett doen van onderzoek op het grensvlak van Cardiologie en Vasculaire
heeftt als voordeel dat het peloton collega's en ex-collega's enorm is geweest.
Mett het risico dat ik iemand over het hoofd zie, wil ik toch een poging
wagenn iedereen te bedanken voor de plezierige samenwerking: Tijmen,
Kees,, Emily, Angelique, Greetje, Marije, Maaike, Jeroen, Roel, Radjesh, Gijs,
Anouk,, Joris, Mare, Fons, Marcello, Ivan, Clara, Melchior, Marnix, Saskia,
Anja,, Victor, Patricia, Sanne, Raaj, Rakesh, Maud, Pernette, Max, Jessica,
Dominique,, Wim, Sander, Michiel, Bart-Jan, Saskia, Jacobijne, Gerlind, Lea,
Tanja,, Ayten, Steven, Martijn, Michiel, Niels, Igor, Nancy, Karin, Radha,
Caroll Ann, Joris, Jeroen, Willem, Pascalle, Dirkje, Saskia en Willeke. Verder
gaatt mijn dank natuurlijk uit naar alle analisten die met eindeloos geduld
bereidd zijn geweest de vragen van deze arts-op-heMab te beantwoorden, en
inn het bijzonder naar Angelique en Esther op G2, en Anke en Gerard op het
CLB.. Beste Els, Marianna, Regina, Anita en Piety. Heel veel dank voor jullie
hulpp en ondersteuning tijdens de afgelopen vier jaar onderzoek, en vooral
tijdenss de afgelopen paar maanden voorbereiding voor mijn promotie.
Bestee ex-huisgenoten, dank voor jullie gezelligheid de afgelopen jaren.
Floor,, Martijn (dank voor de super-professionele lay-out), Ref en Co, Femke,
Frans,, Eefje en Tweefje, Karin, Katy, Jeroen, Jan-Bernd, Tjetske, Kasper, en
allee anderen. Dear Grasshoppers, Henry, Geert, Neta, Owain, and Delphine,
thankss for your great company last winter in Cambridge. I miss coffee at
Clowns,, IPAs at the Elmtree, White Stripes at Alexandra Palace, horrible
dinnerss at King's, chicken at Nando's, and burgers at the Van of Death.
Bestee paranimfen Alex en Reinoud, het is een hele geruststelling dat jullie
strakss naast me willen staan. In jullie gezelschap kan ik uitdagingen aan
alss de Izoard, de Madeleine, de Télégraphe-Galibier, de Croix de Fer, de

Cayollee en de Bonnette. Dus ik neem aan dat deze kleine uitdaging dan
ookk geen problemen mag opleveren. Ik vertrouw erop dat jullie me zullen
behoedenn voor een aftocht in de bezemwagen.
Lievee pap en mam, als laatste maar belangrijkste wil ik natuurlijk jullie
bedanken.. Jullie hebben me de afgelopen jaren altijd onvoorwaardelijk
gesteund:: altijd bemoedigende woorden, altijd interesse getoond, ook als
ikk mijn onderzoek helemaal zat was, er de pest over in had en er geen
woordenn aan vuil wilde maken. Pap, ik weet zeker dat ik zonder jouw
academischee achtergrond nooit begonnen was aan deze expeditie. Jullie
hebbenn me altijd de vrijheid gegeven mijn eigen keuzes te maken, en me de
mogelijkhedenn gegeven om mezelf te ontwikkelen. Bedankt dat jullie altijd
voorr me klaarstonden als dat nodig was.
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Stefann Matthijs Boekholdt werd geboren op 27 september 1974 in
Hilversum.. In 1992 deed hij eindexamen op het Johan van Oldenbarneveltgymnasiumm in Amersfoort. Het daaropvolgende jaar studeerde hij aan
hett Lewis and Clarkcollege in Portland, Oregon, USA. In 1993 begon hij
aann zijn studie Geneeskunde aan de Universiteit van Utrecht. In het kader
vann zijn wetenschappelijk stage deed hij vijf maanden onderzoek bij het
Cerebrovascularr Program van het Johns Hopkins Hospital in Baltimore,
Maryland,, USA. Verder verbleef hij voor zijn co-schap Gynaecologie en
Verloskundee in Zimbabwe, waar hij twee maanden lang kindjes ving in het
Unitedd Bulawayo Hospital in Bulawayo. Voor het co-schap Oogheelkunde
werdd hij zeer gastvrij ontvangen in het University Hospital in Kuala
Lumpur,, Maleisië. Zijn artsenbul mocht hij eind 1999 in ontvangst nemen.
Vanaff begin 2000 werkte hij als arts-onderzoeker op de afdelingen
Cardiologiee en Vasculaire Geneeskunde van het Academisch Medisch
Centrumm in Amsterdam (promotores: prof. dr. J.J.P. Kastelein, prof. dr.
RJ.G.. Peters). De laatste anderhalfjaar werkte hij ook intensief samen met
prof.. K.T. Khaw, verbonden aan het Institute of Public Health, University of
Cambridgee in Cambridge, Engeland. In het kader van deze samenwerking
werktee hij vijf maanden lang als research fellow in Cambridge. Het
resultaatt van de afgelopen vierenhalf jaar onderzoek staat in dit boekje.
Opp 1 oktober 2004 begon hij met zijn klinische opleiding Cardiologie.
Hiervoorr keert hij eerst terug naar Amersfoort om in het Meander Medisch
Centrumm zijn vooropleiding Interne Geneeskunde te volgen (opleider: dr.
A.. van de Wiel). Vanaf oktober 2006 zal hij die opleiding voortzetten in het
Academischh Medisch Centrum in Amsterdam (opleider: dr. R.B A van den
Brink). .
Verderr werkt Matthijs sinds 1993 in afnemende mate als beeldbandredacteurr voor NOS Studio Sport. Als er nog tijd over is, fietst hij door
Hollandsee polders, in Limburgse heuvels, over Vlaamse kasseien, in Waalse
Ardennen,, of in Franse Alpen.
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Stellingenn behorend bij het proefschrift

Geneticc and biochemical risk factors in coronary artery disease
1..

De bijdrage van de factor V Leiden mutatie en de prothrombine G20210A mutatie aan
hett risico op een myocardinfarct is waarschijnlijk marginaal.

2..

Serum concentraties van de apolipoproteïnes A-I en B hebben een sterkere
voorspellendee waarde voor het ontstaan van coronairlijden dan LDL-cholesterol en
HDL-cholesterol. .

3..

Plasma concentraties van type II secretoir phospholipase A2 hebben een voorspellende
waardee voor het onstaan van coronairlijden onafhankelijk van traditionele
cardiovasculairee risicofactoren en CRP.

4..

Het minst voorkomende B2 allel van het TaqlB porymorfisme in het CETP gen
iss geassocieerd met hogere HDL-cholesterol concentraties en een lager risico op
coronairlijden. .

5..

Plasma concentraties van CETP hebben een voorspellendee waarde voor het onstaan van
coronairlijden,, maar alleen bij mensen met hoge concentraties triglyceriden.

6..

Evidence based medicine in de hedendaagse gezondheidszorg dient te geschieden op
basiss van hedendaagse evidence.

7..

Het benoemen van CRP als acute fase eiwit doet geen recht aan de belangrijke rol van
CRPP bij chronische ontstekingsziekten zoals atherosclerose.

8..

De voorspelde revolutionaire ontwikkelingen als gevolg van het bekend worden van
hett humane genoom zijn voorlopig uitgebleven.

9..

Met het benoemen van economen tot minister van Volksgezondheid geeft de politiek
aann dat in de gezondheidszorg inhoudelijk beleid ondergeschikt is aan financiën.

10.. Het is voor patiënten onheilspellend wanneer artsen zich in hun gesprekken aan het
ziekbedd veelvuldig van een dode taal bedienen. (M.G. Boekholdt. 1981)
11.. In Nederland sterven jaarlijks meer mensen aan hart- en vaatziekten dan aan
auto-ongelukken,, terrorisme, kanker, AIDS, vliegtuigtrombose, Legionella,
vuurwerkrampen,, cafébranden, moord, zinloos geweld, BSE, vogelpest en SARS samen.
12.. Goede renners hebben kenmerkende hoofden en slechte renners hebben kenmerkende
hoofden.. Maar dat geldt alleen voor renners die je al kent. (Tim Krabbé)
13.. De uitspraak "All men are created equal" is slechts voor 99.9% waar.
14.. Met de invoering van de DBC treedt de regering haar belofte tot vermindering van de
bureaucratiee met voeten.
15.. Fausto Coppi was de beste wielrenner aller tijden.
Matthijss Boekholdt
Amsterdam,, 15 maart 2005
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