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Generall  introduction 

Atherosclerosiss is a multifactorial chronic process . The complications of atherosclerotic 
vascularr disease are a major cause of mortality and morbidity worldwide. Particularly in 
Westernn countries the prevalence of atherosclerotic disease is high, but also in developing 
countriess the problem is increasing rapidly2'3. 

Thee atherosclerotic process begins with the presence of macrophages in the arterial intimal 
layer.. Subsequently, these macrophages pick up lipids to form the so-called foam cells and the 
lesionn in the arterial wall becomes a fatty streak. In these early lesions small pools of 
extracellularr lipid develop4. In later stages, this is followed by the formation of a larger central 
lipidd core, the atheroma, surrounded by a fibrous cap. Both the size of the atheroma and the 
fibrouss cap increase in time. Finally, complicated atherosclerotic lesions are formed when, as 
aa result of rupture of the fibrous cap usually at the shoulder region, thrombus formation 
occurs4.. Whether a lesion ruptures is dependent of many factors such as inflammation, shear 
stress,, metalloproteinases and collagen content of the fibrous cap. When the formed thrombus 
occludess the arterial lumen this will lead to an ischemic event5. 

Manyy conditions have been associated with atherosclerosis. Generally accepted risk factors 
aree smoking, dyslipidemia, hypertension, diabetes, obesity, male gender, positive family 
historyy for premature atherosclerotic disease and age1,5. These factors are often called classic 
riskrisk factors. Except for age, gender and family history, the other risk factors are modifiable, 
whichh is important from a therapeutic point of view. 

Thee list of candidate risk factors is much longer; for many of those it is not yet elucidated 
whetherr the association is causal or not. It may be more appropriate to use the more neutral 
termm risk indicator. The evidence in favor of a risk association between both C reactive 
proteinn and mild hyperhomocysteinemia and atherosclerotic disease has become substantial6'7. 
Howeverr debate about causality remains: are these indicators epiphenomena or not? 

Itt appears that causality is difficult to prove for a multifactorial chronic process like 
atherosclerosis.. In vitro studies and animal studies enable us to test under defined conditions 
thee effect of a certain condition or intervention, but it is never certain that the magnitude of 
thiss effect will be identical in humans. Epidemiological studies can be helpful, but can hardly 
solvee the "chicken-and-egg" problem. Treatment of the condition, for instance folic acid to 
reducee elevated homocysteine levels, can be used to test whether this leads to a reduced rate 
off  cardiovascular events. However, even when this would be the case, it will not always be 
clearr whether this is the result of the treatment (direct effect of folic acid) or the adjusted 
conditionn (lower homocysteine level). 

Itt is important to realize that atherosclerosis starts already in childhood and that clinical 
symptoms,, such as myocardial infarction or ischemic stroke, usually present after several 
decades1'4.. In current medical practice preventive measures are undertaken when the risk of 
complicationss are expected to be high. This is the case when the first ischemic event already 
hass occurred (secondary prevention) or when many risk factors are present and the risk of an 
ischemicc event is above a predefined threshold (primary prevention)8. In the latter situation 
mostt patients have already complicated atherosclerotic lesions, which did not yet manifest as 
ann atherosclerotic complication. 

Inn theory, it is more effective to influence the process earlier in its course. To learn already 
inn childhood the importance of appropriate physical activity, a healthy diet and the hazards of 
smokingg may have a greater impact than what many physicians currently are doing: telling 
mildlyy obese diabetics after a myocardial infarction to quit smoking, reduce body weight and 
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takee a number of tablets each day. However, the rate of obesity in adolescents and young 
adultss is increasing and the number of diabetics will increase the next decades, which will 
directlyy influence the rate of future atherosclerotic complications9. This indicates that special 
emphasiss on early preventive measures is warranted. 

Backgroundd and outline of the thesis 

Inn this thesis we describe aspects of the multifactorial disease atherosclerosis based on 
observationss in a cohort of patients with established atherosclerotic complications. The cohort 
consistedd of three equally sized groups of patients with respectively a recent myocardial 
infarction,, a recent ischemic stroke or peripheral arterial disease. In the first part of the thesis 
wee focus on different manifestations of atherosclerosis and risk factors for future ischemic 
events.. The second part is dedicated to coagulation and atherosclerosis. In the third part the 
rolee of Chlamydia pneumoniae in atherosclerosis and cerebral white matter lesions is 
explored. . 

Manifestationss of atherosclerosis and future ischemic events 
Althoughh atherosclerosis is a systemic generalized process it may manifest on different 

locations.. It has not been elucidated why certain patients suffer from a myocardial infarction, 
whilee others have an ischemic stroke. Are these random manifestations of one disease or 
shouldd we regard myocardial infarction, ischemic stroke and peripheral arterial disease as 
distinctt clinical entities? Arguments for the first hypothesis are the fact that cardiovascular 
riskrisk factors are not qualitatively different among all types of atherosclerotic disease and that 
prophylacticc treatment for coronary artery disease protects against ischemic stroke as well10" 

.. On the other hand, the pattern of future ischemic events is different among the types of 
atheroscleroticc disease and there are indications that the distribution of cardiovascular risk 
factorss may differ as well15'16. In chapter  2 we describee the distribution of cardiovascular risk 
factors,, cardiovascular history, the pattern of future ischemic events and arterial wall 
thicknesss in our patients with different types of atherosclerotic disease. 

Cerebrall  white matter lesions are usually regarded as manifestations of cerebral small 
vessell  disease and are often observed on magnetic resonance imaging of the brain17. These 
whitee matter lesions are caused by typical arteriolar alterations. They are asymptomatic in 
manyy cases, but their presence has been associated with cognitive decline, dysarthria and gait 
disturbances18.. In addition, white matter lesions have been associated with signs of large 
vessell  atherosclerotic disease19. The only established risk factors for white matter lesions are 
hypertensionn and age. In the general population they have been associated with future 
stroke20.. The significance of white matter lesions in patients with established atherosclerotic 
diseasee for future ischemic events is unknown. In chapter  3 we assessed the possible 
associationn between cerebral white matter lesions and future ischemic strokes and myocardial 
infarctions. . 

Coagulationn and atherosclerosis 
Thee role of the coagulation system in atherosclerosis is important, especially late in the 

process.. Thrombus formation is the hallmark of the complicated atherosclerotic lesion and 
occludingg thrombi cause acute ischemic events5. The role of the coagulation system in earlier 
stagess of the atherosclerotic process is less certain. Whether the coagulation system is 
importantt for arterial wall thickening is not proven. Patients with an inherited bleeding 
tendencyy have a similar arterial wall thickness compared to control persons, although they 
havee a reduced risk of acute myocardial infarction . On the other hand, patients with venous 

100 Chapter 1 General introduction, background and outline 



thrombosiss have an increased arterial wall thickness . In chapter  4 we describe the influence 
off  the procoagulant prothrombin G20210A mutation on arterial wall thickness in patients with 
establishedd atherosclerosis. 

Mil dd hyperhomocysteinemia has repeatedly been associated with venous and arterial 
thrombosis,, but there is debate whether and how mild hyperhomocysteinemia influences the 
coagulationn system. In vitro studies have shown different procoagulant effects of 
homocysteinee on vascular endothelial cells including inhibition of thrombomodulin-
dependentt protein C activation, impairment of von Willebrand secretion and induction of 
tissuee factor23"25. Tissue factor may be induced by homocysteine on monocytes as well26. 
However,, studies on mild hyperhomocysteinemia and the coagulation system in vivo showed 
conflictingg results27. There are indications that mild hyperhomocysteinemia may be an 
epiphenomenon28.. We studied the relation between homocysteine and markers of coagulation 
andd endothelial cell activation both in the cohort of patients with atherosclerotic disease and 
inn healthy volunteers and describe our findings in chapter  5. 

Thrombomodulinn is an important regulatory element of the coagulation cascade29. A small 
proportionn is circulating. This so-called soluble thrombomodulin is regarded as a marker of 
endotheliall  cell dysfunction or activation. Increased concentrations have been described in 
patientss with atherosclerotic disease compared to healthy controls30,31. In contrast, in the 
Atherosclerosiss Risk In Communities Study lower soluble thrombomodulin concentrations 
weree associated with incident ischemic events in individuals who were healthy at entry into 
thee study32. Which factors are the determinants of the soluble thrombomodulin concentration 
inn patients with atherosclerotic disease is unclear. We investigated the relation between 
solublee thrombomodulin, arterial wall thickness, risk factors and future ischemic events in 
patientss with atherosclerotic disease in chapter  6. Coagulation factor XI activation has been 
observedd during myocardial infarction and increased factor XI concentrations may be relevant 
forr arterial and venous thrombosis33'34. In chapter  7 we describe the search for 
polymorphismss in the factor XI gene that may serve as markers for factor XI level and 
thrombosiss risk. We also describe the genetic basis of factor XI deficiency in patients from 
ourr outpatient clinic. 

Chlamydiaa pneumoniae 
Atherosclerosiss is an inflammatory process1. There is a growing number of reports that 

suggestt that infections may have a role in the pathogenesis of atherosclerosis, especially 
infectionn with Chlamydia pneumoniae. C pneumoniae has been detected in atherosclerotic 
plaquess and in animal models, an atherogenic effect has been described35'36. The studies in 
humanss are inconclusive. In a number of cross-sectional studies a higher frequency of persons 
withh antibodies to C pneumoniae among patients with cardiovascular disease were observed 
comparedd to asymptomatic controls. However, this could not be confirmed in other well 
designedd studies37. Treatment with macrolide antibiotics, targeted at Cpneumoniae, improved 
outcomee in two pilot studies in which patients with acute coronary syndromes were 
included38,39.. There is a limited, but growing, number of prospective studies regarding the 
presencee of antibodies to C pneumoniae and ischemic events, with conflicting results . In 
chapterr  8 we describe the relation between the presence of antibodies to chlamydial 
lipopolysaccharidee and arterial wall thickness and future ischemic events in our patients with 
establishedd atherosclerosis. It is unknown whether Cpneumoniae is involved in cerebral small 
vessell  disease. In chapter  9 the relation between these antibodies and cerebral white matter 
lesionss is explored. 
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Chapterr  2 

Riskk factors and futur e ischemic events among patients with different 
manifestationss of atherosclerotic disease 

Victorr EA Gerdes1'3, Hugo ten Cate2, Dees PM Brandjes3, Ron JG Peters4, Harry R Biiller1, 
onn behalf of the Amsterdam Vascular Medicine Group. 

Departmentt of Vascular Medicine1, Academic Medical Center, Amsterdam, Department of Internal Medicine 
andd Cardiovascular Research Institute2, Academic Hospital, Maastricht, Department of Internal Medicine3, 
Slotervaartt Hospital, Amsterdam, Department of Cardiology4, Academic Medical Center, Amsterdam, the 
Netherlands. . 

Abstract t 
Background:: Atherosclerosis is a multifactorial systemic process with several possible clinical 
manifestations.. Few studies directly compared cardiovascular history, distribution of risk 
factorss and future ischemic events between patients with acute myocardial infarction (MI), 
acutee ischemic stroke (IS) and peripheral arterial disease (PAD). 
Methodss and results: Cardiovascular history, risk factors, intima-media thickness (IMT) and 
ischemicc events during follow-up were measured in 307 patients with proven atherosclerotic 
disease.. Cardiovascular history was related to type of atherosclerotic disease. One 
manifestationn of atherosclerotic disease was present in 226 patients (MI 84, IS 78, PAD 64). 
Comparedd to patients with MI, PAD was independently associated with smoking (p=0.01), 
lipoprotein(a)) (p=0.03), age (p=0.04)) and female sex (p=0.03) in a multivariate logistic 
regressionn analysis. Compared to patients with MI, IS was independently associated with sex 
(p<0.01),, hypertension (p<0.01) and age (0.04). Compared to patients with IS, PAD was 
independentlyy associated with smoking (p<0.01) and absence of hypertension (p<0.01). PAD 
wass independently associated with higher IMT (p<0.01). Initial manifestation of 
atheroscleroticc disease was associated with type of future ischemic event, especially IS with 
futuree ischemic stroke (p=0.01)). 
Conclusions:: We observed heterogeneity in the distribution of cardiovascular history, risk 
factors,, arterial wall thickness, and future ischemic events among patients with different 
initiall  presentations of their atherosclerotic disease. This suggests that although IS, MI and 
PADD share an underlying pathophysiological condition, these diseases are distinct clinical 
entities. . 
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Introductio n n 
Atherosclerosiss is a multifactorial systemic disease in which several acquired and inherited 

factorss are involved1'2. Common clinical manifestations of the disease are myocardial 
infarction,, ischemic stroke and peripheral arterial disease, however, atherosclerosis may lead 
too complications in any organ. Clinical presentation of the disease can be divided in acute 
thromboticc events, such as acute myocardial infarction or ischemic stroke, and chronic 
ischemicc complaints due to narrowing of the arterial lumen, which is the case in stable angina 
andd peripheral arterial disease2. 

Thee factors that are responsible for the differences in clinical presentation remain largely 
unknown.. It is conceivable that certain factors are involved in the process of arterial wall 
thickening,, while others are important in the pathogenesis of the acute ischemic events. 
Anatomicall  variations may influence blood flow dynamics, and as a result on the level of 
genee expression, local induction of adhesive and procoagulant proteins. The total local burden 
off  these mechanisms may determine the localization of the atherosclerotic plaques3. There are 
indicationss that risk factor profiles of patients with coronary artery disease, peripheral arterial 
diseasee and ischemic stroke differ4"7. In addition, the pattern of secondary ischemic events 
amongg patients with one manifestation of atherosclerotic disease is different compared to 
patientss with another manifestation of atherosclerotic disease8. 

Too test the hypothesis that cardiovascular risk factor profiles, intima-media thickness and 
patternn of future ischemic events differ between patients with different manifestations of 
atheroscleroticc disease, we studied patients with a recent myocardial infarction, a recent 
ischemicc stroke or peripheral arterial disease in an observational study. We determined 
cardiovascularr history, risk factor profiles, intima-media thickness and ischemic events during 
follow-upp in these patients and we investigated whether we could find relevant differences 
betweenn the three patient groups. 

Methods s 
Studyy subjects and follow-up 

Consecutivee patients with clinical manifestations of atherosclerosis were recruited in two 
teachingg hospitals and classified according to the previous event, i.e. myocardial infarction, 
ischemicc stroke or peripheral arterial disease. Only patients with a recent onset of myocardial 
infarctionn (< 1 month) or ischemic stroke (< 6 months) were included. Myocardial infarction 
wass defined as typical chest pain for more than 20 minutes in combination with laboratory- or 
ECGG findings consistent with myocardial infarction. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week. Intracerebral hemorrhage was ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure 
off  95 mmHg or higher or current treatment, and history of hypercholesterolemia defined as a 
totall  plasma cholesterol level of 7 mmol/L or higher or current treatment were registered. 

Duringg prospective follow-up new vascular events were registered. Every six months 
eventss were assessed using a questionnaire regarding vascular complications and reported 
cardiovascularr endpoints were confirmed through a review of hospital records, discharge 
letterss from the hospital and autopsy reports. The events were were classified by an 
independentt adjudication committee. For myocardial infarction and stroke we utilized the 
samee definitions as mentioned for the qualifying event. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 
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Measurements s 
Thee B-mode ultrasound IMT measurement procedures have been described elsewhere9'10. 

B-modee ultrasound scans were performed by one sonographer. Subjects were scanned in the 
reclinedd position.. Three carotid artery wall segments on both sides, and two femoral artery 
walll  segments on both sides were scanned. The per patient mean IMT value was used for the 
primaryy analysis. The sonographer and image analyst were blinded to the clinical status of the 
subjects. . 

Patientss provided peripheral venous blood samples after an overnight fast more than three 
monthss after the acute ischemic event. Lipids were assessed by routine laboratory methods. 
Homocysteinee concentration was determined by high-performance liquid chromatography. 
Lipoprotein(a)) was measured using a nephelometric method (Beekman, Fullerton, California, 
USA). . 

Statisticall  Analyses 
Alll  calculations were performed with the Statistical Package for the Social Science, version 

10.0.. Frequencies were compared with %2 tests or Fisher's exact tests when applicable. Non-
parametricc Mann-Whitney U was used to compare continuous variables between two groups. 
Too investigate which factors were determinants of intima-media thickness multivariate linear 
regressionn analysis was performed. Logarithmic transformation of variables with a skewed 
distributionn was performed. To investigate whether manifestation of arterial disease could be 
thee result of differences in risk factor profiles, and which risk factors may be independent 
determinantss we performed three multivariate logistic regression analyses. In each analysis 
wee directly compared two patient groups. Risk indicators for future ischemic events were 
analyzedd in a Cox regression analysis. Only variables with an association in univariate 
analysiss (p<0.10) and a plausible biologic relationship, or a plausible predictive value, were 
selectedd for the multivariate analyses. P values <0.05 were considered statistically significant. 

Results s 
Alll  patients 

AA total of 307 patients were included in the study, 103 had a recent ischemic stroke, 97 had 
aa recent myocardial infarction and 107 had peripheral arterial disease. Baseline characteristics 
andd findings during follow-up are shown in Table 1. As expected, a proportion of patients had 
aa history of atherosclerotic disease before the qualifying diagnosis. Many patients had 
manifestationss of the same type (for instance stable angina in a patient included with 
myocardiall  infarction, or a previous percutaneous transluminal angioplasty (PTA) of an artery 
off  the leg in a patient included with peripheral arterial disease). A total of 81 patients (26%) 
hadd more than one type of atherosclerotic disease at study entry. Especially patients with 
peripherall  arterial disease frequently had a history of coronary (myocardial infarction 15%, 
stablee angina 26%) and/or cerebral artery disease (TIA 6%, ischemic stroke 6%) in the past 
(Tablee 1). 

Patientss with one type of atherosclerotic disease 
Distributionn of risk factors and intima-media thickness 

Subsequently,, we excluded all 81 patients with proven and/or suspected manifestations of 
atheroscleroticc disease of more than one type. 226 patients remained available for analysis, 78 
withh a recent ischemic stroke, 84 with a recent myocardial infarction and 64 with peripheral 
arteriall  disease. 

Thee exclusion of these patients did not lead to major changes in the distribution of patient 
characteristicss or ischemic events during follow-up (Table 2). Patients with a myocardial 
infarctionn were younger than the patients with ischemic stroke and peripheral arterial disease 
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Tablee 1 Patient characteristics, cardiovascular history and ischemic events during follow-up 
accordingg to manifestation of atherosclerotic disease at entry 

N N 

Agee (years) 

Female e 

BMII  (kg/m2) 

Hypertension n 

Diabetes s 

Hyperlipidemia a 

Smoking g 

(current) ) 

Histt MI 

Histt angina 

Histt IS 

Histt TIA 

Histt surgery PAD 

Histt PTA leg 

MII  follow-up 

ISS follow-up 

IS S 

103 3 

65 5 

55 5 

25.7 7 

58 8 

15 5 

40 0 

72 2 

37 7 

8 8 

11 1 

12 2 

17 7 

2 2 

2 2 

6 6 

18 8 

MI I 

97 7 

60 0 

19 9 

25.5 5 

36 6 

9 9 

47 7 

87 7 

35 5 

15 5 

39 9 

2 2 

6 6 

0 0 

3 3 

13 3 

4 4 

PAD D 

107 7 

65 5 

34 4 

24.6 6 

30 0 

12 2 

58 8 

94 4 

50 0 

15 5 

26 6 

6 6 

6 6 

3 3 

27 7 

15 5 

7 7 

P P 

0.18 8 

0.000 0 

0.02 2 

0.01 1 

0.27 7 

0.000 0 

Unlesss indicated all frequencies are depicted as percentages. IS=ischemic stroke, MI=myocardial infarction, 
PAD=peripherall  arterial disease, Hist=history of, PTA=percutaneous transluminal angioplasty. Only 
cardiovascularr history was statistically analyzed (x2 test, Fisher's exact test). 

(meann age 59, 64, and 63 years respectively), and the percentage of females was clearly the 
lowestt in the myocardial infarction group (17%) and highest in the ischemic stroke group 
(55%).. Patients with peripheral arterial disease had a lower BMI, a higher frequency of 
reportedd hyperlipidemia and smoked more (past as well as current smoking) compared to the 
patientss with cerebral or coronary artery disease. Hypertension was more prevalent among 
patientss with ischemic stroke compared to the other patients. Also differences for HDL 
cholesterol,, lipoprotein(a) and homocysteine were observed (Table 3). 

Intima-mediaa thickness values were clearly higher among patients with peripheral arterial 
disease.. In a multivariate linear regression analysis peripheral arterial disease was an 
independentt determinant of intima-media thickness (B 0.12 (0.05-0.19), pO.01). 

Independentt determinants of type of atherosclerotic disease 
Riskk factor profiles between patients with different manifestations of atherosclerotic 

diseasee were compared. In the first analysis we contrasted patients with a recent myocardial 
infarctionn with those with peripheral arterial disease. Univariate analysis selected female sex, 
age,, BMI, current smoking, current and/or past smoking, HDL cholesterol and lipoprotein(a) 
ass variables with a possible influence. In the multivariate analysis current and/or past smoking 
(ORR 20.3 (2.0-206.0) p=0.01), lipoprotein(a) (quintile increment OR 1.36 (1.03-1.79) p=0.03), 
agee (year increment OR 1.037 (1.002-1.072) p=0.04) and female sex (OR 3.0 (1.1-8.1) 
p=0.03)) were independently associated with peripheral arterial disease. 
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Tablee 2 Patient characteristics, cardiovascular history and ischemic events during follow-up 
accordingg to manifestation of atherosclerotic disease after exclusion of patients with more 
thann one manifestation of atherosclerotic disease 

ÏSS Ml PAD pï p2 pi 
11=788 n=84 n=64 MI-PAD MI-I S IS-PAD 

t t 
tt J 

Agee (years) 

Female e 

BMII  (kg/m2) 

Hypertension n 

Diabetes Diabetes 

Hyperlipidemia a 

Smoking g 

(current) ) 

MII  follow-up 

ISS follow-up 

64 4 

55 5 

25.7 7 

58 8 

15 5 

38 8 

65 5 

35 5 

4 4 

18 8 

59 9 

17 7 

25.5 5 

31 1 

7 7 

47 7 

88 8 

35 5 

12 2 

5 5 

63 3 

38 8 

24.5 5 

27 7 

8 8 

60 0 

97 7 

53 3 

11 1 

6 6 

Abbreviations:: see table 1. pl-p3: %2 tests, Fisher's exact tests and non-parametric Mann-Whitney U tests, when 
applicable.. PI: myocardial infarction compared to peripheral arterial disease, p2: myocardial infarction 
comparedd to ischemic stroke, p3: ischemic stroke compared to peripheral arterial disease. 
**  p<0.05, t p<0.01, f jKO.001 

Tablee 3 Arterial wall thickness and laboratory variables according to manifestation of 
atheroscleroticc disease after exclusion of patients with more than one manifestation of 
atheroscleroticc disease 

IMT || (mm) 

Totall  chol (mmol/1) 

HDLL (mmol/1) 

Triglyceridess (mmol/1) 

Homocysteinee ((lmol/1) 

Lipoprotein )̂) (mg/dl) 

IS S 
n=78 8 

0.85 5 

5.9 9 

1.18 8 

1.6 6 

16.0 0 

15 5 

MI I 
n=84 4 

0.85 5 

6.2 2 

1.04 4 

1.8 8 

13.9 9 

7 7 

PAD D 
n=64 4 

1.01 1 

6.2 2 

1.15 5 

1.7 7 

14.9 9 

14 4 

pii  p2 
MI-PADD MI-IS 

t t 

t t 

* * 
**  * 

p3 3 
IS-PAD D 

* * 

Abbreviations:: see table 1. Prevalences are depicted as percentages. IS=ischemic stroke, MI=myocardial 
infarction,, PAD=peripheral arterial disease, IMT=intima-media thickness, Total chol=total cholesterol. PI: 
myocardiall  infarction compared to peripheral arterial disease, p2: myocardial infarction compared to ischemic 
stroke,, p3: ischemic stroke compared to peripheral arterial disease. * p<0.05, f p<0.01 (Mann-Whitney U tests). 
tt Intima-media thickness measurement was performed in 162 (72%) patients. 

Subsequently,, patients with a recent myocardial infarction and those with a recent ischemic 
strokee were compared. Univariate analysis selected age, female sex, hypertension, smoking, 
HDLL cholesterol, homocysteine and lipoprotein(a). In die multivariate analysis female sex 
(ORR 4.6 (1.9-11.0) p<0.01), hypertension (OR 3.0 (1.3-6.8) pO.01) and age (OR 1.033 
(1.001-1.065)) p=0.04) remained independent determinants of ischemic stroke. 

Finally,, we compared patients with a recent ischemic stroke to those with peripheral arterial 
disease.. Univariate analysis selected male sex, BMI, absence of hypertension, smoking and 
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LDLL cholesterol. In the multivariate analysis smoking (current and/or past OR 20.9 (2.6-
166.2)) pO.01), absence of hypertension (OR 0.32 (0.14-0.76) p<0.01) were independently 
associatedd with peripheral arterial disease. 

Ischemicc events during follow-up 
Duringg follow-up with a mean duration of 3.5  1.4 years the incidence of myocardial 

infarctionss in the ischemic stroke group (4%) was lower compared to the myocardial 
infarctionn group (12%), although only a trend was noted (p=0.08). The incidence of 
myocardiall  infarction in patients with peripheral arterial disease was nearly identical to the 
incidencee in patients with a prior myocardial infarction. The incidence of ischemic stroke 
duringg follow-up was significantly higher in the patients with a prior ischemic stroke 
comparedd to the other patient groups (18%, 5% [p=0.01] and 6% [p=0.04] respectively in 
crudee analysis). Also in the multivariate Cox regression analysis prior ischemic stroke was 
independentlyy associated with future ischemic stroke (OR 3.6 (1.5 - 8.5) pO.01). 

Discussion n 
Itt is a matter of debate whether myocardial infarction, ischemic stroke and peripheral 

arteriall  disease are randomly occurring manifestations of the systemic process atherosclerosis, 
orr distinct clinical entities with atherosclerosis as common underlying condition. 

Argumentss for the first hypothesis are the fact that the same risk factors have been related 
withh all manifestations in epidemiological studies2'11"13 and that the occurrence of more than 
onee type of atherosclerotic disease in patients is common14"17. In addition, prophylactic 
treatmentt for secondary myocardial infarction usually protects against ischemic stroke as 
well18'19.. This has led to a trend shift in prophylactic studies from disease related clinical 
studies,, such as secondary prophylaxis in patients with myocardial infarction , to risk related 
studies,, i.e. prophylaxis for patients with an increased cardiovascular risk18,21'22. On the other 
hand,, once patients have developed one type of atherosclerotic disease, the pattern of future 
ischemicc events is not random but determined by the type of atherosclerotic disease , and 
differencess in risk factor patterns suggest that the three groups are distinct entities. 

Inn the present study, the distribution of previous manifestations of atherosclerotic disease, 
futuree ischemic events, risk factors and arterial wall thickness differed among patients with a 
myocardiall  infarction, ischemic stroke or peripheral arterial disease. Although the study has 
certainn limitations, the observed pattern is clear and in line with previous investigations " . 
Hypertensionn is more common among patients with an ischemic stroke6'7 and the prevalence 
off  smoking is the highest among patients with peripheral arterial disease4'5,23. In a population 
basedd study lipoprotein(a) was especially associated with peripheral arterial disease, and not 
withh ischemic stroke24. The higher intima-media thickness values among patients with 
peripherall  arterial disease, which was independent of other risk factors and age, suggests that 
thesee patients have more generalized atherosclerotic disease compared to patients with only 
coronaryy artery or only cerebral artery disease. The pattern of future ischemic events is in line 
withh the observations by Vickrey et al8. 

Somee limitations of our study require comment. First, patients with a previous stroke may 
bee more focused on symptoms of neurologic deficit, and patients with coronary artery disease 
mayy especially notice chest symptoms. We can not exclude that this bias has influenced the 
results,, especially for the cardiovascular history. Second, wee did not investigate the presence 
off  subclinical atherosclerotic disease. Some of the patients classified as having one type of 
atheroscleroticc disease in our study actually will have subclinical disease in another vascular 
bed,, but this percentage is not likely to exceed 20 percent14"17. 

Third,, as a result of the cross-sectional design we can not exclude that different clinical 
practicess or interpretations of treating physicians may have an influence on the reported 
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frequenciess of some cardiovascular risk factors, such as hypertension and hyperlipidemia. 
However,, it is unlikely that observed differences in smoking and lipoprotein(a) are the result 
off  the study design. Finally, due to the moderate sample size of the study population it was 
nott possible to perform detailed subgroup analyses and only considerable differences of 
variabless (approximately one standard deviation) could be detected. 

Thee aim of the present study was to explore whether there are relevant differences between 
thee three groups, not to prove for each factor separately a causal role for eventually observed 
differences.. A prospective population based study in which cardiovascular risk factor profiles 
off  initially healthy individuals with different types of atherosclerotic disease during follow-up 
aree compared may overcome most limitations. Our results indicate that such a study is 
warranted.. In addition, more fundamental research is needed to explore which factors are 
responsiblee for organ specificity, and whether factors involved in the process of arterial wall 
thickeningg are different from those leading to acute ischemic events. 

Thee large risk-related therapeutic studies have the disadvantage of oversimplification. With 
thee continuously expanding list of therapeutic agents for cardiovascular disease (platelet 
inhibitors,, statins, ACE inhibitors etc) a better understanding of underlying 
pathophysiologicall  mechanisms and pattern of future events may help to improve patient-
tailoredd prophylactic regimens. 

Inn conclusion, we observe differences in cardiovascular history, risk factors, arterial wall 
thicknesss and pattern of future ischemic events among patients with different types of 
atheroscleroticc disease. This suggests that although ischemic stroke, myocardial infarction and 
peripherall  arterial disease share a common underlying pathophysiological condition, these 
diseasess are distinct clinical entities. 
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Abstract t 
Background:: Cerebral white matter lesions (WML) are regarded manifestations of small 
vessell  disease, but have also been associated with large vessel atherosclerosis. We 
investigatedd whether WML have a predictive value for future ischemic events. 
Methodss and results: 230 patients with proven atherosclerotic disease, recent ischemic stroke 
(IS,, n=70), recent myocardial infarction (MI, n=71), or peripheral arterial disease (PAD, 
n=89)) were included. The presence of periventricular lesions (PVL) and deep white matter 
lesionss (DWML) on MRI at entry and ischemic events during follow-up were registered. 
Duringg follow-up with a mean duration of 3.5 years 22 patients had a MI, 21 patients had an 
ISS and 2 patients died suddenly. The frequency of ischemic events was higher among patients 
withh PVL (IS: PVL+ 18% versus PVL- 5%, p=0.001, MI: PVL+ 15% versus PVL- 7%, 
p=0.03,, any ischemic event: PVL+ 36% versus PVL- 11%, p<0.001). DWML was only 
associatedd with the combined outcome any ischemic event (p=0.04). In multivariate 
regressionn analysis the presence of PVL was independently associated with IS (HR 3.2 
(95%CII  1.3-8.4) and MI (HR 3.8 (95%CI 1.6-9.2)). 
Conclusion:: We observed an association between WML, especially PVL, and future ischemic 
strokee and myocardial infarction in patients with established atherosclerotic disease. 
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Introductio n n 
Cerebrall  white matter lesions (WML) are frequently observed on MRI and CT scans, in 

healthyy elderly persons as well as in patients with atherosclerotic disease. They are regarded 
ass manifestations of cerebral small vessel disease1. Their presence is associated with cognitive 
decline,, dysarthria and gait disturbances2'4. 

Thee pathogenesis of cerebral WML is not fully elucidated. Hypertension and age are the 
onlyy established risk factors5'6. A number of factors including hyperinsulinism, endothelial 
changes,, altered coagulation factors, homocysteine, changes in diurnal blood pressure and 
polymorphismss of apo E, angiotensinogen and paraoxonase l7*15 may be involved in the 
pathogenesis,, but the number of studies is too small to draw final conclusions regarding their 
causall  role. WML are signs of ischemia in the cerebral white matter. It is therefore not 
surprisingg that cerebral WML are associated with future ischemic stroke16"18. 

Theree is increasing evidence that cerebral WML are associated with large vessel 
atheroscleroticc disease. Cerebral WML have been associated with aortic atherosclerosis 
duringg midlife, carotid artery intima-media thickness, ankle to arm systolic blood pressure 
ratioo and the number of plaques in the carotid artery519'20. 

Thee association of cerebral WML with large vessel atherosclerotic disease lead us to the 
hypothesiss that these lesions may also be associated with future extra-cerebral ischemic 
events,, like myocardial infarctions. To test this hypothesis we examined the relation between 
cerebrall  WML on MRI and both cerebral and extra-cerebral ischemic events during follow-up 
inn patients with different types of atherosclerotic disease. 

Methods s 
Subjectss and follow-up 

Consecutivee patients with established atherosclerotic disease were recruited in two teaching 
hospitals.. Patients with a recent myocardial infarction (< 1 month), a recent ischemic stroke(< 
66 months), and peripheral arterial disease were included. Myocardial infarction was defined as 
typicall  chest pain with a duration of at least 20 minutes, ST segment elevation in at least two 
adjacentt leads and confirmation by laboratory tests. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week and intracerebral hemorrhage ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure 
off  95 mmHg or higher or current treatment, diabetes and hypercholesterolemia defined as a 
totall  plasma cholesterol level of 7 mmol/L or higher or current treatment were registered. 

Wee followed patients prospectively by sending them a questionnaire every six months to 
assesss vascular complications. Non-responders were contacted by telephone. Reported 
cardiovascularr outcomes were confirmed by a review of hospital records, discharge letters and 
autopsyy reports. For myocardial infarction and stroke we utilized the same definitions as 
mentionedd for the qualifying event. When patients suddenly died during follow-up, without a 
clearr diagnosis (ECG, CT scan) or autopsy, we regarded these events as "cardiovascular 
deaths".. The classification of ischemic events was made without knowledge about the 
presencee of WML. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consent. . 

Laboratoryy investigation 
Fastingg homocysteine, total cholesterol, HDL cholesterol, triglycerides and lipoprotein(a) 

weree assessed in blood samples drawn 3 months after the acute event. Homocysteine 
concentrationn was determined by high-performance liquid chromatography. Total cholesterol, 
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HDLL cholesterol and triglycerides were determined by standard commercial laboratory 
assays.. Lipoprotein(a) was measured using a nephelometric method (Beekman, Fullerton 
California,, USA). 

Magneticc Resonance Imaging 
Magneticc Resonance Imaging (MR!) was performed with a 1.5 Tesla Siemens Magnetom 

633 SP/4000 (Siemens AG, Erlangen, Germany). Five millimeter transversal images were 
obtainedd with a Tl-weighted (Tl W-SE), and a combined proton density weighted (PDW-SE) 
andd a T2-weighted (T2W-SE) spin echo sequence. At the same levels transversal images were 
madee with a T2W-gradient echo FLASH 2D sequence. Two investigators independently 
assessedd the MRI scans without knowledge of clinical or laboratory data. Periventricular 
(PVL)) and deep white matter lesions (DWML) were assessed on the T2W-SE and PDW-SE 
imagess according to an adapted version of the scoring system of Fazekas et al21,22. WML were 
definedd as hyperintense lesions on T2W-SE images without corresponding hypointense 
lesionss on T1W-SE images. Hyperintensities limited to small caps and thin linings along the 
ventricless were considered normal. All other hyperintense lesions in the hemispheric white 
matterr were considered abnormal. The interobserver variability of this scoring system ranges 
fromm poor to reasonable (kappa 0.35 - 0.74)23. We considered a MRI to be abnormal only 
whenn both observers reached consensus. 

Statisticall  analysis 
Alll  calculations were performed with the Statistical Package for the Social Science (SPSS 

versionn 10.0). Frequencies were compared using chi-square tests and continuous variables 
withh Students' t test. Kaplan-Meier plots were made to investigate the relation between WML 
andd ischemic events in time. To determine which factors were independently associated with 
ischemicc stroke, myocardial infarction or the combined outcome of any ischemic event during 
follow-up,, we performed multivariate Cox regression analyses. WML and cardiovascular risk 
factorss (smoking, hypertension, diabetes, age, sex, lipids including lipoprotein(a), 
hyperhomocysteinemia,, defined as level in the highest quartile (> 18.8 umol/1)) were used for 
analysis.. All variables with a p value < 0.10 in univariate analysis were selected for the 
multivariatee forward analyses. Hazard ratio's (HR) and 95% confidence intervals were 
calculated.. A p value <0.05 was regarded as statistically significant. 

Results s 
Patientss and white matter lesions 

AA total of 230 patients were included, 70 with a recent ischemic stroke, 71 with a recent 
myocardiall  infarction, and 89 with peripheral arterial disease. The mean age at entry was 62 

22 years. Patients characteristics are given in table 1. During follow-up with a mean duration 
off  3.5  1.4 years 45 ischemic events occurred. Twenty two patients had a myocardial 
infarction,, 21 patients had an ischemic stroke and 2 patients, who died suddenly, were 
classifiedd as cardiovascular death. 

Ninety-onee patients had cerebral white matter lesions (PVL or DWML, 40%). PVL were 
presentt in 78 patients (34%), while DWML were present in 59 patients (26%). Characteristics 
accordingg to type of cerebral WML are also shown in Table 1. The prevalence of cerebral 
WMLL was higher among patients with a recent ischemic stroke at inclusion compared to the 
otherr patients (recent ischemic stroke PVL 53%, DWML 31%, recent myocardial infarction 
PVLL 18%, DWML 16%, peripheral arterial disease PVL 31%, DWML 29%, * 2 PVL pO.001, 
DWMLL p=0.06). 
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Tablee 1 Patient characteristics according to type of white matter lesions 

Age e 

Male e 

Hypertension n 

Diabetes s 

Smokers Smokers 

Hyperlipidemia a 

(mean) ) 

(%) ) 
(%) ) 
(%) ) 
(%) ) 
(%) ) 

Alll  patients 
n=230 0 

62 2 

68 8 

41 1 

12 2 

86 6 

48 8 

PVL L 
n=78 8 

699 f 

63 3 

588 t 
13 3 

78* * 

43 3 

DWML L 
n=59 9 

699 % 

63 3 

49 9 

12 2 

76* * 

47 7 

anyy WML 
n=91 1 

688 % 

62 2 

533 f 

12 2 

788 t 
44 4 

**  p<0.05, t p<0.01, % p<0.001 compared to patients without white matter lesions (x2 test and Student's t-test 
whenn applicable). PVL: periventricular lesions, DWML: deep white matter lesions, any WML: any white 
matterr lesion. 

Whitee matter lesions and ischemic events during follow-up 
Patientss with PVL had more often IS (18%) during follow-up compared to patients without 

PVLL (5%, x2 test, p=0.001). They also had more often MI during follow-up (with PVL 15% 
versuss without PVL 7%, % test, p=0.03) (table 2). Kaplan Meier plots showed that these 
differencess were consistent throughout the follow-up period (figure 1). The association 
betweenn cerebral WML and ischemic events during follow-up was identical for patients with 
orr without a previous ischemic stroke (data not shown). 

Inn univariate analysis PVL, hypertension and type of atherosclerotic disease at entry 
(ischemicc stroke, myocardial infarction) were associated with ischemic stroke during follow-
upp in univariate analysis. In the multivariate Cox regression analysis PVL (HR 3.2 (95%CI 
1.3-8.4))) and type of atherosclerotic disease at entry (ischemic stroke HR 2.8 (95%CI 1.1-
7.0))) were independently associated with ischemic stroke during follow-up. 

Age,, hyperhomocysteinemia, type of atherosclerotic disease at entry (ischemic stroke), 
PVLL and DWML were univariately associated with myocardial infarction during follow-up. 
Inn the multivariate analysis the presence of PVL (HR 3.8 (95%CI 1.6-9.2)), and type of 
atheroscleroticc disease at entry (ischemic stroke HR 0.3 (95%CI 0.1-0.9) were independently 
associatedd with myocardial infarction during follow-up. The odds ratio lower than 1.0 
indicatess that patients with an ischemic stroke had a lower chance of future myocardial 
infarctionn compared to patients with a myocardial infarction or peripheral arterial disease. 

Finally,, age, hyperhomocysteinemia, PVL, DWML, total cholesterol and LDL cholesterol 
weree associated with any ischemic event during follow-up in univariate analysis. Only PVL 
(ORR 4.0 (95%CI 1.9-8.7)) remained associated with any ischemic event during follow-up in 
thee multivariate analysis. 

Discussion n 
Inn our patients with established atherosclerotic disease, cerebral WML are not only 

associatedd with future ischemic strokes, but also with future myocardial infarctions. This 
associationn was stronger for PVL than for DWML. PVL predicted future ischemic events 
independentt of other risk indicators. To our knowledge this is the first study to show the 
predictivee value of cerebral WML for future myocardial infarction. 

Ourr results are in line with previous observations that cerebral WML are associated with 
manifestationss of atherosclerosis5'19'20. WML are thought to be caused by pathologic 
thickeningg or necrosis of the vessel wall, and microatheromas in small cerebral endarteries24. 
Thee only established risk factors for small vessel disease, hypertension and age, are also risk 
factorss for large vessel atherosclerotic disease. Most factors which seem to be involved in the 
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Tablee 2 Ischemic events during follow-up in patients with or without white matter lesions 

present t absent t 

PVL L 

DWML L 

IS S 

MI I 

Anyy event 

IS S 

MI I 

Anyy event 

18(14/78) ) 

155 (12/78) 

366 (28/78) 

122 (7/59) 

155 (9/59) 

29(17/59) ) 

5(7/152) ) 

7(10/152) ) 

11(17/152) ) 

8(14/171) ) 

8(13/171) ) 

16(28/171) ) 

0.001 1 

0.03 3 

0.000 0 

0.40 0 

0.09 9 

0.04 4 

Frequenciess presented as percentages, absolute numbers between brackets, p: % test. 
PVL:: periventricular lesions, DWML: deep white matter lesions, IS: ischemic stroke, MI: myocardial infarction. 

Figuree 1 

PVLL and IS during follow-up PVLL and Ml during follow-up 

E E 

_JP P 

followw up (days) followw up (days) 

Kaplan-Meierr plots for the endpoints ischemic stroke (IS) and myocardial infarction (MI) in patients with PVL 
andd patients without PVL. IS=ischemic stroke, MI=myocardial infarction 
PVL L 
Noo PVL 

pathogenesiss of cerebral WML are also associated with atherosclerosis7"15. The association 
betweenn cerebral WML and future ischemic events was independent of hypertension, age, and 
otherr risk indicators in our study. It is likely that other factors than those registered in our 
studyy are involved in the pathogenesis of both cerebral small vessel disease and systemic 
largee vessel disease. These factors may account for the association between small and large 
vessell  disease. 

AA consistent finding in our study is that PVL is a better predictor for ischemic events than 
DWML.. This is in line with other studies17'18. There are several theories. PVL is thought to be 
thee result of ischemia in an arterial borderzone. It maybe the result of hypoperfusion that can 
bee caused by large vessel disease. PVL is associated with atrial fibrillation, especially with 
highh frequencies, suggesting hypoperfusion25. PVL is also associated with diminished 
cerebrall  vasomotor reactivity, suggesting that compensatory mechanisms to cerebral 
hypoperfusionn are already maximal26. 
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Anotherr hypothesis is that cerebral small vessel disease might develop parallel to systemic 
largee vessel disease, due to a diffuse change of the endothelial function. Markers of 
endotheliall  activation have been found in both patients with WML and patients with carotid 
arteryy disease27. However, this would not explain why especially PVL is associated with 
myocardiall  infarction. 

Wee studied the association between presence of cerebral WML and future ischemic events 
inn patients with or without prior ischemic stroke. Although the frequency of cerebral WML 
wass lower among patients with coronary artery disease and peripheral artery disease, the 
predictivee value for future ischemic stroke and future myocardial infarction was similar. In 
addition,, our results show that the presence of WML is associated with future ischemic events 
nott only in the elderly general population18, but also in patients with established 
atheroscleroticc disease. 

Wee assume that the presence of cerebral WML may be a marker of (subclinical) 
atheroscleroticc disease like intima-media thickness28. Although WML are frequently clinically 
silent,, our results in patients with established atherosclerotic disease and the results of 
Vermeerr et al18 in the elderly general population indicate that their presence may have 
importantt clinical implications. We suggest that if WML are observed in a person without 
knownn atherosclerotic disease, it may be useful to carefully assess the cardiovascular risk and 
too consider the treatment of cardiovascular risk factors, when present. 
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Abstract t 
Thee G20210A mutation in the protfirombin gene is an established risk factor for venous 

thrombosis.. There is controversy about the role of this mutation in arterial thrombotic disease 
andd atherosclerosis. We determined the presence of the prothrombin mutation and examined its 
influencee on carotid and femoral artery intima-media thickness (IMT) and the occurrence of new 
ischemicc events during follow-up in 277 patients with clinically manifest atherosclerotic disease: 
ischemicc stroke, myocardial infarction or peripheral arterial disease. The mean age at entry was 
633 years. Mean IMT was significantly higher in carriers of the prothrombin mutation [1.17 
(SD0.29)mmm versus 0.97 (SD0.25)mm: 6TMT=0.20, p=0.02]. The increase in IMT was not 
attributablee to differences in age, type of arterial disease or cardiovascular risk factors between 
carrierss and non-carriers. During a mean follow-up of 3.5 years, a strong trend for more ischemic 
eventss was observed: 4 of the 11 carriers suffered from a recurrent ischemic event, compared 
withh 30 of the 164 male non-carriers (36% versus 18%; p=0.06). These results suggest that the 
G20210AA mutation contributes to the process of arterial wall thickening and is associated with 
thee occurrence of ischemic events in a cohort of elderly persons with established 
atherosclerosis. . 
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Introductio n n 
Atherosclerosiss is a multifactorial process. In its pathogenesis many inherited and acquired 

riskrisk factors are thought to have a causal role. The atherosclerotic process may manifest as 
coronary,, cerebral and peripheral artery stenosis and occlusion. The distribution of risk factors 
mayy vary among patients with these different manifestations and factors with a limited 
influencee in early stages of the atherosclerotic process may have a relevant role in advanced 
stages. . 

Thee coagulation system is important in the pathogenesis of clinical manifestations of 
atherosclerosis.. Thrombotic occlusion of coronary and cerebral arteries is the cause of 
myocardiall  and cerebral infarctions1'2. However, the role of the coagulation system in the 
processs of atherosclerotic wall thickening is uncertain, although increased levels of 
coagulationn factors and enhanced coagulation activity have been associated with increased 
carotidd artery wall thickness and coronary artery stenosis3"5. Pathologic and experimental 
observationss indicate that microfissures in the atherosclerotic vessel wall with subsequent 
murall  thrombus formation and fibrotic organization contribute to the process of wall 
thickening1.. Thrombin is thought to be an important factor in this process1,6. Thrombin is 
essentiall  in arterial thrombus formation7,8, but appeared to be a growth factor for vascular 
smoothh muscle cells as well, either directly or by stimulating other growth factors9"11. Whether 
higherr (local) thrombin concentration leads to increased wall thickness in patients with 
advancedd atherosclerotic lesions needs to be elucidated. 

Mutationss in certain genes of coagulation factors may lead to higher levels or an altered 
functionn of these coagulation proteins. In this way, these mutations might be risk factors for 
atherosclerosiss and its clinical complications. One of these potential risk factors is a mutation 
inn thee 3' untranslated region of the prothrombin gene. A G—>A transition of nucleotide 20210 
iss associated with higher prothrombin clotting activity and a 2 to 4-fold higher risk for venous 
thrombosis12"16. . 

Theree is considerable controversy about the role of the G20210A mutation in arterial 
vascularr disease. An increased prevalence has been reported in patients with myocardial 
infarctionn and cerebral artery disease15,17"21, but other studies could not confirm these 
findings16,22,23.. In apparently healthy men in the Physicians' Health Study the presence of the 
G20210AA mutation was not associated with the future occurrence of myocardial infarction or 
stroke16.. These conflicting results suggest that the importance as a risk factor could be 
differentt in different patient groups and populations. The influence of the G20210A 
polymorphismm on arterial wall thickness is unclear and prospective studies on patients with 
establishedd atherosclerosis are lacking. 

Wee hypothesized that the G20210A mutation may be a relevant factor in patients with 
establishedd atherosclerosis, but may have a limited role in healthy individuals. To test the first 
hypothesiss we investigated whether the presence of the G20210A mutation is associated with 
increasedd arterial wall thickness, determined by B-mode ultrasound intima-media thickness 
(IMT)) measurement, and a higher incidence of ischemic events during follow-up, in a cohort 
off  patients with clinically manifest atherosclerosis. 

Methods s 
Patientss and follow-up 

Consecutivee patients with clinical manifestations of atherosclerosis were recruited in two 
teachingg hospitals and classified according to previous event: myocardial infarction, ischemic 
strokee or peripheral arterial disease. Only patients with a recent onset of myocardial infarction 
(<< 1 month) or ischemic stroke (< 6 months) were included. Myocardial infarction was 
definedd as typical chest pain for more than 20 minutes in combination with laboratory- or 
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ECGG findings consistent with myocardial infarction. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week. Intracerebral hemorrhage was ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure 
off  95 mmHg or higher or current treatment, and hypercholesterolemia defined as a total 
plasmaa cholesterol level of 7 mmol/L or higher or current treatment were registered. Patients 
providedd a peripheral blood sample for DNA analysis. 

Duringg prospective follow-up new vascular events were registered. Every six months events 
weree assessed using a questionaire regarding vascular complications and reported 
cardiovascularr endpoints were confirmed through a review of hospital records, discharge 
letterss from the hospital and autopsy reports. For myocardial infarction and stroke we utilized 
thee same definitions as mentioned for the qualifyingg event. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

B-Modee ultrasound 
Thee B-mode ultrasound IMT measurement procedures have been described elsewhere24,25. 

B-modee ultrasound scans were performed by one sonographer. An ATL Ultramark IV 
(Advancedd Technology Laboratories, Bothell, Washington) with a High Resolution Linear 
Arrayy 7.5 Mliz transducer was used. Subjects were scanned in the reclined position. Three 
rightright carotid, three left carotid, two right femoral and two left femoral artery wall segments 
weree scanned. Images of each arterial wall segment were stored on S-VHS video tape. IMT of 
thee posterior wall segments was measured off-line26. The sonographer and image analyst were 
blindedd to the clinical status of the subjects. 

G20210AA mutation 
Extractionn of genomic DNA from peripheral leukocytes in citrated blood was performed 

usingg a QIAamp blood kit (QIAGEN, Germany). Digestion with the restriction enzyme Hind 
HII  was used to identify the variant allele at position 20210 off  the prothrombin gene. The 
primerss and PCR conditions used were previously described12. 

Statisticall  analyses 
Calculationss were performed with SPSS, version 6.1. Frequencies were compared with Chi-

squaree tests or Fisher exact tests when applicable. IMT measurements of investigated artery 
walll  segments were combined on a per subject basis. This was allowed for in this 
investigationn since analyses of the separate arterial wall segments showed a similar percentage 
off  available measurements in the subpopulations in each of the segments. For comparisons, 
Student'ss t-test was used. A p-value of 0.05 was considered statistically significant. Kaplan-
Meierr estimates were used for comparison of events during follow up. 

Results s 
Patientt characteristics and prevalence of the prothrombin G20210A mutation 

AA total of 307 consecutive patients were included. The presence of the G20210A mutation 
wass determined in 277 patients of whom DNA samples were available. Of these 277 patients 
933 patients had a recent ischemic stroke, 86 a recent myocardial infarction and 98 had 
peripherall  arterial disease. Characteristics of the study cohort and the subgroup with and 
withoutt the prothrombin mutation are described in Table 1. Except for gender, there were no 
clinicallyy relevant differences between patients with or without the prothrombin mutation. All 
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thee carriers were male, which may be partially explained by the high percentage males in the 
myocardiall  infarction (81%) and peripheral arterial disease (66%) groups. 
Mostt mutations were confined to patients with myocardial infarction (5 out of 86) or 
peripherall  arterial disease (4 out of 98), while 2 stroke patients had the mutation. 

Tablee 1 Characteristics of all patients and characteristics according to genotype 

n n 

malee (%) 

agee (years) 

hypertensionn (%) 

DMM (%) 

hypercholl  (%) 

homocysteine e 
mediann (fimol/1) 

smokingg (%) 

Alll  patients s 

277 7 

1755 (63) 

63 3 

1177 (42) 

344 (12) 

1266 (48) 

15.1 1 

2333 (84) 

GG G 

266 6 

1644 (62) 

63 3 

1111 (42) 

333 (12) 

1211 (48) 

15.1 1 

2244 (84) 

AG G 

11 1 

111 (100) 

64 4 

66 (55) 

11 (9) 

55 (45) 

14.8 8 

99 (82) 

GGG = non-carrier of G20210A mutation, AG = heterozygote for the G20210A mutation, DM = diabetes mellitus, 
hyperchol=hypercholesterolemia a 

Intimaa Media Thickness 
IMTT measurements of 143 males and 82 females were available. Since the G20210A 

mutationn was present in males only, we limited the analysis to the male data. In the 134 males 
withoutt the G20210A mutation 1177 IMT measurements and in the 9 males with the mutation 
777 IMT measurements were available. The IMT in subjects with the G20210A mutation was 
increasedd compared to subjects without the mutation [IMT AG= 117 (SD 0.29, range 0.40 -
3.82)mm;; IMTGG= 0.97 (SD 0.25, range 0.31 - 3.97)mm: oTMT=0.20 (95%CI 0.370 -
0.028)mm:: p=0.02]. The distribution of factors associated with arterial wall thickness (age, 
typee of arterial disease, cardiovascular risk factors) was similar in carriers and male non-
carrierss of the mutation so the observed difference can not be attributed to these factors. 

Ischemicc events 
Duringg a mean follow-up of 3.5 years, 4 of the 11 carriers suffered an ischemic event. Two 

off  these carriers had a stroke and two had a myocardial infarction. For comparison only male 
non-carrierss were used. Of these male non-carriers 12 persons suffered from a stroke while 18 
hadd a myocardial infarction. After two years this difference was significant (4/11 versus 
17/164,, p=0.03, stroke or myocardial infarction) but Kaplan-Meier estimates for the entire 
follow-upp period were not statistically significant for the composite endpoint stroke or 
myocardiall  infarction (p=0.06), stroke (p=0.11) or myocardiall  infarction (p=0.29), although a 
strongg trend was noted (Figure 1). 
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Figuree 1 Cardiovascular events during follow-up 
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Kaplan-Meierr plot for the composite endpoint stroke or myocardial infarction in carriers (n=l 1) and male non-
carrierss (n=164) of the G20210A mutation. The difference is not statistically significant: p=0.06 

Discussion n 
Wee found an increased carotid and femoral intima-media thickness in carriers of the 

prothrombinn mutation with clinical manifestations of atherosclerosis. B-Mode ultrasound 
IMT-measurementt is a non-invasive way of quantifying atherosclerosis. An increase in EVIT 
hass been associated with various risk factors of atherosclerotic disease as well as the 
occurrencee of myocardial infarction and stroke during long term follow-up27"40. Since there 
weree no major differences in patient characteristics between carriers and non-carriers of the 
prothrombinn mutation the well known risk factors cannot account for the higher IMT observed 
inn carriers. 

Inn previous reports a correlation between the G20210A mutation and levels of prothrombin, 
prothrombinn activation peptide F1+2 and thrombin anti-thrombin complexes was described 
suggestingg that the mutation leads to increased rates of thrombin generation12'18'41'42. 
Thrombinn is thought to be an important factor in arterial wall thickening, either by its 
procoagulantt properties, by initiating the proliferation of smooth muscle cells at sites of 
vascularr injury, or by regulating inflammatory processess6"1'. The G2021OA mutation may 
contributee to the progression of atherosclerosis in individuals with established atherosclerosis 
byy causing more local thrombin generation. 

Wee found a higher prevalence of the G20210A prothrombin mutation in our patient 
populationn compared to published prevalence data in Northwestern Europe43(4.0% [11/277] 
versuss 1.6% [45/2756] odds ratio 2.5 [95%CI: 1.2-5.1 ]), especially among patients with a 
myocardiall  infarction (5.8% [5/86])and to a lesser extent among patients with peripheral 
arteriall  disease (4.1% [4/98]). This comparison was not the primary aim of the study, but the 
resultss indicate that within our patient cohort of elderly individuals with clinical 
manifestationss of atherosclerosis the G20210A prothrombin mutation is a moderate risk factor 
forr myocardial infarction and possibly for peripheral arterial disease. The observed higher 
prevalencee supports previous findings in patients with premature coronary artery disease and 
individualss with a first myocardial infarction before the age of 70 years 1517"19. in contrast, in a 
prospectivee study with healthy elderly individuals and in other case control studies the same 
prevalencee in patients with a myocardial infarction and control persons was found16'22'23. 

Thee number of ischemic events during follow up was higher in carriers of the prothrombin 
mutationn (36 % versus 18 %). The high rate of ischemic recurrences indicates that the 

Chapterr 4 Prothrombin mutation and IMT 35 5 



mutationn might also be a prognostic factor in patients with established atherosclerosis. The 
differencee did not reach statistical significance, but only a very strong risk factor would cause 
aa detectable difference in events in such a small group of carriers of a mutation. With an 
expectedd prevalence of the mutation in this population of 3% to 4% the study was powered to 
detectt considerable differences in ischemic events only. Since an increase in IMT is associated 
withh the occurrence of myocardial infarction and stroke40, the high event rate in carriers 
comparedd to non-carriers is consistent widi the higher IMT values observed in carriers. 

Inn conclusion, in patients with established atherosclerotic disease, IMT is increased in 
carrierss of the prothombin G20210A mutation. In addition, we observed a strong trend for 
moree ischemic events in carriers of the mutation. These findings may encourage the design of 
ann adequately powered prospective study in patients with established atherosclerotic disease. 
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Abstract t 
Objective:: In vitro studies suggest an influence of hyperhomocysteinemia on the coagulation 
system,, but the influence of mild hyperhomocysteinemia in vivo is unclear. 
Methodss and Results: We studied the relation between homocysteine and a markers of 
coagulationn activation and endothelial cell activation in 279 patients with established 
atheroscleroticc disease. In addition, we performed an investigator blinded placebo controlled 
cross-overr study to investigate the influence of acute hyperhomocysteinemia by oral methionine 
loadd on these markers in 20 healthy volunteers. In the atherosclerotic patients prothrombin 
fragmentt F1+2 and soluble thrombomodulin (sTM) were associated with homocysteine in 
univariatee analyses (p=0.003 and p=0.001 respectively), but not in multivariate analyses. Age, 
creatininee and MTHFR C677T polymorphism were major determinants of homocysteine 
concentration.. MTHFR C677T polymorphism status was not associated with F1+2 and sTM. 
Mediann homocysteine concentrations increased in the healthy volunteers after methione load. 
However,, after methionine load or after placebo, we did not observe different plasma 
concentrationss of Fl+2 (0.9 nmol/1 versus 0.9 nmol/1, p=0.39), d-dimer (153 (Xg/1 versus 151 p.g/1, 
p=0.63)) and von Willebrand factor (103% versus 107%, p=1.00). 
Conclusion:: These results provide evidence against a major effect of mild hyperhomocysteinemia 
onn activation of the coagulation system and endothelial cell activation in vivo. 
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Introductio n n 
Mildd hyperhomocysteinemia has been associated with arterial and venous vascular disease1. 

Patientss with a myocardial infarction, ischemic stroke or peripheral arterial disease have higher 
homocysteinee levels, fasting or after a methionine load, compared to healthy controls2. Higher 
homocysteinee concentrations have been associated with a greater risk of future ischemic stroke 
andd myocardial infarction, in asymptomatic individuals as well as patients with clinically 
manifestt atherosclerosis3"6. 

Thee pathophysiological mechanism that explains the association between homocysteine and 
cardiovascularr disease is unclear1'5. Since the coagulation system is an important factor in both 
arteriall  and venous vascular disease, the influence of homocysteine on the coagulation system 
mayy be one of the possible mechanisms. In vitro studies have shown different procoagulant 
effectss of homocysteine on vascular endothelial cells including activation of factor V, inhibition 
off  thrombomodulin-dependent protein C activation, impairment of von Willebrand secretion and 
inductionn of tissue factor7"10. Tissue factor may be induced by homocysteine on monocytes as 
well11. . 

Theree are only sparse data about the relationship between homocysteine and markers of 
coagulationn in vivo. Acute hyperhomocysteinemia after oral methionine load induced increased 
concentrationss of markers of coagulation and endothelial cell activation12. An association 
betweenn markers of coagulation activation has been described in patients with premature arterial 
disease,, in patients with venous thrombosis and in patients with acute coronary syndromes13"15. A 
weakk association between hemostatic factors and homocysteine was described in individuals free 
off  arterial disease16. 

Thee methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism has a clear influence 
onn homocysteine concentrations. Homozygotes have approximately 25% higher homocysteine 
levelss and the influence of folate deficiency on homocysteine levels is increased in these 
persons17"'9.. However, the role of this polymorphism in atherosclerosis is controversial. The first 
reportss suggested a higher prevalence of homozygotes among patients with a myocardial 
infarction20"22.. This could not be confirmed by subsequent studies and a meta-analysis and is in 
contrastt with the clear association between hyperhomocysteinemia and coronary artery 
disease17'23"25.. A similar divergence in associations between homocysteine and arterial wall 
thickness,, and between MTHFR and arterial wall thickness was reported26,27. This possible 
discrepancyy between homocysteine and the MTHFR polymorphism, with a clear influence on 
homocysteinee concentrations, is intriguing. It can be interpreted as an argument against a causal 
relationshipp between mildly elevated homocysteine and vascular disease. 

Wee investigated the relation between homocysteine and markers of coagulation and endothelial 
celll  activation on the one hand, and between homocysteine and several parameters of 
atheroscleroticc disease on the other hand in a cohort of patients with established atherosclerotic 
disease.. In addition, we performed a placebo controlled, investigator blinded, randomized 
crossoverr trial in healthy individuals to test the influence of acute hyperhomocysteinemia after 
orall  methionine load on markers of coagulation activation and endothelial cell activation. 

Methods s 
Subjects s 
Atheroscleroticc disease: Consecutive patients with clinical manifestations of atherosclerosis were 
recruitedd in two teaching hospitals and classified according to the previous event: myocardial 
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infarction,, ischemic stroke or peripheral arterial disease. Only patients with a recent onset of 
myocardiall  infarction (< 1 month) or ischemic stroke (< 6 months) were included. Myocardial 
infarctionn was defined as typical chest pain for more than 20 minutes in combination with 
laboratory-- or ECG findings consistent with myocardial infarction. Ischemic stroke was defined 
ass acute neurologic deficit persisting at least one week. Intracerebral hemorrhage was ruled out by 
ann early CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure of 95 
mmHgg or higher or current treatment, and hypercholesterolemia defined as a total plasma 
cholesteroll  level of 7 mmol/L or higher or current treatment were registered. Patients receiving 
anticoagulantt treatment (coumarin or heparin) were not included. 
Healthyy individuals (methionine load): Healthy volunteers were seen on two visits with an 
intervall  of one week. They were randomly assigned to oral methionine load (1-methionine 
100mg/kgg in fruit juice) at the first or second visit. Blood samples were drawn after a 12 hours 
overnightt fast and four hours after methionine load or placebo (fruit juice only). Participants were 
allowedd only to drink water during the experiment. Administration of methionine and placebo 
wass done in a separate room. The research nurses who took the venous blood samples, laboratory 
personell  and investigators were blinded during the experiment and the code was broken after 
laboratoryy investigations were completed. 

Bothh studies were approved by the Ethical Review Boards of the participating study centers 
andd all patients gave their written informed consent to participate. 

Laboratoryy procedures 
Homocysteinee and coagulation markers were assessed in blood samples drawn 3 months after 

thee acute event. Blood samples were collected after an overnight fast (>10 hours) by venipuncture 
fromm the antecubital vein and collected in tubes containing EDTA for homocysteine and citrate 
forr coagulation assays. Homocysteine concentration was determined by high-performance liquid 
chromatography28.. Commercial ELISA's for soluble thrombomodulin (sTM) and prothrombin 
fragmentt F1+2 (F 1+2) were used (Diaclone, France and Dade Behring, Germany, respectively). 
Lipidss and creatinine were assessed by routine laboratorium methods. 

Extractionn of genomic DNA from peripheral leukocytes in citrated blood was performed using 
aa QIAamp blood kit (QIAGEN, Germany). The primers and PCR conditions used to determine 
MTHFRR genotype were previously described29. 

Inn the healthy individuals homocysteine and prothrombin fragment F1+2 were measured with 
thee same methods as in the patients with atherosclerotic disease. Commercial ELISA's for D-
dimerr (Bio Merieux Vidas, France), von Willebrand factor and thrombin-antithrombin complexes 
(Dadee Behring, Germany) were used. 

B-Modee ultrasound 
Thee B-mode ultrasound IMT measurement procedures have been described elsewhere30. B-

modee ultrasound scans were performed by one sonographer. An ATL Ultramark fV (Advanced 
Technologyy Laboratories, Bothell, Washington) with a High Resolution Linear Array 7.5 Mhz 
transducerr was used. Subjects were scanned in the reclined position. Three right carotid, three left 
carotid,, two right femoral and two left femoral artery wall segments were scanned. Images of 
eachh arterial wall segment were stored on S-VHS video tape. IMT of the posterior wall segments 
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wass measured off-line31. The average of the ten segments was used for analysis. The sonographer 
andd image analyst were blinded to the clinical status of the subjects. 

Statisticall  analysis 
Alll  analyses were performed with the Statistical Package for Social Science, version 10.0. To 

exploree the distribution of risk factors and laboratory variables we divided the patients with 
atheroscleroticc disease into four subgroups defined by quartiles of homocysteine concentration. 
Frequenciess were compared with Chi-square tests or Fisher exact tests when applicable. For 
comparisonn of variables with a normal distribution Student's t test and analysis of variance tests 
weree used, whereas the Mann-Whitney U test and Kruskal Wallis test were used for variables 
withh a skewed distribution. To test for trend in the quartiles tests for linearity were performed. We 
subsequentlyy performed linear regression analyses with F1+2 and sTM as dependent variables. 
Variabless with a skewed distribution were log-transformed and all variables with a p value < 0.10 
weree selected for the multivariate model. A p value of 0.05 was considered statistically 
significant.. In the healthy volunteers study comparison of paired laboratory variables was 
performedd using the non-parametric Wilcoxon signed ranks test. 

Results s 
Homocysteinee in patients with atherosclerotic disease 

AA total of 307 consecutive patients with manifest atherosclerotic disease were included. 
Homocysteinee levels were determined in 279 patients of whom fasting plasma samples were 
available.. Of these 279 patients 95 patients had a recent ischemic stroke, 86 had a recent 
myocardiall  infarction and 98 had peripheral arterial disease. The mean age was 62.9 years. 
Mediann homocysteine concentration was 15.1 (jmol/1. We divided the group in quartiles 
accordingg to homocysteine concentration. Patient characteristics of the whole study group and the 
quartiless according to homocysteine concentration are shown in Table 1. Age, creatinine, F1+2, 
andd sTM values were associated with homocysteine concentrations. Other patient characteristics 
weree not different between the quartiles. The homocysteine concentrations were similar in 
patientss with different type of arterial disease: myocardial infarction, ischemic stroke and 
peripherall  arterial disease (medians: 14.3 umol/1, 15.4 umol/1 and 15.2 |umol/l respectively, 
p=0.255 Kruskal-Wallis test). 

B-modee ultrasound intima-media thickness (IMT) measurement was performed in 226 of the 
2799 patients, of whom homocysteine concentrations were determined. A slight increase of the 
mediann IMT values in the higher quartiles of homocysteine concentration was observed. 
However,, this was not statistically significant, not even in the trend analysis (p for trend = 0.14). 
Thiss slight increase is likely attributable to difference in age among the quartiles. 

Homocysteine.. F1+2 and sTM in patients with atherosclerotic disease 
Too test whether the relationship between homocysteine and F1+2 and sTM was independent 

multivariatee linear regression analyses with F1+2 and sTM as dependent variables were 
performed.. In the analysis for F1+2 the univariate model selected homocysteine (B 0.18, SE 0.06, 
p=0.003),, age, sTM, gender, IMT and type of arterial disease as explanatory variables of Fl+2. In 
thee multivariate model the association between homocysteine and Fl+2 was not statistically 
significantt anymore, whereas age and type of arterial disease were the main determinants of Fl+2 
inn these patients. In the linear regression analysis with sTM as dependent variable univariate 
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analysiss selected age, diabetes, homocysteine (B 4.26,95% CI 1.77-6.76, p=0.001), 
lipoprotein(a),, F1+2, creatinine, intima-media thickness and type of arterial disease as variables 
associatedd with sTM. In the multivariate model homocysteine was excluded and age, F1+2, 
lipoprotein(a)) and peripheral arterial disease had an independent relationship with sTM. 

Tablee 1 Characteristics: alll  patients and in quartiles according to homocysteine concentration 

n n 

agee (years) 

malee (%) 

diabetess (%) 

smokingg (%) 

hypertensionn (%) 

creatinine e 

(umol/1) ) 

totall  cholesterol 

(mmol/1) ) 

LDL L 

(mmol/1) ) 

HDL L 

(mmol/1) ) 

triglycerides s 

(mmol/1) ) 

Fl+2 2 

(nmol/1) ) 

sTM M 

(ng/ml) ) 

IMT T 

(mm) ) 

Al ll  patients 

279 9 

63 3 

63 3 

11 1 

85 5 

41 1 

101.7 7 

88.4-113.2 2 

6.1 1 

5.4-6.9 9 

4.0 0 

3.5-4.7 7 

1.11 1 

0.96-1.35 5 

1.7 7 

1.2-2.3 3 

1.33 3 

1.04-1.73 3 

8.9 9 

7.0-11.5 5 

0.94 4 

0.77-1.11 1 

I I 

68 8 

58 8 

54 4 

15 5 

78 8 

38 8 

96.0 0 

85.9-106.1 1 

6.0 0 

5.4-6.8 8 

3.9 9 

3.4-4.7 7 

1.11 1 

0.95-1.32 2 

1.7 7 

1.2-2.3 3 

1.09 9 

0.94-1.41 1 

7.8 8 

6.5-10.2 2 

0.89 9 

0.75-1.08 8 

II I 

71 1 

62 2 

61 1 

4 4 

87 7 

39 9 

98.1 1 

87.5-112.3 3 

6.3 3 

5.7-7.0 0 

4.0 0 

3.3-4.6 6 

1.12 2 

0.96-1.43 3 

1.8 8 

1.2-2.4 4 

1.34 4 

1.10-1.67 7 

8.5 5 

6.6-11.5 5 

0.92 2 

0.72-1.09 9 

III I 

69 9 

64 4 

77 7 

19 9 

86 6 

46 6 

106.0 0 

92.8-121.6 6 

6.1 1 

5.4-6.9 9 

4.1 1 

3.5-5.0 0 

1.10 0 

0.94-1.29 9 

1.7 7 

1.4-2.4 4 

1.25 5 

1.01-1.88 8 

9.3 3 

7.7-12.3 3 

1.01 1 

0.78-1.18 8 

IV V 

71 1 

688 f 
62 2 

6 6 

87 7 

46 6 

106.11 t 

89.3-125.5 5 

6.2 2 

5.4-6.8 8 

4.1 1 

3.5-4.7 7 

1.16 6 

0.98-1.32 2 

1.6 6 

1.3-2.3 3 

1.477 * 

1.28-1.89 9 

9.66 * 

7.2-12.8 8 

0.97 7 

0.81-1.14 4 

Forr laboratoriumvalues and IMT medians and interquartile ranges are depicted. I: homocysteine < 11.8 fimol/t, II: 
11.88 - 15.1 nmol/1, HI: 15.1-18.8umol/l, IV: > 18.8 nmol/1. IMT measurement was performed in 226 patients. 
tpO.0011 *p<0.01 (Kruskal-Wallis test) 

MTHFRR polymorphism in patients with atherosclerotic disease 
Inn 276 of the 279 patients MTHFR genotype could be determined in available DNA samples. 

Wee observed an allele frequency of 28%. The prevalence of homozygotes and heterozygotes of 
thee MTHFR polymorphism was 9%, and 39% respectively. The allele frequency was similar in 
patientss with different type of arterial disease. Median homocysteine levels were 14.3 (imol/1, 
16.11 îrnol/1 and 19.8 umol/1 for the CC, CT and TT genotype, respectively. This difference in 
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homocysteinee levels was significant for homozygotes compared to patients with the wild type 
(p=0.007,, Mann Whitney U test), as well when we compared the three groups in a Kruskal-Wallis 
testt (p=0.008). In contrast, there was no association between MTHFR status and F1+2, sTM or 
IMTT (Table 2). In none of the comparisons, neither when we compared these variables between 
threee groups, nor when we compared these between homozygotes and carriers of the wild type, 
statisticallyy significant differences were observed (all p values > 0.18). 

Tablee 2 Homocysteine, markers of coagulation and endothelial cell activation and intima-media 
thicknesss according to MTHFR polymorphism status 

MTHF RR CC (n=145) TC (n=107) TT (n=24) — -

Hey y 
(umol/1) ) 

Fl+2 2 
(nmol/1) ) 

sTM M 
(ng/ml) ) 

IMT T 
(mm) ) 

14.3 3 
11.7-17.5 5 

1.33 3 
1.01-1.71 1 

9.4 4 
7.1-12.2 2 

0.96 6 
0.74-1.14 4 

16.1 1 
11.7-19.1 1 

1.32 2 
1.06-1.69 9 

8.2 2 
6.9-11.1 1 

0.91 1 
0.79-1.09 9 

19.8 8 
14.6-27.9 9 

1.53 3 
1.03-1.89 9 

9.6 6 
6.4-13.6 6 

0.97 7 
0.86-1.13 3 

IMT=intimaa media thickness Hcy=homocysteine. The medians and interquartile ranges are depicted. 
**  p<0.01 (Kruskal-Wallis test) 

Acutee hyperhomocysteinemia in healthy volunteers 
Thee group of healthy volunteers consisted of 10 male and 10 female individuals. The mean age 

wass 33 (range 24-51) years. Median fasting homocysteine concentrations were 9.1 umol/1. After 
methioninee load and placebo median homocysteine concentrations were 30.1 and 9.2 umol/1, 
respectively.. Fasting homocysteine concentrations at the second visit were not influenced by oral 
methioninee load at the first visit. There was no effect of acute hyperhomocysteinemia by the 
methioninee load on von Willebrand factor, Fl+2, thrombin-antithrombin complexes and d-dimer 
concentrationss (Table 3). 

Discussion n 
Acutee hyperhomocysteinemia by methionine load did not increase coagulation activation, nor 

vonn Willebrand factor concentration in the healthy volunteers. In our patients with established 
atheroscleroticc disease we did not observe associations between homocysteine and markers of 
coagulationn activation and endothelial cell activation in the multivariate analysis. These results 
providee evidence against a major direct effect of mildly elevated homocysteine on activation of 
thee coagulation system and endothelial cell activation. 

Inn vitro studies suggested a procoagulant effect of homocysteine on endothelial cells7"10. 
However,, most effects on endothelial cells were observed at higher homocysteine concentrations 
thann those measured in patients with mild hvperhomocysteinemia. The in vitro studies may yield 
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Tablee 3 Homocysteine and markers of coagulation in healthy volunteers, before and after 
methioninee load or placebo 

Placeboo Methionine 

t=00 t=4 t=0 t=4 

Homocysteinee 8.9 9.2 9.3 30.1 0.000 
(umol/1)) 8.2-10.3 8.2-11.0 7.9-10.7 26.7-37.8 

Fl+22 1.00 0.86 1.00 0.86 0.39 
(nmol/1)) 0.70-1.16 0.62-1.11 0.69-1.55 0.68-1.27 

TATT 1.88 1.59 2.36 1.85 0.91 
(ng/ml)) 1.44-3.26 1.25-2.86 1.17-3.07 0.95-3.23 

d-dimerr 146 153 158 151 0.63 
(ug/1)) 140-259 123-254 102-237 107-235 

vWFF 103 103 101 107 1.00 
(%)) 80-122 77-121 75-122 74-124 

TAT== thrombin-antithrombin complexes, vWF=von Willebrand Factor 
Medianss and interquartile ranges are depicted. P value for comparison of difference (value at t=4 - value at t=0) after 
methioninee and placebo. 

possiblee pathophysiologic mechanisms for patients with severe hyperhomocysteinemia, but the 
relevancee for patients with mild hyperhomocysteinemia is doubtful. A clear example are the 
studiess on homocysteine and the protein C pathway. In vitro studies indicated that activation of 
proteinn C may be impaired in hyperhomocysteinemia8,32. Decreased thrombomodulin activity, 
whichh is essential for protein C activation, was observed in the aorta of hyperhomocysteinic 
monkeyss and mice33'34. However, human in vivo studies indicate that activation of protein C by 
thrombinn and inactivation of plasma factor Va by activated protein C are not impaired during 
moderatee hyperhomocysteinemia35'36. 

Nappoo and colleagues described increases of Fl+2, D-dimer, soluble intracellular adhesion 
moleculee 1 and soluble vascular cell adhesion molecule 1 after oral methionine load in healthy 
individuals12,, according to a protocol that was essentially identical to ours, except for an 
additionall  study arm with antioxidant vitamins in their investigation. We have no clear 
explanationn for the discrepancy between their and our results, although the use of parametric 
testingg by Nappa et al on variables with a skewed distribution may have influenced the 
interpretation.. Since others did not observe any influence of oral methionine loading on activated 
proteinn C resistance35'36, and we could not confirmm the results of Nappo et al, there is still no 
convincingg evidence for a procoagulant effect of mild hyperhomocysteinemia by an oral 
methioninee load in healthy individuals. 

Inn our patients with established atherosclerotic disease we observed, as shown previously, that 
homocysteinee concentration was clearly associated with age, creatinine and MTHFR 
polymorphism.. IMT values were slightly higher in patients with higher homocysteine 
concentrationss in our cohort of patients with atherosclerotic disease. Since age was a major 
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determinantt of IMT in our study the differences in age in the different quartiles of homocysteine 
concentrationn explain the observed differences in IMT. This is in agreement with a large 
populationn based study in which an observed association between homocysteine and IMT 
disappearedd after correction for other risk factors37. In a few other ultrasound studies an 
independentt association between homocysteine and carotid artery changes was found, but these 
studiess focussed on different measures of atherosclerotic disease such as carotid plaque or 
stenosis,, not intima-media thickness27'38'39. 

Althoughh MTHFR homozygosity was associated with higher homocysteine concentrations in 
ourr patients, we did not detect any influence of MTHFR genotype on F1+2, sTM, nor on IMT. 
Thesee findings are compatible with other studies. McQuillan and Spence reported no influence of 
MTHFRR on the carotid artery in their ultrasound studies26'27. In a number of studies and a meta-
analysiss a lack of association between MTHFR and cardiovascular disease was observed ' " . 

Thee independent associations of homocysteine and atherosclerotic disease found in cross-
sectionall  and prospective trials do not prove a causal relationship. Homocysteine concentration is 
influencedd by many factors. Mild hyperhomocysteinemia could be an epiphenomenon of 
atherosclerosiss and subclinical atherosclerotic disease may explain the reported associations. 
Atherosclerosiss is an inflammatory disease40. We suggest that cytokines, the mediators of 
inflammatoryy disease, may contribute to the reported association between homocysteine and 
atheroscleroticc disease. When injected in healthy volunteers LPS causes an increase in 
homocysteinee levels41 and homocysteine concentrations have been associated with particularly 
interleukin-66 and interleukin-8 concentrations in asymptomatic persons and patients with 
prematuree atherosclerosis42'43. IL-6 induces tissue factor, the main initiator of coagulation, in 
monocytess and endothelial cells, and induces tissue factor dependent coagulation after endotoxin 
challengee in humans and primates44'45. Such a link between inflammation and coagulation may 
alsoo explain the observed relation between homocysteine and F1+2 in the univariate analysis. 

Anotherr possibility is the presence of yet undefined protective factors which counteract the 
directt influence of homocysteine on endothelial cells. These factors maybe sufficient to regulate 
thee effect of mild hyperhomocysteinemia as caused by the MTHFR polymorphism, and yield an 
alternativee explanation for the lack of association of MTHFR with atherosclerotic disease. Further 
studiess need to elucidate if mild hyperhomocysteinemia is an epiphenomenon or not. 
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Abstract t 
Background:: Increased concentrations of soluble thrombomodulin have been described in 
patientss with atherosclerosis and have been related to future ischemic events. In patients with 
establishedd atherosclerotic disease we studied which factors are determinants of soluble 
thrombomodulinn concentration and whether increased soluble thrombomodulin concentrations 
aree predictive for future ischemic events. 
Methods:: Cardiovascular risk factors were recorded and concentrations of prothrombin fragment 
F1+2,, soluble thrombomodulin, lipids including lipoprotein(a), homocysteine and creatinine were 
measuredd more than 3 months after the qualifying ischemic event. Ultrasound intima-media 
thicknesss (IMT) measurement was performed. Ischemic events during follow-up were registered. 
Results:: 269 patients with proven atherosclerosis [ischemic stroke (IS, n=90), myocardial 
infarctionn (MI, n=86), peripheral arterial disease (PAD, n=93)] were included. In a multivariate 
linearr regression analysis age (p<0.001), type of arterial disease (p=0.02), F1+22 (p=0.04) and 
lipoprotein(a)) (p=0.04) were independently associated with soluble thrombomodulin. During 
follow-upp with a mean duration of 3.5 years 28 patients had a new MI and 25 patients a new IS. 
Patientss with IS during follow-up had higher soluble thrombomodulin concentrations and in a 
Coxx regression analysis age (pO.001), creatinine (p<0.001) and soluble thrombomodulin 
(p=0.03)) were independent predictors for IS. Soluble thrombomodulin was not a predictor for MI. 
Conclusions:: Soluble thrombomodulin was related to the extent of atherosclerotic disease, to 
thrombinn generation and lipoprotein(a) concentration in patients with manifest atherosclerosis. 
Althoughh thrombomodulin was a predictor for future ischemic stroke in this study, this result 
needss to be confirmed in other prospective studies. 
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Introductio n n 
Thrombomodulin,, a transmembrane glycoprotein expressed by endothelial cells throughout the 

vasculature,, is an important regulatory element of the coagulation cascade ' . By binding to 
thrombomodulinn thrombin activates protein C, and activated protein C inactivates coagulation 
factorss Vill a and Va, inhibiting thrombin generation1. 

Inn atherosclerotic lesions expression of thrombomodulin by smooth muscle cells, monocytes 
andd macrophages has been described, while its expression on endothelial cells in these lesions is 
diminished3,4.. A small proportion is circulating and can be detected in serum and urine5. While 
thrombomodulinn on endothelial cells has a clear anticoagulant function, there is no evidence that 
circulatingg thrombomodulin, generally referred to as soluble thrombomodulin, has functional 
activity. . 

Solublee thrombomodulin is regarded as a marker of endothelial cell dysfunction or activation6" 
12.. Increased concentrations have been described in patients with atherosclerotic disease 
comparedd to healthy controls and have been associated with the extent of atherosclerosis " . 
Moreover,, increased concentrations of soluble thrombomodulin have been associated with future 
ischemicc events in patients who survived a myocardial infarction8. Patients with diabetes, 
especiallyy those with microvascular complications, have higher concentrations than those 
without1'12. . 

Inn contrast, in the Atherosclerosis Risk In Communities Study lower soluble thrombomodulin 
concentrationss were associated with incident ischemic events in individuals who were healthy at 
entrancee of the study13. In the same population a positive relationship between soluble 
thrombomodulinn and intima-media thickness of carotid arteries was observed. It was proposed 
thatt in healthy individuals soluble thrombomodulin concentration reflects endothelial expression 
off  thrombomodulin,, whereas the increased concentrations in patients with atherosclerotic disease 
orr increased intima-media thickness are compatible with a marker of endothelial cell damage. 

Whichh factors are the determinants of the soluble thrombomodulin concentration in patients 
withh atherosclerotic disease is unclear. We aimed to assess the relation of several candidate risk 
factorss with a supposed direct effect on endothelium such as homocysteine and lipoprotein(a), a 
markerr of thrombin generation, and creatinine as a marker of kidney function with soluble 
thrombomodulinn concentration in patients with established atherosclerotic disease. To test the 
hypothesiss whether soluble thrombomodulin concentration reflects the extent of atherosclerotic 
diseasee in patients with manifest vascular disease we compared patients with generalized 
atheroscleroticc disease with patients with more limited disease, peripheral arterial disease versus 
coronaryy artery disease, and investigated the relationship between soluble thrombomodulin and 
intima-mediaa thickness of carotid and femoral arteries in the same patients. In addition, we 
assessedd whether soluble thrombomodulin may have a predictive role in these patients with 
respectt to future ischemic events. 

Methods s 
Subjectss and follow-up 

Consecutivee patients with established atherosclerotic disease were recruited in two teaching 
hospitalss in Amsterdam. Patients with a recent myocardial infarction (< 1 month), a recent 
ischemicc stroke(< 6 months), and peripheral arterial disease were included. Myocardial infarction 
wass defined as typical chest pain with a duration of at least 20 minutes, ST segment elevation in 
att least two adjacent leads and confirmation by laboratory tests. Ischemic stroke was defined as 
acutee neurologic deficit persisting at least one week and intracerebral hemorrhage ruled out by an 
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earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure of 
955 mmHg or higher or current treatment, diabetes and hypercholesterolemia defined as a total 
plasmaa cholesterol level of 7 mmol/L or higher or current treatment were registered. Race was 
nott recorded for ethical reasons, however the majority of elderly atherosclerotic patients in the 
twoo hospitals were kaukasian. 

Duringg prospective follow-up new vascular events were registered. Every six months events 
weree assessed using a questionaire regarding vascular complications and reported cardiovascular 
endpointss were confirmed through a review of hospital records, discharge letters from the 
hospitall  and autopsy reports. For myocardial infarction and stroke we utilized the same 
definitionss as mentioned for the qualifying event. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Measurements s 
Solublee thrombomodulin, homocysteine, lipids including lipoprotein(a) and prothrombin 

fragmentt F1+2 were assessed in blood samples drawn 3 months after the acute event. Blood 
sampless were collected after an overnight fast (>10 hours) by venipuncture from the antecubital 
vein.. Homocysteine concentration was determined by high-performance liquid 
chromatography14.. Creatinine, total cholesterol, HDL cholesterol and triglycerides were 
determinedd by standard commercial laboratory assays. Lipoprotein(a) was measured using a 
nephelometricc method (Beekman, Fullerton (California), USA). Prothrombin fragment F1+2 was 
determinedd with an ELISA (Dade Behring, Marburg, Germany). Soluble thrombomodulin 
concentrationss were determined with the Diaclone ELISA (Besancon, France, normal values 2,39 
ng/mll  to 7,9 ng/ml (average 4,46 ng/ml +/-1,36)). 

B-modee ultrasound intima-media thickness measurement was performed by one sonographer 
whoo was blinded for the clinical status of patients. An ATL Ultramark IV (Advanced Technology 
Laboratories,, Bothell, Washington) with a Highh Resolution Linear Array 7.5 Mhz transducer was 
used.. Subjects were scanned in the reclined position. Three right carotid, three left carotid, two 
rightright femoral and two left femoral artery wall segments were scanned. Images of each arterial 
walll  segment were stored on S-VHS video tape. IMT of the posterior wall segments was 
measuredd off-line'SI6. The mean value of the ten segments was used for analysis. 

Statisticall  analysis 
Alll  calculations were performed with SPSS, version 10.0. To explore which factors are 

associatedd with soluble thrombomodulin concentration we divided patients according to quartile 
off  soluble thrombomodulin concentration, and investigated the distribution of variables in the 
quartiles.. The %2 test, analysiss of variance and the non-parametric Kruskal Wallis test were used 
too compare the variables in the quartiles when applicable. Subsequently, a multivariate linear 
regressionn analysis was performed to test which variables were independently associated with 
solublee thrombomodulin. Log transformation was performed for variables with a skewed 
distribution.. Variables with a p value <0.10 in univariate analysis were selected for the 
multivariatee model. To test whether soluble thrombomodulin may have a predictive role for the 
occurrencee of ischemic events during follow-up a multivariate Cox regression analysis was 
performed.. Again, variables with a p value <0.10 were selected for the multivariate model. 95% 
confidencee intervals were calculated and p values <0.05 were regarded as statistically significant. 
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Tablee 1 Patient characteristics, all patients and quartiles according to soluble thrombomodulin 
concentration n 

N N 

Age e 

Gender r 

Diabetes s 

Hypertension n 

Smoking,, current 

Smoking,, current/past 

BMI I 

Totall  cholesterol 

HDLL cholesterol 

LDLL cholesterol 

Triglycerides s 

Homocysteine e 

Lipoprotein(a) ) 

Fl+2 2 

Creatinine e 

IMT T 

IS S 

MI I 

PAD D 

(years) ) 

(%male) ) 

(%) ) 
(%) ) 
(%) ) 
(%) ) 
(kg/m2) ) 

(mmol/1) ) 

(mmol/1) ) 

(mmol/1) ) 

(mmol/1) ) 

(umoVl) ) 

(mg/dl) ) 

(nmol/1) ) 

(umol/l) ) 

(mm) ) 

(%) ) 
(%) ) 
(%) ) 

All l 

269 9 

63 3 

64 4 

12 2 

42 2 

40 0 

85 5 

25.5 5 

6.1 1 

1.11 1 

4.0 0 

1.7 7 

15.0 0 

13 3 

1.32 2 

101 1 

0.96 6 

33 3 

32 2 

35 5 

I I 

67 7 

56 6 

63 3 

6 6 

42 2 

48 8 

91 1 

25.3 3 

6.4 4 

1.14 4 

4.2 2 

1.8 8 

13.4 4 

9 9 

1.22 2 

95 5 

0.86 6 

30 0 

46 6 

24 4 

II I 

67 7 

61 1 

67 7 

4 4 

39 9 

36 6 

81 1 

26.2 2 

5.9 9 

1.08 8 

4.1 1 

1.6 6 

14.3 3 

11 1 

1.30 0 

103 3 

0.94 4 

36 6 

37 7 

27 7 

II I I 

68 8 

66 6 

69 9 

18 8 

50 0 

32 2 

82 2 

25.3 3 

6.1 1 

1.19 9 

3.8 8 

1.7 7 

15.1 1 

14 4 

1.24 4 

101 1 

1.00 0 

40 0 

29 9 

31 1 

IV V 

67 7 

70 0 

58 8 

21 1 

36 6 

43 3 

85 5 

25.2 2 

6.1 1 

1.05 5 

4.1 1 

1.7 7 

16.3 3 

18 8 

1.52 2 

111 1 

1.03 3 

28 8 

15 5 

57 7 

Solublee thrombomodulin: I < 6.9 ng/ml, II 6.9 ng/ml - 8.9 ng/ml, III 8.9 ng/ml -11.6 ng/ml, IV > 11.6 ng/ml 
BMI=bodyy mass index, Fl+2=prothrombin fragment Fl+2, IMT=intima-media thickness, IS, MI and PAD stand for 
ischemicc stroke, myocardial infarction and peripheral arterial disease at entry of the study, respectively. Prevalences 
(%),, means of variables with a normal distribution (age, IMT and BMI) and median values of all laboratory variables 
aree depicted. 
**  (p<0.01) and **  (p<0.001) indicate a statistically significant difference in distribution of variables in the quartiles 
accordingg to soluble thrombomodulin concentration (x2, ANOVA and Kruskal-Wallis tests for prevalences, variables 
withh a normal or skewed distribution, respectively) 

Results s 
Relationn of soluble thrombomodulin with cardiovascular risk factors and type of arterial disease 

2699 patients were included in the study, 90 with a recent ischemic stroke, 86 with a recent 
myocardiall  infarction and 93 with peripheral arterial disease. The mean age at entry was 63 years. 
Thee median soluble thrombomodulin value was 8.9 ng/ml. To explore which factors are related to 
solublee thrombomodulin concentration, we divided patients into quartiles according to soluble 
thrombomodulinn concentration, and determined the distribution of cardiovascular risk factors, 
age,, lipids including lipoprotein(a), prothrombin fragment Fl+2, creatinine, homocysteine, 
intima-mediaa thickness, and type of arterial disease in these quartiles. Table 1 depicts patient 
characteristicss of all patients and according to quartile of soluble thrombomodulin concentration. 
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Agee and diabetes were the only classical risk factors associated with soluble thrombomodulin. 
Homocysteinee and lipoprotein(a) concentrations, both candidate risk factors with a supposed 
directt effect on endothelial cells, were higher in patients of the higher quartiles of soluble 
thrombomodulin.. Markers of kidney function and thrombin generation, creatinine and F1+2, 
weree also related to soluble thrombomodulin in this explorative analysis. In patients with higher 
solublee thrombomodulin concentrations higher intima-media thickness values as well as a 
differentt distribution of type of arterial disease, more peripheral arterial disease and less 
myocardiall  infarction, were observed (Table 1). 

Mediann soluble thrombomodulin concentration was 9.0 ng/ml in patients with a recent 
ischemicc stroke, 7.8 ng/ml in patients with a recent myocardial infarction and 10.9 ng/ml in 
patientss with peripheral arterial disease respectively (pO.001 Kruskal-Wallis test). The mean age 
off  patients with ischemic stroke and peripheral disease, 64 and 65 years respectively, was higher 
thann that of patients with a myocardial infarction (60 years). The difference between soluble 
thrombomodulinn concentrations of patients with ischemic stroke and peripheral arterial disease 
wass also statistically significant (medians 9.0 ng/ml and 10.9 ng/ml respectively, p=0.03 Mann-
Whitneyy U test). 

Too test which factors had an independent relationship with soluble thrombomodulin we 
performedd a linear regression analysis. Univariate analysis selected age, diabetes, homocysteine, 
lipoprotein(a),, F1+2, creatinine, intima-media thickness and type of arterial disease (myocardial 
infarctionn (inverse relation), peripheral arterial disease) as variables associated with soluble 
thrombomodulin.. All these associations in the univariate analysis were highly significant. 
However,, in the multivariatee model only age, F1+2, Hpoprotein(a) and peripheral arterial disease 
hadd an independent relationship with soluble thrombomodulin (Table 2). This implies that the 
associationn with diabetes, homocysteine, creatinine and intima-media thickness was not 
statisticallyy significant anymore. 

Tablee 2 Association of soluble thrombomodulin with several variables in a multivariate linear 
regressionn analysis 

Age e 

Diabetes s 

Creatinine e 

Homocysteine e 

Lipoprotein(a) ) 

Fl+2 2 

IMT T 

PAD D 

MI I 

Univariat e e 
BB 95%CI 

0.13 3 

1.69 9 

11.08 8 

4.26 6 

1.17 7 
6.15 5 

3.36 6 

1.65 5 

-1.70 0 

0.095-0.159 9 

0.39-2.98 8 

6.16-16.0 0 

1.77-6.76 6 

0.543-1.79 9 

3.55-8.76 6 

1.69-5.03 3 

0.76-2.53 3 

-2.61--0.801 1 

P P 

0.000 0 

0.01 1 

0.000 0 

0.001 1 

0.005 5 

0.000 0 

0.000 0 

0.000 0 

0.000 0 

Multivariat e e 
BB 95%CI 

0.082 2 

--
--
--
0.63 3 

2.8 8 

--
1.09 9 

--

0.044-0.120 0 

0.018-1.239 9 

0.135-5.487 7 

0.195-1.977 7 

P P 

0.000 0 

0.04 4 

0.04 4 

0.02 2 

Fl+2=prothrombinn fragment Fl+2, MI and PAD stand for myocardial infarction and peripheral arterial disease at 
entryy of the study, EMT=intima-media thickness. All variables with a p value <0.10 in univariate analysis are shown. 
Thesee variables were included in the multivariate model. 
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Ischemicc events during follow-up 
Duringg prospective follow-up with a mean duration of 3.5 years 53 of the 269 patients suffered 

fromfrom an ischemic event, 28 patients had a (recurrent or new) myocardial infarction and 25 
patientss a (recurrent or new) ischemic stroke. Soluble thrombomodulin was similar in patients 
withh myocardial infarction during follow-up compared to those without ((median) 9.02 ng/ml 
versuss 8.86 ng/ml, p=0.73). Patients with an ischemic stroke during follow-up had a slightly 
higherr soluble thrombomodulin concentration compared to patients without ((median) 10.1 ng/ml 
versuss 8.8 ng/ml p=0.09). 

AA Cox regression analysis was performed. First we chose ischemic stroke during follow-up as 
outcomee variable. Univariate analysis selected age, creatinine, soluble thrombomodulin, F1+2, 
andd type of arterial disease (ischemic stroke, myocardial infarction (inverse relation)) as variables 
withh a predictive value for ischemic stroke during follow-up. In the multivariate model soluble 
thrombomodulinn (OR 1.13, 95%CI 1.01-1.25, p=0.03) remained independently associated with 
futuree ischemic stroke although the association was not as strong as for creatinine (OR 1.03, 
95%CII  1.01-1.04, pO.001) and ischemic stroke at entry (OR 4.92, 95%CI 2.07-11.73, pO.001). 
Thee results are shown in table 3. 

Wee repeated Cox regression analysis with myocardial infarction during follow-up as outcome 
variable.. Since soluble thrombomodulin concentrations were similar in patients with or without 
myocardiall  infarction it is no surprise that no relevant predictive value for soluble 
thrombomodulinn was observed, even in the univariate model (OR 0.97, 95%CI 0.87-1.09, 
p=0.61). . 

Whenn we chose the combined endpoint of any ischemic event (ischemic stroke or myocardial 
infarction)) during follow-up as outcome variable, soluble thrombomodulin was on the predefined 
borderlinee of statistical relevance for factors to proceed to the multivariate model (OR 1.06, 
95%CII  0.99-1.14, p=0.099). Univariate analysis selected also age, homocysteine, creatinine, 
F1+2,, intima-media thickness and type of arterial disease (ischemic stroke) as variables 
associatedd with any ischemic event during follow-up. In the multivariate model soluble 
thrombomodulinn did not have any role. 

Tablee 3 Variables with a predictive value regarding ischemic stroke during follow-up, a 
multivariatee Cox regression analysis 

age e 

sTM M 

creatinine e 

Fl+2 2 

IS S 

MI I 

Univariat e e 
OR R 

1.03 3 

1.12 2 

1.02 2 

1.83 3 

3.66 6 

-1.70 0 

95%CI I 

1.00-1.07 7 

1.02-1.23 3 

1.01-1.03 3 

1.16-2.88 8 

1.74-7.70 0 

-2.61--0.801 1 

P P 

0.04 4 

0.02 2 

0.004 4 

0.01 1 

0.001 1 

0.000 0 

Multivariat e e 
OR R 

--
1.13 3 

1.03 3 

--
4.92 2 

--

95%CI I 

1.01-1.25 5 

1.01-1.04 4 

2.07-11.7 7 

P P 

0.03 3 

0.000 0 

0.000 0 

sTM=solublee thrombomodulin, Fl+2=prothrombin fragment Fl+2, IS and MI stand for ischemic stroke and 
myocardiall  infarction at entry of the study. All variables with a p value <0.10 are depicted. These variables were 
includedd in the multivariate analysis. 
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Discussion n 
Inn our cohort of patients with established atherosclerotic disease the soluble thrombomodulin 

concentrationn was associated with a number of factors, and the relation with age, F1+2, 
lipoprotein(a)) and type of arterial disease was statistically significant in the multivariate model. 
Thee observed associations are in line with the hypothesis that soluble thrombomodulin reflects 
endotheliall  cell damage or activation in our patients, not endothelial cell thrombomodulin 
expression.. Patients with generalized atherosclerosis had higher values compared to patients with 
moree localized disease, which is illustrated by the differences between patients with peripheral 
arteriall  disease and those with myocardial infarction and also by the association between soluble 
thrombomodulinn and intima-media thickness in the univariate model. 

Whichh factors determine the soluble thrombomodulin concentration has not been fully 
elucidatedd yet. Gender, smoking and treatment of hyperhomocysteinemia with vitamins have 
beenn related with soluble thrombomodulin concentration13,1718. It is clear that the concentration 
mustt be the net effect of production, expression (mainly) by endothelial cells and shedding from 
thosee cells, and clearance. Although some mutations in the thrombomodulin gene have an 
influencee on thrombomodulin production, the prevalence of these is low in the general 
population19.. It is uncertain whether the glycoprotein thrombomodulin is mainly cleared by the 
liverr or by the kidney. Soluble thrombomodulin is detectable in urine5, which means that a certain 
percentagee of soluble thrombomodulin, or cleaved fragments, is being cleared by the kidney. A 
kineticc study could solve this issue. Renal function has been suggested to influence soluble 
thrombomodulinn concentration in patients with coronary artery disease20. In our study the relation 
betweenn soluble thrombomodulin and creatinine was significant in the univariate analysis, not in 
thee multivariate analysis, suggesting that impaired renal clearance is not an independent 
determinantt of soluble thrombomodulin concentration in these patients. 

Inn atherosclerotic disease there are several factors affecting the vessel wall and these may have 
ann influence on either cellular regulation of thrombomodulin production, shedding and clearance 
off  soluble thrombomodulin. In histological studies of atherosclerotic lesions it has been shown 
thatt besides endothelial cells, smooth muscle cells, monocytes and macrophages express 
thrombomodulin3'4.. Thrombomodulin has been detected on circulating monocytes, neutrophils 
andd platelets21"23. The thrombomodulin expression by endothelial cells on atherosclerotic plaques 
iss reduced3. Whether the level of expression of thrombomodulin in the other cell types differs 
betweenn patients with atherosclerotic disease and those without has not been sorted out yet. It is 
howeverr conceivable that differences in expression exist and contribute to soluble 
thrombomodulinn concentrations. 

Whichh factors are responsible for the reduced thrombomodulin expression on atherosclerotic 
plaquess is uncertain. Either a non-specific downregulation of thrombomodulin expression 
comparablee to other endothelial markers3, or the influence of pro-inflammatory mediators may be 
involved.. Specific cytokines including tumor necrosis factor alfa reduce thrombomodulin 
expressionn in vitro and may have similar effects in atherosclerosis, which is an inflammatory 
diseasee ' . In addition, there may be increased cleavage of soluble thrombomodulin from 
endotheliall  cells caused by adhering leukocytes which produce proteolytic enzymes including 
leukocytee elastase and cathepsin G . 

Thee independent association between soluble thrombomodulin and prothrombin fragment 
F1+22 suggests that endothelial cell activation is linked to activation of coagulation in these 
patientss with atherosclerotic disease and that both processes are relevant in atherosclerosis. We 
assumee that the lower density of thrombomodulin observed on endothelium of atherosclerotic 
plaquess compared to normal endothelium is, at least partially, caused by increased shedding. The 
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losss of anticoagulant property of the endothelial surface can explain the observed association. In 
studiess with a murine model for a functional thrombomodulin deficiency increased carotid artery 
thrombosiss has been reported29'30. Lipoprotein(a) and homocysteine are supposed to have a direct 
influencee on endothelial cells31,32. The observed association is compatible with this view, 
assumingg that soluble thrombomodulin is a marker of endothelial cell damage or activation in 
thesee patients. 

Wee observed higher soluble thrombomodulin concentrations in patients with acute ischemic 
strokee during follow-up compared to those without. No relationship with future myocardial 
infarctionss could be detected. Our data are in line with previous studies8,33'34, but are in conflict 
withh the results of the Atherosclerosis Risk In Communities study in which lower soluble 
thrombomodulinn was associated with ischemic events13. In another population based study no 
suchh relationship between soluble thrombomodulin and ischemic stroke was observed35. Several 
factorss such as difference of study population, healthy individuals at entry versus patients with 
establishedd atherosclerosis, may contribute to the observed differences. Furthermore, we have to 
bee cautious in the conclusions because the number of ischemic events in our study is limited. 
Anotherr unexplored issue is the possibility that soluble thrombomodulin concentrations may 
changee in time and future prospective studies should further explore this in relation to (recurrent) 
ischemicc stroke and other complications. 

Wee conclude that in our patients with established atherosclerotic disease soluble 
thrombomodulinn was associated with age, thrombin generation, lipoprotein(a) and the extent of 
atheroscleroticc disease. Although soluble thrombomodulin was a predictor for future ischemic 
strokee in this study, this result needs to be confirmed in other prospective studies. 

Acknowledgements s 
Wee thank LM Blok, Radboud Hospital, Nijmegen, for B-Mode ultrasonography. H ten Cate is 

aa Clinical Established Investigator from the Netherlands Heart Foundation. 

Thee Amsterdam Vascular Medicine Group 
Academicc Medical Center: RJG Peters, Department of Cardiology, J Stam, Department of 

Neurology,, HR Büller, E de Groot, Department of Vascular Medicine. Slotervaart Hospital: RH 
Bakker,, Department of Cardiology, J J van der Sande, VIH Kwa, Department of Neurology, DPM 
Brandjes,, H ten Cate, VEA Gerdes, Department of Internal Medicine. Amstelveen Hospital: JA 
Lawson,, Department of Surgery. Apeldoorn Center Hospital: JG Kromhout, Department of 
Surgery. . 

References s 
1.. Esmon CT. Thrombomodulin as a model of molecular mechanisms that modulate protease specificity and function 
att the vessel surface. FASEB J 1995;9:946-55. 
2.. Ishii H, Uchiyama H, Kazama M. Soluble thrombomodulin antigen in conditioned medium is increased by 
damagee of endothelial cells. Thromb Haemost 1991;65:618-23. 
3.. Laszik ZG, Zhou XJ, Ferrell GL, Silva FG, Esmon CT. Down-regulation of endothelial expression of endothelial 
celll  protein C receptorr and thrombomodulin in coronary atherosclerosis. Am J Pathol 2001;159:797-802. 
4.. Tohda G, Oida K, Okada Y, Kosaka S, Okada E, Takahashi S, Ishii H, Miyamori I. Expression of 
thrombomodulinn in atherosclerotic lesions and mitogenic activity of recombinant thrombomodulin in vascular 
smoothh muscle cells. Arterioscler Thromb Vase Biol 1998;18:1861-69. 
5.. Ishii H, Majerus PW. Thrombomodulin is present in human plasma and urine. J Clin Invest 1985;76:2178-81. 
6.. Blann AD, Amiral J, McCollum CN. Circulating endothelial cell/leucocyte adhesion molecules in ischaemic heart 
disease.. Br J Haematol 1996;95:263-65. 

588 Chapter 6 sTM and atherosclerosis 



7.. Blann AD, Lip GY, Beevers DG, McCollum CN. Soluble P-selectin in atherosclerosis: a comparison with 
endotheliall  cell and platelet markers. Thromb Haemost 1997;77:1077-80. 
8.. Blann AD, Amiral J, McCollum CN. Prognostic value of increased soluble thrombomodulin and increased soluble 
E-selectinn in ischaemic heart disease. Eur J Haematol 1997;59:115-20. 
9.. Blann AD, Seigneur M, Steiner M, Boisseau MR, McCollum CN. Circulating endothelial cell markers in 
peripherall  vascular disease: relationship to the location and extent of atherosclerotic disease. Eur J Clin Invest 
1997;27:916-21. . 
10.. Seigneur M, Dufourq P, Conri C, Constans J, Mercie P, Pruvost A, Amiral J, Midy D, Baste JC, Boisseau MR. 
Levelss of plasma thrombomodulin are increased in atheromatous arterial disease. Thromb Res 1993;71:423-31. 
11.11. Inukai T, Fujiwara Y, Tayama K, Aso Y, Takemura Y. Clinical significance of measurements of urinary and 
serumm thrombomodulins in patients with non-insulin-dependent diabetes mellitus. Diabetes Res Clin Pract 
1996;33:99-104. . 
12.. Aso Y, Fujiwara Y, Tayama K, Takanashi K, Inukai T, Takemura Y. Relationship between plasma soluble 
thrombomodulinn levels and insulin resistance syndrome in type 2 diabetes: a comparison with von Willebrand factor. 
Expp Clin Endocrinol Diabetes 2001;109:210-16. 
13.. Salomaa V, Matei C, Aleksic N, Sansores-Garcia L, Folsom AR, Juneja H, Chambless LE, Wu KK. Soluble 
thrombomodulinn as a predictor of incident coronary heart disease and symptomless carotid artery atherosclerosis in 
thee Atherosclerosis Risk in Communities (ARIC) Study: a case-cohort study. Lancet 1999;353:1729-34. 
14.. Araki A, Sako Y.. Determination of free and total homocysteine in human plasma by high-performance liquid 
chromatographyy with fluorescence detection. J Chromatogr 1987;422:43-52. 
15.. Bots ML, Mulder PGH, Hofman A, van Es GA, Grobbee DE. Assessment of early atherosclerosis: a new 
perspective.. J Drug Res. 1991;16:150-54. 
16.. De Groot E, Zwinderman AH, Van der Steen AFW, Ackerstaff RGA, Montauban van Swijndregt AD, Bom N, 
Liee KI, Bruschke AVG, on behalf of the REGRESS study group. Variance components analysis of carotid and 
femorall  intima-media thickness measurements. Ultrasound Med Biol. 1998;24:825-32. 
17.. Marckmann P, Nawroth P, Wahl P, Jespersen J. Diet, gender, and plasma thrombomodulin. Thromb Res 
1996;82:439-43. . 
18.. Van den Berg M, Boers GH, Franken DG, Blom HJ, Van Kamp GJ, Jakobs C, Rauwerda JA, Kluft C, Stehouwer 
CDA.. Hyperhomocysteinemia and endothelial dysfunction in young patients with peripheral arterial disease. Eur J 
Clinn Invest 1995;25:176-81. 
19.. Kunz G, Öhlin A-K, Adami A, Zöller B, Svensson P, Lane DA. Naturally occurring mutations in the 
thrombomodulinn gene leading to impaired expression and function. Blood 2002;99:3646-53. 
20.. Mihara H, Murai A, Handa K, Saku K, Shirai K, Tanaka K, Arakawa K. Thrombomodulin levels in patients with 
coronaryy artery disease. Artery 1997;22:293-308. 
21.. McCachren SS, Diggs J, Weinberg JB, Dittmann WA. Thrombomodulin expression by human blood monocytes 
andd by human synovial tissue lining macrophages. Blood 1991;78:3128-32. 
22.. Conway EM, Nowakowski B, Steiner-Mosonyi M. Human neutrophils synthesize thrombomodulin mat does not 
promotee thrombin-dependent protein C activation. Blood 1992;80:1254-63. 
23.. Suzuki K, Nishioka J, Hayashi T, Kosaka Y. Functionally active thrombomodulin is present in human platelets. J 
Biochemm 1988;104:628-32. 
24.. Conway EM, Rosenberg RD. Tumor necrosis factor suppresses transcription of the thrombomodulin gene in 
endotheliall  cells. Mol Cell Biol 1988;8:5588-92. 
25.. R Ross. Atherosclerosis, an inflammatory disease. N Engl J Med 1999;340:115-26. 
26.. Boehme MW, Deng Y, Raeth U, Bierhaus A, Ziegler R, Stremmel W, Nawroth PP. Release of thrombomodulin 
fromm endothelial cells by concerted action of TNF-alpha and neutrophils: in vivo and in vitro studies. Immunology 
1996;87:134-40. . 
27.. MacGregor IR, Perrie AM, Donnelly SC, Haslett C. Modulation of human endothelial thrombomodulin by 
neutrophilss and their release products. Am J Respir Crit Care Med 1997;155:47-52. 
28.. Falanga A, Marchetti M, Evangelista V, Manarini S, Oldani E, Giovanelli S, Galbusera M, Cerletti C, Barbui T. 
Neutrophill  activation and hemostatic changes in healthy donors receiving granulocyte colony-stimulating factor. 
Bloodd 1999;93:2506-14. 
29.. Dörffier-Melly J, Schwarte LA, Franco RF, Florquin S, Spek CA, Ince C, Reitsma PH, ten Cate H. Functional 
thrombomodulinn deficiency causes enhanced thrombus growth in a murine model of carotid artery stenosis. Basic 
Ress Cardiol 2003;98:347-52. 

Chapterr 6 sTM and atherosclerosis 59 9 



30.. Weiier H, Lindner V, Kerlin B, Isermann BH, Hendrickson SB, Cooley BC, Meh DA, Mosesson MW, Shworak 
NW,, Post MI, Conway EM, Ulfrnan LH, von Andrian UH, Weitz JI. Characterization of a mouse model for 
thrombomodulinn deficiency. Arterioscler Thromb Vase Biol 2001;21:1531-37. 
31.. Schachinger V, Halle M, Minners J, Berg A, Zeiher AM. Lipoprotein(a) selectively impairs receptor-mediated 
endotheliall  vasodilator function of the human coronary circulation. J Am Coll Cardiol 1997;30:927-34. 
32.. Nappo F, De Rosa N, Marfella R, De Lucia D, Ingrosso D, Pema AF, Farzati B, Giugliano D. Impairment of 
endotheliall  functions by acute hyperhomocysteinemia and reversal by antioxidant vitamins. JAMA 1999;281:2113-
18. . 
33.. Blann AD, McCollum CN. Von Willebrand factor and soluble thrombomodulin as predictors of adverse events 
amongg subjects with peripheral or coronary atherosclerosis. Blood Coag Fibrinol 1999;10:375-80. 
34.. Jansson JH, Boman K, Brannstrom M, Nilsson TK. Increased levels of plasma thrombomodulin are associated 
withh vascular and all-cause mortality in patients on long-term anticoagulant treatment. Eur Heart J 1996; 17:1503-05. 
35.. Johansson L, Jansson JH, Boman K, Nilsson TK, Stegmayr B, Hallmans G. Prospective study on soluble 
thrombomodulinn and von Willebrand factor and the risk of ischemic and hemorrhagic stroke. Thromb Haemost 
2002;87:211-17. . 

600 Chapter 6 sTM and atherosclerosis 



Chapterr  7 

Factorr  XI  gene analysis in thrombophili a and factor  XI  deficiency 

Victorr EA Gerdes1, Roderik A Kraaijenhagen2, Esther WM Vogels3, Hugo ten Cate3,4, 
Harryy R Büller2, Pieter H Reitsma3 

Departmentt of Vascular Medicine1, Department of Vascular Medicine2 and Laboratory for Experimental Internal 
Medicine3,, Academic Medical Center, Amsterdam, Department of Internal Medicine and Cardiovascular 
Researchh Institute4, Academic Hospital Maastricht, The Netherlands. 

Acceptedd for publication as a Letter to the Editor, 
Journall  of Thrombosis and Haemostasis 2004 

Abstract t 
Background:: An increased plasma factor XI level is a risk indicator for venous thrombosis, 
butt it is unknown whether this has a genetic basis. 
Methodss and results: The sequence of all exons, flanking sequences, and 350 bp of promoter 
sequencee of the factor XI gene was determined in 22 probands from thrombophilic families, 
inn 9 patients with arterial disease and high factor XI levels, and in 3 patients with a proven 
deficiency.. A rare sequence variant (G204T) was found in intron 11. This variant was present 
inn one of the probands, and in 1 out of 244 individuals with arterial disease. Six common 
polymorphismss were observed, all of which were reported before. There was no relation with 
factorr XI level. In the deficient patients we observed two novel mutations. One patient (FXI 
<1%)) was compound heterozygous for a novel L332P mutation in apple domain 4, and the 
frequentlyfrequently described F283L mutation. Another patient (FXI 31%) was mildly affected, and 
wass heterozygous for a novel G79R missense mutation in exon 4 (apple domain 1). 
Conclusion:: We did not find novel candidate risk indicators for thrombotic disease. In the 
deficientt patients two novel missense mutations were identified. 
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Introductio n n 
Uponn vascular injury the coagulation system becomes activated in order to stem the 

bleeding.. Intricate anticoagulant networks that protect from unnecessary and excessive clot 
formationn counteract this procoagulant mechanism. Under normal circumstances the 
procoagulantt and anticoagulant systems are quiescent and in balance, and profuse bleeding or 
runawayy coagulation are therefore rare events1. Only in unusual circumstances (oral 
anticoagulantt treatment, septic shock, hereditary coagulation defects, etc) do major 
coagulationn problems occur. In addition, apparently unprovoked thrombus formation may 
occur,, particularly in older persons. Examples of this are deep venous thrombosis of the leg 
andd pulmonary embolism1. 

Suchh venous thrombotic events do not occur randomly, and both acquired and genetic risk 
factorss play a determining role. Classical acquired risk factors include advancing age, cancer, 
prolongedd bed rest and surgery'. In approximately 25 % of patients genetic risk factors are 
found.. These genetic risk factors can be divided in two categories2. The first category 
comprisess loss-of-function mutations in natural anticoagulants like protein C, protein S, and 
antithrombin.. Heterozygosity for such mutations (haploinsufficiency) leads to an increase in 
thromboticc risk in adults, whereas homozygosity goes with extremely severe perinatal 
thrombosis.. The second category comprises gain-of-function mutations in procoagulant 
clottingg factors, of which factor V Leiden and prothrombin 20210 are the most prominent 
representatives2. . 

Thee prothrombin 20210 mutation predicts relatively high plasma prothrombin 
concentrationss and is associated with a 2-3 fold increased thrombotic risk3. Also high 
concentrationss of other procoagulant factors have been claimed to increase thrombotic risk, 
butt the genetics of these raised levels has not been defined. Examples are factors VIII , DC and 
XI4"6.. In addition to a risk association in venous thrombosis, elevated levels of factor XI have 
beenn associated with coronary artery disease7'8. 

Factorss XI is a homodimer, consisting of two polypeptide chains of 607 aminoacids (80 
kD)9.. When factor XI is activated, it is cleaved yielding a heavy chain and a light chain. The 
heavyy chain contains four so-called apple domains (figure 1). The first apple domain contains 
thee binding site for (pro)thrombin and high-molecular weight kininogen °'11, the third apple 
domainn contains the binding site for factor IX and platelets12'13, while the fourth apple domain 
iss responsible for dimerization14. Originally factor XI was suspected to function mainly in the 
intrinsicc arm of the coagulation system. However, in vivo factor XI is activated by thrombin, 
leadingg to additional thrombin formation, which may be important for activation of TAFI 
(thrombin-activatablee fibrinolysis inhibitor) resulting in attenuation of fibrinolysis . 

Thee primary aim of this study was to search for DNA markers in the factor XI gene as 
potentiall  determinants of increased factor XI level, which may serve as indicators of 
thromboticc risk. A second objective was to establish the genetic basis for factor XI deficiency 
inn patients from our outpatient clinic. 

Methods s 
Studyy subjects 

Probandss from thrombophilic families were selected from our outpatient clinic for vascular 
medicine.. All probands had at least one objectively confirmed episode of venous 
thromboembolismm and were younger than fifty  years. In addition, all probands had at least 
twoo additional affected individuals in the first or second degree. We only selected probands 
withoutt an established risk factor (protein C deficiency, protein S deficiency, AT II I 
deficiency,, factor V Leiden mutation, prothrombin 20210 mutation). 
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Consecutivee patients with arterial disease were recruited in two teaching hospitals. Patients 
withh a recent myocardial infarction, patients with a recent ischaemic stroke and patients with 
peripherall  arterial disease were selected. Diagnosis of the qualifying event had to be 
confirmedd (ECG and positive enzymes, CT-scan to rule out hemorrhage, ankle-arm brachial 
pulsee index and/or vascular bypass surgery). Venous blood samples were drawn three months 
afterr the qualifying event. Patients with the highest factor XI levels (>140%) were selected for 
sequencing. . 

Inn addition, three patients with a proven factor XI deficiency were selected from the files of 
ourr outpatient clinic. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Factorr XI analysis 
Bloodd was obtained from the antecubital vein and collected in siliconized vacutainer tubes 

(Bectonn Dickinson, Franklin Lakes, NJ, USA) containing 0.105 mol L"1 sodium citrate. All 
bloodd samples were centrifuged at 1000 g for 15 min at 4 °C and plasma samples were stored 
att -70 °C until assays were performed. Factor XI antigen levels were determined with 
antibodiess from Affinit y Biologicals (Kordia, Leiden, The Netherlands), according to the 
instructionss of the manufacturer. Factor XI levels in the study subjects are given as percentage 
off  the level in a plasma pool of 150 healthy hospital personnel. 

Sequencingg of the factor XI gene and its promoter 
Thee factor LX gene has 15 exons. Primers were selected to amplify 350 basepairs of the 

promoterr region and to amplify each of the exons plus about 50 basepairs of flanking 
sequence.. The primers that we used are available on request. Amplified DNA fragments were 
purifiedd using a Qiagen kit (Qiagen, Hilden, Germany). Both strands of the amplified product 
weree sequenced using the same primers that were used for the amplification. Sequence 
reactionss were done with commercial reagents and analyzed on a ABIPrism 3100 Genetic 
Analyzerr (reagents and apparatus from Applied Biosystems, Capelle aan de IJssel, The 
Netherlands). . 

Statisticall  analysis 
Forr each genotype the mean and standard deviation of the plasma level was calculated. The 

significancee of differences between genotypes were evaluated using Student's t-test. 

Results s 
Indicatorss of factor XI concentration and thrombotic risk 

222 probands of thrombophilic families were included in the study. The mean age of these 
individualss was 40 years, 17 of them were women. 

2444 patients with established atherosclerotic disease were included. 75 had a recent 
myocardiall  infarction, 86 had a recent ischaemic stroke whereas 83 had peripheral arterial 
disease.. The mean age of these patients was 63 years and 83 (34%) were women. 9 patients 
withh arterial disease had a factor XI level higher than 140%, and these were selected for 
sequencing. . 

Thee median factor XI level of the probands was 107% (range 79 - 224%). The median 
factorr XI level of the 9 selected patients was 150% (range 143 - 189%). We observed a rare 
sequencee variant in intron 11,9 nucleotides upstream of the splice acceptor site (G204T). This 
variantt was present in one patient, a proband, with a factor XI level of 104%. However, the 
variantt was only present in one out of 244 individuals with atherosclerotic disease. 
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Wee observed six polymorphisms among the probands and all persons with atherosclerotic 
disease:: GAC125GAT, ACA249ACG, GGT379GGC, CGG596CGT, GAG595GAA and 
flankk exon 15 A54G. All these polymorphisms have been described previously. The latter 
threee polymorphisms are tightly linked. No statistically significant differences in factor XI 
levelss in carriers of these polymorphisms compared to non-carriers were observed (Table 1). 
Ann indepth analysis among subgroups of combined genotypes also yielded no evidence for 
thee notion that these polymorphisms explain part of the biological variation in factor XI levels 
(dataa not shown). 

Tablee 1 Factor XI levels according to factor XI genotype 

GAC125GAT(exon5) ) 

ACA249ACGG (exon 8) 

GGT379GGCC (exon 11) 

CGG596CGT, , 
GAG595GAA A 
andd flank exon 15 

Wildd type 

11 (n=193) 

) ) 

) ) 

11 (n=218) 

,, number of individuals between brackets 

Factorr XI deficiencv 

Carrier r 

33 (n=19) 

) ) 

22 (n=57) 

33 (n=26) 

P P 

0.99 9 

0.78 8 

0.88 8 

0.30 0 

Thee first patient is a 78 year old Ashkenazi Jew with 7-10% factor XI clotting activity. 
Anamnesticallyy he had a relatively insignificant bleeding disorder, with only occasionally 
mildd epistaxis. This patient appeared to be homozygous for the Phe283Leu mutation. This 
mutationn is highly prevalent among Ashkenazi Jews and generally referred to as the type in 
mutation. . 

Thee second patient is 37 year old female with less than 1% factor XI clotting activity. She 
hass a moderate to severe bleeding disorder, with recurrent epistaxis, menorrhagia and 
bleedingg complications after childbirth. Only occasionally she has spontaneous gingival 
bleedingg and haematoma formation. In this patient a compound heterozygosity was shown. 
Wee observed the Phe283Leu mutation (type IU) and a novel Leu332Pro mutation, also in the 
fourthh apple domain. 

Thee third patient is a 52 year old female with factor XI clotting activity varying from 31 to 
54%% and a factor XI antigen level of 51%. Her son has also a factor XI deficiency with 32 to 
39%% factor XI clotting activity and an antigen level of 41%. Both patients have a severe 
haemostaticc disorder, with recurrent epistaxis, gingival bleeding, easy bruising, menorrhagia 
(thee mother), gross blood in the urine or stool and excessive bleeding complications during 
andd after invasive procedures and childbirth, which necessitates administration of fresh frozen 
plasmaa (FFP) and antifibrinolytic drugs. These patients appeared to have a novel Gly79Arg 
mutationn in the first apple domain. 

Discussion n 
Indicators s 

Amongg the probands of thrombophilic families and patients with established atherosclerotic 
diseasee we were not able to identify determinants of increased factor XI level or indicators of 
thromboticc risk. We observed a rare sequence variant in one proband, but this patient had a 
normall  factor XI level. In addition, the six observed polymorphisms in the factor XI gene 
weree not related with factor XI level. 
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Thesee results indicate that mutations in thee factor XI gene are not a common cause of 
thrombophilia.. We can not exclude the possibility that certain gain of function mutations in 
thee factor XI gene exist, but their frequency must be low. 

Thrombuss formation in responsee to rupture of the atherosclerotic plaque is the essential 
eventt in acute ischemic syndromes in patients with atherosclerotic disease16. Although initial 
thrombinn generation is caused by tissue factor, the feedback activation of factor XI is 
probablyy important for additional thrombin formation and local regulation of fibrinolysis1718. 
Patientss with cardiovascular disease have higher factor XI levels compared to healthy control 
persons7'88 and Minnema et al showed that factor XI is activated during acute myocardial 
infarction11 . However, we could not identify a genetic basis for increased factor XI levels. 
Factorr XI levels increased after endotoxin administration in healthy volunteers20, suggesting 
thatt the relationship between factor XI levels and thrombotic disease may be the result of 
inflammatoryy processes. Which other factors influence factor XI levels has not been 
establishedd yet. 

Deficiency y 
Inheritedd factor XI deficiency is a rare autosomal recessive bleeding disorder in most 

populations.. The disease is more common in Ashkenazi Jews and also a cluster of cases was 
identfiedd among French Basques21'22. In recent years a number of mutations have been 
reportedd "25. These are all loss of function mutations like missense, nonsense, and splice 
junctionn mutations. We observed two novel mutations and the previously described 
Phe283Leuu type HI mutation. 

Thee third patient and her son are heterozygous for a novel Gly79Arg replacement in the 
firstt apple, caused by a missense mutation in the fourth exon. Both mother and son have 
factorr XI levels of approximately 30 to 50%. We can not explain why these patients have a 
relativelyy severe bleeding tendency, compared to for instance the first patient with the type HI 
mutation,, with relatively high factor XI antigen and activity levels. However, a thorough 
analysiss of all clotting and thrombocyte factors in these patients did not yield other 
abnormalities. . 

Inn the second, compound heterozygote patient we observed the Phe283Leu mutation as 
welll  as a novel Leu332Pro mutation, also located in exon 9, encoding the fourth apple. 
Leu3322 is a non-conserved aminoacid, however the neighboring aminoacids (lysine and 
leucine)) are highly conserved (figure 1). Since a replacement of leucine for proline is usually 
associatedd with conformational changes, we assume that these lead to a defect in the 
dimerizationn process and a dramatic reduction in the secretion of the mutant protein. Zivelin 
ett al showed this phenomenon for the Cys38Arg mutation, a mutation responsible for factor 
XII  deficiency in French Basques22. 

Thee type HI mutation is located in exon 9, which encodes for a part of the fourth apple 
domain.. The Phe is a conserved amino acid among the four apple domains (figure 1). The 
fourthh apple domain is essential for the dimerization of the two identical subunits. Meijers et 
all  described that due to a defect in the dimerization die mutant protein is secreted at reduced 
levelss (approximately 8%)u. This corresponds with the factor XI levels in our homozygous 
patiënt. . 

Inn conclusion, this survey of the factor XI gene has not (yet) yielded novel candidate risk 
indicatorss for venous or arterial thrombotic disease. In the deficient patients one known and 
twoo novel missense mutations were identified that are probably responsible for the deficiency 
phenotype. . 
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Figuree 1 Factor XI molecule, location of the mutations and conservation of altered 
aminoacidss among the apple domains. 

Applee 3 

Firstt patient: 
Phe283Leuu mutation in apple 4 

Applee 1 ....KDTC F EGGD. 
Applee 2 ....VDLD M KGIN. 
Applee 3 ....PNTV F ADSN. 
Applee 4 ....HDTD F LGEE.. 

L L 

Secondd patient: 
Novell  Leu332Pro mutation in apple 4 

Applee 1 ....CVLK D SVTE 
Applee 2 ....CLLK H TQTG 
Applee 3 ....CLLK T SESG 
Applee 4 ....CYLK L SSNG 

P P 

Thirdd patient: 
Novell  Gly79Arg replacement in apple 1 

R R 
Applee 1 .... AAIS G YSFK 
Applee 2 ....GVVS G FSLK 
Applee 3 ....KALS G FSLQ 
Applee 4 ....GGIS G YTLR 
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Abstract t 
Background:: Chlamydia pneumoniae has been associated with cardiovascular disease. However, 
studiess on the presence of chlamydial antibodies and intima-media thickness (IMT) or future 
ischemicc events are inconclusive. We examined the relation between circulating antibodies to 
chlamydiall  lipopolysaccharide (cLPS Ab), IMT and the occurrence of ischemic events during 
follow-upp in patients with manifest atherosclerotic disease. 
Methods:: IgG and IgA antibodies against cLPS were determined in 273 out of 307 consecutive 
patientss with a recent ischemic stroke (IS, n=90), a recent myocardial infarction (MI, n=87) or 
peripherall  arterial disease (PAD, n=96). B-mode ultrasound IMT measurement of carotid and 
femorall  arteries was performed and ischemic events, IS or MI, during follow-up were registered. 
Results:: IgG and IgA were found in 66% and 46% of the patients, respectively. We did not detect 
anyy difference in IMT between patiens with or without antibodies: IgA- 0.97(0.28)mm vs IgA+ 
0.95(0.26)mm,, p=0.63, IgG- 0.96(0.28)mm vs IgG+ 0.96(0.26)mm, p=0.98. During follow-up 
withh a mean duration of 3.5 years the combined endpoint, MI or IS, was similar in patients with 
orr without antibodies (IgA- 24% vs IgA+ 19%, IgG- 23% vs IgG+ 22%). However, a lower 
frequencyy of MI was observed in IgA positive patients (IgA- 13% vs IgA+ 8%). The number of 
ischemicc events in the 12 patients who used anti-chlamydial antibiotics was similar compared to 
thosee who did not use antibiotics. 
Conclusion:: In patients with manifest atherosclerotic disease no association between the presence 
off  cLPS Ab and IMT could be detected. In addition, no influence of cLPS Ab on the number of 
ischemicc events was observed, the frequency of MI during follow-up in IgA positive patients was 
evenn lower. 
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Introductio n n 
ChlamydiaChlamydia pneumoniae, a common pathogen causing respiratory tract infections, has been 

associatedd with cardiovascular disease. In a number of cross sectional studies, a higher frequency 
off  persons with antibodies to Cpneumoniae among patients with cardiovascular disease were 
observedd compared to asymptomatic controls1"4. Cpneumoniae has been detected in 
atheroscleroticc plaques5"9 and in animal models, an atherogenic effect has been described ' . 
Treatmentt with macrolide antibiotics, targeted at C pneumoniae, improved outcome in two pilot 
studiess in which patients with acute coronary syndromes were included ' . However, other 
cross-sectionall  studies could not confirm the association between the serological evidence of C 
pneumoniaepneumoniae infection and cardiovascular disease * . 

Theree is a limited, but growing, number of prospective studies regarding the presence of 
antibodiess to C pneumoniae and ischemic events, with conflicting results18"27. A meta-analysis 
suggestss that a strong association between the presence of antibodies to C pneumoniae and 
incidentt coronary heart disease is unlikely25. Only in subsets of some study populations an 
associationn between the presence of antibodies and ischemic events was detected. Ischemic stroke 
wass an endpoint in only a minority of the prospective studies. In addition, these studies were 
performedd in asymptomatic individuals or community samples and only a few studies measured 
IgA.. Serology has been suggested to be a valuable method for the identification of patients with 
atheroscleroticc disease who may profit from antimicrobial chemotherapy. 

Thee influence of Cpneumoniae on the process of arterial wall thickening is controversial. In 
thee first report, from the ARIC study, a higher prevalence of IgG antibodies to Cpneumoniae Cpneumoniae was 
foundd in individuals with a markedly increased intima-media thickness (MT) compared to 
individualss with the lowest MT28. In two subsequent reports no relationship between IMT and C 
pneumoniaepneumoniae was observed, although in one of these two studies there wass an association between 
IgAA positivity and >50% mean carotid artery stenosis29,30. These results suggested that C 
pneumoniaepneumoniae is not associated with earlier stages of atherosclerosis, but may be associated with 
laterr stages of the process. 

Too investigate the role of C pneumoniae in later stages of the atherosclerotic process we 
determinedd chlamydial lipopolysaccharide (cLPS) antibody titres in a cohort of patients with 
manifestt atherosclerotic disease. We studied the relation between thickness of carotid and femoral 
arteriall  walls, determined by B-mode ultrasound IMT measurement, and the presence or absence 
off  cLPS antibodies in these patients. In addition, we examined the association between the cLPS 
antibodiess and the number of ischemic events, myocardial infarction or ischemic stroke, during 
follow-up. . 

Methods s 
Patientss and follow-up 

Consecutivee patients with clinical manifestations of atherosclerosis were recruited in two 
teachingg hospitals and classified according to previous event: myocardial infarction, ischemic 
strokee or peripheral arterial disease. Only patients with a recent onset of myocardial infarction (< 
11 month) or ischemic stroke (< 6 months) were included. Myocardial infarction was defined as 
typicall  chest pain for more than 20 minutes in combination with laboratory- or ECG findings 
consistentt with myocardial infarction. Ischemic stroke was defined as acute neurologic deficit 
persistingg at least one week. Intracerebral hemorrhage was ruled out by an early CT-scan. 
Peripherall  arterial disease was defined as typical leg pain on walking and an ankle/arm blood 
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pressuree ratio lower than 0.85 in either leg at rest or a history of surgery for intermittent 
claudication.. Smoking status, hypertension defined as a diastolic blood pressure of 95 mmHg or 
higherr or current treatment, and hypercholesterolemia defined as a total plasma cholesterol level 
off  7 mmol/L or higher or current treatment were registered. Patients provided peripheral venous 
bloodd samples. 

Duringg prospective follow-up new vascular events were registered. Every six months events 
weree assessed using a questionaire regarding vascular complications and reported cardiovascular 
endpointss were confirmed through a review of hospital records, discharge letters from the hospital 
andd autopsy reports. For myocardial infarction and stroke we utilized the same definitions as 
mentionedd for the qualifying event. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Chlamvdia-specificc LPS serology 
Chlamydiaa specific IgG and IgA antibodies were detected by a recombinant DNA LPS ELISA 

(rDNA-LPS-ELISA;; Medac GmbH, Hamburg, Germany). This ELISA includes a chemically pure 
structuree of a recombinant LPS which contains a genus-specific epitope of the human pathogens 
ChlamydiaChlamydia spp.31'33. Each serum sample was mixed thoroughly prior to processing according to 
thee manufacturers instructions. Initial serum dilutions for IgG, and IgA were 1/100 and 1/50, 
respectively.. Sera with OD values exceeding 2.5 were retested using a 1/4 predilution. A two-fold 
seriallyy diluted standard serum was used to calculate the Iog2 titre of the patients samples. The 
IgG-- and IgA cutoff values were calculated as prescribed by the manufacturer. The prevalence of 
Chlamydia-specificc IgG- and IgA antibodies was based on the following criterium: >= calculated 
cutofff  x 1.1034'35. 

B-modee ultrasound intima-media thickness measurements 
Thee B-mode ultrasound EMT measurement procedures have been described elsewhere36,37. B-

modee ultrasound scans were performed by one sonographer. An ATL Ultramark IV (Advanced 
Technologyy Laboratories, Bothell, Washington) with a High Resolution Linear Array 7.5 Mhz 
transducerr was used. Subjects were scanned in the reclined position. Three carotid artery wall 
segmentss (common carotid, bulb and internal carotid artery) on both sides, and two femoral artery 
walll  segments (common and superficial femoral artery) on both sides were scanned. Images of 
eachh arterial wall segment were stored on S-VHS video tape. IMT of the posterior wall segments 
wass measured off-line38. The per patient mean IMT value was used for the primary analysis. 
Subanalysess were done according to arterial conduit and wall segment. If appropriate 
Bonferroni'ss correction was applied. The sonographer and image analyst were blinded to the 
clinicall  status of the subjects. 

Statisticall  analyses and power considerations 
Alll  calculations were performed with the Statistical Package for the Social Science (SPSS, 

versionn 10.0. Frequencies were compared with x2 tests or Fisher's exact tests when applicable. 
Forr comparison of variables with a normal distribution Student's t-test was used, whereas the 
Mann-Whitneyy U-test was used for variables with a skewed distribution. We expected to have 
2200 patients for analysis of intima-media thickness. With the assumption that 33% of the patients 
wouldd have chlamydia IgA and 66% IgG, a two group t-test with a 0.05 two sided significance 
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levell  would have 80% power to detect an effect size of 0.40 standard deviation (when the sample 
sizess in the two groups are 146 and 74 respectively). 

Too identify factors predicting the occurrence of ischemic events during follow-up only the first 
ischemicc event of patients with more than one event was used. We expected 70 ischemic events 
inn 280 patients (25%) during follow-up. A two group x2 test with a two sided significance level of 
0.055 would have 80% power to detect the difference between a group 1 proportion, 7Ci of 0.25 and 
aa group 2 proportion JI2 of 0.42 (odds ratio of 2.2) when the sample sizes are 187 and 94 
respectively.. A Cox regression analysis was performed. All variables with a p value < 0.20 were 
selectedd and entered into the multivariate analysis (forward, Wald). A p-value < 0.05 was 
consideredd statistically significant. 

Tablee 1 Patient characteristics, all patients and according to chlamydial LPS serology 

n n 

agee (years) 

malee (%) 

smokingg (current,%) 

smokingg (current/past,%) 

diabetess (%) 

hypertensionn (%) 

hyperlipidemiaa (%) 

totall  cholesterol 

(mmol/1) ) 

LDL L 

(mmol/1) ) 

HDL L 

(mmol/1) ) 

triglycerides s 

(mmol/1) ) 

homocysteine e 

(umol/1) ) 

lipoproteinn (a) 

(mg/dl) ) 

Al ll  patients 

273 3 

63 3 

65 5 

40 0 

84 4 

12 2 

41 1 

47 7 

6.1 1 

5.4-6.9 9 

4.0 0 

3.4-4.7 7 

1.11 1 

0.95-1.34 4 

1.7 7 

1.2-2.3 3 

15.0 0 

11.8-18.6 6 

13 3 

3-38 8 

IgG--

93 3 

64 4 

54 4 

40 0 

80 0 

15 5 

42 2 

47 7 

6.2 2 

5.4-6.9 9 

3.9 9 

3.4-4.7 7 

1.14 4 

0.95-1.40 0 

1.6 6 

1.0-2.3 3 

13.9 9 

11.3-18.2 2 

15 5 

4-*5 5 

IgGG + 

180 0 

62 2 
77 j * * 

40 0 

87 7 

10 0 

41 1 

47 7 

6.1 1 

5.4-6.8 8 

4.0 0 

3.5-4.7 7 

1.09 9 

0.96-1.30 0 

1.8 8 

1.3-2.3 3 

15.3 3 

12.3-18.8 8 

12 2 

3-34 4 

IgA--

148 8 

64 4 

63 3 

39 9 

82 2 

16 6 

41 1 

43 3 

6.1 1 

5.4-6.9 9 

4.0 0 

3.44.7 7 

1.16 6 

0.96-1.33 3 

1.6 6 

1.2-2.4 4 

14.9 9 

11.8-18.5 5 

13 3 

340 0 

IgA + A + 

125 5 

62 2 

68 8 

41 1 

87 7 

7 7 

42 2 

42 2 

6.2 2 

5.4-6.8 8 

4.1 1 

3.5-4.9 9 

1.07 7 

0.95-1.36 6 

1.7 7 

1.3-2.3 3 

15.0 0 

11.9-18.8 8 

13 3 

4-37 7 

Mediann values and interquartile ranges of the continuous variables are shown. Patient characteristics, including 
smokingg and age, were not statistically significant different between seropositive and seronegative patients. Only the 
numberr of males among patients with chlamydia IgG was higher compared with the patients without chlamydia IgG 
(***  pO.01, Chi-square) 

Results s 
Patientss characteristics and chlamydial LPS serology 

3077 patients were included in the study. Of 273 patients plasma samples for the detection of 
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chlamydiall  antibodies were available for analysis. 90 patients had a recent ischemic stroke (IS), 
877 a recent myocardial infarction (MI), and 96 peripheral arterial disease (PAD). The mean age of 
thesee 273 patients at entry was 63.1 years. 40% of the patients were current smokers, whereas 
44%% had smoked in the past. Patient characteristics are described in Table 1. 

Chlamydiaa IgA was positive in 125 patients (46%), whereas chlamydia IgG was positive in 180 
patientss (66%). Among patients with a positive chlamydia IgG titre the number of males was 
higherr compared to the patients without chlamydia IgG antibodies, while the percentages of 
smokerss were equal. The other patient characteristics were similar among patients with positive 
orr negative chlamydia serology (Table 1). Small differences in for instance homocysteine or 
lipoprotein(a)) levels did not reach statistical significance. The percentage of patients with 
chlamydiaa IgA antibodies and with chlamydia IgG antibodies was similar in the patients with 
differentt inclusion diagnosis (MI, IS or PAD; IgA: IS 43%, MI 45%, PAD 49%, p=0.73 and IgG: 
ISS 61%, MI 69%, PAD 67%, p=0.49). 

B-modee ultrasound 
Inn 218 of the 273 patients 1767 IMT measurements were performed. The mean IMT was 0.96 

mmm (standard deviation 0.27, range 0.45 - 1.95mm). In the 218 patients 81% of carotid and 
femorall  arterial wall segments were measured. Measurements were equally distributed among the 
analysedd (sub)groups. We compared mean IMT of persons with positive chlamydia antibody titres 
withh persons without chlamydia antibody titres. We did not detect any statistically significant 
differencess in the primary, combined per patient IMT, analysis. Also, in further analyses 
accordingg to carotid and femoral conduits, and to the separate arterial wall segments, no 
differencess between groups were observed (all p values >0.25). The mean IMT for chlamydia IgG 
positivee persons was 0.96 (SD 0.26) mm, whereas the mean IMT for chlamydia IgG negative 
personss was 0.96 (SD 0.28) mm, p=0.98 (Student's t-test). The mean IMT for chlamydia IgA 
positivee and negative persons was 0.95 (SD 0.26) mm and 0.97 (SD 0.28) mm respectively, 
p=0.63.. The results of the combined per patient IMT's are shown in Table 2. We performed a 
multivariatee linear regression analysis with IMT as dependent variable. As expected, no relevant 
rolee for chlamydia IgA or IgG could be detected (data not shown). 

Tablee 2 Intima-media thickness according to chlamydial LPS serology 

Alll  patients 

IgA--

IgAA + 

IgG--

IgGG + 

n n 

218 8 

119 9 

99 9 

72 2 

146 6 

IMT T 

0.966 (0.27) 

0.977 (0.28) 

0.955 (0.26) 

0.966 (0.28) 

0.966 (0.26) 

Averagess of per patient IMT's (in millimeters) and standard deviations, are shown. 
Unpairedd Student's t-test was used to compare IMT values. 
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Ischemicc events during foilow-up 
Duringg follow-up with a mean duration of 3.5 years ischemic events were observed in 60 

patients.. 29 patients had a myocardial infarction and 26 patients had a ischemic stroke. 5 patients 
diedd suddenly during follow-up, without a clear diagnosis (ECG or CT scan) and no autopsy was 
performed.. We regard these events as ischemic events and classified these events as "unknown 
cardiovascularr death". 

Wee did not identify more ischemic events in patients with positive chlamydia serology. In 125 
patientss with positive chlamydia IgA titres 24 endpoints (19%) were registered, compared to 36 in 
thee 148 patients (24%) with negative titres (p=0.31). The number of ischemic events in patients 
withh positive and negative chlamydia IgG titres was equal (39 /180 (22%) and 21 / 93 (23%) 
respectively,, p=0.95). Ischemic events in relation to chlamydial antibodies are shown in table 3. 

Tablee 3 Ischemic events during follow-up according to chlamydial LPS serology 

Alll  patients 

IgA--

IgAA + 

IgG--

IgGG + 

MI I 

111 (29/273) 

133 (19/148) 

8(10/125) ) 

11(10/93) ) 

11(19/180) ) 

IS S 

10(26/273) ) 

10(15/148) ) 

9(11/125) ) 

10(9/93) ) 

9(17/180) ) 

Ischemicc event 

222 (60/273) 

244 (36/148) 

19(24/125) ) 

211 (21/93) 

22(39/180) ) 

Incidencee of first ischemic events during follow-up. Percentage and absolute numbers are depicted. The ischemic 
eventss category was defined as proven myocardial infarction or ischemic stroke or unknown cardiovascular death 
(seee text). MI = myocardial infarction, IS = ischemic stroke. 

Subsequentlyy we determined whether the presence of antibodies was predictive for the separate 
endpointss myocardial infarction and ischemic stroke during follow-up. Among the 125 patients 
withh positive chlamydia IgA titres 10 patients (8%) had a myocardial infarction, compared to 19 
patientss with a myocardial infarction among the 148 (13%) without chlamydia IgA. Univariate 
analysiss had selected the absence of chlamydia IgA, age, MT, and hyperhomocysteinemia as 
factorss that were associated with myocardial infarction during follow-up. When these factors 
weree entered into the Cox regression analysis absence of chlamydia IgA (OR 3.6 (1.2-10.8)), IMT 
(ORR 6.6 (1.7-25.7)), and hyperhomocysteinemia (OR 2.9 (1.2-6.9)) remained independent 
predictorss of myocardial infarction during follow up. The presence or absence of chlamydia IgA 
titress was not associated with the occurrence of ischemic stroke during follow-up. 

Chlamydiaa IgG titres did not have a predictive value in our patients. Among the 180 patients 
withh a positive chlamydia IgG titre 19 patients (11%) had a myocardial infarction and 17 patients 
(9%)) had an ischemic stroke. 10 patients (11%) with a myocardial infarction and 9 (10%) with an 
ischemicc stroke were observed among the 93 patients without chlamydia IgG antibodies. Again, 
thesee differences were not statistically significant. 

Thee results were not influenced by antibiotic usage during the first three years of the follow-up 
period.. 12 patients used antibiotics withh an established activity against C. pneumoniae 
(macrolidess n=2, doxycycline n=7, quinolones n=3). 52 patients used other antibiotics 
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(penicillins,, cephalosporins, aminoglycosides, metronidazol). Among the 12 patients who used 
macrolides,, doxycycline or quinolones, the number of events was similar compared to those who 
didn'tt use antibiotics (MI 17% (2/12) versus 10% (27/261) p=1.0, IS 0% (0/12) versus 10% 
(26/261)) p=0.61, any event 25% (3/12) versus 22 (57/261) p=1.0, two sided Fisher's exact tests). 
Antibioticc usage did not influence the results of the multivariate model. 

Discussion n 
Wee describe a lack of association between chlamydial LPS antibodies and IMT in patients with 

establishedd atherosclerotic disease. The presence of antibodies was not associated with the 
occurrencee of ischemic events during follow-up. However, in a secondary analysis limited to the 
occurrencee of myocardial infarction during follow-up, the absence of IgA antibodies was an 
independentt predictor of myocardial infarction. 

Theree is only a small number of studies regarding a possible association between IMT and C 
pneumoniaepneumoniae infection " . Cpneumoniae has been detected in arterial wall specimens5"9 and if 
thee microorganism has a causative role in the process of atherosclerosis an association with IMT 
wouldd be likely. However, the results of previous studies are inconclusive. The first large study 
reportedd a difference in the prevalence of individuals with a positive antibody titre when 
individualss with the highest IMT values were compared to those with the lowest IMT values28. In 
thee following two studies no association with IMT could be detected29,30. In one study, but not in 
thee other, an association between the presence of IgA antibodies and carotid artery stenosis, a 
differentt parameter of carotid atherosclerosis, was reported29. The authors suggested that C 
pneumoniaepneumoniae infection may be not a causative factor in early stages of atherosclerosis, but may be 
importantt in later stages. Our results in patients with established atherosclerotic disease do not 
confirmm this hypothesis. 

Thee prevalence of ischemic events in patients with positive chlamydial antibody titres was not 
increasedd compared to patients with negative titres. On the contrary, the absence of IgA antibody 
wass an independent predictor of myocardial infarctions during follow-up, suggesting that IgA 
cLPSS antibodies may exert a protective effect. The interpretationn of this finding, which seems 
oppositee to previous studies, is complicated. We will discuss several factors wich may explain the 
results. . 

First,, the results should be interpreted with caution because the number of myocardial 
infarctionss during follow-up was limited. The apparently protective effect of cLPS-IgA could not 
bee detected for ischemic stroke or the combined endpoint during follow-up. Second, the utilized 
methodologyy for detecting anti-chlamydial antibodies may have impact on the observed 
association.. Most studies regarding the prospective value of Cpneumoniae serology utilized the 
microimmunofluorescencee (MIF) test, and in only a few studies IgA was measured18"27. 
Furthermore,, the MIF test is reported to be species specific, but the reading of fluorescence 
patternss is subjective, and requires experience and skill, especially when evaluating high titred 
serumm samples in which a trailing effect may be observed. In earlier studies we found that with 
agee the serologic diagnosis of acute Cpneumoniae infection observed by MBF becomes 
increasinglyy prone to false positive results. Rheumatoid factor (RF) is responsible for this 
phenomenon.. RF can frequently be detected in sera from patients with rheumatoid arthritis, 
mycoplasmall  and viral infections and, occasionally, in healthy adults. Advanced age is correlated 
withh an increased prevalence of circulating RF39. 

Inn the present study, we utilized a recent developed, commercially available rDNA LPS ELISA 
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forr the detection of antibodies against cLPS. This test utilizes a chemically pure chlamydial LPS 
developedd by recombinant DNA technique, is objective and more sensitive than MIF in detecting 
neww Cpneumoniae infections 34'35. 

AA protective effect of certain antibodies to C pneumoniae in patients with a positive MIF test 
hass been described before. Maass et al. described antigen recognition patterns in Cpneumoniae 
immunoblotss in patients with cardiovascular disease and control persons, all with serologically 
provenn prior Cpneumoniae infection40. In this study IgA antibodies against a 47 kDa antigen 
weree associated with a protective effect against cardiovascular disease, whereas IgG and IgA 
antibodiess against other antigens were associated with increased cardiovascular risk. 

Inn vitro experiments showed that LPS of C pneumoniae is the component that induces 
macrophagee foam cell formation41. In other in vitro studies a Chlamydia specific LPS antibody 
wass able to neutralize the infectivity of Cpneumoniae4,2'. If LPS is the crucial antigen of C 
pneumoniaepneumoniae in its assumed role in the pathophysiology of atherosclerosis, it is conceivable that 
antibodiess against LPS may have a protective role. 

AA third issue is the poor correlation between the presence of C pneumoniae in atherosclerotic 
plaquee and serum antibody titres. Chiu et al. did not detect a correlation between the presence of 
CpneumoniaeCpneumoniae in atherosclerotic vessels and serum antibody titers, although Cpneumoniae could 
bee detected in a high percentage of carotid artery endarterectomy specimens, especially those with 
thrombosis5.. Bartels et al. did not observe any difference in MIF IgG values between patients 
withh and patients without Cpneumoniae, detected by PCR or culture, in coronary artery 
specimens43.. Also in two smaller studies no relation between serology and presence in the vessel 
walll  was observed8'9. Patients with negative Cpneumoniae serology may have chronic or 
subclinicall  infection of Cpneumoniae. In those patients the absence of antibodies may be the 
resultt of an inadequate immune response allowing Cpneumoniae to exert its harmful influence 
onn atherosclerotic plaques. 

Sincee we examined only one plasma sample, taken 4 months after inclusion in the study, our 
resultss reflect the possible influence of chronic (re)infection of Cpneumoniae on the occurrence 
off  ischemic events. The other prospective trials regarding Cpneumoniae and ischemic events 
havee the same limitation. To investigate the role of acute (re)infections, a prospective trial in 
whichh Cpneumoniae antibodies will be examined in sequential serum samples, drawn at regular 
intervalss (4-6 months), including the time of the ischemic event, must be initiated. 

Thesee considerations lead us to the conclusion that chlamydial serology is not associated with 
ourr primary combined endpoint of ischemic events, but that in patients with chlamydia IgA even 
aa lower frequency of myocardial infarction during follow-up was observed. However, given the 
factt that the number of patients in which a myocardial infarction occurred is relatively small and 
thatt there was no clear correlation between serological findings and the presence of C 
pneumoniaepneumoniae in the vessel wall in previous studies, a possible protective effect needs first to be 
confirmedd in future studies. Our results indicate that the use of cLPS antibodies in patients with 
manifestt atherosclerosis to identify those who may have benefit from antimicrobial treatment is 
nott justified. 
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Abstract t 
Background:: Chlamydia pneumoniae has been associated with coronary and carotid artery 
disease.. Whether Cpneumoniae has a role in the pathogenesis of cerebral white matter lesions 
(WML)) remains to be elucidated. 
Methods:: We measured IgG and IgA antibodies to chlamydial lipopolysaccharide (cLPS Ab) 
andd registered deep white matter lesions (DWML) and periventricular lesions (PVL) on MRI 
inn a cohort of patients with symptomatic atherosclerotic disease. The relation between cLPS 
Abb and the presence of WML was explored. 
Results:: We studied 217 patients of which 45% and 69% had positive chlamydia IgA and IgG 
respectively.. DWML, but not PVL, were more frequent among patients with chlamydia IgA 
comparedd to those without (IgA- 21% versus IgA+ 33% p=0.05, OR 1.8 (1.0 - 3.4)). The 
prevalencee of PVL and DWML was clearly higher in patients with intermediate or high 
antibodyy titers (> 300 U/L). In a multivariate analysis IgA > 300 U/L was independently 
associatedd with DWML (OR 3.50, 95%CI 1.43-8.60, p<0.01), whereas IgG > 300 U/L was 
independentlyy associated with PVL (OR 2.24 95%CI 1.03-4.85, p=0.04). 
Conclusions:: We observed an association between the presence of cLPS Ab and WML in a 
cohortt of patients with manifest atherosclerotic disease. These results suggest that C. 
pneumoniaepneumoniae plays a role in the pathogenesis of WML. 
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Introductio n n 
Deepp white matter lesions (DWML) and periventricular lesions (PVL) are generally 

regardedd as manifestations of cerebral small vessel disease (SVD)1. Cerebral white matter 
lesionss are asymptomatic in many cases, but their presence has been associated with cognitive 
decline,, dysarthria and gait disturbances2"6. Cerebral small vessel disease is characterized by 
structurall  alterations of the walls of cerebral arterioles with initial hypertrophy of the medial 
smoothh muscle layer, which is subsequently replaced by extracellular matrix and plasma 
proteins6.. Although these pathological changes are well defined, there is considerable 
confusionn about the pathogenesis. 

Hypertensionn and increasing age are generally believed to be the main risk factors for white 
matterr lesions3,7"9. However, many patients with white matter lesions do not have 
hypertension.. Which other factors contribute to the formation of white matter lesions is less 
clear.. Diabetes, hyperinsulinism, endothelial changes, altered coagulation factors, changes in 
diurnall  blood pressure and polymorphisms of apo E, angiotensinogen and paraoxonase 1 have 
beenn suggested, but the number of studies is limited ' ' " . 

Atherosclerosis,, the underlying condition leading to "large vessel disease", is an 
inflammatoryy process18. The role of inflammatory processes in SVD is unclear. Fibrinogen 
andd complement factors have been identified in astroglia of SVD lesions19, and fibrinogen 
concentration,, which is a marker of IL-6 mediated inflammation, has been associated with 
SVDD in a population-based study3. In another study no relationship between fibrinogen and 
whitee matter lesions was detected20. Whether inflammation in patients with SVD may be 
causedd by infectious agents remains to be elucidated. 

ChlamydiaChlamydia pneumoniae, a common pathogen causing respiratory tract infections, has been 
associatedd with coronary and carotid artery disease (e.g. large vessel disease). In clinical 
studiess an association between C pneumoniae serology and myocardial infarction and 
ischemicc stroke was observed21" . The microorganism has been detected repeatedly in 
atheroscleroticc tissue24,25. In animal models an atherogenic effect of Cpneumoniae has been 
described26,27.. Some reports suggested that treatment with antibiotics may be useful in patients 
withh acute coronary syndromes. 9. However, the role of Cpneumoniae in atherosclerosis 
remainss controversial since in other well designed epidemiological and clinical studies the 
relationhipp between C pneumoniae and cardiovascular disease could not be confirmed ' . As 
farr as we know, there are no studies in which an association between Cpneumoniae and white 
matterr lesions was observed. 

Too investigate a possible relationship between C pneumoniae and white matter lesions we 
determinedd C pneumoniae serology and assessed white matter lesions in a cohort of patients 
withh established atherosclerotic disease. 

Methods s 
Patients s 

Consecutivee patients with clinical manifestations of atherosclerosis were recruited in two 
teachingg hospitals and classified according to the presenting event: myocardial infarction, 
ischemicc stroke or peripheral arterial disease. Only patients with a recent onset of myocardial 
infarctionn (< 1 month) or ischemic stroke (< 6 months) were included. Myocardial infarction 
wass defined as typical chest pain for more than 20 minutes in combination with laboratory- or 
ECGG findings consistent with myocardial infarction. Ischemic stroke was defined as acute 
neurologicc deficit persisting at least one week. Intracerebral hemorrhage was ruled out by an 
earlyy CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status (current and past), hypertension (defined as a 
diastolicc blood pressure of 95 mmHg or higher or current treatment), and 
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hypercholesterolemiaa (defined as a total plasma cholesterol level of 7 mmol/L or higher or 
currentt treatment) were registered. Presence of diabetes mellituss was registered. Patients 
providedd peripheral venous blood samples. Homocysteine, lipoprotein(a) and lipid 
concentrationss were determined. B-mode ultrasound intima-media thickness (IMT) 
measurementt was performed. The mean IMT value of three carotid artery (internal carotid, 
bulbb and common carotid artery) and two femoral artery (common femoral and superficial 
femorall  artery) segments on both sides was used for analysis32. Laboratory analysis and IMT 
measurementt were performed without knowledge of clinical data. 

Thee study was approved by the medical ethics committees and all patients gave informed 
consentt to participate. 

Magneticc Resonance Imaging 
Magneticc Resonance Imaging (MRI) was performed with a 1.5 Tesla Siemens Magnetom 

633 SP/4000 (Siemens AG, Erlangen, Germany). Five millimeter transversal images were 
obtainedd with a Tl-weighted (Tl W-SE), and a combined proton density weighted (PDW-SE) 
andd a T2-weighted (T2W-SE) spin echo sequence. At the same levels transversal images were 
madee with a T2W-gradient echo FLASH 2D sequence. Two investigators independently 
assessedd the MRI scans without knowledge of clinical or laboratory data. Deep white matter 
lesionss and periventricular lesions were assessed on the T2W-SE and PDW-SE images 
accordingg to an adapted version of the scoring system of Fazekas et al33,34. Hyperintensities 
limitedd to small caps and thin linings along the ventricles were considered normal. All other 
hyperintensee lesions in the hemispheric white matter were considered abnormal. The 
interobserverr variability of this scoring system ranges from poor to reasonable (kappa 0.35 -
0.74)35.. We considered a MRI to be abnormal only when both observers reached consensus. 

Chlamydia-specificc LPS serology 
Chlamydiaa specific IgG-, and IgA antibodies were detected by a recombinant DNA 

Lipopolysaccharidee ELISA (rDNA-LPS-ELISA; Medac GmbH, Hamburg, Germany). This 
ELISAA include a chemically pure structure of a recombinant LPS which contains a genus-
specificc epitope of the human pathogens Chlamydia spp.36'3*. Each serum sample was mixed 
thoroughlyy prior to processing according to the manufacturers instructions. Initial serum 
dilutionss for IgG, and IgA were 1/100 and 1/50, respectively. Sera with OD values exceeding 
2.55 were retested using a 1/4 predilution. A two-fold serially diluted standard serum was used 
too calculate the log2 titer of the patients samples. The IgG- and IgA cutoff values were 
calculatedd as prescribed by the manufacturer. The prevalence of Chlamydia-specific IgG- and 
IgAA antibodies was based on the following criterium: >= calculated cutoff x 1.1039'40. We 
definedd strata according to antibody titers: 1. < 100 U/L: no antibody detectable, 2. 100 - 299 
U/L:: low antibody titer, 3. 300 - 599 U/L: intermediate antibody titer, 4. > 600 U/L: high 
antibodyy titer. 

Statisticall  analysis 
Al ll  calculations were performed with Statistical Package for the Social Science (version 

10.0).. Prevalences were compared using chi-square tests. To compare continuous variables 
Students'' t test and Mann Whitney U test were used when applicable. For the comparison of 
whitee matter lesions between the four strata according to chlamydia antibody titer (absent, 
low,, intermediate, high) chi-square test with a linear-by-linear association test (for trend) was 
used.. To determine which factors were independently associated with the presence or absence 
off  white matter lesions a multivariate logistic regression analysis was performed. All relevant 
variabless with a p value <0.10 in the univariate analysis were selected for the multivariate 
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model.. Odds ratio's and 95% confidence intervals were calculated. A p value <0.05 was 
regardedd as statistically significant. 

Results s 
Patientss and chlamydial serology 

2177 patients were included in the study: 64 patients had a recent ischemic stroke (IS), 69 
patientss had a recent myocardial infarction (MI), whereas 84 patients had peripheral arterial 
diseasee (PAD). The mean age of the 217 patients was 62 years at entry. Patient characteristics 
aree described in Table 1. 

988 patients (45%) had IgA antibodies to chlamydial LPS (chlamydia IgA), 66 patients had 
loww chlamydia IgA titers, 23 had intermediate and 9 had high chlamydia IgA titers. 149 
patientss (69%) had IgG antibodies to chlamydial LPS (chlamydia IgG), 89 patients had low 
chlamydiaa IgG titers, whereas 38 had intermediate and 22 had high chlamydia IgG titers. 
Patientt characteristics were similar among patients with positive or negative chlamydia 
serologyy (Table 1). The prevalence of chlamydia IgA and IgG antibodies was similar in 
patientss with IS, MI or PAD at entry of the study (chlamydia IgA: IS 42%, MI 39%, PAD 
52%% p=0.22, and chlamydia IgG: IS 66%, MI 68%, PAD 71% p=0.75). 

Tablee 1 Patient characteristics: all patients and according to chlamydia antibody titer 

Alll  patients IgG - IgG + 

nn 217 68 149 

agee (years) 62 62 62 

malee (%) 69 63 72 

smokingg (%) 86 84 87 

diabetess (%) 11 12 11 

hypertensionn (%) 40 41 40 

totall  cholesterol (mmol/1) 6.2 6.4 6.1 

LDLL (mmol/1) 4.1 4.2 4.1 

HDLL (mmol/1) 1.14 1.18 1.11 

triglyceridess (mmol/1) 1.7 1.6 1.8 

homocysteinee (umol/1) 15.0 13.9 15.2 

lipoproteinn (a) (mg/dl) 12 16 11 

Mediann values of laboratory variables are depicted. No statistically significant differences were observed. 

Deepp white matter lesions and periventricular lesions 
577 of the 217 patients (26%) had DWML on the MRI scan, whereas 71 (33%) had PVL. 

Thee distribution of cardiovascular risk factors among patients with or without signs of SVD is 
depictedd in Table 2. Patients with DWML and PVL were older, had a lower frequency of 
smokingg (current and/or past), and higher IMT values than patients without. In addition, 
amongg patients with PVL higher homocysteine concentrations and a higher prevalence of 
hypertensionn were observed (Table 2). 

Relationshipp between deep white matter lesions and chlamydia serology 
Inn 25 of the 119 patients without chlamydia IgA antibodies DWML were observed, 

whereass 32 of the 98 patients with chlamydia IgA had DWML (21% versus 33%, OR 1.8, 
95%CII  1.0 - 3.4, p=0.05). No association between the presence of chlamydia IgA and PVL 

IgA--

119 9 

62 2 

68 8 

84 4 

14 4 

39 9 

6.2 2 

4.1 1 

1.17 7 

1.6 6 

15.0 0 

13 3 

IgAA + 

98 8 

61 1 

70 0 

88 8 

7 7 

41 1 

6.2 2 

4.1 1 

1.09 9 

1.7 7 

15.1 1 

11 1 
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Tablee 2 Patient characteristics according to presence or absence of DWML and PVL 

DWM LL  absent present PVLabsent present 

nn 160 57 

agee (years) 60 68 % 

malee (%) 71 65 

smokingg (%) 89 77 * 

diabetess (%) 11 12 

hypertensionn (%) 37 49 

totall  cholesterol (mmol/1) 6.2 5.9 

LDLL (mmol/1) 4.1 4.0 

HDLL (mmol/1) 1.14 1.09 

triglyceridess (mmol/1) 1.6 1.9 

homocysteinee (nmol/1) 14.9 15.1 

lipoprotein(a)) (mg/dl) 11 15 

IMTT (mm) 0.91 1.11 J 

146 6 

58 8 

72 2 

90 0 

10 0 

32 2 

6.3 3 

4.3 3 

1.14 4 

1.7 7 

14.1 1 

11 1 

0.91 1 

71 1 

69$ $ 

63 3 

77* * 

13 3 

588 § 

5.9 9 

3.88 t 
1.11 1 

1.6 6 

16.00 t 
16 6 

1.066 J 

Mediann values of laboratory variables, and mean IMT values are depicted. 
**  x2 P<0.05, f Mann Whitney U test p<0.01, J Students T test pO.001, § x2p<0.001 

Tablee 3 Prevalence of white matter lesions in patients with or without chlamydia antibodies 

IgA A negative e positive e 

DWML L 

PVL L 

IgG G 

DWML L 

PVL L 

21 1 

(25/119) ) 

31 1 

(37/119) ) 

negative e 

22 2 

(15/68) ) 

31 1 

(21/68) ) 

333 * 

(32/98) ) 

35 5 

(34/98) ) 

positive e 

28 8 

(42/149) ) 

34 4 

(42/149) ) 

Prevalencess in %, absolute numbers between brackets. * X p=0.05 

wass observed. The prevalence of DWML and PVL in patients with or without chlamydia IgG 
wass similar (Table 3). 

Subsequently,, we determined the prevalences according to chlamydia antibody titers 
(absent,, low, intermediate or high; Tablee 4). We noted higher prevalences of DWML and 
PVLL in patients with intermediate and high titers than inn patients with absent or low titers. 
Thesee differences were statistically significant for chlamydia IgA and PVL (p=0.03), 
chlamydiaa IgG and PVL (p=0.03), and at the borderline of statistical significance for 
chlamydiaa IgA and DWML (p=0.05) although there was a a clear trend (p for trend <0.01). 

Too determine whether the observed differences were not attributable to other factors 
associatedd with DWML and PVL, such as hypertension and age, we performed multivariate 
logisticc regression analyses with DWML and PVL as dependent variables. We entered the 
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Tablee 4 Prevalences of white matter lesions in strata according to cLPS antibody titer 

IgA A negative e 

DWML L 

PVL L 

IgG G 

DWML L 

PVL L 

21 1 

(21/119) ) 

31 1 

(37/119) ) 

negative e 

21 1 

(15/70) ) 

30 0 

(21/70) ) 

27 7 

(18/66) ) 

29 9 

(19/66) ) 

L L 

24 4 

(21/87) ) 

25 5 

(22/87) ) 

39 9 

(9/23) ) 

35 5 

(8/23) ) 

I I 

34 4 

(13/38) ) 

53 3 

(20/38) ) 

566 * 

(5/9) ) 

788 t 

(7/9) ) 

H H 

36 6 

(8/22) ) 

366 f 

(8/22) ) 

Prevalencess in %, absolute numbers between brackets, comparison of prevalences among the four patient groups. 
**  5C2 P=0-05, p for trend <0.01. | %2 p<0.05 

presencee of chlamydia antibodies > 300 U/L, which is the same as intermediate or high titers 
ass defined before, into the model. Univariate analysis for DWML selected age, hypertension, 
chlamydiaa IgA > 300 U/L, chlamydia IgG > 300 U/L, IMT, and smoking as factors associated 
withh DWML. In the multivariate model chlamydia IgA > 3000 U/L remained independently 
associatedd with the presence of DWML (OR 3.50, 95%CI 1.43-8.60, pO.01), as well as age 
(ORR 1.05, 95%CI 1.01-1.09, p=0.01), IMT (OR 12.3, 95%CI 2.67-56.4, pO.01) and smoking 
(ORR 0.33 95%CI 0.12-0.89, p=0.03). 

Age,, hypertension, chlamydia IgA > 300 U/L, chlamydia IgG > 300 U/L, IMT, smoking 
andd homocysteine were associated with PVL in the univariate analysis. In the multivariate 
analysiss chlamydia IgG > 300 U/L (OR 2.24 95%CI 1.03-4.85, p=0.04), age (OR 1.11 95%CI 
1.07-1.15,, p<0.001) and hypertension (OR 3.12 95%CI 1.52-6.40, p=0.02) were 
independentlyy associated with PVL. 

Wee repeated the analysis with the presence of chlamydia antibodies (low, intermediate or 
high)) as independent factors. In the multivariate model with DWML as dependent variable 
chlamydiaa IgA remained a factor on the borderline of statistical significance. In univariate 
analysiss no clear association between the presence of chlamydia antibodies and PVL could be 
detected.. We did not proceed with a multivariate analysis. 

Discussion n 
Wee observed an association between the presence of antibodies to chlamydial LPS and 

whitee matter lesions, both DWML or PVL, in a cohort of patients with clinically manifest 
atherosclerosis.. This association was particularly clear when we used a higher cut-off value, > 
3000 U/L, both for IgA and IgG. In multivariate regression analyses the associations remained 
statisticallyy significant, and independent of factors such as hypertension and age, which are 
regardedd important factors in the pathogenesis of cerebral white matter lesions. No other 
studiess in which an association between chlamydial serology and cerebral white matter 
lesionss is described have been published to date. 

Thee observed association suggests that there may be a causal role for Cpneumoniae in 
cerebrall  small vessel disease. The precise mechanism is unknown, but several hypotheses 
arise.. The presence of Cpneumoniae in the cerebral arteriolar vessel wall is conceivable since 
systemicc dissemination of C pneumoniae by infected pulmonary macrophages is possible and 
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thee microorganism has been detected repeatedly in arterial wall tissue of patients with 
atheroscleroticc large vessel disease24'25' \ In vitro, C pneumoniae is able to multiply in 
endotheliall  cells, macrophages and smooth muscle cells. Infection of endothelial cells and 
vascularr smooth muscle cells has been associated with NF-KB activation, tissue factor, 
interleukinn 6, basic fibroblast growth factor and PAI-1 production and expression of adhesion 
molecules42"44.. cDNA array analysis of endothelial cells infected with C pneumoniae showed 
thatt genes for cytokines, chemokines and cellular growth factors were the most prominently 
upregulated45.. Chlamydia heat-shock protein 60 may regulate local macrophage TNF-oc 
production46.. It can be assumed that chlamydial infection of endothelial cells and smooth 
musclee cells of cerebral arterioles leads to local cytokine and growth factor production and 
therebyy increased media thickness of these arterioles. However, an indirect effect of infection 
withh Cpneumoniae on cerebral arterioles is also conceivable. Increased concentrations of C 
reactivee protein and cytokines have been associated with infection with the microorganism47" 

.. Cytokines and C reactive protein may induce the typical changes in the cerebral arteriolar 
vessell  wall51'52. 

Ourr study has certain limitations. First, we studied the relationship between Cpneumoniae 
andd white matter lesions in a cohort of patients with established atherosclerotic disease. We 
cann only speculate about the association between Cpneumoniae and white matter lesions in 
thee general population. Assuming that C pneumoniae is a risk factor for atherosclerosis, the 
associationn in the general (elderly) population may even be stronger. Second, our study is a 
relativelyy small cross-sectional study. Larger prospective studies need to be performed to 
confirmm our results. 

Anotherr issue is the assay we used to detect Cpneumoniae. In most studies of C 
pneumoniaepneumoniae and atherosclerotic disease the microimmunofluorescence test was used. The 
microimmunofluorescencee test is reported to be species specific, but the reading of 
fluorescencee patterns is subjective, and requires experience and skill. In earlier studies we 
foundd that with age the serologic diagnosis of acute C pneumoniae infection observed by 
microimmunofluorescencee becomes increasingly prone to false positive results. In this study, 
wee used the rDNA-LPS-ELISA to detect antibodies to Cpneumoniae. This test utilizes a 
chemicallyy pure chlamydial LPS developed by recombinant DNA technique, is objective and 
moree sensitive than MIF in detecting new Cpneumoniae infections 39,4°. 

Inn the next decades the number of elderly persons will increase in many countries. White 
matterr lesions are common in elderly individuals, especially those with atherosclerotic 
disease,, and lead to cognitive decline. Thus a treatment to prevent these lesions seems highly 
desirable.. Hypertension is the only established modifiable risk factor at this stage, but many 
patientss with white matter lesions are normotensive. Further basic and clinical studies on 
pathogeneticc factors involved in cerebral white matter lesions are essential in the search for 
strategiess to prevent cognitive decline. 
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Chapterr  10 

Summary y 

Inn this thesis aspects of atherosclerosis are described based on observations in a cohort of 
patientss with established atherosclerotic complications. The first part of the thesis is dedicated 
too manifestations of atherosclerosis and risk factors for future ischemic events. The second 
partt deals with coagulation and atherosclerosis. In the third part the role of Chlamydia 
pneumoniaee in atherosclerosis and cerebral white matter lesions is explored. 

Partt  I Manifestations of atherosclerosis and risk factors for  ischemic events 

Itt is a matter of debate whether myocardial infarction, ischemic stroke and peripheral 
arteriall  disease are random manifestations of one disease, atherosclerosis, or distinct clinical 
entities.. There are indications that cardiovascular risk factor profiles and the pattern of 
secondaryy ischemic events may differ among patients with different types of atherosclerotic 
disease.. In chapter  2 we investigated the distribution of cardiovascular risk factors, 
cardiovascularr history, arterial wall thickness, and future ischemic events among 307 patients 
withh a recent myocardial infarction, a recent ischemic stroke or peripheral arterial disease. 
Cardiovascularr history was linked with the presenting type of atherosclerotic disease. 
Comparedd to patients with myocardial infarction peripheral arterial disease was independently 
associatedd with smoking (p=0.01), lipoprotein(a) (p=0.03), age (p=0.04) and female sex 
(p=0.03)) in a multivariate analysis. Compared to patients with a myocardial infarction 
ischemicc stroke was independently associated with sex (p<0.01), hypertension (pO.01) and 
agee (0.04). Compared to patients with an ischemic stroke peripheral arterial disease was 
independentlyy associated with smoking (p<0.01) and absence of hypertension (pO.01). 
Peripherall  arterial disease was independently associated with increased arterial wall thickness 
(p<0.01).. Type of atherosclerotic disease was associated with type of future ischemic event, 
especiallyy ischemic stroke with future ischemic stroke (p=0.01). We concluded that 
differencess exist in thee distribution of cardiovascular history, risk factors, arterial wall 
thickness,, and future ischemic events among patients with different types of atherosclerotic 
disease.. This suggests that although myocardial infarction, ischemic stroke and peripheral 
arteriall  disease share an underlying pathophysiological condition, atherosclerosis, these are 
distinctt clinical entities. 

Cerebrall  white matter lesions are often observed on magnetic resonance images (MRJ) of 
thee brain. These white matter lesions are generally regarded as manifestations of cerebral 
smalll  vessel disease, but have also been associated with signs of atherosclerotic large vessel 
disease.. We studied the relationship between cerebral white matter lesions and future 
myocardiall  infarctions and ischemic strokes and describe the results in chapter  3. The 
presencee of periventricular lesions and deep white matter lesions on MRI at entry and 
ischemicc events during follow-up were registered in 230 patients. The frequency of future 
ischemicc strokes was higher among patients with periventricular lesions (18% versus 5%, 
p=0.001),, while the frequency of future myocardial infarctions was also higher (15% versus 
7%,, p=0.03). The presence of deep white matter lesions was only associated with the 
combinedd outcome any ischemic event (p=0.04). In the multivariate analysis the presence of 
periventricularr lesions was independently associated with ischemic stroke (HR 3.2 (95%CI 
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1.3-8.4))) and myocardial infarction (HR 3.8 (95%CI 1.6-9.2)). We conclude that especially 
periventricularr lesions predict future ischemic strokes and myocardial infarctions in patients 
withh established atherosclerotic disease. This underscores the observations that these lesions 
aree also linked to atherosclerotic large vessel disease. We assume that the presence of cerebral 
whitee matter lesions may be a marker of (subclinical) atherosclerotic disease like intima-
mediaa thickness. We suggest that if white matter lesions are observed in a person without 
knownn atherosclerotic disease, it may be useful to screen for cardiovascular risk factors and to 
treatt these risk factors when present. 

Partt  II  Atherosclerosis and coagulation 

Thee G20210A prothrombin mutation is an established risk factor for venous thrombosis. 
Thee role of this mutation in atherosclerotic disease is controversial. In chapter  4 we studied 
thee relationship between presence of the mutation, intima-media thickness (IMT) and future 
ischemicc events among 277 patients. Mean IMT was significantly higher in carriers of the 
prothrombinn mutation [1.17 (SD0.29)mm versus 0.97 (SD0.25)mm: 5MT-0.20, p=0.02]. The 
increasee in IMT was not attributable to differences in other factors between carriers and non-
carriers.. During follow-up a trend for more ischemic events was observed. These results 
suggestt that the G20210A prothrombin mutation contributes to the process of arterial wall 
thickeningg and is associated with the occurrence of ischemic events in a cohort of elderly 
personss with established atherosclerosis. 

Mil dd hyperhomocysteinemia is associated with venous and arterial thrombosis. In vitro 
studiess suggest an influence of hyperhomocysteinemia on the coagulation system, but the 
influencee of mild hyperhomocysteinemia in vivo is unclear. In chapter  5 we describe our 
studiess in patients with established atherosclerotic disease and in healthy volunteers. We 
studiedd the relation between homocysteine and markers of coagulation activation and 
endotheliall  cell activation in 279 patients with atherosclerotic disease. We did not observe 
independentt associations between homocysteine and prothrombin fragment F1+2 and soluble 
thrombomodulin,, while age, creatinine and the MTHFR C677T polymorphism were major 
determinantss of homocysteine concentration. MTHFR C677T polymorphism status was not 
associatedd with F1+2 or soluble thrombomodulin. Median homocysteine concentrations 
increasedd in the healthy volunteers after methionine load. However, after methionine load or 
afterr placebo, we did not observe different plasma concentrations of F1+2, d-dimer or von 
Willebrandd factor. These results provide evidence against a major effect of mild 
hyperhomocysteinemiaa on activation of the coagulation system and endothelial cell activation 
inn vivo. Mild hyperhomocysteinemia may be an epiphenomenon rather than a causal factor in 
atherosclerosis. . 

Thrombomodulinn is an important regulatory factor of the coagulation system. A small 
proportionn is circulating. This so-called soluble thrombomodulin is generally regarded as a 
markerr of endothelial cell activation. Increased levels have been described in patients with 
atheroscleroticc complications, but in a large epidemiological study lower levels of soluble 
thrombomodulinn were associated with future ischemic heart disease. In chapter  6 we 
exploredd which factors are the determinants of soluble thrombomodulin concentration. Age 
(p<0.001),, type of arterial disease (p=0.02), F1+2 (p=0.04) and lipoprotein(a) (p=0.04) were 
thee main independent determinants of soluble thrombomodulin concentration. In addition, 
solublee thrombomodulin concentration was independently associated with future ischemic 
strokee (OR 1.13, 95%CI 1.01-1.25), not with myocardial infarction. We conclude that soluble 
thrombomodulinn was related to the extent of atherosclerotic disease, to thrombin generation 
andd lipoprotein(a) concentration in our patients with manifest atherosclerosis. Although 
thrombomodulinn was a predictor for future ischemic stroke in this study, this result needs to 
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bee confirmed in other prospective studies. Our results illustrate that results of an 
epidemiologicall  study can not automatically be translated into patients with an established 
disease. . 

Coagulationn factor XI activation has been observed during myocardial infarction and an 
increasedd factor XI concentrations may be relevant for arterial and venous thrombosis. It is 
unknownn whether this has a genetic basis. In chapter  7 we describe our search for 
polymorphismss in the factor XI gene that may serve as markers for factor XI level and 
thrombosiss risk. We also describe the genetic basis of factor XI deficiency in patients from 
ourr outpatient clinic. We sequenced the factor XI gene in 22 probands of thrombophilic 
families,, 9 patients with atherosclerotic disease and high factor XI levels, and 3 deficient 
patients.. A rare sequence variant in intron 11 and six common polymorphisms of the factor XI 
genee were observed. We did not observe an association between these polymorphisms and 
factorr XI level among the selected patients and a cohort of patients with atherosclerotic 
disease.. In the deficient patients we observed two novel mutations. One patient was 
compoundd heterozygous for a novel L332P mutation and the frequently described F283L 
mutation.. Another patient was mildly affected, and was heterozygous for a novel G79R 
missensee mutation. In conclusion, we did not find novel risk indicators for thrombotic disease 
inn the factor XI gene. These results indicate that mutations in the factor XI gene are not a 
commonn cause of thrombophilia. 

Partt  II I  Chlamydia pneumoniae and atherosclerosis 

ChlamydiaChlamydia pneumoniae has been associated with cardiovascular disease. However, studies 
onn die presence of chlamydial antibodies and IMT or future ischemic events are inconclusive. 
Inn chapter  8 we examined the relation between circulating antibodies to Chlamydia, IMT and 
thee occurrence of ischemic events during follow-up in patients with manifest atherosclerotic 
disease.. We did not detect any difference in IMT between patiens with or without antibodies: 
IgA-- 0.97(0.28)mm versus IgA+ 0.95(0.26)mm, p=0.63, IgG- 0.96(0.28)mm versus IgG+ 
0.96(0.26)mm,, p=0.98. During follow-up the total number of ischemic events was similar in 
patientss with or without antibodies (IgA- 24% versus IgA+ 19%, IgG- 23% versus IgG+ 
22%).. However, a lower frequency of MI was observed in Chlamydia IgA positive patients 
(IgA-- 13% versus IgA+ 8%). These results indicate that the use of Chlamydia antibodies in 
patientss with manifest atherosclerosis to identify those who may have benefit from 
antimicrobiall  treatment is not justified. 

Whetherr Cpneumoniae has a role in the pathogenesis of cerebral white matter lesions is 
unknown.. In chapter  9 we studied the relationship between the presence of antibodies to 
Chlamydiaa and white matter lesions in our patients with symptomatic atherosclerotic disease. 
Deepp white matter lesions, but not periventricular lesions, were more frequent among patients 
withh chlamydia IgA compared to those without. However, the presence of both periventricular 
lesionss and deep white matter lesions was independently associated with intermediate or high 
antibodyy titers. IgA > 300 U/L was independently associated with deep white matter lesions 
(ORR 3.50, 95%CI 1.43-8.60), whereas IgG > 300 U/L was independently associated with 
periventricularr lesions (OR 2.24 95%CI 1.03-4.85). These results suggest that Cpneumoniae 
playss a role in the pathogenesis of cerebral white matter lesions. 
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Samenvatting g 

Inn dit proefschrift worden verschillende aspecten van atherosclerose beschreven gebaseerd 
opp waarnemingen bij patiënten met bewezen complicaties van atherosclerotisch vaatlijden. In 
hett eerste deel van het proefschrift komen verschillende manifestaties van atherosclerose en 
risicofactorenn voor toekomstige ischemische complicaties aan bod. Het tweede deel heeft 
stollingg en atherosclerose als onderwerp. In het derde deel bespreken wij de rol van 
Chlamydiaa pneumoniae bij atherosclerose en witte stof afwijkingen van het brein. 

Deell  I Manifestaties van atherosclerose en risicofactoren voor 
toekomstigee ischemische complicaties 

Hett is onduidelijk of hartinfarct, herseninfarct en perifeer arterieel vaatlijden beschouwd 
moetenn worden als bij toeval verschillende uitingen van een aandoening, atherosclerose, of als 
apartee klinische entiteiten. Er zijn aanwijzingen dat cardiovasculaire risicoprofielen en het 
patroonn van toekomstige ischemische complicaties verschillen tussen patiënten met 
verschillendee manifestaties van atherosclerose. Wij onderzochten de verdeling van 
cardiovasculairee risicofactoren, cardiovasculaire voorgeschiedenis, arteriële vaatwanddikte, 
enn toekomstige ischemische complicaties bij patiënten met een recent hartinfarct, een recent 
herseninfarctt of perifeer arterieel vaatlijden. De resultaten worden beschreven in hoofdstuk 2. 
Dee cardiovasculaire voorgeschiedenis was geassocieerd met de uiting van atherosclerose 
waarmeee patiënt zich presenteerde. Vergeleken met patiënten met een hartinfarct bleek 
perifeerr arterieel vaatlijden onafhankelijk geassocieerd met roken (p=0.01), lipoproteine(a) 
(p=0.03),, leeftijd (p=0.04) en vrouwelijk geslacht (p=0.03) in een multivariate logistische 
regressiee analyse. Vergeleken met patiënten met een hartinfarct was herseninfarct 
onafhankelijkk geassocieerd met geslacht (pO.01), hoge bloeddruk (p<0.01) en leeftijd (0.04). 
Vergelekenn met patiënten met een herseninfarct was perifeer arterieel vaatlijden onafhankelijk 
geassocieerdd met roken (p<0.01) en de afwezigheid van hoge bloeddruk (p<0.01). Perifeer 
arterieell  vaatlijden was onafhankelijk geassocieerd met arteriële vaatwanddikte (p<0.01). Het 
typee arterieel vaatlijden was geassocieerd met het type toekomstige ischemische complicatie, 
mett name herseninfarct met toekomstig herseninfarct (p=0.01). Wij hebben dus verschillen in 
dee verdeling van cardiovasculaire voorgeschiedenis, risicofactoren, arteriële vaatwanddikte, 
enn toekomstige ischemische complicaties waargenomen bij patiënten met verschillende types 
vann atherosclerotisch vaatlijden. Dit suggereert dat hoewel hartinfarct, herseninfarct en 
perifeerr arterieel vaatlijden veroorzaakt worden door hetzelfde onderliggende proces, 
atherosclerose,, het aparte klinische entiteiten zijn. 

Wittee stof afwijkingen van het brein worden regelmatig waargenomen op magnetische 
resonantiee scans (MRI) van het brein. Deze witte stof afwijkingen worden meestal beschouwd 
alss een uiting van het aangedaan zijn van de kleine cerebrale bloedvaten, maar ze zijn ook 
geassocieerdd met tekenen van atherosclerose van de grote slagaderen. Wij bestudeerden de 
relatiee tussen witte stof afwijkingen van het brein en toekomstige hartinfarcten en 
herseninfarctenn in hoofdstuk 3. De aanwezigheid van periventriculaire afwijkingen en diepe 
wittee stof afwijkingen op een MRI bij het begin van de studie, en ischemische complicaties 
tijdenss de periode daarna werden geregistreerd bij 230 patiënten. Het aantal toekomstige 
herseninfarctenn was hoger bij de patiënten met periventriculaire afwijkingen (18% versus 5%, 
p=0.001),, terwijl het aantal hartinfarcten ook hoger was (15% versus 7%, p=0.03). De 
aanwezigheidd van diepe witte stof afwijkingen was alleen geassocieerd met de gecombineerde 
uitkomstt elke ischemische complicatie (p=0.04). In de multivariate analyse was de 
aanwezigheidd van periventriculaire afwijkingen onafhankelijk geassocieerd met herseninfarct 
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(HRR 3.2 (95%CI 1.3-8.4» en hartinfarct (HR 3.8 (95%CI 1.6-9.2)). Wij concluderen dat met 
namee de aanwezigheid van periventriculaire afwijkingen toekomstige herseninfarcten en 
hartinfarctenn voorspelt bij patiënten met manifest atherosclerotisch vaatlijden. Dit past goed 
bijj  de eerdere observaties dat deze afwijkingen geassocieerd zijn met atherosclerotische 
afwijkingenn van de grote vaten. Wij veronderstellen dat de aanwezigheid van witte stof 
afwijkingenn van het brein een marker is van (subklinisch) atherosclerotisch vaatlijden net als 
intima-mediaa dikte. 

Deell  II  Atherosclerose en stolling 

Dee protrombine G20210A mutatie is een erkende risicofactor voor veneuze trombose. De 
roll  van deze mutatie bij atherosclerotisch vaatlijden is controversieel. In hoofdstuk 4 
bestudeerdenn wij de relatie tussen de aanwezigheid van deze mutatie, intima-media dikte 
(IMT)) en toekomstige ischemische complicaties bij 277 patiënten. De gemiddelde IMT was 
duidelijkk hoger bij dragers van de mutatie [1.17 (SD0.29)mm versus 0.97 (SD0.25)mm: 
5IMT=0.20,, p=0.02]. De toename in IMT was niet toe te schrijven aan verschillen in andere 
factorenn tussen dragers en niet-dragers. In de vervolgperiode werd een trend voor meer 
ischemischee complicaties bij dragers waargenomen. Deze resultaten suggereren dat de 
protrombinee G20210A mutatie bijdraagt aan het proces van dikker worden van de arteriële 
vaatwandd en geassocieerd zou kunnen zijn met het optreden van toekomstige ischemische 
complicatiess in patiënten met atherosclerose. 

Mildee hyperhomocysteinemie is geassocieerd met veneuze en arteriële trombose. In vitro 
studiess suggereren een invloed van hyperhomocysteinemie op het stollingssysteem, maar de 
invloedd van milde hyperhomocysteinemie in vivo is onduidelijk. In hoofdstuk 5 beschrijven 
wijj  studies in patiënten met manifest atherosclerotisch vaatlijden en gezonde vrijwilligers. 
Wijj  bestudeerden de relatie tussen homocysteine en markers van stollingsactivatie en 
endotheelcelactivatiee in 279 patiënten met manifest atherosclerotisch vaatlijden. Wij konden 
geenn onafhankelijke associaties tussen homocysteine en protrombine fragment F1+2 en 
circulerendd trombomoduline aantonen, terwijl leeftijd, creatinine en MTHFR C677T 
polymorfïsmee de belangrijkste determinanten van de homocysteine concentratie waren. 
MTHFRR C677T polymorfïsme status was niet geassocieerd met F1+2 of circulerend 
trombomoduline.. Homocysteine concentraties stegen na inname van methionine bij de 
gezondee vrijwilligers. Echter, noch na methionine, noch na placebo, konden wij andere 
concentratiess van F1+2, d-dimeer of von Willebrand factor aantonen. Deze resultaten geven 
aann dat een groot effect van milde hyperhomocysteinemie op activatie van het 
stollingssysteemm of endotheelcelactivatie onwaarschijlijk is. Milde hyperhomocysteinemie 
zouu een epifenomeen in plaats van een causale factor in de pathogenese van atherosclerose 
kunnenn zijn. 

Thrombomodulinee is een belangrijke regulerende factor van het stollingssysteem. Een 
kleinee hoeveelheid circuleert in het bloed. Dit circulerende trombomoduline wordt in het 
algemeenn beschouwd als een marker voor endotheelcel activatie. Verhoogde concentraties 
zijnn beschreven in patiënten met atherosclerose, maar in een grote epidemiologische studie 
bleekk een lagere circulerend trombomoduline concentratie geassocieerd met toekomstige 
ischemischee hart aandoeningen. In hoofdstuk 6 analyseerden wij welke factoren 
determinantenn zijn van circulerend trombomoduline concentratie in patiënten met 
atherosclerotischh vaatlijden. Leeftijd (p<0.001), type atherosclerotisch vaatlijden (p=0.02), 
F1+22 (p=0.04) en lipoproteine(a) (p=0.04) waren onafhankelijke determinanten van de 
circulerendd trombomoduline concentratie. Bovendien bleek de circulerend trombomoduline 
concentratiee onafhankelijk geassocieerd met het toekomstig optreden van herseninfarct (OR 
1.13,, 95%CI 1.01-1.25), niet met hartinfarct. Wij concluderen dat circulerend 
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trombomodulinee gerelateerd was aan de mate van atherosclerose, trombine generatie en 
lipoproteine(a)) concentratie bij onze patiënten met manifest atherosclerotisch vaatlijden. 
Hoewell  circulerend trombomoduline een voorspeller was voor toekomstig herseninfarct in 
dezee studie moet dit resultaat eerst bevestigd worden in andere prospectieve studies. Onze 
resultatenn illustreren dat de resultaten van een epidemiologische studie niet automatisch 
vertaaldd kunnen worden naar patiënten met een manifeste ziekte. 

Stoll  lings factor XI activatie is waargenomen tijdens hartinfarct en toegenomen factor XI 
concentratiee lijk t van belang bij zowel arteriële als veneuze trombose. Het is onbekend of dit 
(deels)) genetisch bepaald is. In hoofdstuk 7 beschrijven wij de zoektocht naar polymorfismes 
inn het factor XI gen, die zouden kunnen dienen als markers voor factor XI concentratie en 
trombosee risico. Wij beschrijven bovendien de genetische basis van factor XI deficiëntie in 
patiëntenn van onze polikliniek. Een zeldzame variatie in intron 11 en 6 veel voorkomende 
polymorfismess werden gevonden onder 22 personen met een doorgemaakte veneuze trombose 
enn een familie met trombofilie en 9 patiënten met atherosclerotisch vaatlijden en een hoge 
factorr XI concentratie. Er was geen relatie tussen de polymorfismes en factor XI concentratie. 
Inn de patiënten met factor XI deficiëntie vonden wij twee nieuwe mutaties. Een patiënt was 
compoundd heterozygoot voor een nieuwe L332P mutatie en de frequent beschreven F283L 
mutatie.. Een andere patiënte had iets hogere factor XI concentraties, en zij bleek heterozygoot 
voorr een nieuwe G79R missense mutatie. Wij vonden dus geen nieuwe risico indicatoren voor 
trombosee in het factor XI gen. Deze resultaten suggereren dat mutaties in het factor XI gen 
niett een veel voorkomende oorzaak voor trombofilie zullen zijn. 

Deell  II I  Chlamydia pneumoniae en atherosclerose 

ChlamydiaChlamydia pneumoniae is geassocieerd met cardiovasculaire ziekte. Echter, studies 
aangaandee de aanwezigheid van antistoffen tegen Chlamydia en intima-media dikte (IMT) of 
toekomstigee ischemische complicaties zijn niet conclusief. In hoofdstuk 8 bestudeerden wij 
dee relatie tussen antistoffen tegen Chlamydia, IMT en ischemische complicaties tijdens de 
follow-upp periode in patiënten met manifest atherosclerotisch vaatlijden. Wij konden geen 
verschill  in IMT aantonen tussen patiënten met of zonder antistoffen: IgA- 0.97(0.28)mm 
versuss IgA+ 0.95(0.26)mm, p=0.63, IgG- 0.96(0.28)mm versus IgG+ 0.96(0.26)mm, p=0.98. 
Tijdenss de follow-up periode was het aantal ischemische complicaties in patiënten met of 
zonderr antistoffen vergelijkbaar (IgA- 24% versus IgA+ 19%, IgG- 23% versus IgG+ 22%). 
Inn een secundaire analyse vonden wij dat er een lagere kans op hartinfarct was bij de patiënten 
mett Chlamydia IgA antistoffen (IgA- 13% versus IgA+ 8%). Deze resultaten laten zien dat 
hett bepalen van deze antistoffen niet geschikt is om uitingen van atherosclerose te 
voorspellen,, en niet geschikt is om diegenen te identificeren die baat zouden kunnen hebben 
bijj  antibiotica gericht op Chlamydia. 

Off  Chlamydia pneumoniae een rol heeft bij de pathogenese van cerebrale witte stof 
afwijkingenn is onbekend. In hoofdstuk 9 bestudeerden wij de relatie tussen de aanwezigheid 
vann antistoffen tegen Chlamydia en witte stof afwijkingen in onze patiënten met 
symptomatischh atherosclerotisch vaatlijden. Diepe witte stof afwijkingen, maar niet 
periventriculairee afwijkingen, kwamen vaker voor bij patiënten met Chlamydia IgA 
vergelekenn met diegenen zonder. De aanwezigheid van periventriculaire afwijkingen en diepe 
wittee stof afwijkingen was onafhankelijk geassocieerd met matig hoge en sterk verhoogde 
antistoff  titers. IgA > 300 U/L was onafhankelijk geassocieerd met diepe witte stof 
afwijkingenn (OR 3.50,95%CI 1.43-8.60), terwijl IgG > 300 U/L onafhankelijk geassocieerd 
wass met periventriculaire afwijkingen (OR 2.24 95%CI 1.03-4.85). Deze resultaten 
suggererenn dat Cpneumoniae een rol speelt in de pathogenese van cerebrale witte stof 
afwijkingen. . 
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Dankwoord d 

Nuu rest mij slechts diegenen te danken die op wat voor manier dan ook hebben bijgedragen 
aann dit proefschrift. Dat is bepaald geen zware taak, want ik ben een dankbaar mens en wil dat 
ookk met u delen. De merk echter dat ik aarzel over de wijze waarop ik het zal aanpakken. Kort 
enn bondig, of juist uitgebreid met persoonlijke anekdotes. Formuleringen als "promoveren doe 
jee niet alleen" wil ik vermijden, hoe waar zij ook zijn. Een nadeel van het bij name noemen 
vann diegenen die dat verdienen is dat ik ongetwijfeld een paar mensen zal vergeten. Laat ik 
hett simpel houden: 

Dee dank iedereen, maar dan ook iedereen, die mij direct, indirect of zeer indirect geholpen 
heeftt bij dit proefschrift. 

Dee denk dan natuurlijk aan direct betrokkenen zoals mijn promotoren en co-promotor, alle 
overigee leden van de promotiecommisie, de gezonde vrijwilligers, de patiënten die 
deelgenomenn hebben aan het onderzoek (de niet-gezonde vrijwilligers), mijn mede-auteurs, 
dee trial nurses, de mensen van het laboratorium, de statistici, de secretaresses, diegenen die 
mijj  concrete adviezen hebben gegeven, mijn paranimfen en mijn familie. 

Maarr net zo goed denk ik dan aan de vele onderzoekers met wie ik meer in het algemeen 
hebb kunnen nadenken en discussiëren over diverse onderwerpen, diegenen die mij een goed 
humeurr hebben bezorgd, diegenen die mij zonder overtuiging hebben tegengewerkt, mijn 
collegaee arts-assistenten in de verschillende fases van mijn opleiding, de verpleegkundigen 
vann de vele afdelingen waar ik de afgelopen jaren heb gewerkt, de secretaresses, de 
baliemedewerkers,, de mensen van het archief, mijn huidige collegae, de artsenbezoekers, de 
schoonmakers,, de onafhankelijken van geest, de groenteboer, de apothekers, de minister van 
voDcsgezondheid,, diegenen die mij overtuigd hebben dat ik internist moest worden, de 
postbodes,, diegenen die zo musiceren datje op één concert maanden kan teren, mijn vrienden, 
dee portiers, de ambulanceverpleegkundigen, de collegae die een oude zorgbehoevende patiënt 
willenn overnemen als dat nodig is, de tram- en metrobestuurders, de fietsenmakers, de 
suppoosten,, de zorgverzekeraars, de fysiotherapeuten, de journalisten, de thuiszorg, diegenen 
diee het veldrijden een warm hart toedragen,, diegenen die niet in hokjes denken, de 
farmaceuten,, de mensen van de postkamer, de treinconducteurs, diegenen die niet cynisch 
wordenn ondanks veel tegenslag, de mensen van het restaurant, de telefonisten, en diegenen die 
beseffenn dat deze lijst onvolledig is en dat accepteren. 

Maarr het meest denk ik dan toch aan mijn liefste lief en die drie lummels! 
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