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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 

Chapterr 10 Summary 91 1 



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. 

Mildd 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 III 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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