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Chapterr 2 

Riskk factors and future 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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Introduction 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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