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General introduction ‘

burden on health care systems. Stroke occurs particularly in the elderly.!

Most studies on the incidence of stroke have focused on persons aged
younger than 85 years and limited data exist on the occurrence of stroke in the
very old.? Since populations are growing older, an increase in the burden of
stroke is expected in coming decades. A challenge for medical research is the
question whether and how this devastating disease can be prevented. This
requires identification of modifiable risk factors that are amenable to
intervention. Moreover, it requires possibilities to recognize those who may
benefit most from preventive interventions.

The main risk factor for stroke is atherosclerosis, which accumulates with
age. Several non-invasive measures of atherosclerosis exist. Despite research
that has been done in this field, the strength and nature of the relation between
measures of atherosclerosis and stroke subtypes is not yet fully understood.
Further, it is not clear whether other risk factors are related to stroke through
unrelated mechanisms, or that they trigger the presence or progression of
atherosclerosis. Besides atherosclerosis, there are other putative risk factors for
stroke such as sex hormones and genetic factors.® The relevance of these factors
in relation to stroke still needs to be established. The work described in this
thesis aims to further quantify the incidence of stroke in the elderly and the
relation between atherosclerosis, sex hormones and genetic markers and stroke.
The studies were based on the Rotterdam Study, alarge population-based cohort
study among 7,983 persons aged 55 years or over that started in 1990. Since
then, the cohort was followed for morbidity and mortality, including stroke.

Chapter 2 describes the occurrence of stroke in elderly men and womenin
this cohort. Chapter 3 focuses on the relation between non-invasive measures of
atherosclerosis and risk of stroke. Structural as well as functional measures of
atherosclerosis will be dealt with. For each measure we aim to assess the
strength of the relation with stroke. In chapter 3.2, 3.3 and 3.4 the relation
between structural measures of atherosclerosis and risk of stroke is assessed. In
particular we examine the effect of carotid intima media thickness (chapter 3.2),
plagues in the carotid artery (chapter 3.3) and coronary calcifications (chapter
3.4). In chapter 3.5 en we describe the relation between functional measures of
atherosclerosis and stroke risk, in particular measures of arterial stiffness. In the
last paragraph of this chapter we evaluate and compare the strength of the
relation between different measures of atherosclerosis in relation to stroke

Stroke Isamajor cause of death and a devastating disorder that puts alarge



‘ Chapter 1

(chapter 3.6). In chapter 4, we investigate the relation between sex hormone
levels and stroke in men and in women. Both estrogen and testosterone are
evoked to be related to the risk of cardiovascular disease, but the relation with
stroke is not yet clear.*® In chapter 5 we investigate the role of two candidate
genes, namely mutations in the hemochromatosis gene and the angiotensin-
converting enzyme polymorphism. Finally in chapter 6 we review our findings
and we comment on the strength and limitation of our studies. Further, we
discuss the clinical relevance of our findings and make recommendations for
further research.
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Chapter 2.1

Abstract

Objective - To estimate the incidence, survival and life-time risk of stroke in the
elderly.

Methods - We conducted a study in 7,721 participants from the population-
based Rotterdam Study who were free from stroke at baseline (1990-1993)
and were followed up for stroke until January 1 1999. We calculated age and
sex specific incidence, case fatality rates and lifetime risks of stroke.

Results - Mean follow-up was 6.0 years and 432 strokes occurred. The
incidence rate of stroke per 1,000 personyears increased with age and ranged
from 1.7 (959% CIl 0.4-6.6) in men aged 55 to 59 years to 69.8 (95% CI 22.5-
216.6) in men aged 95 years or over. Corresponding figures for women were
1.2 (95% Cl1 0.3-4.7) and 33.1 (9% CI 17.8-61.6). Men and women had similar
absolute lifetime risks of stroke (219 for those aged 55 years). The survival
after stroke did not differ according to sex.

Conclusions - Stroke incidence increases with age, also in the very old.
Although the incidence rate is higher in men than in women over the entire age
range, the lifetime risks were similar for both sexes.
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Incidence, risk and case fatality of stroke

INTRODUCTION

In recent decades a decreasing trend in mortality of stroke has been observed.*®
Nevertheless, stroke is still aleading cause of death in the western countries and
puts a large burden on health care systems.”® Stroke incidence increases with
age, but information on the incidence and survival of stroke in the very old in
the general population is limited. Since populations are growing older this
information is of importance, particularly for health care planners.’ Also, data on
the risk of stroke during one’s lifeis lacking and is of interest on the individual
level. We performed a large prospective study on the incidence of stroke in a
population-based cohort of elderly subjects aged 55 years or over, which
enabled us to calculate incidence rates, survival, case fatality and period and
lifetime risks of stroke.

METHODS

Study population

The present study was performed in the framework of the Rotterdam Study, a
population-based, single-center cohort study on chronic and disabling diseases
in the elderly. All inhabitants of Ommoord, a suburb of Rotterdam, aged 55
years or more were invited. People living in homes for the elderly were
included.'® Participation rate of those invited for the study was 78% and a total
of 7,983 subjects participated. The Medical Ethics Committee of Erasmus
University approved the study. Written informed consent to retrieve information
from treating physicians was obtained from all participants. Baseline
measurements were obtained from 1990 to 1993 and consisted of an interview at
home and two visits to the research center for physical examination. During the
interview a previous stroke was assessed by asking “did you ever suffer from a
stroke, diagnosed by a physician?’ Medical records of subjects who answered
‘yes were checked and a previous stroke was considered to have occurred if
medical records confirmed it.™ The present study comprises a cohort of 7,721
subjects who were free from stroke at baseline. Follow up for stroke was
complete until January 1, 1999.



Chapter 2.1

Assessment of stroke

Once subjects enter the Rotterdam Study they are continuously monitored for
major events through automated linkage with files from the genera
practitioners. For the present study information on stroke and death was used.
Stroke is defined as rapidly developing clinical signs of focal or global
disturbance of cerebra function with no apparent cause other than a vascular
origin. When an event or death had been reported, additional information was
obtained by interviewing the general practitioner and by scrutinizing
information from hospital discharge records in case of admittance or referral.
Information from reports on all possible strokes was reviewed by two research
physicians and a neurologist (PJK) who classified the stroke as definite,
probable or possible stroke.'? The stroke was definite if the diagnosis was based
on typical clinical symptoms and neuro-imaging excluded other diagnoses. The
stroke was considered probable in case typical clinical symptoms were present
but neuro-imaging was not performed. For fatal strokes, other causes of death,
especially cardiac should have been excluded. A stroke was classified as
possible if clinical symptoms were less typical and neuro-imaging was not
performed, or if a cardiac cause of death could not be excluded in case of afatal
stroke. All reported transient ischemic attacks also were reviewed in order to
screen and classify all strokes. Subarachnoid hemorrhages were excluded. Until
the end of follow up 202 definite, 130 probable and 96 possible strokes
occurred. We used definite and probable strokes in the analyses (n=432). For
subjects with a stroke, follow-up was complete until January 1, 1999. Case
fatality within 28 days was defined as death occurring within 28 days after onset
of the stroke.

Subtypes of stroke

If the CT or MRI scan showed a cerebral hemorrhage or infarction the type of
stroke was coded accordingly. In case of no abnormality on CT or MRI, the
stroke was classified as cerebral infarction. Strokes without neuro-imaging could
be classified as possible hemorrhagic stroke or a cerebral infarction on the basis
of the following symptoms. A possible hemorrhagic stroke was coded in case of
sudden hemiplegiaor other focal signswith permanent unconsciousness or death
within hours. The stroke was classified as possible cerebral infarction if there
was limited impairment (isolated aphasia, isolated weakness of one limb,
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isolated facial weakness or isolated hemianopia), complete improvement within
72 hours or documented atrial fibrillation at time of the stroke.

Data analysis

The age-specific incidence rate was obtained for each 5-year band by dividing
the number of strokes by the total amount of person-years attributed to a specific
age category. The follow-up ended either at occurrence of stroke, or at death, or
at January 1, 1999, whichever came first. Participants who suffered from a
subarachnoid hemorrhage were censored on the date of the event. Incidence
rates are given with 95% confidence intervals (Cl), assuming Poisson
distribution. We calculated incidence and 28 days case fatality rates for subtypes
of stroke in 10-years age strata. For the calculation of 52 weeks case fatality
rates we restricted ourselves to cases that occurred before December 31, 1998.
We used Cox proportional hazards regression to investigate gender differences
in risk of stroke and survival after stroke. In these analyses we adjusted for age
at baseline and stroke, respectively. Survival after stroke was calculated using
the Kaplan Meier method. In order to calculate the absolute risk of stroke over
time we took the competing risk of dying into account. First we obtained the
stroke free survival at different ages from the cohort with the Kaplan Meier
method. Age at baseline was used as entry time and age at end of follow-up,
occurrence of stroke or death as failure time. Then the cumulative absolute risk
of stroke over a period was calculated as the integrated product of the age-
specific stroke incidences and the stroke-free survival."® The risk of stroke over
time was calculated separately for men and women at ages 55, 65, 75 and 85
years.

RESULTS

The mean follow-up time was 6.0 years. We had 46,011 person-years of
observation and 432 suffered from a first-ever stroke. Of these 39 were primary
intracerebral hemorrhages (9.0%), 233 cerebral infarctions (53.9%) and 160
unspecified strokes (37.0%). A CT or MRI scan was performed in 256 (59.3%)
cases and in 2 cases necropsy was performed. The hemorrhages and infarctions
were confirmed by neuro-imaging in 74.4% and respectively 94.4%. A total of
256 persons (59.3%) were hospitalized.
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Incidence, risk and case fatality of stroke ‘

The incidence rate of stroke increased with age and ranged from 1.7 (95% CI
0.4-6.6) in men aged 55-59 years to 69.8 (95% CIl 22.5-216.6) in men aged 95 or
over (table 1). Corresponding rates for women were 1.2 (95% CI 0.3-4.7) and
33.1 (95% CI 17.8-61.6), respectively. Incidence rates were higher in men than
in women over the entire age range. Adjusted for age at baseline the relative
risks of stroke for men compared to women in partipants aged younger and older
than 75 years were respectively 1.64 (95% CI 1.26-2.15) and 1.36 (95% CI 1.02-
1.83).

Table 2

Incidence rate of subtypes of stroke.

Age  Cerebral infarction Intracerebral hemorrhage Unspecified stroke

No.of IR* 959 Cl+ No.of IR*  95%CIf No.of IR*  95% Clt
cases cases cases

55-64 17 1.5 1.0-2.5 2 0.2 0.0-0.7 3 0.3 0.1-0.8
65-74 72 4.0 3.2:5.1 10 0.6 0.3-1.0 26 1.4 1.0-2.1
75-84 111 9.0 7.5-10.9 22 1.8 1.2-2.7 52 4.2 3.2-5.6
85+ 33 6.9 4.9-9.8 5 11 0.4-25 79 l6.6 13.3-20.7
All 233 5.1 4558 39 0.8 0.6-1.2 160 3.5 3.0-4.1

* [R: Incidence rate per 1000 person-years.
1 Cl: Confidence interval.

Table 2 shows that the incidence rate increased with age until the age of 85 for
all subtypes of stroke. After age 85, the proportion of unspecified strokes
became very high and estimates of the frequency of subtypes of stroke less
reliable. The proportion of hospitalized strokes decreased with age in both sexes
(Figure 1).
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—ncidence of stroke in men

= = = |ncidence of hospitalized stroke in men
35 4

Incidence of stroke in women

! e Incidence of hospitalized stroke in women
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Figure 1

Incidence rate per 1000 person-years for stroke and hospitalized stroke in relation to age in
men and in women.
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Figure 2

Cumulative survival after stroke according to gender, adjusted for age at stroke.

14



Incidence, risk and case fatality of stroke

Case fatality

The overall 28-days case fatality rate was 32.5% for all strokes, 12.4% for
cerebral infarctions and 33.3% for cerebral hemorrhages. Corresponding 52-
weeks case fatality rates were 40.4, 23.6 and 62.9%. We observed no difference
in survival after stroke between men and women (figure 2). Case fatality rates of
stroke, cerebral infarction and intracerebral hemorrhage increased with age
(table 3).

Table 3

28-Days case-fatality for stroke, subtypes of stroke and hospitalized strokes.

Age Stroke Cerebral infarction Intracerebral Hospitalized stroke

hemorrhage
Number/ 9% fatal Number/ 9% fatal Number/ 9 fatal Number/ 9% fatal
total total total total

55-64 2/22 9.0 0/17 0.0 1/2 50.0 2/16 12.5
65-74 15/108 13.9 5/72 6.9 1/10 10.0 12/76 15.8
75-84  33/105 31.4 15/111 13.5 8/22 36.4 27/119 22.7
85+ 61/117 52.1 9/33 27.2 3/5 60.0 22/45 48.9
All 111/342 325 29/233 12.4 13739 33.3 63/256 24.6

Lifetime risk of stroke

Figure 3 shows survival and stroke-free survival for 55 and 75 years old
participants as observed in the total study cohort. The areas between the survival
and stroke free survival curves represent the average time subjects live after a
stroke. The area comprised 3.45 (95% CI 2.93-3.97) years for men and 3.12
(95% CI 2.69-3.55) years for women aged 55 years. Corresponding figures for
persons aged 75 years were 2.16 (95% Cl 1.59-2.73) and 2.10 (95% CI 1.63-
2.57) years, respectively. Table 4 shows the cumulative incidence of stroke over
time for men and women at different ages. The absolute risk of getting a stroke
Is nearly similar for men and women in all age categories, reflecting higher
Incidence rates, but shorter life expectancy in men as compared to women.

15
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Percentage

Percentage

Figure 3
Survival and stroke-free survival according to age and gender.
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Table 4

Period and lifetime risk of stroke for 55, 65, 75 and 85 years old men and women taking
competing risk of death into account.

Age Period risk (%) Lifetime risk

5yr 10yr 15 yr 20 yr 25 yr 30 yr 35 yr 40 yr

Men

55 0.7 1.8 4.8 85 13.7 17.3 19.3 20.2 20.5
65 2.2 6.0 11.8 159 18.2 19.1 19.4 19.4
75 6.9 12,5 15.7 17.0 17.4 17.4
85 6.0 8.3 9.0 9.0
Women

55 0.6 1.7 2.9 5.6 10.7 14.2 18.1 20.3 21.0
65 1.1 3.9 9.4 131 17.2 19.6 20.3 20.4 20.4
75 5.3 9.6 14.4 17.1 17.9 18.0 18.0 18.0
85 6.8 11.1 12.4 12.6 12.6
DISCUSSION

We found that the incidence rate of stroke was higher in men than in women
over the entire age range. Nevertheless, as a net result of a shorter life
expectancy and a higher incidence rate of stroke in men as compared to women,
lifetime risks of stroke in men and women were similar at different ages.

Case ascertainment

Studies on incidence of stroke are vulnerable to selection bias. Although our
participation rate was high (78%), it is conceivable that non-participants had a
higher risk profile for stroke. Consequently, our incidence figures most likely
are conservative estimates of the true population incidence of stroke. Complete
and accurate case ascertainment is crucial for the validity of the results of an
incidence study. The prospective study design, standard definitions, defined
study population and multiple methods of case finding were in accordance with
core criteria proposed by Malmgren and colleagues.* Furthermore, the work-up
and characteristics of stroke in the present study fulfill criteria for optimal case
ascertainment defined by researchers from the WHO MONICA stroke study.™
The follow-up was complete for all participants and we used extensive and

17
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overlapping case finding methods to reduce selection bias in follow-up. The
proportion of non-hospitalized strokes in our study was 39%. This is in
accordance with the proportion (46%) found by the Oxfordshire Stroke
Project.’® Rotterdam with nearly 700,000 inhabitants did not have a specific
stroke admission strategy during the study period. The low admission rate was
mainly explained by a shortage of hospital beds and by the fact that Stroke Units
and Stroke Services were not yet widespread available and thrombolytic therapy
not yet an established treatment. A weakness of our study that results from the
fact that not all strokes were hospitalized is the relatively low proportion of CT
or MRI-confirmed strokes. We observed that the proportion of unspecified
strokes increased with age. Restriction to only neuro-imaging confirmed strokes
would have led to an underestimation of the incidence, especialy in the very
old. Since only 75% of the intracerebral hemorrhages were confirmed by CT or
MRI, the overall results on hemorrhages should be regarded carefully. Almost
95% of the cerebral infarctions were CT confirmed. Therefore, we feel that the
overall figures on cerebral infarctions are reliable. However, incidence figures of
stroke subtypesin the very old are lessreliable.

Stroke incidence studies

One hospital-based study in the Netherlands (1978-1980) reported comparable,
though dlightly higher incidence rates of stroke than the present study, but did
not analyze the very old."” Possibly the incidence has declined during the time
interval between both studies. The incidence rates found in our study are in
accordance with the results from other studies in Europe, although some studies
reported lower incidence rates in subjects >85 years.’®'®*** Studies in Eastern
Europe reported higher incidence rates in subjects younger than 85 years, and
lower rates in subjects older than 85.2?® Incidence rates in Eastern European
countries are known to be higher than in Western Europe. The lower ratesin the
very old in other studies might be explained by under-report of stroke in the
elderly, as we have shown that the proportion of hospitalized strokes declines
with age. Incidence rates of stroke in subjects with a European background in
Auckland, New Zealand (1992) were higher than in the Rotterdam Study.?
However, the North East Melbourne Stroke Incidence Study (1996-1997)
reported similar rates.® In our study the survival after stroke was equal in men
and women. Most other studies did not find gender differences either.**3* we
observed an increasing case fatality with age, and a higher case fatality of
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cerebral hemorrhages as compared to cerebral infarctions. These results are in

accordance with results from other studies.

21,29,33,35,36

Lifetime risk of stroke

Our calculations of lifetime risks of stroke were based on the assumption that
characteristics of the cohort remain constant over time. They showed that
although the incidence rate of stroke in men was higher than in women, the
lifetime risk to get a stroke was similar when we took the competing risk of
dying into account. The higher incidence rate of stroke is counterbalanced by
shorter survival in men as compared to women. As a conseguence, women on
average are older when they get a stroke. In conclusion, stroke incidence
increases with age, also in the very old. Although incidence rates in men were
higher than in women over the entire age range, lifetime risks were similar.
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INTRODUCTION

It is estimated that 70% of all strokes are related to vascular disease caused by
atherosclerosis. Nowadays, alarge arsenal of techniques is available to measure
subclinical vascular pathology in various arterial segments. To the extent that
subclinical vascular pathology predicts stroke risk, it can be used to identify
persons who are at increased risk of stroke and, hence, may benefit most from
preventive interventions. In this chapter, we review the relation between markers
of subclinical vascular disease and its relation with stroke. If possible, we focus
on popul ation-based evidence. Some measures of vascular disease are relatively
new and their relation with stroke in the population still has to be explored. In
those cases, we discuss results from hospital-based studies. First, we focus on
measures of generalized atherosclerosis. Then, we shall discuss some structural
and functional properties of vascular disease. Finally, possible expressions of
vascular disease as detected by brain MRI will be discussed.

MEASURES OF GENERALIZED ATHEROSCLEROSIS

Ankle-brachial index

The ankle-brachial index is arelatively simple and non-invasive measure, that is
used to assess periphera arterial disease and atherosclerosis.™? The ankle-
brachial index is calculated as the ratio of systolic blood pressure measured at
the ankle to the systolic blood pressure at the arm. An ankle-brachial index
below 0.90 is considered to reflect presence of peripheral arterial disease.’
Peripheral arterial diseaseiscommon in elderly persons without overt symptoms
of claudication and the prevalence in subjects aged over 65 yearsis estimated to
be 10%.* Severa studies have consistently shown that a low ankle-brachial
index is apredictor of stroke (table 1).>°
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Table 1

Prospective population-based cohort studies on ankle-arm index and risk of stroke.

Study Study population  Follow-up No. of Relative risk (959% Cl) of
(Age) strokes  stroke in low (<0.9) vs
high (>0.9) ankle arm
index
Edinburgh Artery 1592 subjects 5 years 50 1.9 (1.0-3.5)
Study ° (55-74 years) 1.9(1.0-3.4)7
1.4 (0.9-2.2)%
. T8
Cardiovascular 5714 subjects 6 years 67 1.4(09 2'3)x¢
Health Study® (65 years or over) 1.6 (1.1-2.4)
1.1 (0.7-1.7)™
Atherosclerosis Risk 14,839 subjects 7 years 206 5.7 (2.8-11.7)"
In Communities (45-64 years) ) T
Study 7 1.4(0.7-2.6)
Rotterdam Study ® 6450 subjects 3.7 years 135 2.3(1.5-3.3)
(55 years or over)
Honolulu Heart 2767 men 3.6 years 91 2.0(1.1-3.5)7
Program ° (71-93 years)

* Adjusted for age and gender, Y Adjusted for age, gender and cardiovascular risk factors, I In
participants without previous cardiovascular disease, T Relative risk in ankle arm index <0.8 vs
>1.2, § In participants with previous cardiovascular disease.

It has been suggested that alow ankle-brachial index can be used as a screening
tool to identify subjects at high risk for disease, although a high ankle-brachial
index does not rule out the presence of atherosclerosis. The Atherosclerosis Risk
In Communities Study has shown that the risk associated with alow ankle-arm
index diminished after adjustment for cardiovascular risk factors including
systolic blood pressure, antihypertensive medication, diabetes, smoking, pack-
years smoking, LDL-cholesterol, HDL-cholesterol and prevalent coronary heart
disease. Therefore, it is doubtful whether assessment of ankle-arm index has
prognostic ability beyond traditional risk factorsin the prediction of stroke.
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Carotid artery intima-media thickness

Atherosclerosis is accompanied by thickening of the intimal layer of the artery.
B-mode ultrasonography allows non-invasive visualization of intima-media
thickness. Although no distinction is made between the intimal and medial
arterial layer, intimamedia thickness has shown to be related with
cardiovascular risk factors and with other measures of atherosclerosis.
Therefore, an increased intima-media thickness is considered to reflect
generalized atherosclerosis.'® Carotid intima-media thickness can be measured
in different carotid arterial segments (common carotid artery, bifurcation or
internal carotid artery). Several studies have shown that carotid intima-media
thickness is positively related to the risk of stroke *** and cerebral infarction,™
irrespective of location in the carotid artery.” Table 2 gives an overview of
these studies. In summary, carotid intima-media thickness is related to all
subtypes of stroke and cerebral infarction.

Carotid plaques

Plagues represent more advanced stages of atherosclerosis and are
predominantly present in arterial segments with a turbulent blood flow like the
carotid bifurcation. Presence of carotid plaques and plague characteristics like
echolucency, ulceration, intraplaque hemorrhage and surface regularity can be
assessed through ultrasonography or angiography. Carotid plagues are
frequently found in stroke patients and are related to the risk of stroke in the
population.***" It is still a matter of debate as to what the underlying mechanism
Is that relates carotid plagues and stroke. One proposed mechanism is rupture
and intraplague hemorrhage, leading to superimposed emboli. The finding that
plaques with characteristics like echolucency, ulceration, intraplaque bleeding
and irregularity of the plague surface are associated with symptoms supports
this.***° Further, it was reported that hypoechoic, but not hyperechoic plagues
were related to an increased risk of non-cardioembolic ischemic stroke in the
population.” Another explanation is that carotid plagues simply reflect
generalized atherosclerosis. The finding in the Rotterdam Study that total plaque
score is related to the risk of stroke, cerebral infarction and lacunar infarction
confirms that carotid plaques are markers of generalized atherosclerosis. Table 3
gives an overview of the prospective studies on carotid plagues and stroke.
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Aortic arch atherosclerosis

Atherosclerosis in the aortic arch, and in particular disrupted and protruding
plagues as assessed with transesophageal echocardiography is frequently
observed in stroke patients.®® Follow-up studies showed that aortic plague
morphology (ulceration, calcification, hypoechoic plaques, irregularities and
mobile thrombus?? and thickness™) was related to the risk of recurrent stroke.
Several mechanisms have been proposed to explain the relation between aortic
plagues and stroke.* First, aortic plagues are potential sources of thrombo-
emboli. This was confirmed by patient series in which arelation between aortic
arch atheroma and cerebral micro-emboli was found.? Secondly, obstruction of
the origin of the carotid and vertebral artery could lead to hemodynamic
obstruction of the cerebral blood flow. And thirdly, aortic plagues are
considered to be markers of generalized atherosclerosis. Thus far, the relation
between plagues in the aortic arch and stroke has not yet been investigated in a
popul ation-based setting.

STRUCTURAL AND FUNCTIONAL PROPERTIES OF
SUBCLINICAL VASCULAR DISEASE

Calcifications in the vessel wall

Calcium deposits in the coronary and extra coronary vessels are considered to
indicate the extent of atherosclerotic lesions. Therefore, they are putative
markers of subclinical vascular disease. Calcifications in the coronary arteries
can be highly sensitively visualized by electron-beam tomography. Quantitative
measures of coronary calcification are closely related to the amount of
atherosclerotic plaques in histopathol ogic investigation.?

Several population-based studies have explored the relation between
calcifications and stroke. Iribarren and colleagues investigated the relation
between calcification of the aortic arch, detected by X-ray and risk of strokeina
population of 139,849 subjects aged 30 to 89 years.?? They found that aortic arch
calcification increased the risk of ischemic stroke in women (RR 1.46, 95% CI
1.28-1.67), but not significantly in men (RR 1.17, 95% CI 0.97-1.42). The
Rotterdam Study investigated the relation between coronary calcification and
presence of stroke in 2,013 men and women in whom 34 men and 16 women
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had experienced a stroke.?” Coronary calcifications in the epicardial arteries
were assessed on electron-beam tomography and the calcium score was
obtained. Participants with a higher calcium score were more likely to have
experienced a stroke than subjects in the reference category (RR 5.2 (95% ClI
1.5-17.8) in men and 2.4 (95% CI 0.7-7.8) in women). These results indicate
that electron-beam tomography is promising for the selection of subjects at high
risk for cerebrovascular events. Prospective studies are needed to confirm these
findings.

Arterial stiffness

An important risk factor for stroke is hypertension. The prevalence of isolated
systolic hypertension increases with age.?®® Stiffening of the arterial treeis seen
as the main cause of an elevated systolic blood pressure and a decreased
diastolic blood pressure, and thus, an elevated pulse pressure in the arterial
system. Recently, accurate methods to non-invasively measure arterial stiffness
have become available. One of these methods is the measurement of arterial
distensibility, i.e. change in arterial diameter due to change in arterial pressure
over the cardiac cycle.*** The relation between carotid distensibility and risk of
stroke has been scarcely addressed. The Rotterdam Study investigated the
relation between carotid distensibility and history of stroke.** The study was
performed in 3,818 subjects in whom 78 had experienced a previous stroke.
Participants in the lowest quartile of carotid distensibility were more than 12
times more likely to have experienced a stroke (OR 12.6, 95% CI 2.7-58.1),
compared to the first quartile. This relationship remained significant after
adjustment for carotid plagues and ankle to brachial index. The most likely
underlying mechanism of this association is an elevation of pulse pressure,
induced by increased arterial stiffness. In addition, it has been suggested that the
risk of embolism due to rupture of plagues is increased in stiff arteries.®
Additional prospective studies are needed to confirm the result from this cross-
sectional study.

Another measurement of arterial stiffness is the pulse-wave velocity. The
pulse-wave velocity is calculated as the ratio between the transit time for the
foot of the pulse wave to travel along the arteria tree and the distance of the
arterial segment. A higher pulse-wave velocity reflects a stiff artery. The pulse-
wave velocity can be measured in the thoraco-abdominal aorta. One case-control
study investigated the relation between pulse-wave velocity and stroke in 20
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stroke patients and 20 controls without cardiovascular disease.® The pulse-wave
velocity was significantly increased in stroke patients compared to controls,
independent of blood pressure level. These findings, however, were not
confirmed by researchers from the Rotterdam Study who failed to find a clear
relationship with a history of stroke.* More studies are needed to elucidate the
relationship between arterial stiffness and stroke.

Indices of cerebral circulation, measured by trans cranial doppler

Trans cranial doppler ultrasonography allows detection of micro-embolic signals
and evaluation of cerebral hemodynamics such as cerebral blood flow and
vasomotor reactivity. Various hospital-based studies have shown that presence
of micro-emboli as assessed by trans- cranial doppler has diagnostic and
prognostic value for stroke®®, as presence of micro-embolic signals were
related to cardio-embolic strokes®, severe carotid stenosis™, poorer outcome®
and a higher recurrence rate of stroke.*** Trans-crania doppler can also be used
to assess cerebral hemodynamic parameters such as the blood flow velocity,
pulsatility index and reactivity to CO,. Cardiovascular risk factors have been
shown to be related to these parameters.**** However, the prognostic value of
these hemodynamic measures themselves still needs to be investigated.

Consequences of vascular disease

Silent brain infarctions and white matter lesions are frequently observed in
elderly subjects. It is estimated that 20% to 33% of healthy elderly have silent
brain infarctions®*** and that, depending on the scoring method, 5 to 90% have
white matter lesions.”® The prevalence of these lesions substantially increases
with age. 44849 The |esions are associated with cardiovascular risk factors™®
°2%3 and are considered to reflect small vessel pathology.

Silent brain infarctions as risk factor for stroke

One hospital-based study investigated the relationship between presence of
silent brain infarctions and risk of vascular events in stroke patients with non-
rheumatic atrial fibrillation.>® The investigators observed that presence of silent
brain infarctions is associated with increased risk of vascular events and stroke,
in particular. Kobayashi and colleagues followed 933 healthy subjects aged 30
to 81 yearsfor 1-7 years.”” They reported that presence of silent brain infarctions
was related to a more than 10-fold increased risk of stroke. The Cardiovascular
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Health Study followed 3,324 participants aged 65 years or over for 4 years.”
Presence of silent brain infarctions amost doubled the risk of stroke (RR 1.9,
95% Cl 1.2-2.8).

White matter lesions as risk factor for stroke

It has been observed that white matter lesions are related to all kinds of stroke
subtypes, but especially lacunar infarctions and deep cerebral hemorrhages.™
These findings suggest that lacunes and white matter lesions share a common
type of vasculopathy located either in the deep perforator vessels, or deep
medullary arterioles. Little data exist on the relationship between white matter
lesions and risk of future stroke or other cardiovascular events. The studies that
have been performed were based on patient series and have shown that presence
of white matter lesions in elderly neurological patientsis related to an increased
risk of cardiovascular death.>*® Also, higher recurrence rates of stroke in
patients with white matter lesions have been reported.”™ These studies,
however, were based on selected patient groups and prospective population-
based studies are awaited.

SUMMARY

Various measures of subclinical vascular disease are related to stroke and its
subtypes. Ankle-arm index, carotid IMT and plagues are markers of generalized
atherosclerosis and are related to the risk of stroke in the general population.
Plague characteristics like echodensity and surface regularity may provide
additional information. It is still debated whether these measures have
prognostic value beyond traditional risk factors. Less established measures are
aortic arch atherosclerosis, calcifications in the vessel wall, arterial stiffness and
indices of cerebral circulation measured by trans-cranial doppler. They have
been shown to be related to stroke, but quantification of this relationship in
prospective population-based studies is needed. Finaly, consequences of
vascular disease like silent brain infarctions have recently been confirmed as
risk factor for stroke.
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Abstract

Background - The relation between an increased intima-media thickness and
all subtypes of stroke is not yet clear. We investigated the relation between
intima-media thickness and stroke subtypes.

Methods - The study was performed within the population based Rotterdam
Study. At baseline (1990-1993), common carotid intima-media thickness was
measured in 5,675 participants, aged 55 years or over, who were free from
previous stroke. Follow-up for stroke was complete until January 1, 1999.

The relation between carotid intima-media thickness and risk of stroke and
subtypes of cerebral infarction was assessed with Cox proportional hazards
regression.

Results - A total of 309 strokes had occurred. Increase per SD in mean intima-
media thickness increased the risk of stroke and cerebral infarction by 38%
and 329%, respectively. The corresponding risks for lacunar infarction and
intracerebral hemorrhage increased by 58%, and 549%, respectively.
Conclusions - Intima media thickness is particularly related to lacunar
infarction and intracerebral hemorrhage.
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INTRODUCTION

Several population-based cohort studies have shown that carotid artery intima-
media thickness as measure of generalized atherosclerosisis useful in estimating
the risk of stroke.*® There is still unclarity as to whether an increased intima-
media thickness is related to stroke subtypes, and in particular lacunar
infarction. For lacunar infarction, small vessel disease associated with
hypertension and diabetes is considered the main underlying mechanism.
However, recently some studies identified lacunes with an embolic cause.* One
case control study reported that an increased intima-mediathicknessis related to
al subtypes of cerebral infarction,” including lacunar infarctions, whereas
another study suggested that intima-media thickness has more prognostic value
to predict non-lacunar as compared to lacunar infarction.® Furthermore, the
relation between carotid intima-media thickness and risk of intracerebral
hemorrhage has not been investigated. Clarification of the relationship between
intima-media thickness and stroke subtypes may give more insight in the
pathophysiology of stroke. We investigated the relationship between common
carotid intima-media thickness and the risk of subtypes of stroke in a large,
population based cohort study of elderly people.

MATERIALS AND METHODS

Population

The study was performed within the framework of the Rotterdam Study, a
popul ation-based, single-center cohort study on chronic diseases in the elderly.’
All inhabitants of Ommoord, a district of Rotterdam, aged 55 years or more
were invited. People living in homes for the elderly were included. The
participation rate of those invited for the study was 78% and a total of 7,983
subjects participated. The Medical Ethics Committee of Erasmus University
Rotterdam approved the study. Written informed consent to retrieve information
from treating physicians was obtained from all participants. Baseline
measurements were done from 1990 to 1993 and included an interview at home
and two visits to the research center for physical examination. From the 7,129
subjects who visited the research center at baseline, 5,854 underwent Duplex
ultrasonography of both carotid arteries. Missing ultrasound data were mainly
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due to logistic reasons such as restricted availability of ultrasonographers.
Among those with ultrasound examination, 179 had experienced a previous
stroke. These were excluded from the present study, leaving a cohort of 5,675
participants for the present study.

Carotid artery intima-media thickness (IMT) measurements

During Duplex examination with a 7.5 MHz linear-array transducer (ATL
UltraMark V), the optimal longitudinal images of the near and far wall of the
distaa common carotid artery were frozen on the R-wave of the
electrocardiogram. This was repeated three times for the left and right sided
carotid artery. All images were stored on videotape. Presence (yes or no) of
carotid plagues was assessed at six locations (right and left sided common
carotid artery, bifurcation and internal carotid artery).® The total plague score
reflected the number of sites with plagues (range 0-6). Carotid artery intima
media thickness measurements were performed off-line with help of specialy
dedicated computer software.’ This procedure has been described in detail
elsewhere.’® The readers were blinded to al clinical information. Maximal
carotid IMT, mean carotid IMT and mean far wall carotid IMT in the distal 10
mm of the common carotid artery were measured. We defined maximal common
carotid IMT as the mean of 3 consecutive measurements of the maximal IMT,
measured in four locations (near wall of left common carotid artery, near wall of
right common carotid artery, far wall of left common carotid artery and far wall
of right common carotid artery). In case of missing values at either location, we
used the average of the available measurements. Similarly, we defined mean
common carotid IMT as the average of 3 consecutive measurements of mean
common carotid IMT, measured in the same four locations. Far wall common
carotid IMT was defined as the average of the mean far wall common carotid
IMT, measured in left and right sided carotid artery. We assessed common
carotid IMT in 95% of those in whom ultrasonography was performed. Common
IMT measurements were shown to have good reproducibility.***

Assessment of stroke and subtypes

During the baseline interview a previous stroke was assessed by asking “Did
you ever suffer from a stroke, diagnosed by a physician?’. Medical records of
subjects who answered ‘yes were checked in order to verify the diagnosis.™® A
history of TIA was also assessed during the baseline interview. All TIAs were

44



Carotid artery intima-media thickness and stroke subtypes

reviewed by a neurologist.* Once entered into the Rotterdam Study subjects are
continuously monitored for major events through automated linkage of the study
database with the files from general practitioners. Information on vital status
was obtained at regular intervals from the municipal authorities in Rotterdam.
When an event or death has been reported, additional information is obtained by
interviewing the general practitioner and scrutinizing information from hospital
discharge records in case of admittance or referral.

A neurologist (P.J.K.) reviewed information on all possible strokes. A
stroke was classified as definite if the diagnosis was based on typical clinical
symptoms and neuro-imaging excluded other diagnoses. A stroke was
considered probable in case typical clinical symptoms were present but neuro-
Imaging was not performed. For fatal strokes, other causes of death, especially
cardiac should have been excluded. A stroke was classified as possibleif clinical
symptoms were less typical and neuro-imaging was not performed, or if a
cardiac cause of death could not be excluded in case of afatal stroke. We used
only definite and probable strokes in the analyses. Subclassification in
hemorrhagic or ischemic stroke was based on neuro-imaging, which was
available for 67.5% of all cases. Cerebral infarctionswere classified as lacunar if
consciousness and higher cerebral function were unaffected and symptoms
matched one of the typical lacunar syndromes. CT or MRI usually showed a
small (<1.5 cm) infarction in the territories supplied by the perforating branches
of maor cerebral arteries. For the present study, follow up for stroke was
complete for all participants until January 1, 1999.

Medical history and risk factors

A computerized questionnaire was used to obtain information on current health
status and medical history at baseline. History of myocardial infarction,
coronary bypass surgery (CABG), coronary angioplasty (PTCA), stroke and
TIA was obtained through direct questioning. All reported myocardial
infarctions were verified by using medical records. History of intermittent
claudication and angina pectoris was assessed through the Rose questionnaire.™
Smoking was assessed during the interview and subjects were classified as
current, former or never smoker. At the research center, non-fasting blood
samples were taken and serum total cholesterol and high-density lipoprotein
(HDL) cholesterol was measured using an automated enzymatic procedure.
Sitting blood pressure was measured on the right upper arm with a random-zero
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sphygmomanometer. In the analyses we used the average of two measurements,
measured at one occasion. Hypertension was defined as a systolic blood pressure
of 140 mmHg or over, or a diastolic blood pressure of 90 mmHg or over, or
current use of antihypertensive drugs for the indication of hypertension.™
Diabetes mellitus was defined as use of oral blood glucose lowering drugs or
insulin or random or a post-load serum glucose level higher than 11.0 mmol/I.
Atrial fibrillation was assessed by electrocardiogram. A history of
cardiovascular disease was coded if participants had a history of TIA,
myocardial infarction, angina pectoris, intermittent claudication, atrial
fibrillation, coronary bypass surgery and/or coronary angioplasty.

Data analysis

The association between common carotid IMT and risk of stroke was assessed
through Cox proportional hazards regression. We calculated rate ratios (RR) of
stroke per standard deviation increase in mean IMT, maximal IMT and mean far
wall IMT. We adjusted for age and gender and additionally for cardiovascular
risk factors, including systolic and diastolic blood pressure, diabetes, smoking,
total and HDL -cholesterol. Subsequently, analyses were repeated after exclusion
of subjects with previous cardiovascular disease. Results are presented as rate
ratios with corresponding 95% confidence intervals.

RESULTS

A total of 309 strokes occurred during a mean follow-up time of 6.2 years
(35,164 person years). Baseline characteristics of the study population are given
in table 1. Subtyping revealed 167 cerebral infarctions, 25 intracerebral
hemorrhages, 2 subarachnoid hemorrhages and 115 unspecified strokes. The
infarction was lacunar in 43 cases and non-lacunar in 107 cases. In 17 cases, the
subtype could not be determined.

Carotid IMT, stroke and stroke subtypes

Increase in mean common carotid IMT increased the risk of stroke and cerebral
infarction by respectively 38% and 32% per SD (table 2). We found similar
relationships for mean far wall land maximal intima-media thickness. The
relationships remained after adjustment for cardiovascular risk factors, or
restriction to participants without previous cardiovascular disease (table 2).
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Table 1

Baseline characteristics of the study population.

Cohort (n=5675) Stroke (n=309)

Age 69.3(9.0) 74.9 (8.5)
Gender (% female) 60.4 57.0
Systolic blood pressure (mm Hg) 139.1 (22.3) 150.2 (23.4)
Diastolic blood pressure (mm Hg) 73.4(11.7) 74.8 (13.2)
Total-cholesterol (mmol/L) 6.6 (1.2) 6.5(1.2)
HDL-cholesterol (mmol/L) 1.4(0.4) 1.3(0.4)
Smoking (% current) 22.9 23.8
Diabetes (%) 10.1 19.1
Previous cardiovascular disease (%) 23.2 40.3

Mean IMT far wall common carotid artery (mm) 0.78 (0.19) 0.89 (0.27)
Mean IMT common carotid artery (mm) 0.80 (0.16) 0.89 (0.19)
Maximal IMT common carotid artery (mm) 1.03(0.22) 1.18 (0.31)
Total plaque score 1.44 (1.62) 2.12 (1.83)

Values represent means (SD) or percentages.

Overall, therisk of lacunar infarction significantly increased by almost 60% per
SD increase in mean intima-media thickness (table 2). The risk estimate for
lacunar infarction attenuated to a 38% increase after adjustment for
cardiovascular risk factors, but remained significantly increased. When we
restricted the analysis to persons without previous cardiovascular disease, the
higher risks of lacunar infarction associated with increased mean intima-media
thickness lost statistical significance, but remained significant, however, with
maximal IMT. In persons with a low plague score (0 to 1), the relative risk of
lacunar infarction per SD increase in mean IMT was 2.39 (95% CI 0.83-6.82).
Increased mean intima-media thickness increased the risk of non-lacunar
infarction, although not statistically significantly. We observed no significant
differences between the risk of lacunar versus non-lacunar infarction for the
different measures of IMT.
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Carotid artery intima-media thickness and stroke subtypes ‘

Mean intima media thickening per SD was associated with a 54% increased risk
of intracerebra hemorrhage (RR 1.54 (95% Cl 1.13-2.12)) (table 2). After
adjustment for cardiovascular risk factors or restriction to persons without
previous cardiovascular disease, the corresponding risks of intracerebral
hemorrhage were 1.42 (95% Cl 1.00-2.00) and 1.63 (95% CI 1.17-2.27),
respectively. In participants without hypertension (n=3,693), increase in mean
intima-media thickness elevated the risk of hemorrhagic stroke 2-fold (RR 1.98
(95% CI 1.23-3.19) per SD of mean IMT).

DISCUSSION

Our data show that increased carotid intima-media thickness particularly
increases the risk of intracerebra hemorrhage and lacunar infarction,
irrespective of cardiovascular risk factors.

Before we interpret our results, some methodological issued need to be
considered. We may have misclassified some strokes. However, since
classification of strokes was done blinded to information on carotid IMT, any
misclassification would have led to an underestimation of the risks. We
restricted the anaysis to CT or MRI confirmed strokes to reduce
misclassification.

A few other studies have reported a relationship between carotid IMT and
risk of stroke®* However, none of these studies investigated intracerebral
hemorrhages and only two hospital-based case control studies reported on
subtypes of cerebral infarction.>® In one study, a relation between mean far wall
IMT and risk of al subtypes of cerebral infarction was found. The odds ratio for
lacunar infarction per SD increase in IMT was 1.74, which is in line with the
risk that we found. In contrast, another hospital based case control study of 292
strokes recently reported higher IMT vaues in non-lacunar versus lacunar
infarctions.’ The authors suggested that IMT may have predictive value with
respect to non-lacunar versus lacunar infarction. Our study does not support that
suggestion.

A possible explanation for the relation between increased IMT and
lacunar infarction is that IMT also reflects the thickness of the medial arterial
layer, and possibly thickening of the medial layer in small arteries, which is
known to precede small vessel disease. Another possible explanation is that
micro-emboli from atherosclerotic lesions cause lacunar infarctions* We
explored this by assessing the relation between IMT and lacunar infarction in
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persons with a low number of carotid plaques. The risk was still elevated, but
not statistically significant, probably due to lack of statistical power. This
finding is in favor of the hypothesis that carotid IMT is related to small vessel
disease.

Our study shows that an increased IMT is related to a higher risk of

intracerebral hemorrhage, even in persons without hypertension or previous
cardiovascular disease. It islikely that an increased IMT reflects vulnerability of
intracranial vessels for rupture.

In summary, apart from being arisk factor for stroke, an increased IMT is

particularly related to an increased risk of intracerebral hemorrhage and lacunar
infarction, independent of cardiovascular risk factors.
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Abstract

Background - Few studies have quantified the relation between carotid plaques
and stroke in asymptomatic subjects and limited data exist on the importance
of location of plaques, or the association with subtypes of cerebral infarction.
We investigated the relationship between carotid plaques, measured at
different locations, and risk of stroke and subtypes of cerebral infarction in a
population based study.

Methods and results - The study was based on the Rotterdam Study and
included 4,217 neurologically asymptomatic subjects aged 55 years or over.
Presence of carotid plaques at six locations in the carotid arteries was
assessed at baseline. Severity was categorized according to the number of
affected sites. After a mean follow up of 5.2 years 160 strokes had occurred.
Data were analyzed using Cox proportional hazards regression. Plaques
increased the risk of stroke and cerebral infarction approximately 1.5-fold,
irrespective of plaque location. Severe carotid plaques increased the risk of
non-lacunar infarction in anterior (RR 3.2 (959% CI 1.1-9.7)), but not in
posterior circulation (RR 0.6 (95% CI 0.1-4.9)). A more than 10-fold increased
risk of lacunar infarction was found in subjects with severe plaques (RR 10.8
(959% CI 1.7-69.7)). No clear difference in risk estimates was seen between
ipsilateral and contralateral infarction.

Conclusions - Carotid plaques increase the risk of stroke and cerebral
infarction, irrespective of their location. Plaques increase the risk of infarctions
in the anterior, but not in the posterior circulation. It is likely that carotid
plaques in neurologically asymptomatic subjects are both markers of
generalized atherosclerosis and sources of thrombo-emboli.
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INTRODUCTION

Carotid plagues have frequently been found in subjects who suffered from a
stroke.™® Few studies have quantified the association between carotid plagques
and risk of subsequent stroke in asymptomatic subjects.*®> Also, limited
information is available on the relationship with subtypes of cerebral
infarction,™* as well as on the impact of location of the carotid plague in relation
to the risk of stroke.>® One could hypothesize that because of a more turbulent
blood flow, bifurcation and internal carotid artery plagues carry a higher risk
than plagues in the common carotid artery.>’ It isalso still controversial whether
carotid plagues merely reflect generalized atherosclerosis or are directly causally
related to subsequent stroke by release of thrombo-emboli.>®° We investigated
the association between asymptomatic plaques, measured at six locations in the
carotid arteries, and the risk of stroke and subtypes of cerebral infarction in a
popul ation-based cohort of elderly persons.

METHODS

Population

The study is part of the Rotterdam Study, a population-based cohort study on
chronic and disabling diseases in the elderly. All inhabitants of Ommoord, a
suburb of Rotterdam, aged 55 years or more were invited. People living in
homes for the elderly were included. Participation rate of those invited for the
study was 78% and in total 7,983 subjects participated.’® The Medica Ethics
Committee of Erasmus University Rotterdam approved the study. Written
informed consent to retrieve information from treating physicians was obtained
from all participants. Baseline measurements were obtained from 1990 to 1993
and consisted of an interview at home and two visits to the research center for
physical examination. From the 7,129 subjects who visited the research center,
419 had experienced a previous stroke or TIA. Participants with a previous
stroke or TIA were excluded from the present study.

Assessment of carotid plaques

At baseline 5,494 participants who were free from previous stroke or TIA
underwent B-mode ultrasonography of both carotid arteries with a 7.5-MHZ
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linear array transducer (ATL UltraMark 1V) to assess presence of plaquesin the
common carotid artery, bifurcation and interna carotid artery.” Missing
ultrasound data were mainly due to restricted availability of ultrasonographers.
We defined plagues as focal widenings of the vessel wall of more than 50%
relative to adjacent segments, with protrusion into the lumen, composed of
calcified or non-calcified components (figure 1).

Figure 1

B-mode image of the carotid artery with plaques in the common carotid artery (right arrow)
and bifurcation (left arrow).

The protrusion was evaluated by eyeballing judgement, without measuring the
thickness of the lesions and of the adjacent structure. Plagues were assessed in
5276 randomly selected neurologically asymptomatic participants. The
assessment was performed off-line in 1,471 participants and on-line in the
remainder. Ultrasonographers who did the plaque-assessment were blinded for
clinical information. The total plague score reflected the total number of sites
with plagues and ranged from O to 6 (left and right-sided common carotid artery,
bifurcation and internal carotid artery).

A tota of 4,217 participants had information on plaques at six locations.
Participants with a missing plague score at one or more locations on average had
a 1.9 mm Hg (95%Cl 0.5-3.3) lower diastolic blood pressure, a 2.0 mm Hg
(95% CI 1.3-2.8) lower systolic blood pressure and a 0.5 kg/m? (95% CI 0.2-0.7)
higher body mass index, compared with those with information on plagues at six
locations. The groups did not differ according to other risk factors.
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A reproducibility study of the on line plague assessment showed kappa's
of 0.66 for the left, 0.68 for the right carotid artery and 0.67 for either side,
indicating moderate agreement. Corresponding figures for the off-line
reproducibility were 0.59, 0.65 and 0.60, respectively.'* In a subgroup of 954
participants from the Rotterdam Study, assessment of stenosis in the right
internal carotid artery was performed on-line with help of 5-MHz pulsed
Doppler.”? Interpretation of velocity profiles was done according to standard
criteria™® The prevalence of clinically relevant stenosis was low (stenosis >50%
1.4%; stenosis >80% 0.3%).

Assessment of stroke and subtypes

During the baseline interview a previous stroke was assessed by asking “did you
ever suffer from a stroke, diagnosed by a physician?’. Medical records of
subjects who answered ‘yes were checked in order to verify the diagnosis.™* A
history of TIA was also assessed during the baseline interview. All TIAs were
reviewed by a neurologist.”®> Once subjects enter the Rotterdam Study they are
continuously monitored for major events through automated linkage of the study
database with the files from general practitioners. Information on vital statusis
obtained at regular intervals from the municipal authorities in Rotterdam. When
an event or death has been reported, additional information is obtained by
interviewing the general practitioner and scrutinizing information from hospital
discharge records in case of admittance or referral.

A neurologist (P.J.K.) reviewed information on all possible strokes. A
stroke was classified as definite if the diagnosis was based on typical clinical
symptoms and neuro-imaging excluded other diagnoses. A stroke was
considered probable in case typical clinical symptoms were present but neuro-
Imaging was not performed. For fatal strokes, other causes of death, especially
cardiac should have been excluded. A stroke was classified as possibleif clinical
symptoms were less typical and neuro-imaging was not performed, or if a
cardiac cause of death could not be excluded in case of afatal stroke. We only
used definite and probable strokes in the analyses.

Subclassification in hemorrhagic or ischemic stroke was based on neuro-
imaging, which was available for 67.5% of all cases. Cerebral infarctions were
lacunar if consciousness and higher cerebral function was maintained in the
setting of one of the typical lacunar syndromes. CT or MRI usually showed a
small (<1.5 cm) infarction in the territories supplied by the perforating branches
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of major cerebral arteries. We further classified infarctions as located in anterior
or posterior circulation. For the present study, follow up for stroke was complete
for al participants until January 1, 1998.

Medical history and risk factors

At baseline, information on current health status, medication use and medical
history including previous myocardial infarction, coronary bypass surgery and
coronary angioplasty was obtained using a computerized questionnaire. All
reported myocardia infarctions were verified by using medical records. History
of intermittent claudication and angina pectoris was assessed through the Rose
questionnaire.™® Participants were classified as current, former or never smoker.
Non-fasting blood samples were taken and serum total cholesterol and high-
density lipoprotein (HDL) cholesterol was measured using an automated
enzymatic procedure. Sitting blood pressure was measured twice on the right
arm with a random-zero sphygmomanometer. We used the average of the two
measurements in the analyses. Diabetes mellitus was defined as use of oral
blood glucose lowering drugs or insulin or random or post-load serum glucose
level higher than 11.0 mmol/L. Atria fibrillation was assessed by an
electrocardiogram. A history of cardiovascular disease was coded if participants
had a history of myocardial infarction, angina pectoris, intermittent claudication,
atrial fibrillation, coronary bypass surgery and/or coronary angioplasty.

Data analysis

The relation between carotid plagues and the risk of stroke was assessed with
Cox proportional hazards regression. We tested for linearity of the plague score
by comparing the log likelihood of models including plague score as categorical
and continuous variable by means of a X test. We assessed the relation between
total plague score and risk of stroke and cerebral infarction. Participants without
any plagues were taken as the reference. We also examined the presence of one
or more plagues at different locations (left and/or right sided common carotid
artery, bifurcation and internal carotid artery) in relation to the risk of stroke and
cerebral infarction.

In order to distinguish between generalized atherosclerosis and thrombo-
embolism we assessed whether the association between left and right-sided
plague score (0-3) and risk of infarction was different for ipsilateral and
contralateral infarction. Further, we determined the relation between carotid

58



Carotid plaques and subtypes of cerebral infarction

plaques and subtypes of infarction (non-lacunar infarction in the anterior and
posterior circulation and lacunar infarction). All analyses were adjusted for age
and gender and additionally for cardiovascular risk factors (blood pressure,
diabetes mellitus, smoking, HDL - and total-cholesterol).

We performed additional analyses adjusting for statin use, stratified for
aspirin use and excluding subjects with a history of cardiovascular disease.
Results are presented as rate ratios with corresponding 95% confidence
intervals.

RESULTS

Table 1 shows the baseline characteristics of the study population. During
21,967 person years of follow-up (mean follow-up 5.2 years) 160 definite or
probable strokes occurred.

Table 1
Baseline characteristics of the study population.

Study population Stroke (n=160)
(n=4,217)
Age 68.8 (838) 74.3 (8.9)
Gender (% female) 60.1 53.8
Systolic blood pressure (mm Hg) 139.4 (22.4) 149.0 (23.8)
Diastolic blood pressure (mm Hg) 73.9(11.7) 75.1(13.5)
Total-cholesterol (mmol/L) 6.6 (1.2) 6.5(1.3)
HDL-cholesterol (mmol/L) 1.4 (0.4) 1.3(0.4)
Diabetes (%) 9.9 21.3
Previous myocardial infarction (%) 11.3 16.9
Smoking (% current smokers) 23.2 24.1
Atrial fibrillation (%) 2.4 5.6
Cardiovascular disease (%) 20.1 28.1
Any carotid plaques (%) 60.0 74.4
Common carotid artery plaque(s) (%) 15.1 25.0
Bifurcation plaque(s) (%) 53.2 70.6
Internal carotid artery plaque(s) (%) 34.5 44 .4
Left carotid artery plaque(s) (%) 49.3 64.4
Right carotid artery plaque(s) (%) 48.1 64.4
Total plague score (range 0-6) 1.5(1.7) 2.3(2.0)

Values represent means (SD), or percentages.
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Subtyping revealed 85 cerebral infarctions and 12 intracerebral hemorrhages. A
total of 63 strokes could not be subtyped because neuro-imaging was lacking or
dueto limited information. The infarction was lacunar in 17 cases (24%). A total
of 52 infarctions were non-lacunar, 34 of which were located in the anterior and
18 in the posterior circulation. We could not determine the exact type in 16
infarctions. The number of plaques in the left and right carotid artery were
significantly correlated (Spearman correlation coefficient 0.63).

Carotid plaques and risk of stroke and cerebral infarction

Testing for linearity showed that continuous analysis of total plague score was
justified. The risk of stroke and cerebral infarction gradually increased with
increasing total plague score (RR’s per plague increase 1.15 (95% CI 1.05-1.26)
for stroke and 1.17 (95% CI 1.03-1.33) for cerebral infarction). The results were
largely similar when we adjusted for cardiovascular risk factors (RR 1.13 (95%
Cl 1.03-1.24) and 1.12 (95% CI 0.99-1.29), respectively) or restricted the
analyses to persons without previous cardiovascular disease (RR 1.15 (95% CI
1.03-1.29) and 1.22 (95% CI 1.04-1.42), respectively). The risk of stroke in
subjects with severe plaques (score 5 to 6) was 2.4 fold increased (RR 2.44
(95% CI 1.42-4.20)) and the risk of cerebral infarction almost tripled (RR 2.70
(95% CI 1.27-5.77)), compared to subjects without plagues (table 2).

When we looked at the risk associated with plagues at the different
locations we saw no indication that plaques at locations with a turbulent blood
flow, like the carotid bifurcation and internal carotid artery, carried a higher risk
than plagues in the common carotid artery (table 3).

Increase in total plagque score remained statistically significantly related to
the risk of stroke and cerebral infarction when we put total plague score and
plaque location in one model (RR 1.48 (95% CIl 1.14-1.93) and 1.52 (95% CI
1.04-2.20), respectively). However, it should be noted that there is a large
overlap between plagues a the different locations, which limits the
Interpretation of the results.

Carotid plaques in relation to hemisphere and subtype of infarction

Table 3 shows that carotid plagques were not consistently related to higher risks
of infarction in the ipsi vs. contralateral hemisphere. Most cases occurred in
participants with plaquesin both carotid arteries. Therisk of infarction in the left
hemisphere significantly increased 3-fold in participants with plaques only in the
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left and in both carotid arteries (RR 3.23 (95% CI 1.04-10.06) and 2.98 (95% CI
1.15-7.75), respectively). The risk of infarction in the right hemisphere was
increased when plagues were present in both carotid arteries, athough not
statistically significantly.

Severe plaques (5-6 plagues) increased the risk of non-lacunar infarction
in the anterior circulation more than 3-fold (RR 3.24 (95% CI 1.08-9.72)) (table
4). Therisk of anterior circulation infarction was very similar for plagues at the
different locations (common carotid artery, bifurcation or internal carotid
artery). However, the risk increases for anterior circulation infarction were not
statistically significant. Neither total plague score nor plagues at different
segments of the carotid artery showed a significant relationship with the risk of
non-lacunar infarction in the posterior circulation. Increase in total plague score
gradually increased risk of lacunar infarction. Participants with 3-4 plaques had
a more than five times increased risk and participants with 5-6 plagues had a
more than ten-fold increased risk of lacunar infarction (age and gender adjusted
RR 10.84 (95% Cl 1.70-69.67)). With adjustment for systolic and diastolic
blood pressure and diabetes the relative risk associated with severe plagues
decreased to 7.86 (95% CI 1.20-51.72). Further adjustment was not possible
because of paucity of data.

Medication use

A total of respectively 372 (8%) and 92 (2%) participants reported current use of
aspirin and statins. The number of statin users was too low to perform stratified
analysis. Additional adjustment for statin use did not change the results. We
found that carotid plaques increased the risk of cerebral infarction in non-aspirin
users (RR 1.24 (95% CI 1.08-1.42) per plague increase). Plagues did not
increase the risk in aspirin-users (RR 0.82 (95% CI 0.57-1.16)). Corresponding
relative risks in participants without previous cardiovascular disease were 1.27
(95% CI 1.08-1.50) and 0.92 (95% CI 0.61-1.38), respectively.
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DISCUSSION

The present study shows a dose-dependent relation between carotid plagues and
the risk of stroke and cerebral infarction, irrespective of location of plagues. The
risk estimates were highest for lacunar infarctions. Carotid plagues increase the
risk of infarction in the anterior but not in the posterior circulation.

A few methodological issues need to be addressed. First, apart from
dlightly lower blood pressure levels and higher body mass index in those with
compared to those without missing plaque values we found no differences in
cardiovascular risk factors. Therefore, we think that restriction to participants
with complete plaque score did not lead to a selection bias. The reproducibility
of plaques showed moderate agreement and some misclassification may have
occurred. We may also have misclassified some strokes, especialy when
information was limited. However, since plague assessment was performed
blinded for case status and vice versa, misclassification, if any, was non-
differential, leading to an underestimation of the true associations.'” For stroke
subtypes we restricted ourselves to CT or MRI-confirmed infarctions to reduce
possible misclassification. In clinical practice, cerebral infarctions are often
classified according to presumed etiology.’® Using such a classification in
etiologic research would introduce a circular argument. For example, carotid
atherosclerosis would by definition be related to large vessel strokes. Therefore,
we deliberately classified cerebral infarctions according to size and location.

The present study was performed in neurologically asymptomatic subjects
in whom carotid stenosis was rare. Most studies on carotid plagues and stroke
were performed in patients with carotid stenosis or in subjects who suffered
from a stroke or TIA.*** The Cardiovascular Health Study is the only other
population-based cohort study that has investigated carotid plaguesin relation to
subsequent stroke in asymptomatic subjects.” In that study, 4,886 participants
were followed for 3.3 years and 175 strokes occurred. The study focused on
characteristics of the most prominent plague in the bifurcation or internal carotid
artery and concluded that hypoechogenic, but not hyperechogenic plagues
increased the risk of ischemic stroke. We add to those findings in that we show a
dose-dependent relation between number of sites affected with plagues and risk
of stroke, but no differences in risk associated with plaques located at different
sitesin the carotid arteries.
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An important question is whether carotid plaques are related to stroke as
markers of generalized atherosclerosis or as sources of thrombo-emboli.
Observations in favor of the generalized atherosclerosis hypothesis include first
that the risk of cerebral infarction does not depend on plaque location. However,
the considerable overlap of plaques at different locations limits the potential to
decisively assess this. Secondly, and in line with findings in a few other
studies,®* we found no differences between risk of infarction in the ipsi and the
contralateral hemisphere in relation to the side of the carotid plaque, as we
would have expected if plagues were primarily sources of emboli. Thirdly,
plaques were related to lacunar infarction. Since only a minority of lacunar
infarctions are caused by thrombo-emboli,?* this suggests that carotid plaques
are associated with lipohyalinosis or intracranial atherosclerosis on small vessel
level. There are two findings that argue in favor of thrombo-emboli. First, we
observed that carotid plaques increase the risk of anterior, but not of posterior
circulation infarction. The anterior cerebral circulation mostly is supplied by the
carotid arteries whereas the posterior circulation is not. Emboli from the carotid
arteries will most likely go to the anterior circulation. Secondly, carotid plaques
do not increase the risk of stroke in aspirin users. Underlying this may be that
aspirin stabilizes plagues resulting in less thrombo-emboli. Since the effects of
aspirin are manifold and confounding by indication may play arole, this should
not be over-interpreted.

We conclude that carotid plaques are associated with increased risk of
stroke, irrespective of their location. It is likely that carotid plagues in
neurologically asymptomatic subjects are both markers of generalized
atherosclerosis and sources of thrombo-emboli.
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Abstract

Background - Coronary calcification detected by electron-beam computed
tomography (EBCT) measures the atherosclerotic plague burden and predicts
coronary events. Since atherosclerosis is a generalized process, coronary
calcification may also be associated with manifest atherosclerotic diseases at
other sites of the vascular tree. We examined whether coronary calcification is
related to the presence of cerebrovascular events.

Methods - From 1998 to 2000, participants from the population-based
Rotterdam Study were invited for EBCT scanning to detect coronary
calcification. Calcifications were quantified according to Agatston's method.
Calcium scores were available for 1,874 subjects with a mean age (standard
deviation) of 71 (5.6) years. Stroke was present in 50 subjects at the time of
scanning.

Results - A graded association was found between the calcium score and the
presence of stroke. In men, the age-adjusted odds ratios for stroke were 3.4
(959% confidence interval 0.9-12.7) in subjects in the calcium score category
101-500, and 5.1 (1.5-17.4) in subjects with a calcium score above 500,
compared to subjects in the lowest calcium score category (0-100). In women,
corresponding odds ratios were 1.3 (0.4-4.6) and 2.4 (0.7-7.9), respectively.
Additional adjustment for cardiovascular risk factors did not materially alter
the risk estimates.

Conclusions - In this large population-based study, a strong and graded
association was found between coronary calcification and stroke. The results
suggest that coronary calcification, detected by EBCT, may be used to identify
subjects at high risk of stroke.
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INTRODUCTION

A number of studies have shown that non-invasive measures of atherosclerosis,
like intima-media thickness of the carotid artery and ankle to brachial blood
pressure index, predict cerebrovascular events.® Coronary calcification,
detected by electron-beam computed tomography (EBCT), is a rather new
measurement that is closely related to the amount of coronary atherosclerotic
plague in histopathologic investigations.” Several studies have shown that
coronary calcification predicts coronary events.'®** There is a close relation
between calcification of the coronary arteries and the extracoronary plague
burden.™>'® This finding suggests that coronary calcification may aso be
associated with manifest atherosclerotic diseases at other sites of the vascular
tree, such as stroke. No study has yet examined whether coronary calcification is
related to cerebrovascular events. To approach this issue, we studied the
association of coronary calcification, detected by EBCT, and the presence of
stroke in 1,874 elderly men and women participating in the population-based
Rotterdam Studly.

METHODS

Study population

The Rotterdam Study is a population-based cohort study that aims at assessing
the occurrence, risk factors and prognosis of major chronic diseases.’” In the
baseline examination phase (1990-1993), 7,983 subjects aged 55 and over
participated. Data were collected during a home interview and at two visits to
the study center. From 1997-1999, subjects were invited to participate in the
third examination phase. Between the baseline and the third examination phase,
1992 subjects had died, 35 were lost to follow-up, and 55 were not contacted
because they were living in nursing homes outside the study area, leaving 5,901
subjects who were invited. Of the invited subjects, 4,730 (80%) participated, of
which 4,148 completed the third examination. For EBCT scanning, non-
institutionalized participants of 85 years and younger were eligible (n=3,371).
From 2,263 (67%) of these participants EBCT scans were obtained. For 389
participants calcium scores were not available due to archiving problems. Thus,
calcium scores of 1,874 participants were available for analysis. The Medical
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Ethics Committee of the Erasmus University approved the study. All
participants gave informed consent.

Measurement of coronary calcifications

We assessed coronary calcifications in the epicardial coronary arteries detected
on EBCT scans. Imaging was performed with a C-150 Imatron scanner
(Imatron, South San Francisco, California). From the level of the root of the
aorta through the heart, 38 images were obtained with 100 ms scan time and 3
mm dlice thickness. Images were acquired at 80% of the R-R interval, using
electrocardiogram (ECG) triggering. We quantified coronary calcifications with
Acculmage software (Acculmage Diagnostics Corporation, South San
Francisco, California) that displays all pixels with a density of over 130
Hounsfield units (HU). A calcification was defined as a minimum of two
adjacent pixels (area=0.65 mm?) with a density over 130 HU using a four-
connected algorithm to determine the adjacency. We placed aregion of interest
around each high-density lesion in the epicardial coronary arteries. The peak
density in HU and the areain mm?® of theindividual coronary calcifications were
calculated. A calcium score was obtained by multiplying each area of interest
with a factor indicating peak density within the individual area, as proposed by
Agatston et al.'® We summated the scores for individual calcifications, resulting
in acalcium score for the entire epicardial coronary system.

Diagnosis of stroke

The definition of the presence of stroke was a history of stroke at baseline
(1990-1993) or a stroke after baseline but prior to electron-beam CT scanning
(1998-2000). A history of stroke at baseline was determined on the basis of the
question, "Did you ever suffer from a stroke, diagnosed by a physician?'. Signs
and symptoms had to last more than 24 hours. The number of strokes that had
led to a hospital admission and that had occurred without hospitalization was
determined, and age at the time of the stroke was obtained. Of the subjects that
responded with "yes', the general practitioner (GP) was asked for supplementary
medical information, including a detailed history, information on neuro-
imaging, and copies of hospital discharge records. Stroke diagnosis was based
on all available medical information. In case of no hospitalization, mention of a
"cerebrovascular accident” in the GP records was required to confirm the self-
reported information. When possible, information on signs and symptoms was
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used in the final classification. In case of hospitalization, the diagnosis of a
neurologist was used. Events were evaluated by a neurologist and classified into
definite, probable or no stroke.® After the baseline examination, GPs in the
research area, covering 85% of the cohort, reported all possible cases of stroke
to the Rotterdam research center. Information from GPs with practices outside
the research area (15% of the cohort) was obtained through checking the
participant’s GP file and by interviewing the GP annually. When an event was
reported, additional information including the date of the possible stroke was
obtained by interviewing the GP and scrutinizing information from hospital
discharge records and/or neuro-imaging in case of admission or referral. Events
were classified after all available information was considered. A neurologist
classified the events as definite, probable, possible, and no stroke.? Events were
coded according to the International Classification of Diseases, 10" version.
The present analysis was restricted to definite and probable events.

Measurement of cardiovascular risk factors

Information on smoking was obtained during the home interview. We
categorized subjects as current, past or never smokers. Anthropometric measures
were obtained during the visit at the research center. Blood pressure was
measured at the right brachial artery using a random-zero sphygmomanometer
with the participant in sitting position. We used the mean of two consecutive
measurements in the analyses. After an overnight of fasting, blood was obtained
at the research center by venapuncture with minimal stasis. Serum total
cholesterol was determined by an enzymatic procedure. High-density lipoprotein
(HDL) was measured similarly after precipitation of the non-HDL fraction.
Glucose was determined enzymatically by the Hexokinase method.

Statistical analysis

Since the distribution of calcium scores was skewed, we report medians and
ranges. Three absolute calcium score categories were considered, based on cut-
points that were chosen before examining the association with presence of
stroke: 0-100, 101-500, and above 500. Age-adjusted odds ratios (OR) with
95% confidence interval (Cl) for the presence of stroke were calculated per
calcium score category using logistic regression analysis, for men and women
separately. Calcium score category 0-100 was used as reference category.
Analyses for calcium score categories were repeated with additional adjustment
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for cardiovascular risk factors (smoking, systolic and diastolic blood pressure,
total cholesterol, HDL cholesterol, fasting glucose). Logistic regression analysis
was also performed to calculate age-adjusted ORs (95% ClI) for the presence of
ischemic strokes (the most prevalent subtype of strokesin our cases) per calcium
score category by sex. Because of small number of cases, it was not possible to
analyze the association between the calcium score and other subtypes of stroke.
SPSS 9.0 for Windows (SPSS Inc., Chicago, Illinois) was used for data analysis.

Results

Table 1 describes the characteristics of the 1,874 study participants. The mean
age (£ SD) of the study population was 71 years (5.6 years), and 47% were men.
The median calcium score was higher for men than for women: 313
(interguartile range 64—969) and 56 (interquartile range 5-261), respectively.

Table 1
Characteristics of the study population.

Variable Men (n=877) Women (n=997)
Age (years) 71+£5.6 71 £5.38
Smokers (%)

Current 17 15

Past 73 39
SBP (mmHg) 144 + 21 143 + 21
DBP (mmHg) 77 £ 11 7511
Total cholesterol (mmol/I) 56+0.9 6.0+0.9
HDL cholesterol (mmol/I) 1.3+0.3 15+04
Serum glucose (mmol/I) 6.0+16 58+1.3
Calcium score* 313 (64 - 969) 56 (b -261)
Log calcium score 53+2.1 3.7+2.3
History of stroke (%) 3.9 1.6
History of myocardial infarction (%) 17.6 6.0

Categorical variables are expressed as percentage. Values of continuous variables are
expressed as mean + standard deviation.

* Value of the calcium score is expressed as median (inter-quartile range) because of its
skewed distribution.

SBP: Systolic blood pressure, DBP: Diastolic blood pressure.
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The mean of the logarithmically transformed calcium scores (+ SD) was 5.3
(2.1) for men and 3.7 (2.3) for women. Thirty-four men (3.9%) and 16 women
(1.6%) had experienced a stroke before EBCT scanning. The mean interval
between the stroke and scanning (x SD) was 8.8 years (7.8). Comparison of
characteristics of subjects who completed the third examination with and
without EBCT scanning demonstrated no significant differences in levels of
cardiovascular risk factors except for the percentage of men (38% versus 47%)
(data not shown). In logistic regression analysis, a graded association was found
between the amount of coronary calcification and the presence of stroke (table
2).

Table 2

Risk of stroke in calcium score categories for men and women.

Model 1%
n events OR(95% CI)

Model 2+
OR (95% Cl)

Men

Calcium score:

0-100 274 3 1.0 (reference) 1.0 (reference)

101 - 500 252 10 34(0.9-12.7) 3.2(0.9-11.9)
> 500 351 21 51(1.5-17.4) 4.8(1.4-16.6)
Women

Calcium score:

0-100 579 7 1.0 (reference) 1.0 (reference)

101 - 500 247 4 13(0.4-46) 1.4(0.4-5.2)

> 500 171 5 24(0.7-7.9) 25(0.6-9.7)

OR: Odds ratio; Cl: Confidence interval; n: number of subjects
* Model 1: adjusted for age

T Model 2: adjusted for age, smoking, systolic and diastolic blood pressure, total cholesterol,
HDL cholesterol, and serum glucose

The number of subjects in model 2 is somewhat lower than for model 1, due to missing values
for cardiovascular risk factors

In men, age-adjusted odds ratios for the presence of stroke increased from 3.4
(95% CI 0.9-12.7) in the calcium score category 101-500, to 5.1 (1.5-17.4) in
those with a calcium score above 500, when compared to subjects in the
reference category (calcium score of 0-100). The corresponding age-adjusted
odds ratios in women were 1.3 (0.4-4.6) and 2.4 (0.7-7.9), respectively. The
results did not materially alter after additional adjustment for cardiovascular risk
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factors (model 2). In men, 62% of the strokes occurred in the calcium score
category above 500, while in women this percentage was 31.

Of the 50 strokes, 34 (68%) were ischemic. Age-adjusted odds ratios for
the presence of ischemic stroke were 1.7 (0.4-7.2) for men in the calcium score
category 101-500, and 3.4 (0.9-12.1) for men in the category above 500,
compared to the reference calcium score category. In women, the corresponding
odds ratios were 0.9 (0.2-4.6) and 3.1 (0.8-11.5), respectively.

Discussion

The amount of coronary calcification showed a graded association with the
presence of stroke in a general population of elderly subjects. Men in the highest
calcium score category (above 500) were five times more likely to have
experienced a stroke compared to men in the lowest calcium score category (up
to 100). In women with a calcium score above 500, stroke had occurred 2.4
times more often than in women with a calcium score up to 100.

Various aspects of the study need to be addressed. First, scans were
obtained from 2,263 subjects (67%) participating in the Rotterdam study.
Comparison of characteristics of subjects who completed the third examination
with and without EBCT scanning showed a lower percentage of men in the
group without EBCT scan, but otherwise small, mostly non-significant
differences. Subjects living in institutions were not invited for EBCT scanning
and thus not included in this comparison. Furthermore, subjects with severe
disability, possible resulting from a cerebrovascular event, may not have
attended the third examination and thus were not invited for scanning. If reasons
for non-participation are related to the amount of coronary calcification, this
may have limited the range of calcium scores in our study. Second, calcium
scores were not available for al subjects who were scanned, due to archiving
problems, which occurred randomly and will not have affected the results.
Third, various minimal number of pixels have been used for distinguishing true
foci of calcium from noise. The threshold we used for detection of coronary
calcifications was two consecutive pixels. Some studies have used higher
thresholds to reduce the contribution of noise. However, in a subgroup of
subjects, we found a very high correlation coefficient (r=0.99) between calcium
scores, obtained using a threshold of two pixels and a threshold of four pixels.

Fourth, due to the fact that the association of coronary calcification with
stroke was evaluated in a cross-sectional study design, only survivors of a
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cerebrovascular event are included as cases. It is uncertain whether we would
have found the same risk estimates for fatal events. Moreover, survivors of
stroke are more likely to have had less severe types of stroke like lacunar
infarctions and partial infarctions. This may have limited the range of stroke
severity among the cases. Since there was an interval between the occurrence of
stroke and scanning of 8.8 years on average, subjects may have been classified
into a different calcium score category than the classification would have been if
coronary calcification had been measured at the time of the cerebrovascular
event. Furthermore, the cerebrovascular event in the past may have initiated
medication use to reduce cardiovascular risk. This could have diminished the
contrast in coronary calcification between subjects with and without stroke,
resulting in underestimation of the risk estimates. After adjustment for
cardiovascular risk factors, risk estimates did not materially change. Thismay in
part be due to changes in risk factors in subjects after the cerebrovascular event,
leading to misclassification of risk factors. Finally, most of the cerebrovascular
events in our cohort were ischemic strokes (68%). Subtype analyses suggest that
associations of coronary calcification with ischemic stroke are similar to those
found for all strokes. Because of small numbers of events, we could not study
the association between coronary calcification and other types of stroke.
Non-invasive measures of atherosclerosis have been shown to predict
cerebrovascular events. Studies investigating the relation of carotid intima-
media thickness with stroke, have found relative risks ranging between 3.4 and
8.5 for highest versus lowest quintile or category of intima-media thickness.? A
low ankle brachial pressure index also indicates an increased risk of stroke, but
relative risks of stroke associated with these measures were lower.® A positive
association with risk of stroke has also been reported for carotid stenosis.>*#
Since we investigated the association between coronary calcification and stroke
in a cross-sectional design, the risk estimates cannot be directly compared with
the results from these studies. However, in our study coronary calcification was
strongly related to the presence of stroke. Prospective studies may find relative
risks of coronary calcification for cerebrovascular events comparable to or
higher than other non-invasive measures of atherosclerosis. If coronary
calcification detected by EBCT is going to be used for selection of
asymptomatic subjects at high risk of coronary events, it will be important to
realize that the high-risk subjects may also have an increased risk of stroke.
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In conclusion, we observed a strong and graded association between the

amount of coronary calcification and stroke in both men and women. Thisisthe
first study on the association between coronary calcification detected by
electron-beam CT and stroke. Although prospective data need to confirm our
findings, this population-based cross-sectional study suggests that the amount of
coronary calcification may identify subjects at high risk of cerebrovascular

events.
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Abstract

Background - Functional and structural arterial abnormalities have been
associated with the risk of cardiovascular disease. In a large population-based
study, the association of arterial stiffness with prevalent cardiovascular disease
was evaluated and its strength was compared with that of non-invasively
measured atherosclerosis.

Methods and Results - The study included 3,818 elderly participants of the
third examination phase of the Rotterdam Study. Ninety-five subjects had a
myocardial infarction and seventy-eight subjects had a history of stroke since
baseline examination. Arterial stiffness was determined at the third
examination by carotid-femoral pulse wave velocity as measure of aortic
stiffness and by common carotid distensibility as measure of carotid stiffness.
Measures of atherosclerosis were the ankle-brachial pressure index and
plaques in the carotid artery. Analyses were performed using logistic
regression analyses, adjusted for age, sex, mean arterial pressure, and heart
rate. Subjects with severe aortic stiffness had four-times more often a previous
myocardial infarction then the reference category (odds ratio, 959 confidence
interval: 4.0, 1.8-9.2). Aortic stiffness was not clearly associated with stroke.
Subjects with severe carotid stiffness had two-times more often a previous
myocardial infarction (2.3, 1.1-5.1) and twelve-times more often a previous
stroke (12.6, 2.7-58.1) then the reference categories. The strength of the
association of arterial stiffness with cardiovascular disease was comparable
with the strength of the associations of the ankle-brachial pressure index and
plaques in the carotid artery with cardiovascular disease.

Conclusion - The results of this study show that arterial stiffness is related to
cardiovascular disease in a general population of elderly subjects.
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INTRODUCTION

Measures of arterial stiffness have been found to be related to coronary artery
disease in cross-sectional studies among various populationst-3 and to
cardiovascular and all-cause death in three longitudinal studies, two among
subjects with end-stage renal disease*S and one among subjects with essential
hypertension.6 The relation of arterial stiffness with stroke has been scarcely
addressed. One small cross-sectional study reported increased aortic stiffness in
subjects with stroke.” Previous studies were al performed in small groups or in
selected subjects. The aim of the present study was to determine the association
of arteria stiffness with history of myocardial infarction and stroke in a large
general population of elderly subjects. We compared the strength of the
association between arterial stiffness and prevalent cardiovascular disease with
the strength of the association between non-invasively measured atherosclerosis
and prevalent cardiovascular disease. As measures of arterial stiffness we used
carotid-femoral pulse wave velocity (PWV) and common carotid arterial (CCA)
distensibility. Measures of atherosclerosis were the ankle-brachial pressure
index (ABPI) and plagues in the carotid artery.

METHODS

Study population

The Rotterdam Study is a population-based cohort study that aims at assessing
the occurrence of and risk factors for chronic diseases in the elderly. The
rationale and design of the Rotterdam study have been described in detail
elsewhere.8 Shortly, 7,983 subjects aged 55 years or over were included in the
first (baseline) examination phase that took place between 1990-1993. The
Medical Ethics Committee of the Erasmus Medical Center approved the study
and written informed consent was obtained from all participants. From 1997
until 1999 the third examination phase took place for which 5,901 subjects of
the original cohort were eligible of which 4,148 subjects attended the physical
examinations. Information on PWV or CCA distensibility or both was available
at the third examination for 3,818 subjects. A total of 339 subjects were
excluded because they had a myocardial infarction or stroke before baseline but
not between baseline and the third examination phase. Of the remaining 3,474
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subjects, information on PWV, distensibility, the ABPI, and carotid plagques was
available for 3,175, 2,825, 3,302, and 3,285 subjects, respectively. Missing
information was almost entirely due to logistic reasons.

Arterial Stiffness and Atherosclerosis

Arterial stiffness was measured by two different methods e.g., the carotid-
femoral PWV as measure of aortic stiffness and the CCA distensibility
coefficient (DC) as measure of CCA stiffness. Both measures were obtained
with the subject in supine position on the same day in the same room after five
minutes of rest. The order of measurements was fixed with first measurement of
PWV and approximately ten minutes later measurement of the DC. Before
measurement of PWV, blood pressure was taken twice with a conventiona
sphygmomanometer. PWV was assessed using an automatic device (Complior,
Colson, Garges-les-Gonesse Cx, France)® which measured the time delay
between the rapid upstroke of the feet of simultaneously recorded pulse waves.
The distance traveled by the pulse wave was measured over the surface of the
body with atape measure. PWV was calculated as the ratio between the distance
traveled by the pulse wave and the foot-to-foot time delay. The average of at
least 10 successive measurements, to cover a complete respiratory cycle, was
used in the analyses. The DC was assessed by measuring vessel wall motion of
the right CCA, with a Duplex scanner (Ultramark IV, ATL, Bothell,
Washington, USA) connected to a vessel wall movement detector system.10 The
end-diastolic diameter (D) and the change in diameter during systole (AD) were
computed as the mean of four cardiac cycles of three successive recordings.
Blood pressure was measured twice with a Dinamap automatic blood pressure
recorder. Pulse pressure (AP) was defined as systolic blood pressure (SBP)
minus diastolic blood pressure (DBP). The DC was calculated according to the
following equationt: DC = (2AD/D)/AP. Mean arterial pressure (MAP) was
defined as DBP + 1/3* AP from blood pressure readings during both arterial
stiffness measurements. A reproducibility study in 47 subjects showed an intra-
class correlation coefficient of 0.80 for both PWV and the DC.

Atherosclerosis was non-invasively assessed by the ABPI and by the
presence of carotid artery plaques. Ankle SBP was measured at the left and right
posterior tibial artery using an 8 MHz continuous wave doppler probe
(Huntleigh 500 D, Huntleigh Technology, Bedfordshire, UK) and a random zero
sphygmomanometer with the subject in supine position.’2 The ratio of SBP at

84



Arterial stiffness and risk of stroke

the ankle to SBP at the right arm was measured for both ankles and the lowest
ABPlI in ether leg was used.’3 For assessment of carotid plagues,
ultrasonography of both left and right common and internal carotid arteries and
carotid artery bifurcation was performed with a 7.5 MHz linear-array transducer
(Ultramark 1V, ATL, Bothell, Washington, USA). Plaques were defined as a
focal widening of the wall with protrusion into the lumen composed of either
only calcified deposits or a combination of calcified and non-calcified material.
A total carotid plague score was obtained by summation of presence of plaques
at the three locations of far and near wall of the left and right carotid artery. A
reproducibility study showed kappa's of 0.66 for the left, 0.68 for the right and
0.67 for either side.

Vascular Disease and Vascular Risk factors

Presence of vascular disease was defined as a first or recurrent myocardial
infarction or a first or recurrent stroke that had occurred between baseline
examination and the third examination phase (mean duration of follow-up: 6.6
years (range: 5.3 - 10.2 years)). Events were reported by general practitioners by
means of a computerized system or collected on yearly visits to their office. In
addition, discharge reports and letters of medical specialists were obtained for
hospitalized patients. Two independent physicians coded the events according to
the ICD 10. In case of disagreement, a medical expert in the field gave the final
coding. Of the 78 strokes included, 64 strokes were cerebral infarctions, 3
strokes were primary intracerebral hemorrhages, and 11 strokes were
unspecified because no neuro-imaging was available to determine the sub-type.

Information on smoking was obtained using a computerized
guestionnaire. Height and weight were measured and body mass index
(weight/height®) was calculated. Fasting blood samples were used to determine
serum total cholesterol and high-density lipoprotein (HDL) cholesterol by an
automatic enzymatic procedure and serum glucose by an enzymatic Hexokinase
method (all Boehringer Mannheim, Mannheim, Germany). Information on the
use of cardiovascular medication (diuretics, o-blockers, B-blockers, calcium
antagonist, ACE-inhibitors, peripheral vasodilators, or lipid lowering drugs) was
collected from the pharmacy.
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Statistical Analysis

Characteristics of subjects with and without myocardial infarction or stroke were
tested for differences between groups after adjustment for age using analyses of
covariance for continuous variables and logistic regression analyses for
dichotomous variables. The interrelationship between both measures of arterial
stiffness and both measures of atherosclerosis was calculated using Pearson’s
rank correlation. The odds ratios for having a previous myocardial infarction or
stroke per quartile of arterial stiffness or atherosclerosis were calculated using
logistic regression analyses adjusted for age, sex, MAP and heart rate. For this
purpose, we re-coded the carotid plague score in four categories in such a way
that each category comprised approximately 25% of the subjects. Increasing
quartiles of both PWV and carotid plaques represent increasing severity, while
increasing quartiles of both the DC and ABPI represent decreasing severity.
Accordingly, the lowest or the highest quartile was chosen as reference category.
Analyses were repeated with additional adjustment for several cardiovascular
risk factors (total cholesterol, HDL-cholesterol, glucose, body mass index, and
smoking) and after adjustment for the use of cardiovascular medication. Next,
we examined whether the associations of both arterial stiffness and
atherosclerosis with previous myocardial infarction and stroke were independent
of each other by additional adjustment for the other. All analyses were
performed using the SPSS 9.0 statistical package for Windows 98 (SPSS Inc.,
Chicago, Illinois, USA).

RESULTS

Characteristics of the study population are presented in table 1. Subjects without
a previous myocardial infarction or stroke were younger, less often male, had
fewer vascular risk factors and less often atherosclerotic disease as compared to
subjects with a previous myocardial infarction or stroke. Subjects with a
previous myocardia infarction had a lower SBP, DBP, and heart rate as
compared to subjects without a previous myocardial infarction or stroke. The
pearson’s rank correlation between PWV and the DC was —0.40 (p<0.001). The
pearson’s rank correlation between carotid plaques and the ABPI was —0.17
(p<0.001).

PWV and carotid plagues had the strongest association with previous
myocardial infarction (Table 2, Model 1). Subjectsin the highest quartile of both
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Table 1

Arterial stiffness and risk of stroke

Characteristics of the study population.

Characteristic

Subjects without

Subjects with

Subjects with

myocardial myocardial stroke
infarction or stroke infarction

Number 3310 95 78
Age (years) 72 (6.8) 74 (6.7)* 76(7.6)t
Men (%) 39 677 488,0
Systolic blood pressure (mmHg) 143 (21) 138 21)7 146 (20)0
Diastolic blood pressure (mmHg) 76 (11) 70 (1)} 75 (12)0
Pulse pressure (mmHg) 67 (17) 66 (18) 73 (19)0
Heart rate (bpm) 74 (12) 66 (12)t 71 (13)0
Smoking

Current(%) 15.8 17.9 13.0

Past(%) 48.4 60.07 57.1
Body mass index (kg/m2) 26.8 (4.0) 26.1 (4.1) 26.9 (3.6)
Total cholesterol (mmol/I) 5.9(1.0) 5.4 (1.0)t 5.9 (1.3
HDL-cholesterol (mmol/I) 1.4 (0.4) 1.2 (0.3)t 1.3(0.3)8
Serum glucose (mmol/I) 5.9 (1.4) 6.4 (2.3)1 6.2 (2.1)
Cardiovascular medication (%) 38.3 86.37 62.88,0
Peripheral arterial disease (%) 15.6 32.2% 40.98
Carotid artery plaques (%) 14.4 30.4% 29.08
Distensibility coefficient (10-3/kPa) 10.6 (4.4) 10.5 (4.8) 8.0 (3.3)8,0
Pulse wave velocity (m/s) 13.4 (3.0) 14.8 (3.3)t 146 (3.1)

Values are means(standard deviation) in case of continuous variables or percentages. “p<0.05
subjects with myocardial infarction versus subjects without myocardial infarction or stroke.
'p<0.05 idem, adjusted for age. ¥p<0.05 subjects with stroke versus subjects without
myocardial infarction or stroke. 3p<0.05 idem, adjusted for age. 0p<0.05 subjects with stroke
versus subjects with myocardial infarction, adjusted for age. HDL-cholesterol: High-density

lipoprotein cholesterol.
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Table 2

Risk (OR) and 959, confidence interval (Cl) of myocardial infarction per quartile of risk

indicator.

Model 1 Model 27

Measure n/events OR(95% CI) n/events OR(95% CI)
PWV(m/s) 3175/79 2858/70
15%(<11.3) 795/11 1.0(reference) 652/10 1.0(reference)
2M(11.3-13.1) 794/15 1.7(0.7-3.8) 747/13 1.5(0.6-3.6)
3(13.1-15.1) 795/23 2.6(1.2-5.6) 736/21 2.4(1.0-5.4)
4"(>15.1) 791/30 4.0(1.89.2) 723/26 3.5(1.5-8.5)
DC(103/kPa) 2825/77 2663/70
154(<7.4) 706/23 2.3(1.1-5.1) 572/23 2.0(0.9-4.5)
2"4(7.4-10.0) 706/20 1.8(0.9-3.8) 586/17 1.4(0.6-2.9)
3(10.0-13.2) 707/15 1.1(0.5-2.3) 604/11 0.8(0.4-1.7)
4(>13.2) 706/19 1.0(reference) 628/19 1.0(reference)
ABPI 3302/87 2428/57
1%4(<0.95) 787/36 3.2(1.6-6.4) 586/19 2.2(1.0-5.1)
2"4(0.95-1.05) 848/24 2.2(1.1-4.7) 595/18 2.2(1.0-5.0)
39(1.05-1.14) 832/16 1.6(0.7-3.5) 613/11 1.3(0.5-3.3)
4(>1.14) 835/11 1.0(reference) 634/9 1.0(reference)
CA Plaques 3285/90 2485/61
1540) 1074/11 1.0(reference) 814/8 1.0(reference)
2M(1) 601/8 1.3(0.5-3.2) 453/8 1.6(0.6-4.3)
3(2-3) 815/25 2.7(1.3-5.6) 633/18 2.4(1.0-5.6)
4M(4-12) 795/46 4.3(2.4-8.6) 585/27 3.3(1.4-7.6)

"Model 1: adjusted for age, sex, mean arterial pressure and heart rate. "Model 2: as model 1,
except models with PWV and DC additionally adjusted for ABPI and CA plaques and models

with ABPI and CA plaques additionally adjusted for PWV and DC.

n: number of subjects; OR: Odds ratio; Cl: Confidence interval; PWV: Pulse wave velocity; DC:
Distensibility coefficient; ABPI: Ankle-brachial pressure index; CA: Carotid artery.
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Table 3
Risk (OR) and 95%, confidence interval(Cl) of stroke per quartile of risk indicator.
Model 1* Model 21

Measure n/events OR(95% CI) n/events OR(95% CI)
PWV(m/s) 3175/72 2858/60
15%(<11.3) 795/8 1.0(reference) 744/6 1.0(reference)
2M(11.3-13.1) 794/11 1.0(0.4-2.6) 722/7 0.9(0.3-2.7)
3(13.1-15.1) 795/30 2.4(1.0-5.5) 704/27 3.1(1.2-7.9)
4M(>15.1) 791/23 1.4(0.5-3.4) 688/20 1.8(0.6-5.1)
DC(103/kPa) 2825/62 2663/53
154(<7.4) 706/32 12.6(2.7-58.1) 648/28 9.9(2.1-46.6)
2"4(7.4-10.0) 706/13 5.9(1.3-27.3) 664/9 3.7(0.8-18.1)
3(10.0-13.2) 707/15 7.2(1.6-32.0) 669/14 6.7(1.5-30.0)
4"(>13.2) 706/2 1.0(reference) 682/2 1.0(reference)
ABPI 3302/69 2428/49
14(<0.95) 787/29 2.0(1.0-3.9) 544/18 1.7(0.8-3.8)
2"4(0.95-1.05) 848/17 1.3(0.6-2.7) 634/12 1.2(0.5-2.9)
3(1.05-1.14) 832/10 0.8(0.3-1.8) 628/9 1.0(0.4-2.5)
4(>1.14) 835/13 1.0(reference) 622/10 1.0(reference)
CA plaques 3285/76 2485/55
1540) 1074/11 1.0(reference) 814/8 1.0(reference)
2M(1) 601/17 3.0(1.3-6.7) 453/11 2.3(0.9-5.7)
3"(2-3) 815/17 2.0(0.9-4.9) 633/13 1.5(0.6-3.7)
4™(4-12) 795/31 3.0(1.4-6.5) 585/23 2.5(1.1-5.8)

*Model 1: adjusted for age, sex, mean arterial pressure and heart rate. "Model 2: as model 1,
except models with PWV and DC additionally adjusted for ABPI and CA plaques and models
with ABPI and CA plagues additionally adjusted for PWV and DC.

n: number of subjects; OR: Odds ratio; Cl: Confidence interval; PWV: Pulse wave velocity; DC:
Distensibility coefficient; ABPI: Ankle-brachial pressure index; CA: Carotid artery.
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PWV and carotid plaques had four-times more often a myocardial infarction as
compared to subjects in the respective reference categories. Subjects in the
lowest quartile of the DC had two-times more often a myocardial infarction and
subjects in the lowest quartile of the ABPI had three-times more often a
myocardia infarction as compared to their reference categories.

Previous stroke was most strongly associated with the DC (Table 3,
Model 1). Subjects in the lowest quartile of the DC had twelve-times more often
a stroke as compared to the reference category. Subjects in the highest quartile
of carotid plagues had three-times more often a stroke and subjects in the lowest
quartile of the ABPI had two-times more often a stroke as compared to the
respective reference categories. PWV was not clearly associated with stroke.

Results did not change after additional adjustment for cardiovascular risk
factors (data not shown). After adjustment for the use of cardiovascular
medication, results for PWV and DC did not materially change except for the
association of DC with myocardial infarction which was no longer significant
(oddsratio, 95% confidence interval: 1.6, 0.7-3.7).

The odds ratios for previous myocardia infarction or stroke associated
with arterial stiffness and atherosclerosis, respectively, decreased slightly when
adjusted for the presence of the other, though results generaly remained
significant (Table 2, Model 2 and Table 3, Model 2).

DISCUSSION

Our results show that aortic stiffness is associated with previous myocardial
infarction. The strength of the association of aortic stiffness with myocardial
infarction is comparable with that of atherosclerosis. CCA stiffness is aso
associated with previous myocardial infarction, though less strongly. CCA
stiffness is strongly associated with previous stroke. The association is stronger
than that of measures of atherosclerosis with previous stroke. All observed
associations of arterial stiffness with cardiovascular disease were independent of
atherosclerosis.

Some methodological aspects need to be discussed. Firstly, assessment of
vascular events from baseline examination onwards was complete for both
myocardial infarction and stroke until January 1998. Because arterial stiffness
was measured until July 1999, recent occurrences of a myocardia infarction or
stroke were unknown, resulting in incorrectly classifying some subjects as free
of myocardial infarction or stroke. This misclassification of disease, however,
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can be considered to be independent of arterial stiffness and thus, if present, will
have led to an underestimation of the observed association. Secondly, changesin
life-style are likely to be induced by a cardiovascular event. This could diminish
long-term contrast in arterial stiffness and atherosclerosis between subjects with
and without a history of an event, which will lead to an underestimation of the
association. Moreover, longer time between an event and measurement of
arterial stiffness will result in more misclassification of arterial stiffness at the
time of the event, especially as arteries become stiffer with age. To minimize
these effects without losing too many events we included only myocardial
infarctions and strokes that occurred after baseline, resulting in a history of five
to ten years. Thirdly, we calculated the PWV by using the distance between
carotid and femoral artery, which islonger asthe ‘true’ distance belonging to the
time-delay between the pulse waves resulting in an overestimation of the PWV.
Because variations in anatomy are limited, this overestimation can be considered
similar for all subjects and therefore will not have serioudy affected our results.
Further, we calculated the DC by adjusting the distension of the CCA for pulse
pressure measured in the brachial artery. We thereby assume that pulse pressure
measured in the brachial artery is representative of pulse pressure in CCA.
Several studies support the validity of using of brachial pressures as a proxy of
aortic.1416 To the best of our knowledge, there are no studies evauating the
validity of using the brachial pulse pressure in stead of carotid pulse pressure.
However, the aorta is a more central artery than the carotid artery. If using
brachial pressures instead of aortic pressures is reasonably valid, the bias
introduced by using brachial pressures instead of carotid pressures probably will
be limited also. Finally, some subjects could not be included for various reasons,
e.g. evaluating the association of risk indicators with disease in subjects with
prevalent disease means only including survivors of myocardial infarction and
stroke. Additionally, survivors of a myocardial infarction or stroke with
considerable physical impairment might not be willing to visit the research
center. Further, information on measures of arterial stiffness and measures of
atherosclerosis was not available for all subjects attending the third examination
phase due to logistic reasons. We do not think that missing these subjects has
seriously altered our results. Missing subjects with severe disease will probably
have led to an underestimation of the association, while random loss of subjects
due to logistic reasons will not have biased our results.
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We found both aortic and CCA stiffness to be associated with previous
myocardia infarction. Various previous studies showed a relation between
arterial stiffness and coronary artery disease!-3 but these studies included only a
small number of subjects. We found CCA stiffness to be associated with
previous stroke, while no such association was found for aortic stiffness.
Previous studies on the association between measures of arterial stiffness and
stroke are limited to one cross-sectional study on aortic stiffness. This study
found, in contrast with our results, a strong association.” However, the observed
association between aortic stiffness and stroke in this study may be confounded
by blood pressure as the blood pressure corrected index of aortic distensibility
Cp used in this study was still significantly correlated with blood pressure in
subjects with stroke.

The association of arterial stiffness with cardiovascular disease may be
explained partly through an association of arterial stiffness with atherosclerosis.
Our results indicate, however, that the associations between measures of arterial
stiffness and previous myocardial infarction and stroke were only dightly
attenuated after including measures of atherosclerosis in the model. This
suggests that additional mechanisms play a role. Arterial stiffness leads to an
increased pulse pressure which has been shown to be strongly related to
myocardial infarcti on."" In our data, however, there seemed to be no difference
in pulse pressure between subjects with or without a previous myocardial
infarction (table 1) but thisislikely to be due to increased use of cardiovascular
medication in subjects after an event occurred. The stronger association of aortic
stiffness as compared to CCA stiffness with myocardial infarction can probably
be explained by the larger influence of the thoracic aorta than the CCA on
afterload of the heart. Recent evidence shows that an increased pulse pressure, is
also a strong risk factor for stroke.18 Our results show that CCA stiffness was
strongly associated with previous stroke, comparable with the association of
measures of atherosclerosis with previous stroke. Some authors suggest that the
risk of embolisms due to rupture of plaques is increased in tiff arteries.1®
Especially when inhomogeneities in stiffness in and around the plaque are
present, thisis likely to result in increased strain on the plague and subsequent
rupture. If this mechanism adds to the association between CCA stiffness and
previous stroke it would imply an interaction between common carotid artery
plaques and stiffness in which the presence of one increases the risk associated
with the other and vice versa. Unfortunately, we could not evaluate a possible
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interaction because of too small numbers of events. The absence of a clear
association between aortic stiffness and previous stroke is difficult to explain, as
one would expect to find an association between aortic stiffness and previous
stroke when arterial stiffening is a generalized process throughout the arterial
tree. Also, aortic stiffness probably contributes to an increased carotid pulse
pressure. To what extend difference in the employed method to assess aortic and
carotid stiffness adds to the observed difference in association of aortic and
carotid stiffness with myocardial infarction and stroke is difficult to establish.

This is the first large population-based study showing an association
between arterial stiffness and cardiovascular disease. The strength of the
association of arteria stiffness with cardiovascular disease is comparable with
the strength of non-invasive measures of atherosclerosis with cardiovascular
disease. The finding that the association of arterial stiffness with myocardial
infarction and stroke remains after adjustment for atherosclerosis suggests that
arterial stiffness is an independent risk factor for cardiovascular disease in a
general population of elderly subjects.

In conclusion, our results showed that arterial stiffness is associated with
cardiovascular disease in a general population of elderly subjects. Aortic
stiffness was most strongly associated with myocardial infarction while carotid
stiffness showed a stronger association with stroke.
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Abstract

Background - Several measures of atherosclerosis predict the risk of stroke.
However, a comparison between various measures of atherosclerosis is lacking
and limited information exists on the added value of individual measures of
atherosclerosis to cardiovascular risk factors. We compared different measures
of atherosclerosis in relation to the risk of stroke.

Methods and results - The study was based on the prospective cohort of the
Rotterdam Study and included 6,913 participants who did not suffer from a
previous stroke. At baseline, carotid intima-media thickness and plaques, ankle
arm index and presence of aortic calcifications were assessed. After a mean
follow-up of 6.1 years, 378 strokes occurred. Cox proportional hazards
regression and Akaike's information criteria scores were used to evaluate the
strength of the relation between each measure of atherosclerosis and stroke
and to assess the contribution to classical cardiovascular risk factors. Carotid
intima-media thickness and aortic calcifications were strongest related to the
risk of stroke (RR 2.23 (959% Cl 1.48-3.36) and 1.89 (95% Cl 1.28-2.80) for
highest versus lowest tertile, respectively). The relations between intima-media
thickness, aortic calcifications and carotid plaques and stroke remained after
adjustment for cardiovascular risk factors. Intima-media thickness and aortic
calcifications were independently of each other related to the risk of stroke.
Ankle arm index was not a good predictor for stroke, since the relation
disappeared after adjustment for cardiovascular risk factors.

Conclusions - Carotid intima-media thickness and aortic calcifications are the
strongest risk factors for stroke. They have additional value to each other and
to classical risk factors and may reflect different processes.
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A comparison between measures of atherosclerosis and risk of stroke

INTRODUCTION

Several non-invasive measures of atherosclerosis, including carotid artery
intima-media thickness, carotid plaques, ankle arm index and aortic
calcifications are related to the risk of stroke in the population.** Most studies
have focused on individual measures of atherosclerosis and there are few studies
that have made a comparison between measures of atherosclerosis in the
prediction of stroke.” It is still unclear whether all measures of atherosclerosis
reflect the same process. Carotid intima-media thickness is considered to be a
marker of generalized atherosclerosis.® Carotid plagues are reported to be
markers of generalized atherosclerosis as well as sources of emboli.” Recently it
was reported that ankle arm index may only reflect an unfavorable
cardiovascular risk profile.® Calcifications in the vessel wall are considered to
reflect the extent of atherosclerosis elsewhere.? Therefore, measures reflecting
the amount of calcification in the atherosclerotic plague such as aortic
atherosclerosis, visualized on X-ray,” may be strongly related to stroke. Data on
the contribution of each individual measure of atherosclerosis to classical
cardiovascular risk factors in relation to stroke are limited.’® We evaluated and
compared the strength of the relation between carotid plaques, carotid intima-
media thickness, ankle arm index and aortic calcificationsin relation to stroke in
a population of elderly subjects.

POPULATION

The study is part of the Rotterdam Study, a population-based cohort study on
chronic and disabling diseases in the elderly. All inhabitants of Ommoord, a
district of Rotterdam, aged 55 years or over were invited. People living in homes
for the elderly were included. Participation rate of those invited for the study
was 78% and in total 7,983 subjects participated.’t The Medical Ethics
Committee of Erasmus University Rotterdam approved the study. Written
informed consent to retrieve information from treating physicians was obtained
from all participants. Baseline measurements were obtained from 1990 to 1993
and consisted of a home interview and two visits to the research center for
physical examination. A total of 7,721 participants were free from previous
stroke. At the baseline visit to the research center we assessed several measures
of atherosclerosis, including carotid intima-media thickness, carotid plagques,
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ankle arm index and aortic calcifications. The study population consisted of
6,913 persons who had assessment of at least one measure of atherosclerosis.

ASSESSMENT OF ATHEROSCLEROSIS AT BASELINE

Carotid intima-media thickness and carotid plaques

Participants underwent B-mode ultrasonography of both carotid arteries. We
measured intima-media thickness of the common carotid artery according to a
standardized protocol as published previously.* During ultrasonography, the left
and right common carotid artery, bifurcation and internal carotid artery were
visualized and examined for the presence of plagues which were defined as focal
widenings of the vessel wall of more than 50% relative to adjacent segments,
with protrusion into the lumen. The total plaque score reflected the total number
of sites with plagues and ranged from O to 6 (left and right-sided common
carotid artery, bifurcation and internal carotid artery).” When data on one or
more sites were missing, a weighted plague score was computed, based on the
available number of sites. We divided the number of sites with a plague by the
number of sites with plague assessment and multiplied by 6. A reproducibility
study of the plague assessment resulted in a kappa of 0.66 for the left, 0.68 for
the right carotid artery and 0.67 for either side, indicating moderate agreement. ™

Ankle arm index

The systolic blood pressure of the posterior tibial artery was measured on both
sides, using an 8 MHz continuous-wave Doppler probe (Huntleigh 500 D,
Huntleigh  technology, Bedfordshire, UK) and a random-zero
sphygmomanometer.™ Sitting blood pressure of the right arm was measured
twice with a random-zero sphygmomanometer. The mean blood pressure was
used to calculate the ankle arm index for each leg. In the analyses we used the
lowest measurement. Because of possible measurement artifacts reflecting the
presence of rigid or calcified walls, 36 participants with an ankle arm index >1.5
were excluded.

Aortic calcification

Aortic calcification was diagnosed by radiographic detection of calcified
deposits in the abdominal aorta.® At baseline, lateral abdominal films (T12-S1)
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were made from a fixed distance while the subject was seated. Aortic
calcifications were considered to be present when linear densities were seen in
an area parallel and anterior to the lumbar spine (L1-L4). Baseline values for the
extent of calcification were scored into 5 categories according to the length of
the involved area (one plague 0.5-1.0 cm, several disseminated plagues <2.5 cm,
2549 cm, 5.0-9.9 cm and >=10 cm). Readers were blinded to clinical
information. X-rays of the lumbar spine were available for 5,796 participants
who visited the research center (84%). Logistic reasons accounted for most of
the missingness of X-rays (n=1,925). Missing calcification scores (n=165) were
due to visualization problems, e.g. aorta not clearly depicted on X-ray. The
validity of radiographic assessment of aortic calcification has been studied by
comparing results of this method with data obtained at autopsy. Radiographic
assessment was shown to be highly specific, and in most cases visible
calcification represented advanced intimal atherosclerosis.** Intimal calcification
was also shown to be clearly distinguishable from medial calcification. A
comparison study involving computed tomograph (CT) was performed at our
department. In 56 unselected elderly persons, aortic cacifications were
independently assessed by radiography and CT. Calcifications were detected on
abdominal radiography in 32 subjects. In all but 1 person, these calcifications
were shown to be located in the aorta on the corresponding CT images.’

The number of participants with data available on carotid intima-media
thickness, plagues, ankle-arm index and aortic calcifications were 5,479, 5,440,
6,196 and 5,631, respectively. Data on all measurements of atherosclerosis were
available for 3,996 participants. Participants with data available on al
measurements were on average 4.6 years younger (95% CI 4.2-5.1), were more
often male (41% vs. 38%), had 2.6 mm Hg (95% CI 1.5-3.7) higher systolic
blood pressure, and 0.09 mmol/L (95% CI 0.0-0.1) higher total cholesterol level,
compared with participants with missing values for one or more measures of
atherosclerosis (adjusted for age and/or gender). We observed no differences in
diastolic blood pressure, diabetes, smoking and cholesterol.

Assessment of stroke

During the baseline interview a previous stroke was assessed by asking “Did
you ever suffer from a stroke, diagnosed by a physician?’. Medical records of
subjects who answered ‘yes were checked in order to verify the diagnosis.™® A
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history of TIA was aso assessed during the baseline interview. All reported
TIAs were reviewed by a neurologist.’® Once subjects enter the Rotterdam Study
they are continuously monitored for major events through automated linkage of
the study database with the files from general practitioners. Information on vital
status is obtained at regular intervals from the municipal authorities in
Rotterdam. When an event or death has been reported, additional information is
obtained by interviewing the general practitioner and scrutinizing information
from hospital discharge records in case of admittance or referral. A neurologist
(P.J.K.) reviewed information on all possible strokes and classified the stroke as
definite, probable or possible. A stroke was definite if the diagnosis was based
on typical clinical symptoms and neuro-imaging excluded other diagnoses. A
stroke was considered probable in case typical clinical symptoms were present
but neuro-imaging was not performed. For fatal strokes, other causes of death,
especially cardiac, should have been excluded. A stroke was classified as
possible if clinical symptoms were less typical and neuro-imaging was not
performed, or if a cardiac cause of death could not be excluded in case of
reported stroke. Subclassification in hemorrhagic or ischemic stroke was based
on neuro-imaging, which was available for 61% of all cases. Follow-up was
available for all participants until January 1, 1999.

Cardiovascular disease status and risk factors

Information on current health status and medical history at baseline was
obtained using a computerized questionnaire. Participants smoking status was
asked and subjects were classified as current, former or never smoker. At
baseline, information on current health status, medication use and medica
history including previous myocardial infarction, coronary bypass surgery and
coronary angioplasty was obtained using a computerized questionnaire. All
reported myocardia infarctions were verified by using medical records. History
of intermittent claudication and angina pectoris was assessed through the Rose
questionnaire.’” Non-fasting blood samples were taken and serum total
cholesterol and high-density lipoprotein (HDL) cholesterol were measured using
an automated enzymatic procedure. Sitting blood pressure was measured twice
on the right arm with a random-zero sphygmomanometer. In the analyses we
used the average of the two measurements. Diabetes mellitus was defined as use
of oral blood glucose lowering drugs or insulin or random or post-load serum
glucose level higher than 11.0 mmol/L, according to the World Health
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Organization criteria™® Atrial fibrillation was assessed by an electrocardiogram.
A history of cardiovascular disease was coded if participants had a history of
TIA, myocardial infarction, angina pectoris, intermittent claudication, atrial
fibrillation, coronary bypass surgery and/or coronary angioplasty.

DATA ANALYSIS

We evaluated the relationship between carotid intima-media thickness, carotid
plaques, ankle-arm index and aortic calcifications and risk of first-ever stroke
and cerebral infarction using Cox regression analysis. The data were analyzed in
several ways. First, we assessed the risks in participants in tertiles, taking the
least severe atherosclerosis as the reference. A composite atherosclerosis score
was obtained by adding up the scores for the separate measures of
atherosclerosis (range 0-8). We further analyzed carotid intima-media thickness
and ankle-arm index per standard deviation increase, and carotid plagues and
aortic calcifications per unit increase. The analyses were adjusted for age and
gender and additionally for diabetes mellitus (yes, no), smoking (current, former
or never), systolic and diastolic blood pressure, total and HDL cholesterol level.
Results are presented as relative risks with corresponding 95% confidence
intervals.

We used Akaike optimal information criteria (AIC) to evaluate the
prognostic ability of the measures of atherosclerosis as compared to a reference
model.*® This method allows to take both follow-up time and differences in
numbers of degrees of freedom into account. The height of the AIC score
reflects the prognostic value and a positive score indicates that adding the
measure of atherosclerosis results in an improvement of the reference model.
The Akaike information criterium was calculated as the Chi square statistic of
the significant change for the extended model, as compared to a reference
model, minus 2 times the number of degrees of freedom. For these analyses we
restricted ourselves to participants with information available on all measures of
atherosclerosis. We entered carotid intima-media thickness and ankle arm index
as continuous variables and carotid plagues and aortic calcifications as
categorical variables into the model. First, we used a model including age and
gender as reference. Then, the reference model was expanded with diabetes
mellitus, smoking, diastolic and systolic blood pressure, total and HDL
cholesterol and additionally with history of cardiovascular disease. We further
used stepwise regression analysis to assess which measures of atherosclerosis

101



Chapter 3.6

were independently related to the risk of stroke and cerebral infarction. Age and

gender were forced into the model.

RESULTS

Table 1 shows baseline characteristics of the study population. A total of 378
strokes occurred during a mean follow-up time of 6.1 years (42,272 person-
years). Of these, 198 were cerebral infarctions (52%). Table 2 shows that
participants in the highest tertile of carotid intima-media thickness had an
approximately 2.5-fold increased risk of stroke as compared to the lowest tertile.

Table 1

Baseline characteristics of the study population.

Study population n=6913

Age (years)
Gender (% female)
Diastolic blood pressure (mm Hg)
Systolic blood pressure (mm Hg)
Total cholesterol (mmol/L)
HDL-cholesterol (mmol/L)
Diabetes (%)
Smoking (%)

(current)

(former)
History of cardiovascular disease (%)
Mean common carotid IMT (mm)
Carotid plaque score
Ankle-arm index
Aortic calcifications (%)

No

0.5-1.0 cm

1.0-2.5cm

2549 cm

5.0-9.9 cm

>=10cm

69.5 (9.2)
60.3

73.6 (11.7)
139.2 (22.4)
6.6 (1.2)
1.3(0.4)
10.0

22.7
41.6

24.4

0.80 (0.16)
1.4

1.06 (0.23)

334
9.5
26.6
17.7
10.7
2.2

Values represent means (SD), IMT: Intima-media thickness.
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Table 2

Relative risk of stroke in relation to measures of atherosclerosis.

Measure of Atherosclerosis No.at No.of Relative risk® Relative risk™
risk cases

IMT (mm)

Tertiles Low 1777 35 1.00 1.00
Intermediate 1820 90 1.66 (1.10-2.51) 1.64 (1.01-2.66)
High 1882 169 2.23(1.48-3.36) 2.42 (1.51-3.89)

Per SD increase 1.29(1.15-1.44) 1.28 (1.15-1.44)

Carotid plaques

Tertiles Low 2225 72 1.00 1.00
Intermediate 1826 101  1.24(0.89-1.71) 1.18 (0.82-1.71)
High 1389 122 1.61(1.16-2.23) 1.47 (1.02-2.13)

Per category increase 1.13(1.05-1.21) 1.15(1.07-1.24)

Ankle-arm index

Tertiles High 2069 78 1.00 1.00
Intermediate 2061 87 1.08 (0.79-1.47) 0.99 (0.66-1.46)
Low 2066 160 1.55(1.16-2.07) 1.28 (0.87-1.88)

Per SD decrease 1.10 (0.98-1.24) 1.13(1.00-1.26)

Aortic calcification

Tertiles Low 1881 40 1.00 1.00
Intermediate 2032 96 1.45(0.99-2.14) 1.21 (1.06-1.52)
High 1718 133 1.89(1.28-2.80) 1.63(1.06-2.52)

Per category increase 1.20(1.09-1.32) 1.21 (1.10-1.33)

Composite score

Tertiles Low 1336 20 1.00 1.00
Intermediate 1263 48  2.05(1.21-3.48) 1.52 (0.83-2.80)
High 1397 129 4.20 (2.55-6.90) 2.71 (1.50-4.90)

Per category increase

1.24 (1.14-1.35)

1.26 (1.16-1.38)

Ranges for tertiles were <0.72, 0.72-0.84, >0.84 for IMT, 0O, 1-2, 3-6 for carotid plaques,
<1.01,1.01-1.17, >1.17 for ankle arm index, 0, 1-2, 3-5 for aortic calcifications, 0-2, 3-4, 5-8
for compound score. IMT: Intima-media thickness, * Adjusted for age and gender, q adjusted
for age, gender, diabetes mellitus, smoking, systolic and diastolic blood pressure, cholesterol
and HDL cholesterol level and history of cardiovascular disease.
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Table 3

Relative risk of cerebral infarction in relation to measures of atherosclerosis.

Measure of Atherosclerosis No. at No. of  Relative risk* Relative risk™
risk cases

IMT (mm)

Tertiles Low 1777 22 1.00 1.00
Intermediate 1820 59 2.30(1.40-3.78) 2.26(1.34-3.81)
High 1882 82 2.95(1.79-4.87) 2.30(1.34-3.94)

Per SD increase 1.33(1.15-1.54) 1.20(1.02-1.41)

Carotid plaques

Tertiles Low 2225 42 1.00 1.00
Intermediate 1826 59 1.56 (1.04-2.33) 1.38(0.91-2.09)
High 1389 63 2.14 (1.42-3.23) 1.55(1.00-2.40)

Per category increase 1.18(1.08-1.30) 1.09(0.99-1.20)

Ankle-arm index

Tertiles High 2069 45 1.00 1.00
Intermediate 2061 42 0.97 (0.63-1.48) 0.77 (0.50-1.20)
Low 2066 78 1.71(1.16-2.52) 1.02 (0.66-1.56)

Per SD decrease 1.28(1.12-1.47) 1.09(0.92-1.28)

Aortic calcification

Tertiles Low 1881 24 1.00 1.00
Intermediate 2032 60 1.95(1.21-3.15) 1.73(1.04-2.85)
High 1718 78 2.70(1.67-4.35) 2.10(1.26-3.50)

Per category increase 1.30(1.16-1.45) 1.21(1.07-1.37)

Composite score

Tertiles Low 1336 14 1.00 1.00
Intermediate 1263 31 2.03(1.07-3.85) 1.72(0.90-3.30)
High 1397 74 3.96 (2.16-7.26) 2.63(1.38-5.05)

Per category increase

1.35 (1.22-1.48)

1.22 (1.10-1.36)

Ranges for tertiles were <0.72, 0.72-0.84, >0.84 for IMT, 0O, 1-2, 3-6 for carotid plaques,
<1.01,1.01-1.17, >1.17 for ankle arm index, 0, 1-2, 3-5 for aortic calcifications, 0-2, 3-4, 5-8
for compound score. IMT: Intima-media thickness, * Adjusted for age and gender, q adjusted
for age, gender, diabetes mellitus, smoking, systolic and diastolic blood pressure, cholesterol
and HDL cholesterol level and history of cardiovascular disease.
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Chapter 3.6

The corresponding risks in the severest tertiles of ankle arm index and carotid
plaques were approximately 1.5-fold increased. Severe aortic calcifications
approximately doubled the risk of stroke. We observed afour-fold increased risk
of stroke for participants in the highest tertile of the composite atherosclerosis
score. Additional adjustment for cardiovascular risk factors and history of
cardiovascular disease attenuated the risk estimates, but the risks remained
significantly increased, except for those related to alow ankle arm index. Table
3 shows that the results were largely similar for cerebral infarctions.

Table 4 shows the additional values for the different measures of
atherosclerosis beyond traditional cardiovascular risk factors. It shows that
intima media thickness and aortic calcifications had the highest added value to
predict stroke if compared to a model including age and gender (model 1). The
additional value of both measures remained if compared to a model with
cardiovascular disease (model 11). The AIC scores diminished when the
reference model was expanded with history of cardiovascular disease (model
[11). Ankle arm index performed worst of all and lost the additional value for
stroke if compared to a reference model including age, gender and
cardiovascular risk factors (model 11).

Finaly, we analyzed all measures of atherosclerosis in a stepwise
regression model in which we forced the variables age and gender. Both for
stroke and cerebral infarction, carotid intima-media thickness and aortic
calcifications were included (P<0.05).

DISCUSSION

In our population-based study among 6,943 participants, we found that carotid
intima-media thickness and aortic cal cifications were the strongest predictorsfor
stroke. Carotid plaques and ankle arm index were less strong predictors. The
relation between ankle-arm index and stroke was no longer statistically
significant when cardiovascular risk factors were taken into account. Carotid
intima-media thickness and aortic calcifications predict the risk of stroke
independently of each other. This indicates that they may represent different
pathophysiol ogical mechanisms.

Before we interpret our results some methodological issues need to be
addressed. First, some analyses were restricted to participants with assessment
of all measures of atherosclerosis. Since the overall vascular risk profile was not
very different between people with and without complete data on all measures of
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atherosclerosis, we think that this has not caused a selection bias. Furthermore,
misclassification of atherosclerosis could have occurred and we may have
misclassified some strokes or subtypes of stroke. We restricted our analysis to
CT or MRI confirmed cerebral infarctions to reduce misclassification. However,
classification of atherosclerosis was done blinded for stroke status and vice
versa. Hence, if misclassification had occurred, it islikely to be non-differential,
leading to underestimation of the observed effects.

The main issue in our study was to determine which measures of
atherosclerosis are strongest predictors of the risk of stroke and cerebral
infarction. Carotid intima-media thickness and ankle-arm index were continuous
measures and carotid plaques and aortic calcifications were categorical
measures. Evaluation of relative risks in tertiles allowed us to compare the
relative risks.

Intima-media thickness has widely been investigated as a measure of
generalized atherosclerosis. Our results show the robustness of the relation
between intima-media thickness and stroke. Presence of aortic calcifications was
an important risk indicator for stroke, even when information on carotid intima-
media thickness or cardiovascular risk factors was taken into account. Two
mechanisms could explain the persistence of such association. First,
calcifications could reflect arterial stiffness, leading to hypertension and stroke.
The relationships remained significant after adjustment for blood-pressure and
arterial stiffness has not consistently been shown to be a risk factor for
stroke®# Still, this hypothesis should not be turned down, since one
measurement of blood-pressure is a poor reflection of the lifetime exposure.
Another factor to consider is that calcifications may represent presence of
atherosclerotic lesions in the aortic arch, or carotid arteries, from which emboli
can be released. A plausible explanation for our finding that intima-media
thickness and aortic calcifications are related to stroke, independent of each
other, is that both markers of atherosclerosis reflect different processes, as we
described.

Ankle arm index was the poorest predictor for stroke, since it lost the
predictive ability after taking cardiovascular risk factorsinto account. Thisresult
supports the findings by the Atherosclerosis Risk In Communities Study in
which the relation between ankle arm index and stroke also diminished after
adjustment for cardiovascular risk factors.® Our study confirms that ankle-arm
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index has little prognostic ability beyond traditional risk factors for stroke and
cerebral infarction.

In summary, carotid intima-media thickness and aortic calcifications are

the most strong predictors for stroke. Carotid intima-media thickness, plagues
and aortic calcifications have additional value to traditional cardiovascular risk
factors. The results of our study merit further research on individual stroke-risk
assessment that includes measures of atherosclerosis. In addition to carotid
intima-media thickness, information on calcifications in the vessel wall may
help in identifying people at high risk of stroke.
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Summary

Background - There is controversy as to whether sex hormones, and in
particular estradiol, are related to the risk of stroke. The relation between
endogenous sex hormones and risk of stroke in men and postmenopausal
women is not yet clear.

Methods - We analyzed cohort of 6,735 participants from the population-based
Rotterdam Study, who were free from previous stroke, reported no hormone
therapy and had a blood sample taken at baseline (1990-1993). The cohort
was followed for stroke until January 1 1998. A total of 217 strokes occurred.
Total and bioavailable estradiol and testosterone were measured in stroke
cases and a subcohort of 1,372 random participants. The relation between sex
hormones and stroke in men and women was assessed using a case cohort
approach and Cox regression.

Findings - Endogenous sex hormone levels were not related to the risk of
stroke in women. In men, higher estradiol levels were related to a decreased
risk of stroke, although not statistically significant. Higher testosterone levels
were related to a lower risk of stroke and cerebral infarction (RR 0.44 (959, CI
0.26-0.77) and 0.39 (959% CI 0.22-0.71) per SD increase in bioavailable
testosterone, respectively). A statistically significant interaction was found
between current smoking and testosterone. Particularly in male non-smokers,
higher testosterone levels were related to a lower risk of stroke.

Interpretation - Endogenous sex hormones are not related to the risk of stroke
in postmenopausal women. Higher testosterone levels are related to a lower
risk of stroke in men, particularly in those who do not smoke.
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INTRODUCTION

Sex hormones, and in particular estradiol, may play a role in the differences
between men and women in the occurrence of cardiovascular disease. Yet,
several studies on estrogen replacement therapy in women failed to report a
beneficial effect on stroke.*” The role of endogenous sex hormones in elderly
men and women is not yet clear. With ageing, hormone levels decline in both
sexes, with women experiencing a rapid decline after menopause and men
having a more gradual decrease with age.®* To date, it is unclear whether lower
endogenous sex hormone levels are related to an increased risk of stroke.
Hospital-based studies have reported decreased levels of testosterone in men
with coronary artery disease and acute stroke.>® However, this relationship has
not yet been investigated in a population. We hypothesized that a low estradiol
level in women, and a low testosterone level in men is related to an increased
risk of stroke. We investigated this relationship in an elderly population of
elderly men and postmenopausal women.

METHODS

Study population

The study was conducted in the Rotterdam Study, a population-based, single-
center cohort study on chronic diseases in the elderly.” All inhabitants of
Ommoord, a district of Rotterdam, aged 55 years or older were invited to the
study. People living in homes for the elderly were also included. The Medical
Ethics Committee of Erasmus University Rotterdam approved the study. Written
informed consent to retrieve information from treating physicians was obtained
from all participants. Participation rate of those invited to the study was 78%
and in total 7,983 subjects participated. Baseline measurements were obtained
from 1990 to 1993 and consisted of an interview at home and two visits to the
research center for physical examination. For the present analysis, 6,732 persons
(2,727 men and 4,005 women) were eligible who had a blood sample taken, had
no history of stroke and did not use any hormone therapy at baseline.
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Study design

We used a case cohort approach.? Among the 6,732 eligible persons, we selected
a random subcohort of 1,372 participants, including 647 men and 725 women.
All eligible persons were followed-up for stroke until January 1 1998. A total of
217 strokes had occurred. Among these, 51 occurred in the subcohort.

Steroid hormone measurements

We took non-fasting blood samples during the baseline-visit to the research
center. Samples were taken between 8.30 AM and 4.00 PM. Platelet-free plasma
was obtained by two-stage centrifugation, first for 10 minutes at 1,600 g at 4°C
and then for 30 minutes at 7,000 g. Platelet-free samples were immediately
frozen in liquid nitrogen and transferred to the laboratory. At the laboratory the
plasma samples were stored at -80°C until hormone assessment. Plasma levels
of steroids (testosterone and estradiol) and sex hormone binding globulin
(SHBG) were estimated in 12 batches using coated tube or double antibody
radioimmunoasays, purchased from Diagnostic Systems Laboratories (Webster,
Texas, USA). Because of the relatively small volumes of plasma available, al
values reported are single sample estimations. Intra-assay coefficients of
variation, determined on basis of duplicate results of internal quality control
plasma pools with 3 different levels of each analyte, were below 4% (SHBG),
21% (estradiol) and 13% (testosterone). The results of al batches were
normalized by multiplying al concentrations within a batch with a factor, which
equalized results for the internal quality control pools. Assays were performed
blinded for outcome. Bioavailable estradiol and testosterone (non-SHBG bound)
were calculated on the basis of hormone and binding protein levels and
respective affinity constants according to the method described by Sodergérd °
and Van den Beld et a.™° Total testosterone and estradiol were measured in 613
and respectively 494 men and in 718 and respectively 587 women. We were
able to measure bioavailable testosterone and estradiol in 457 (74.6%) and 331
(67.0%) men, respectively. Corresponding numbers for women were 579
(80.6%) and 438 (74.6%), respectively. Missing hormone values did not differ
according to case status.
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Assessment of stroke

A previous stroke was assessed during the baseline interview by asking “did you
ever suffer from a stroke, diagnosed by a physician?’ Medical records of
subjects who answered ‘yes were checked in order to verify the diagnosis.™
Once subjects enter the Rotterdam Study they are continuously monitored for
major cardiovascular events through automated linkage with the filesfrom GP's.
Information on vital status is obtained at regular intervals from the municipal
authorities in Rotterdam. When an event or death has been reported, additional
information is obtained by interviewing the GP and by scrutinizing information
from hospital discharge recordsin case of admittance or referral. Information on
all possible strokes was reviewed by a neurologist (PJK) who classified the
stroke as definite, probable or possible and assessed subtypes, based on neuro-
imaging.”* A stroke was definite if the diagnosis was based on typical clinical
symptoms and neuro-imaging excluded other diagnoses. A stroke was
considered probable in case typical clinical symptoms were present but neuro-
imaging was not performed. For fatal strokes, other causes of death, especially
cardiac should have been excluded. A stroke was classified as possibleif clinical
symptoms were less typical and neuro-imaging was not performed, or if a
cardiac cause of death could not be excluded in case of areported stroke.

Cardiovascular risk factors

A computerized gquestionnaire was used to obtain information on current health
status, medication use and medical history at baseline, including history of
myocardial infarction, coronary bypass surgery (CABG) and coronary
angioplasty (PTCA). All reported myocardial infarctions and TIAs were verified
by using medical records. History of intermittent claudication and angina
pectoris was assessed through the Rose questionnaire™ A history of
cardiovascular disease was considered to be present if the participant had one of
the following conditions. a history of myocardial infarction, TIA, CABG,
PTCA, intermittent claudication or angina pectoris. Medication use was
classified according to ATC-codes.** Functional status was assessed using the
Disability Index of the Stanford Health Assessment Questionnaire.™> Smoking
status was assessed during the baseline interview and participants were
classified as current, former or never smoker. In women, age at menopause was
assessed during the interview. At the research center, height and weight was
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measured and Quetelet’s body mass index (kg/m?) was calculated. Diabetes
mellitus was defined as use of oral glucose lowering drugs or insulin or post-
load serum glucose level higher than 11.0 mmol/L. Ultrasonography of both left
and right carotid artery was performed using a 7.5 MHz linear array transducer
(ATL UltraMark 1V, Advanced Technology Laboratories, Bethel, Washington,
U.S.A.). According to the protocol of the Rotterdam Study the mean common
carotid intima-media thickness was measured. ™

DATA ANALYSIS

We evaluated the relation between endogenous sex hormones and risk of stroke
and cerebral infarction with a Cox proportional hazards model, with
modification of standard errors, based on robust variance estimates."” We used
the method according to Barlow'” in which the subcohort is weighted by the
inverse of the sampling fraction from the source population. Men and women
were analyzed separately. We examined total and bioavailable (non-SHBG
bound) plasma levels of testosterone and estradiol in quintiles. Participants in
the lowest quintile were taken as the reference. Subsequently we analyzed
estradiol and testosterone as a continuous variable per standard deviation
increase. In order to optimally adjust for age, we used age as timescale. Entry
time was defined as age at study entry. Censoring age was defined as age at
stroke, death or end of the study, whichever came first. We further adjusted for
diabetes, history of cardiovascular disease, smoking, blood pressure, medication
use, body mass index, disability index, blood pressure and common carotid
intima-media thickness. Since smoking influences hormone levels, we
performed separate analyses within the non-smokers. Results are presented as
rate ratios with corresponding 95% confidence intervals. All analyses were
performed using SAS software.

RESULTS

Table 1 shows baseline characteristics of the study population. Mean follow-up
time was 4.5 years. A total of 97 strokes occurred in men and 120 in women.
Subtyping of stroke in men revealed 55 cerebra infarctions, 12 intracerebral
hemorrhages and 30 unspecified strokes. Corresponding figures for women were
58, 10 and 52, respectively. Overall, hormone levels were higher in men than in
women (table 1).
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Table 1

Baseline characteristics of the subcohort.

Men Women

(n=647) (n=725)
Age (years) 69.4 (8.3) 71.5(9.4)
Body mass index (kg/m?) 25.7 (3.0) 26.6 (3.8)
Smoking (% current) 28.4 195
Systolic blood pressure (mm Hg) 139.2 (21.8) 140.5 (22.3)
Diastolic blood pressure (mm Hg) 75.4(11.9) 74.0 (11.7)
Diabetes (%) 9.1 7.6
Total estradiol (mean) (pmol/L) 45.0 (23.6) 15.5 (14.4)
Bioavailable estradiol (mean) (pmol/L) 34.5(18.2) 11.0(10.7)
Total testosterone (nmol/L) 11.5(4.0) 1.4 (0.8)
Bioavailable testosterone (nmol/L) 6.8 (2.8) 0.7 (0.4)
History of cardiovascular disease (%) 34.9 19.0
Medication use (number of categories) 1.5(1.9) 1.9(2.1)
Mean common carotid IMT (mm) 0.8(0.1) 0.8(0.2)
Disability Index 1.2 (0.4) 1.5(0.6)

Values represent means (SD).

Women

In women, endogenous estradiol and testosterone were not related to the risk of
stroke (figures 1 and 2). The results did not change when we used cerebral
infarction as outcome. Restriction to non-smokers yielded similar results.

Men

Figure 1 shows that higher estradiol levels were related to alower risk of stroke
in men, although this was not statistically significant (RR per SD increase 0.73
(95% CI 0.42-1.27)). The results for cerebral infarction were similar. Higher
levels of testosterone were related to a significantly decreased risk of stroke.
Men in the highest two quintiles of bioavailable testosterone had an 11-fold and
respectively 5-fold decreased risk of stroke, as compared to the lowest quintile
(figure 2). Corresponding relative risks of cerebral infarction were 0.08 (95% Cl
0.01-0.45) and 0.15 (95% CI 0.03-0.76), respectively. The risks of stroke and
cerebral infarction decreased by respectively 56% and 61% per standard
deviation increase in bioavailable testosterone (RR 0.44 (95% CI 0.26-0.77) and
0-:39 (95% CI 0.22-0.71), respectively).
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Figure 1

Relative risk of stroke in relation to quintiles of bioavailable estradiol (plotted at its median)
in men (black squares) and women (white rounds), adjusted for age, diabetes, systolic and
diastolic blood pressure, smoking, body mass index, history of cardiovascular disease,
medication use, carotid IMT and disability index.
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Figure 2

Relative risk of stroke in relation to quintiles of bioavailable testosterone (plotted at its
median) in men (black squares) and women (white rounds), adjusted for age, diabetes,
systolic and diastolic blood pressure, smoking, body mass index, history of cardiovascular
disease, medication use, carotid IMT and disability index.

In men, astatistically significant interaction was found between current smoking
and testosterone (p<0.01). With restriction to non-smokers, the relationship
between testosterone and stroke in men became even stronger, in particular in
the highest quintile. Using the same overall cut-off points, men in the fourth and
fifth quintile of bioavailable testosterone had respectively 8 fold and 20-fold
decreased risk of stroke, as compared to the first quintile (table 2).
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Risk ratio of stroke in relation to quintiles of testosterone (nmol/L) and estradiol (pmol/L) in

non-smokers.

Quintile Men (n=491)

Range No. of cases RR* RRT
Total testosterone
Quintile
15t (reference) <8.3 19 1.00 1.00
2nd 8.3-10.7 13 0.66 (0.26-1.66) 0.62 (0.20-1.90)
3 10.7-12.2 0.23(0.07-0.73) 0.19(0.04-0.87)
4th 12.2.14.2 0-21 (0.05-0.77)  0.12(0.02-0.71)
5t >14.2 0.39 (0.12-1.27) 0.31(0.07-1.34)
Per SD increase 0.56 (0.38-:0.81) 0.43(0.25-0.76)
Bioavailable testosterone
Quintile
15t (reference) 0-4.71 16 1.00 1.00
2nd 4.71-6.12 10 0.91 (0.36-2.28) 0.91 (0.25-3.26)
3 6.13-7.16 0.54(0.20-1.47)  0.31 (0.05-1.90)
4th 7.17-8.66 2 0.17(0.03-:0.82) 0.12(0.02-0.72)
5t >8.66 0.09 (0.01-0.83)  0-05 (0-00-0-60)
Per SD increase 0.49 (0.32-0.75) 0.32(0.16-0.64)
Total estradiol
Quintile
15t (reference) <26.8 7 1.00 1.00
2nd 26.8-37.2 7 1.57 (0.44-5.53) 1.52(0.33-7.01)
3 37.2-48.1 7 1.52(0.44-5.23) 0.99(0.23-4.32)
4t 48.1-60.3 7 1.32(0.39-4.48) 0.83(0.17-4.14)
5t >60.3 8 1.67 (0.44-6.42) 0.53(0.11-2.67)
Per SD increase 1.08 (0.73-1.59) 0.72(0.44-1.18)
Bioavailable estradiol
15t (reference) 0-18.97 8 1.00 1.00
2nd 18.98-28.91 4 0.67 (0.19-2.37) 0.75(0.14-3.93)
3 28.92-37.55 6 0.80 (0.22-2.89) 0.51(0.12-2.29)
4th 37.56-47.13 6 0.67 (0.19-2.39) 0.44(0.07-3.03)
5t >47.14 6 0.77 (0.19-3.13)  0.30(0.05-1.79)

Per SD increase

0.85 (0.53-1.34)

0.61 (0.35-1.08)

* Adjusted for age and gender.

T Adjusted for age, diabetes, systolic and diastolic blood pressure, smoking, body mass index,
history of cardiovascular disease, medication use, carotid IMT and disability index.
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In male non-smokers, the risk of stroke significantly decreased by 68% per
standard deviation increase of bioavailable testosterone (table 2). The
corresponding risk for cerebral infarction decreased by 71% (RR 0.29 (95% CI
0.11-0.75)). Higher estradiol levels decreased the risk of stroke in male non-
smokers. The risk of stroke and cerebral infarction decreased by 39% and 50%,
respectively. The risk reduction for cerebral infarction was statistically
significant (RR 0.50 (95% CI 0.25-0.98)). Within the male smokers, the relative
risks of stroke per SD increase in total and free testosterone were 1.23 (0.38-
3.95) and 0.82 (0.18-3.75), respectively. Corresponding relative risks for total
and free estradiol 1.14 (0.49-2.64) and 0.86 (0.16-4.37), respectively.

DISCUSSION

We found that endogenous estradiol and testosterone levels were not related to
the risk of stroke in postmenopausal women. In men, higher testosterone and
estradiol levels were related to stroke, particularly in the non-smokers. The
strengths of the present study are its prospective and population-based design.
Further, the study was large and based on a relatively long follow-up period. A
possible limitation is the impaired long-term stability of hormone levelsin blood
stored at low temperatures. Deviation of hormone levels due to long storage is
independent of cases status. Therefore, misclassification of hormone levels
would have led to an underestimation of the associations that we found. Another
possible limitation is that we had missing values of hormone levels. However,
because missingness of hormone levels was independent of case status,
incompleteness of hormone assessment probably has not led to a selection bias.
The classification of strokes was done blinded for hormone status. Therefore,
misclassification of strokes, if present, would have led to an underestimation of
the associations.™®

Sex hormones and stroke in women

We failed to observe an effect from endogenous estradiol and testosterone on the
risk of stroke in women. All women in our study were postmenopausal and
hormone levels were very low. It is conceivable that only premenopausal levels
are effective. To date, there is controversy about the effect of hormone
replacement therapy in women on stroke. Despite positive reports,*** a recent
case-control study and the Heart and Estrogen-progestin Replacement Study
failed to find a protective effect on stroke.*” It has even been reported that
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hormone replacement therapy has no beneficial effect on the secondary
prevention of stroke.® Although endogenous hormone levels are much lower
than the levels achieved by hormone substitution, our findings are in agreement
with these negative studies.

Sex hormones and stroke in men

Our finding that a higher testosterone level protects against stroke in men,
particularly in non-smokers, remained even when we corrected for
atherosclerosis, comorbidity and markers of good health. Estrogen showed a
similar, though less strong relationship. Hospital-based studies have reported
decreased testosterone levels in men with coronary artery disease and acute
stroke. Due to the cross-sectional design of these studies, it could not be
established whether low testosterone levels preceded or followed the stroke. The
underlying mechanisms of this relationship are not yet clear. One possible
explanation is that testosterone isinvolved in vasodilatation and increased blood
flow, as was shown by infusion of physiological concentrations of testosterone
in coronary heart disease patients.?” Experimental studies have hypothesized that
the dilating effect of testosterone on the vessel wall might be through binding to
testosterone receptors, local conversion into estradiol, antioxidant effects or
influence on the endothelium.?”?° Another explanation is that the effect of low
testosterone levels is through increase of arteria stiffness. Studies in prostate
cancer patients have shown that a low testosterone level due to orchidectomy is
related to an increase in arteria stiffness.®* Alternatively, a low testosterone
level could also simply reflect aworse general health. Although we corrected for
medication use, history of cardiovascular disease and functional disability, it is
possible that we could not optimally adjust for general health. Our finding that
higher estradiol levels are also related to lower risks of stroke in men is most
likely explained by the fact that 80% of the estradiol originates from peripheral
conversion of testosterone into estradiol. Therefore, the relationship with
estradiol is most likely a reflection of the testosterone-effect. In recent years,
testosterone replacement therapy in men is increasingly being discussed and
suggested to have beneficial effects on mood, muscle strength, libido and well
being.*' Our findings suggest that a low testosterone level is a novel risk factor
for stroke in men. This finding merits further research on the effect of
testosterone on cardiovascular disease. Confirmation is needed before studies on
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the protective effect of testosterone replacement therapy on stroke in men are

advocated.
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Abstract

Background and objectives - |t has been suggested that the D-allele of the
ACE-gene may be related to stroke. Limited prospective data exist on this
relation. We investigated the relation between the ACE gene polymorphism and
stroke and the role of hypertension in this relation in a large population-based
cohort among the elderly.

Methods - The study was performed among 5,312 participants of the
Rotterdam Study who were free from previous stroke at baseline (1990-1993)
and were followed for stroke until January 1, 1999. The relation between ACE
genotype and risk of stroke and subtypes of cerebral infarction was assessed
using Cox regression. Adjustments were made for age and sex, and additionally
for smoking, diabetes mellitus and carotid intima-media thickness.

Results - Overall, the D-allele was not related to the risk of stroke or cerebral
infarction. In normotensives the D-allele increased the risk of cerebral
infarction (RR 2.01 (959% CI 0.96-4.21)), whereas it decreased the risk in
hypertensives (RR 0.58 (95% Cl 0.34-1.00)).The interaction between
hypertension and the D-allele in relation to cerebral infarction was statistically
significant (p<0.005). Hypertension was less strongly related to cerebral
infarction in carriers of the D-allele as compared to non-carriers (RR 1.31 (959%,
Cl1 0.70-2.44) and 7.14 (959, Cl 2.33-21.81), respectively).

Conclusion - Overall, the D-allele is not related to the risk of stroke or cerebral
infarction. Presence of the D-allele may modify the effect of hypertension, or
vice versa, in relation to stroke.
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INTRODUCTION

Genetic factors are considered to play arole in the etiology of stroke. They may
be independently related to the risk of stroke, or by modulating the effect of risk
factors such as hypertension.*? The D-alele of the angiotensin converting
enzyme (ACE) gene is reported to be related to elevated ACE levels, possibly
leading to hypertension and increased risk of vascular disease.*® The D-alele
could also directly effect stroke risk, or through other factors e.g. influence on
the endothelium.”® Studies on the relation between ACE polymorphism and
stroke thus far have reported conflicting results.>*** Some studies reported a
relationship,®**°* whereas others did not find any relation between the ACE
gene polymorphism and stroke.>”#'#** The majority of these studies were case
control studies. The only prospective cohort study among 14,916 persons found
that the D-allele was not related to the risk of stroke or cerebral infarction in
normotensives without diabetes™® Among the positive studies, some have
reported that the D-allele is particularly related to an increased risk of lacunar
infarction,"* but this relation has not yet been explored in a prospective cohort.
We investigated the existence of a relationship between the ACE gene
polymorphism and risk of stroke and subtypes of cerebral infarction in a large
cohort of elderly persons. The further aim was to identify possible underlying
mechanismes.

METHODS

Population

The study is part of the Rotterdam Study, a population-based cohort study on
chronic and disabling diseases in the elderly. All inhabitants of Ommoord, a
suburb of Rotterdam, aged 55 years or more were invited. People living in
homes for the elderly were included. Participation rate of those invited for the
study was 78% and in total 7,983 subjects participated.”> The Medical Ethics
Committee of Erasmus University Rotterdam approved the study. Written
informed consent to retrieve information from treating physicians was obtai ned
from all participants. Baseline measurements were obtained from 1990 to 1993
and consisted of an interview at home and two visits to the research center for
physical examination. From the 7,129 subjects who visited the research center,
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216 had experienced a previous stroke. Among those without previous stroke,
blood samples were taken in 6,846 persons. Missing blood samples were due to
logistic reasons. In 1,534 persons no DNA was available or genotyping failed,
resulting in a study population of 5,312 persons.

Assessment of stroke

During the baseline interview a previous stroke was assessed by asking “did you
ever suffer from a stroke, diagnosed by a physician?’. Medical records of
subjects who answered ‘yes were checked in order to verify the diagnosis.’® A
history of TIA was also assessed during the baseline interview. A neurologist
reviewed al TIAs!'" Once subjects enter the Rotterdam Study they are
continuously monitored for major events through automated linkage of the study
database with the files from general practitioners. Information on vital statusis
obtained at regular intervals from the municipal authorities in Rotterdam. When
an event or death has been reported, additional information is obtained by
interviewing the genera practitioner and scrutinizing information from hospital
discharge records in case of admittance or referral. A neurologist (P.J.K.)
reviewed information on all possible strokes. A stroke was classified as definite
iIf the diagnosis was based on typical clinical symptoms and neuro-imaging
excluded other diagnoses. A stroke was considered probable in case typical
clinical symptoms were present but neuro-imaging was not performed. For fatal
strokes, other causes of death, especially cardiac should have been excluded. A
stroke was classified as possible if clinical symptoms were less typical and
neuro-imaging was not performed, or if a cardiac cause of death could not be
excluded in case of afatal stroke. We only used definite and probable strokesin
the analyses. Subclassification in hemorrhagic or ischemic stroke was based on
neuro-imaging, which was available for 67.5% of al cases. Cerebral infarctions
were considered lacunar if consciousness and higher cerebral function were
maintained in the setting of one of the typical lacunar syndromes. CT or MRI
usually showed a small (<1.5 cm) infarction in the territories supplied by the
perforating branches of major cerebral arteries. For the present study, follow up
for stroke was complete for all participants until January 1, 1999.

Assessment of cardiovascular risk factors

At baseline, information on current health status, medication use and medical
history was obtained using a computerized questionnaire. Participants were
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classified as current, former or never smokers. Sitting blood pressure was
measured twice on the right arm with a random-zero sphygmomanometer. We
used the average of the two measurements in the analyses. Hypertension was
defined as a systolic blood pressure of 140 mm Hg or over, or a diastolic blood
pressure of 90 mmHg or over, or current use of antihypertensive drugs for the
indication of hypertension. The pulse pressure was calculated as the difference
between systolic and diastolic blood pressure. Diabetes mellitus was defined as
use of oral blood glucose lowering drugs or insulin or random or post-load
serum glucose level higher than 11.0 mmol/L. Participants underwent B-mode
ultrasonography of both carotid arteries during the baseline visit to the research
center. We measured intima-media thickness of the common carotid artery
according to a standard protocol.*®

Assessment of ACE-gene polymorphism

Peripheral venous blood samples were drawn using standard techniques and
genomic DNA was isolated from whole blood. Genotypes for the dinucleotide
polymorphism in the ACE gene were identified on the basis of multiplex
polymerase chain reaction (PCR) amplification of the respective fragments of
intron 16 of the ACE gene according to Lindpaintner et al*® followed by
visualization by electrophoresis. Two independent investigators scored the PCR
results. Because in heterozygous status D allele is preferentially amplified, each
sample that was found to be DD genotype was subjected to a second PCR
amplification with a primer pair that recognizes an insertion specific sequence.
No intra-individual variability was found on repeated readings from the same
gel.

DATA ANALYSIS

First, we tested whether the cohort was in Hardy Weinberg equilibrium
regarding ACE genotype using analysis of covariance. We used Cox regression
to examine the overall relation between ACE polymorphism and risk of stroke
and subtypes of cerebral infarction. The ACE polymorphism was analyzed as an
additive (DD vs. Il and ID vs. Il) and as adominant (DD and ID vs. Il) model of
inheritance, respectively. Analyses were adjusted for age and sex and
additionally for hypertension, smoking, diabetes and carotid intima-media
thickness. We performed analyses in strata of hypertension for two reasons. The
first reason was to explore any effect modification by hypertension. Secondly, it
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allowed usto investigate the relation in alow risk group, namely normotensives.
We further investigated whether there was an interaction between hypertension
and presence of the D-allele in relation to stroke. To minimize the effect that
antihypertensive medication e.g. ACE inhibitors may have on the relationship,
we excluded persons who used antihypertensive medication at baseline in the
following analyses. All anti-hypertensive medication was excluded since no
distinction was made between type of anti-hypertensive drug at baseline. In
order to investigate the effects of hypertension and the D-allele separately, we
split up the cohort in groups according to presence of hypertension (yes/no) and
D-alele (yes/no). We analyzed the risk of stroke and cerebral infarction in the
subgroups, taking persons without hypertension and D-allele as reference group.
Finally we assessed the relation between hypertension and risk of stroke in strata
of the D-allele (present/absent), adjusting for age and sex.

RESULTS

The mean follow-up was 6.1 years and a total of 268 strokes occurred.
Subtyping revealed 138 cerebral infarctions, 39 intracerebral hemorrhages and
91 unspecified strokes. The cerebra infarctions were non-lacunar in 102 and
lacunar in 36 cases.

Table 1

Baseline characteristics of the study population.

Cohort (n=5312)

Age 69.3 (9.2)
Sex (% female) 61.79%

SBP (mm Hg) 139.1 (22.4)
DBP (mm Hg) 73.7(11.6)
Diabetes 9.9%
Smoking (% current) 21.99,
Common carotid IMT (mm) 0.80 (0.16)

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, IMT: Intima-media thickness.
Values represent means (SD).

Table 1 shows baseline characteristics of the cohort. The genotype frequencies
in the cohort were in Hardy-Weinberg equilibrium (p>0.05) (table 2). Overall,
the D-allele was not related to the risk of stroke or subtypes of cerebral
infarction (table 3).
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Frequencies of the ACE D/I polymorphism.

Genotype

QOutcome, Stroke Cerebral infarction Cohort

P value for HWE P=0.65 P=0.49 P=0.87

number frequency number frequency number frequency

DD 75 0.28 34 0.25 1484 0.28

ID 137 0.51 73 0.53 2653 0.50

Il 56 0.21 31 0.22 1175 0.22

All 268 1.00 138 1.00 5312 1.00

HWE: Hardy Weinberg Equilibrium.

Adjustment for cardiovascular risk factors including hypertension did not
change the results. When we stratified for hypertension, presence of the D-allele
was also not related to the risk of stroke in normotensives. However, presence of
the D-allele in normotensives nearly significantly doubled risk of cerebral
infarction and significantly more than doubled the risk of non-lacunar infarction,
as compared to Il individuals (RR 2.01 (95% CI 0.96-4.21) and 2.51 (95% CI
1.00-6.34), respectively) (table 3). The risk estimates remained largely similar,
but lost statistical significance with adjustment for carotid intima-media
thickness (RR 2.17 (95% CI 0.93-5.08) and 2.60 (95% CI 0.93-7.30),
respectively). We found no relation between the D-allele and risk of lacunar
infarction in normotensives. In hypertensive persons, presence of the D-allele
seemed to have a protective effect on the risk of cerebral infarction (RR 0.57
(95% CI 0.34-0.96)) and in particular on non-lacunar infarction (RR 0.50 (95%
Cl 0.27-0.92)). When we tested for interaction between hypertension and
presence of the D-allele, the interaction term was significant for cerebral
infarction (P<0.005) and non-lacunar infarction (P<0.005), but not for stroke
(P=0.08).

Table 5 shows that the effect of having both hypertension and the D-allele
did not increase the risk more, as compared to only having hypertension. The
risks did not change after adjustment for diabetes, smoking and carotid IMT.
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Chapter 5.1

When we analyzed the relation between hypertension and stroke in strata of
ACE genotypes we found that hypertension increased the risk of stroke and
cerebral infarction in carriers of the D-allele (RR 1.69 (95% CI 1.14-2.52) and
1.31 (0.70-2.44), respectively). The corresponding risks in Il individuals were
2.69 (95% 1.12-6.46) and 7.14 (95% CI 2.33-21.81), respectively.

Table 5

Relative risk of stroke and cerebral infarction in relation to presence of hypertension and D-
allele, adjusted for age and sex.

No. at Pulse No. at Stroke Cerebral infarction
risk pressure risk
(SD)
No. of RR (95% CI) No. of RR (95% CI)
cases cases
Ht- D- 682 59.8(13.8) 682 15 1.00 (reference) 6 1.00 (reference)
Ht+ D- 112 85.6(5.7) 112 8 2.64(1.12-6.24) 7 6.67(2.23-19.96)

Ht-D+ 2340 59.5(6.3) 2340 89 1.60(0.92-2.76) 48  2.24(0.96-5.23)
Ht+ D+ 422 87.7(5.9) 422 35 2.72(1.485.00) 13 2.96(1.12-7.84)

RR: relative risk; Ht+: hypertension present; Ht—: hypertension absent; D+: D-allele present;
D-: D-allele absent; Pulse pressure in mm Hg.

DISCUSSION

In our prospective population-based study among 5,312 elderly persons we
found that overall, the D-allele was not related to the risk of stroke or cerebral
infarction. The D-alele increased the risk of cerebral infarction in
normotensives and decreased the risk in hypertensives. We further found a
significant interaction between hypertension and presence of the D-allele in
relation to cerebral infarction. Before we interpret our results, some
methodological issues need to be addressed.

We may have misclassified some strokes or ACE genotypes. We took
extra care to avoid misclassification in genotyping. A second PCR has been
performed whenever scoring of two investigators were not consistent. Also to
avoid mistyping of 1D to DD genotype another PCR with an insertion specific
primer has been done. However, since classification of stroke was performed
blinded to information on ACE genotype and vice versa, misclassification, if
any, would have led to an underestimation of the relations that we have found.

The Physician’s Health Study reported that there was no relation between
the ACE polymorphism and risk of stroke or cerebral infarction.” In that study,
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348 strokes occurred during 12 years of follow-up. In men without hypertension
and diabetes, presence of the D-allele was related to a 1.58-fold (95% CI 0.88-
2.82) increased risk of cerebra infarction. In contrast, the present study was
based on both men and women and we analyzed subtypes of cerebral infarction.
We found no relation between the D-allele and lacunar infarction, which
contrasts with studies that did find such a relation. Those studies had a cross-
sectional design and were based on limited numbers of cases.***® A magjor
pitfall of cross-sectional studiesis selection bias, since only stroke survivors are
included. This may have distorted the results.

We found a significant relation between the D-allele and non-lacunar
infarction in normotensive persons. The majority of non-lacunar infarctions are
caused by large artery disease. One possible explanation is that carotid
atherosclerosisis the intermediate factor in this relationship, sincethe D-alleleis
considered to be related to atherosclerosis.® However, the relation remained
largely similar after adjustment for carotid IMT, which undermines this
explanation. Alternatively, the D-allele may influence the vascular system by
inducing hypertension, influencing endothelial function or regulation of smooth
muscle cell proliferation.’®**#

In contrast to the normotensives, the D-allele was not related to an
increased risk of stroke in hypertensive persons. Several mechanisms may
explain this finding. First, hypertensive carriers of the D-allele may be more
susceptible for coronary heart disease which may have resulted in a selective
non-response in the study, leading to less stroke cases in this group. Second, in
hypertensives, the Il genotype is possibly related to an increased arteria
stiffness. Benetos et a reported a relation between |1 genotype and arterial
stiffness in hypertensive, but not in normotensive persons.”? Hypertensive
persons with the Il genotype may be exposed to chronically low levels of
angiotensin converting enzyme, which may upregulate the angiotensin |1 type 1
receptor, or be related to insulin resistence.*”® Both upregulation of the
angiotensin |l receptor and insulin resistance are reported to increase arterial
stiffness.” The combination of hypertension and increased stiffness in
hypertensive persons with the |l genotype may explain why they not at lower
risk than persons carrying the D-allele. However, this explanation is still
controversial and it needs further study, as our data showed no difference in
pul se-pressure between the ACE genotypes in strata of hypertension.
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In summary, presence of the D-allele overall is not related to an increased

risk of stroke. Presence of the D-allele may modify the effect of hypertension or
vice versa. Further studies are needed to verify our findings and to investigate
whether assessment of ACE genotype is helpful in selecting people who may
benefit most from preventive therapy, such as use of ACE inhibitors.
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Abstract

Background and objectives - Increased serum iron is found to be a risk factor
for stroke. Carriers of HFE C282Y and H63D mutations have elevated serum
iron levels and may have an increased risk for stroke. We studied the
association between HFE gene mutations, carotid atherosclerosis and stroke.
Methods - We compared the frequency of the HFE C282Y and H63D gene
mutations in 202 cases (onset before the age of 75 years) of stroke to that of
2,730 controls from a population-based study, the Rotterdam Study. The
relationship between HFE mutations and stroke and its influence on the
relation between hypertension, smoking and stroke were studied using a
logistic regression model adjusted for age and sex. We computed the mean
intima-media thickness of the common carotid artery and evaluated the effect
of hypertension and smoking by HFE genotype.

Results - The percentage of both C282Y and H63D carriers in cases (43.7%,
n=87) did not differ significantly (P=0.09) from that of controls (37.6%,
n=986). The odds ratios for stroke (959, Cl) for HFE carriers who also suffered
from hypertension was 3.0 (1.9-4.6) and for those HFE carriers who were also
smokers, the odds ratio for stroke was 2.6 (1.4-5.0). The mean (SD) intima-
media thickness of the carotid artery was 0.77 (0.14) for non carriers without a
history of hypertension or smoking compared to 0.81 (0.17) for HFE carriers
who were smokers (P<0.004) and 0.84 (0.20) for HFE carriers who were
hypertensives (P<0.001).

Conclusions - Mutations in the HFE gene were not significantly related to
stroke or atherosclerosis in the carotid artery. The HFE gene may modify the
relationship between smoking and stroke.
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INTRODUCTION

Studies of the role of mutations in the hemochromatosis (HFE) gene and the risk
of atherosclerosis and stroke have yielded controversial results.** Two major
mutations are known in the HFE gene, i.e. the C282Y and the H63D mutation.
These mutations determine serum iron, ferritin and transferrin saturation.>®
Rossi et al, (2000)" reported that the C282Y mutation did not influence the
formation of plagues or the mean intima-media thickness (IMT) of the carotid
artery. However, they found that serum ferritin levels were independently
associated with the formation of plagues in the carotid artery of carriers of the
C282Y mutation. Mortality from cerebrovascular disease was found to be
significantly related to the C282Y mutation in women heterozygous for the
C282Y mutation.® The association was strongest in women with a history of
hypertension and/or smoking, which are important risk factors for stroke.

Up until now, the influence of the H63D on the pathogenesis of
atherosclerosis and stroke has been given little attention. We studied the
association between the C282Y and H63D mutationsin the HFE geneinrelation
to atherosclerosis and stroke in a population-based sample of elderly people
aged 55 years and over.

METHODS

Study population

This study was conducted within the Rotterdam Study, an ongoing popul ation-
based cohort study for which al inhabitants aged 55 years or over, living in a
suburb of Rotterdam, The Netherlands, were invited. The rationale and design of
the Rotterdam study have been described elsewhere.® Baseline data collection
was performed between 1990 and 1993. Written informed consent and
permission to retrieve information from medical records were obtained from
every participant. The study has been approved by the medical ethics committee
of the Erasmus Medical Center. A total of 7,983 subjects participated (response
rate 78%) in the study which includes individuals from the general population
and those living in nursing homes. At baseline interview, information on current
medication, alcohol intake and smoking habits was obtained. People who
smoked were asked for the age at first smoking, for the duration of interval
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periods without smoking, and for the average daily number of cigarettes
smoked. For the purpose of this study, only current smokers (n=761, 26%) and
those who never smoked (n=792, 27%) were considered, whereas past smokers
(n=1,353, 46%) were excluded.

Two blood pressure measurements were taken with a random zero
sphygmomanometer with the subject in sitting position and the average of these
two measurements was taken. Hypertension was defined as a systolic blood
pressure >160 mm Hg or a diastolic blood pressure >95 mm Hg on two
consecutive measurements or current use of blood pressure lowering drugs for
indication of hypertension.

Assessment of stroke

During the interview at baseline, a previous stroke was assessed by asking the
question, “did you ever suffer from a stroke, diagnosed by a physician?"
Medical records of subjects who answered ‘yes’ were checked and a previous
stroke was considered to have occurred if confirmed by medical records.” Once
subjects enter the Rotterdam Study they are continuously monitored for major
events through automated linkage with files from the general practitioners.
When an event or death had been reported, additional information was obtained
by interviewing the general practitioner and by scrutinizing information from
hospital discharge records in case of admittance or referral. Information from
reports on all possible strokes was reviewed by two research physicians and a
neurologist (PJK) who classified the stroke as definite, probable or non-stroke.
The stroke was definite if the diagnosis was based on typical clinical symptoms
and neuro-imaging excluded other diagnoses. The stroke was considered
probable in case typical clinical symptoms were present but neuro-imaging was
not performed. For fatal strokes, other causes of death, especially cardiac,
should have been excluded. Since a mixture of multiple genetic and
environmental factors may determine stroke at late age, the present study
focused on early stroke (age at onset <75). In total 202 stroke cases (110
prevalent, 92 incident cases) were considered. The controls consisted of a group
of 2,730 subjects (aged <75 years) without any history of stroke and selected
randomly from the total cohort.

The intima-media thickness (IMT) and the presence of atherosclerotic
plagues of the common carotid artery (CCA) were assessed with ultrasound.™
For each subject, the mean intima media thickness ((left + right)/2) was taken as
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measure of wall thickness of the distal common carotid artery. Both CCAs were
evaluated for the presence of atherosclerotic plagues. Both presence of plagues
and increased CCA intima-media wall thickness were considered to be
indicators of generalized atherosclerosis.

Laboratory procedures

From all the subjects, blood samples were collected by venepuncture and kept
frozen until analysis. Genomic DNA was extracted from frozen buffy coat using
the salting out procedure. Fragments of DNA were amplified by the Polymerase
Chain Reaction (PCR) and genotyped using oligonucleotides primers as
described elsewhere.™

Statistical Analysis

The chi-sguare statistic was used to compare categorical variables and the two
sample t test to study normally distributed and continuous variables. The carrier
frequencies for the C282Y and H63D mutations were estimated by counting
gene and calculating sample proportions. As heterozygosity for C282Y and
H63D were found to have a similar effect on serumiron levelsin our population
(submitted for publication elsewhere), we pooled the data on both mutations.
We used logistic regression methods to estimate the odds ratios for stroke with
95% confidence interval adjusted for age and sex. Effect modification of the
relation between smoking, hypertension and stroke by HFE was explored by
stratifying the data by absence of both risk factors (reference group), presence of
any risk factor or both factors simultaneously. Interaction was evaluated
according to an additive model and using the synergy index which is defined as
the ratio of the relative risk of both measurements indicating severe outcome
minus 1 divided by the sum of the risk of each exposure minus 2. A synergy
index of 1 indicates no interaction.

RESULTS

Table 1 shows the baseline characteristics of the study population. Mean age of
cases (69.3 years) was significantly (P<0.001) different to that of controls (65.1
years). There were significantly more men, hypertensives and smokers among
the cases compared to the controls (P=0.03). When pooling the two mutations,
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among cases, 43.7% were HFE carriers compared to 37.6% of controls but this
difference was not significant (P=0.09).

Table 1
Baseline characteristics of the study population.

Stroke (n=202) Controls (n=2730)

Mean age (years) 69.3 (6.5) 65.1 (5.4)t
Men (%) 114 (56.4) 1323 (48.5)
Hypertensives (%) 128 (64.0) 1004 (38.2)1
Smoking

Current (%) 62 (57.4) 699 (48.4)

Past (%) 94 (30.7) 1259 (46.6)

Never (%) 46 (22.8) 746 (27.6)
Mean IMT in mm (SD) 0.873(0.218) 0.771 (0.144)
HFE carriers
C282Y (%) 28 (14.1) 323(12.2)
H63D (%) 62 (31.2) 707 (26.5)
HFE (%) 87 (43.7) 986 (37.6)

Values are means (SD) or number (%) based on all available data.
Tt P<0.05.

The effect of HFE on the relation between stroke, hypertension and smoking is
shown in table 2. Hypertension was significantly associated with stroke in the
absence of the HFE mutations (adjusted odds ratio: 2.3, 95% CI 1.5-3.4). By
themselves, mutations in the HFE gene show only a weak association with
stroke (odds ratio: 1.3, 95% CI: 0.8-2.2). Patients with hypertension who were
also carriers of HFE mutations showed a significant relationship with stroke
(adjusted odds ratio: 3.0, 95% CI: 1.9-4.6). The synergy index was 1.25. Neither
smoking nor HFE mutations were significantly associated with stroke if the
other factor was not present. But in those subjects who smoked and who were
also HFE carriers, there was a significant relationship observed (odds ratio: 2.6,
95% ClI: 1.4-5.0). The synergy index was 2.67. We obtained similar findings
when comparing men and women and when we analyzed prevalent and incident
cases of stroke separately (data not shown).
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Table 2
Interaction between HFE C282Y and H63D mutations, hypertension, smoking and stroke.

HFE and hypertension

HFE carrier Hypertensive Stroke Controls Odds ratios (959 CI)
Unadjusted Adjusted*

No No 41 (21.0) 968 (39.5) 1.0 Reference

No Yes 71(36.4) 601 (24.5) 2.8(1.9-4.2) 2.3(1.5-3.4)}

Yes No 30(15.4) 552 (22.5) 1.3(0.8-2.1) 1.3(0.8-2.2)

Yes Yes 53(27.2) 332 (13.5) 3.8(2.5-5.8) 3.0(1.9-4.6)t

HFE and smoking

HFE carrier Smoker Cases Controls Odds ratios (95% CI)
Unadjusted Adjusted*

No No 24 (22.9) 422 (31.4) 1.0 Reference

No Yes 29(27.6) 435(32.4) 1.2(0.7-2.1) 1.3(0.7-2.3)

Yes No 22(21.0) 261 (19.4) 1.5(0.8-2.7) 1.3(0.7-2.4)

Yes Yes 30(28.6) 224 (16.7) 2.4(1.34.1) 2.6 (1.4-5.0)t

Values are number of individuals (percentage).
* Adjusted for age and sex
Tt P<0.05.

Table 3 shows the effect of HFE mutations and its interaction with hypertension
and smoking on the mean IMT. There was no significant difference in the mean
IMT between HFE carriers and non carriers. Hypertension was associated with a
significant increase in mean IMT (P=0.001) both in the presence and absence of
HFE mutations. Smoking was also significantly associated with an increased
mean IMT in the presence (P<0.004) or absence (P=0.01) of HFE mutations.
The association was strongest in mutation carriers. The effect of smoking and
HFE on IMT was additive.
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Table 3

Interaction between HFE C282Y and H63D mutations, hypertension, smoking and intima-
media thickness.

HFE and hypertension

HFE carrier Hypertensive Mean intima-media thickness (SD) P-value
No No (n=904) 0.761 (0.136) Reference
No Yes (n=671) 0.831 (0.163) <0.001
Yes No (n=530) 0.774 (0.151) 0.10

Yes Yes (n=386) 0.836 (0.190) <0.001

HFE and smoking

HFE carrier Smoker Mean intima-media thickness (SD) P-value
No No (n=458) 0.771 (0.143) Reference
No Yes (n=419) 0.796 (0.150) 0.01

Yes No (n=280) 0.784 (0.151) 0.24

Yes Yes (n=226) 0.807 (0.173) 0.004
DISCUSSION

In our study, the C282Y and H63D mutations were not significantly associated
with stroke or carotid atherosclerosis by themselves. However, the presence of
HFE mutations modified the association between hypertension, smoking and
stroke.

Our data are based on a mixture of prevalent and incident cases and
remain to be confirmed, preferably using a set of incident cases. The findings on
stroke and IMT show an additive effect of smoking and HFE, suggesting that
HFE is involved in atherosclerosis, a magjor risk factor for stroke. The main
advantage of our study isits population-based design.

Our findings are compatible with those of Roest et al, (1999)° who found
that in women carriers of the C282Y mutation, mortality for cerebrovascular
disease was 2.4 times increased. Roest et a, (1999)° found a strong effect
modification by hypertension and smoking. In our study, the odds ratios for
stroke (95% CI) in HFE carriers who were also hypertensives was 3.0 (1.9-4.6)
and for those HFE carriers who were also smokers, the odds ratio for stroke was
2.6 (1.4-5.0). The mean IMT was not different between HFE carriers and non
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carriers nor was this modified by hypertension or smoking. There have been
various hypotheses as to why mutationsin the HFE gene may be arisk factor for
stroke. Among the most powerful ideas is the iron hypothesis which stipulates
that iron depletion decreases and iron overload increases the risk of
cardiovascular diseases.™ High iron concentrations have been found in human
atherosclerotic lesions'® and it has been experimentally observed that iron
overload contributes to atherogenesis.™* Increased blood iron concentration may
lead to an increase in the viscosity of blood, which may result in thrombosis. We
and others have indeed found that carriers of HFE mutations do have
significantly increased levels of iron.>®* Since we have data on serum iron,
ferritin and transferrin in only a very limited sub-sample of this population, we
cannot verify this hypothesisin the statistical analysis.

The modification of the relationship between smoking and HFE in
relation to stroke and the additive effect opens another possible mechanism.
Smoking and HFE mutations may both result in increased oxidation and thus
cause damage to the vessel walls. Since HFE mutations are associated with iron
overload, the effect of HFE mutation on the risk of stroke might be through
excess of iron in carriers of the HFE mutations. Adding the oxidative effect of
smoking to that of high iron levels in HFE carriers may increase the risk of
atherosclerosis according to an additive model. Interestingly, with regard to the
risk of stroke, the effect of these two risk factors may be more than additive, i.e.
these risk factors may interact with regard to the outcome of stroke.

In conclusion, the C282Y and H63D mutations by themselves are not
strongly related to stroke or atherosclerosis. In the presence of smoking, these
mutations increase the risk of carotid atherosclerosis and stroke in carriers of
HFE mutations.
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performed in the Rotterdam Study, a large population-based cohort

study that started in 1990 and included 7,983 persons aged 55 years and
older of whom 7,721 had not experienced a previous stroke. The cohort was
continuously monitored for incident stroke by linkage of the Rotterdam Study
database with medical records from general practitioners and by regular visits to
the general practitioners who were not included in the automated database
(15%). Until January 1, 1999, including 46,011 person-years of follow up, we
identified 432 first-ever stroke cases. We investigated risk factors for stroke.
The main focus was on atherosclerosis in relation to stroke. Besides, we studied
putative risk factors such as sex hormones and genetic factors, namely the
Angiotensin Converting Enzyme (ACE) polymorphism and mutations in the
genes for hemochromatosis (HFE genes). In the following we will discuss some
methodological and conceptual issues that relate to the studies described in this
thesis, summarize our findings and comment on the clinical relevance of our
findings. Further, we will make recommendations for future research.

The work described in this thesis was based on studies that have been

METHODOLOGICAL CONSIDERATIONS

Atherosclerosis

Atherosclerosis is the main risk factor for stroke and is involved in more than
70% of all strokes. To the extent that non-invasive measures of subclinical
atherosclerosis can predict stroke risk, they can be used to identify high-risk
persons who may benefit most from preventive interventions.

A number of issues merit attention if we consider measures of
atherosclerosis in relation to stroke risk. Atherosclerosis in general can be
related to stroke in several ways. First, it can be causally related to stroke, either
directly, e.g. by occlusion of vessels or release of thrombo-emboli, or indirectly,
e.g. by contributing to an unfavorable risk profile that causes the stroke. For
example, atherosclerosis can be associated with cardiac disorders like atrial
fibrillation, leading to emboli or hypoperfusion of the brain. But apart from
playing arole in the etiology of stroke, atherosclerosis can also predict the risk
of stroke because it marks the presence of other, causally related, factors.
Moreover, different non-invasive measures of atherosclerosis exist and a
specific measure of atherosclerosis can be related to the risk of stroke as a
reflection of atherosclerosis elsewhere.
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An other issue to consider is that atherosclerosis can be divided into two
distinct pathophysiological entities, namely atherosis and sclerosis.' Atherosis
refers to the structural changes that occur during the atherosclerotic process,
whereas sclerosis causes functional changes in the vessel bed such as an
increased arterial stiffness. These different entities may have distinct
pathophysiological mechanismsin relation to stroke.

Stroke classification

Our follow-up was virtually complete which helped to reduce misclassification
of stroke cases. We classified strokes as cerebral infarction, intracerebral
hemorrhage or unspecified. In the majority of our studies we classified stroke
subtypes based on CT or MRI scan, which was available for approximately 60%
of the cases. Subtyping of cerebral infarctions was done based on size (lacunar
infarctions in small perforating vessels or larger, non-lacunar infarctions) and
location (anterior and posterior circulation). Investigation of the relation
between atherosclerosis and subtypes of cerebral infarction may give more
insight in the underlying mechanisms. For example, in order to investigate the
causal role of carotid atherosclerosis in stroke, we analyzed infarctions anterior
and posterior circulation of the brain separately. Blood flowing through the
carotid arteries mainly supplies the anterior circulation of the brain. Therefore, a
causal relation between carotid atherosclerosis and stroke would result in a
stronger relation with anterior as compared to posterior circulation infarction.
The fact that a considerable proportion of strokes remained unspecified reduced
the power in our study. To the extent that the lack of additional diagnostic
information was related to the determinants under study, it may have biased our
findings.

In several clinical studiesthe TOAST (Tria of Org 10172 in Acute Stroke
Treatment) classification is used, which classifies cerebral infarctions according
to etiology.? We did not use this classification because it is doubtful whether
such a classification is useful in etiologic research since it would induce a
circular argument. For example, atherosclerosis would by definition be related to
infarctions that are caused by large vessel disease. Another drawback of the
TOAST classification is that it so too simplistic. For example, it is doubtful
whether all strokes related to atrial fibrillation are cardioembolic as the TOAST
criteria dictate. It has been reported that hypoperfusion may also play arolein
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strokes that occur in persons with atrial fibrillation, as may other co-existing
vascular pathology.>

MAIN FINDINGS

Incidence of stroke in the elderly

In the last decades, a decreasing trend in stroke mortality has been observed.**
Y et, stroke is still the third leading cause of death in many countries. Decreasing
trends for stroke morbidity are less clear. Cerebrovascular diseases put a large
burden on health care budgets. Limited data existed on the incidence and
lifetime risk of stroke in the elderly. We found that the incidence rate of stroke
increased with age. Further, the incidence rate was higher in men than in women
over the entire age range. However, as a net result of shorter survival and higher
incidence rates of stroke in men as compared to women, lifetime risks were
similar for both sexes (21% for men and women aged 55 years). This study
suggests that depletion of susceptibles for stroke with age does not occur.

Markers of structural vessel wall change and generalized
atherosclerosis

Ankle-arm index

Ankle arm index is a simple measure of peripheral arterial disease and
atherosclerosis. It has been suggested that ankle arm index can be used to select
persons at high risk of cardiovascular disease.’® The Atherosclerosis Risk In
Communities Study has shown that the risk associated with a low ankle arm
index diminished after adjustment for cardiovascular risk factors.™ In line with
their observation we found that ankle arm index lost the additional value for the
prediction of stroke if compared to a model including cardiovascular risk
factors. When we compared the predictive value of severa measures of
atherosclerosis, we found similar results in the sense of little value of adding
ankle arm index. These results suggest that a low ankle arm index acts as a
marker of an unfavorable cardiovascular risk profile but does not directly reflect
etiologically relevant pathology.
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Carotid intima-media thickness

Carotid intima-media thickness has been widely studied as a marker of
generalized atherosclerosis. It has been confirmed that an increased intima-
media thickness is related to the risk of stroke and cerebral infarction,
independently of traditional cardiovascular risk factors.”** However, the
relation between stroke subtypes, and in particular cerebral hemorrhages was not
yet clear. We have shown that an increased intima-media thickness is related to
all subtypes of stroke, including intracerebral hemorrhages and lacunar
infarction. This opens the possibility that intima-media thickness is aso
reflecting small vessel disease, since both lacunar infarction and intracerebral
hemorrhage are reported to be related to arteriolosclerosis of small intracerebral
VeSSGIS.ls_N

Compared to other measures of atherosclerosis, intima-media thickness
was most strongly related to stroke, even when a history of cardiovascular
disease was taken into account. Most likely, an increased intima-mediathickness
iIs a marker of generalized atherosclerosis, possibly including small vessel
pathology. An increased intima-media thickness may be used to select persons at
high risk for stroke, irrespective of other cardiovascular risk factors,

Carotid plaques

The significance of carotid plaques in relation to stroke in persons without
previous stroke or TIA was not clear. Knowledge on the relation with subtypes
of cerebral infarction and on the importance of plaque location was limited.
Furthermore, it had not been established whether carotid plagues are merely
sources of emboli, or markers of generalized atherosclerosis. Our study on the
relation between carotid plagues at six locations in the carotid arteries and
subtypes of cerebral infarction yielded several new insights. First, plagues
increased the risk of stroke and cerebral infarction, irrespective of plague
location. We could not confirm that plagues at locations with alot of turbulence
like the bifurcation carried a higher risk than plagues elsewhere. Secondly,
plaques were related to anterior but not to posterior circulation infarctions,
which suggests that plaques may just be sources of thrombo-emboli. Thirdly,
carotid plaques were related to the risk of lacunar infarction, which suggests that
carotid plaques are also related to small vessel disease. Another explanation
might be that part of the lacunar infarctions are related to emboli. In the last
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decade, more evidence is accumulating that lacunar infarctions may be caused
by emboli.®®# Our conclusion is that carotid plaques are both markers of
generalized atherosclerosis and sources of thrombo-emboli.

When compared to other markers of atherosclerosis, carotid plaques were
not the strongest predictor of stroke. Increased carotid intima-media thickness
for example was a stronger predictor. Just counting number of plagues, as we
did, may be too crude a measure. Possibly, measurement of the thickness of all
plagues and measurement of plagque characteristics like echolucency, ulceration
and intraplague hemorrhage may help to more precisely measure plaques.

Calcifications in the vessel wall

In this thesis we studied two measures of calcification, namely aortic
calcifications and coronary calcifications. We showed that presence of aortic
calcifications is related to an increased risk of stroke and cerebral infarction,
irrespective of cardiovascular risk factors. Furthermore, we showed that
presence of coronary calcifications as detected by electron-beam tomography is
related to a history of stroke. The most likely explanation for these resultsis that
calcifications in the vessel wall reflect the extent of atherosclerotic lesions
elsewhere. Alternatively, calcifications in the vessel wall may also functionally
be related to increased arterial stiffness, leading to an increased pulse pressure
and risk of stroke. A third explanation is that aortic and coronary calcifications
reflect calcifications in the aortic arch from which emboli can arise
Unfortunately, we did not have data on atherosclerosis in the aortic arch, so we
were not able to investigate this further.

When we compared the predictive value of between several measures of
atherosclerosis, we found that aortic calcifications were among the best
predictors for stroke and were related to stroke, independently of cardiovascular
risk factors and intima-media thickness.

Functional changes in the vessel wall

Arterial stiffness

Stiffening of the arterial tree is considered the main cause of an increased pulse
pressure. We investigated two measures of arterial stiffnessin relation to stroke.
The pulse-wave velocity in the aortais calculated as the ratio between the transit
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time of the foot of the pulse wave to travel along the arterial tree and the
distance of the arterial segment. Another measure of arterial stiffness is the
distensibility, i.e. change in arterial diameter due to change in arterial pressure
over the cardiac cycle. We found that aortic stiffness is not clearly related to a
previous stroke. However, carotid stiffness was related to a previous stroke. The
relation remained after adjustment for carotid plagues. One other but small case
control study investigated the relation between pulse-wave velocity and stroke.
They reported a relation between pulse-wave velocity and stroke.”® Recently, it
was reported that aortic stiffness as assessed with transoesophageal
echocardiography is related to ischemic stroke in an elderly population,
independently of thickness of aortic plagues®® These results suggest that
assessing aortic stiffness, or sclerosis, may add prognostic information in
assessing therisk of stroke in the elderly.

A limitation of our studies on coronary calcifications and arterial stiffness
IS the cross-sectional design. This may have induced misclassification of
exposure. More importantly, only survivors of stroke were analyzed. This
prevalence-incidence bias may have influenced our results.

Endogenous sex hormones

Sex hormones may play arole in the difference between men and women in the
occurrence of atherosclerosis and cardiovascular disease. Estrogen is considered
to have a protective effect in women, since the frequency of cardiovascular
disease increases after menopause. However, recent clinical trials evaluating the
effect of hormone replacement therapy in relation to stroke reported negative
results.”>?® We found no relation between endogenous estrogen levels and stroke
risk, neither in men nor in women. A low testosterone level was recently
reported as a potential risk factor for cardiovascular disease in men.?"®
However, prospective studies on the relation between testosterone and stroke
were lacking. We showed that a low testosterone level was related to an
increased risk of stroke in male non-smokers. Adjustment for atherosclerosis
yielded similar results, suggesting that other mechanisms than atherosclerosis
may underlie thisrelation. Levels of testosterone in men gradually decrease with
age. One proposed mechanism is that a low testosterone level is related to a bad
genera health and comorbidity.”® Other possible pathways are that low
testosterone levels are related to oxidative stress, vasoconstriction or arterial
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stiffness.®* At present, use of testosterone replacement therapy in men is not
yet warranted as a measure to prevent stroke.

Genetic factors

Genetic factors may be related to stroke, most likely by modulating the effects
of, or predisposing to risk factors for stroke such as atherosclerosis and
hypertension. We evaluated two possible candidate genes in relation to stroke.
Mutations in the hemochromatosis gene (HFE), namely C282Y and H63D were
related to both stroke and carotid atherosclerosis in persons who smoked or had
hypertension. Possible mechanisms underlying these relations are an increased
iron level, leading to increased blood viscosity, or increased oxidative stress and
subsequent vascular damage®*** For the Angiotensin Converting Enzyme
(ACE) gene our results were less clear. The D-allele is hypothesized to influence
atherosclerosis and to have other influences on the vascular system, namely by
inducing, hypertension, influencing endothelial function or regulation of smooth
muscle tone. **" We found that overall, the D-allele was not related to the risk
of stroke or cerebral infarction. However, there was a significant interaction
between presence of the D-allele and hypertension in relation to cerebral
infarction. The results remained similar after adjustment for carotid
atherosclerosis. Possibly hypertension has different effects in persons with and
without the D-allele.

CLINICAL RELEVANCE

Cardiovascular disease has long time been considered a disease of men. Our
study on the incidence of stroke confirmed that incidence rates were higher in
men than in women. However, since men have poorer survival, lifetime risks of
stroke were similar for men and women. Women have their stroke at a higher
age than men. These results illustrate that stroke prevention in the elderly, also
in women, is a very important issue, especially since populations are rapidly
growing older. In coming decades, stroke will put alarger burden on the health
care budget. Treatment possibilities have improved in recent years and
implementation of stroke units and stroke services has become widespread.
Nevertheless, prevention of stroke is still the best therapy. What is needed for
prevention to be effective is identification of modifiable causal risk factors and
identification of people at high risk who may benefit from the intervention.

161



Chapter 6

We analyzed different measures of atherosclerosis and we showed that
measurement of ankle arm index has no additiona vaue to classica
cardiovascular risk factors in the prediction of stroke. Carotid intima-media
thickness and aortic calcifications were the best predictors for stroke,
independent of cardiovascular risk factors. Adding information on calcification
to carotid intima-media thickness may thus be a promising method to select high
risk groups. Still, clinical application should be preceded by further research e.g.
on cost-effectiveness. Another measure of atherosclerosis related to stroke was
carotid plaques. Just counting the number of plagues may provide a useful and
easy tool to select persons at high risk for stroke, cerebral infarction and lacunar
infarction. However, the prognostic value for stroke was less if compared to
intima-media thickness and aortic calcifications. We further showed that
coronary calcifications as detected by electron beam tomography may not only
predict the risk of myocardial infarction, but also the risk of stroke. Still, this
relation first needs to be evaluated prospectively before clinical management of
persons with coronary calcifications should be altered.

In several studies we investigated the relation between atherosclerosis and
lacunar infarctions. Atherosclerosis is not commonly considered an important
risk factor for lacunar infarctions. However, our studies have shown that
presence of carotid atherosclerosis increases the risk of lacunar infarctions,
irrespective of cardiovascular risk factors like diabetes and hypertension. These
results question the traditional distinction between large artery atherosclerosis
and small vessel disease as different disease processes. Boiten et al. identified
two types of lacunar infarctions. First, singe lacunes related to traditional
vascular risk factors and microatheromata and secondly, multiple (silent) lacunar
infarctions related to hypertension and leukaraiosis.™ The latter type is
considered to be related to lipohyalinosis or arteriolosclerosis, and has a worse
prognosis.’® In our study, we could not distinguish between the two groups of
lacunar infarctions. However, it is conceivable that most of the lacunes in our
study were single, related to traditional risk factors and microatheromata. In this
light, carotid atherosclerosis as measure of large vessel disease can also act asan
indicator of small vessel atheromata. Another possibility is that lacunar
infarctions can be caused by micro-emboli, resulting from large artery
disease.’®*® Our results and the recent studies point out that the concept that
lacunar infarctions are only related to small vessel disease does not hold.
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Hormone therapy in postmenopausal women is a major issue of concern
in cardiovascular disease prevention. Recently, evidence has become available
to suggest that estrogen replacement therapy in women has no, or even and
adverse effect on stroke risk.”>?** Our study showed that endogenous estradiol
Is not related to stroke in postmenopausal women. However, we cannot
generalize these results to exogenous estradiol. Therefore, we cannot infer that
estrogen replacement therapy has no effect on stroke in women. In recent years,
Increasing attention has been payed to testosterone replacement therapy in men.
It is considered to have beneficial effects on mood disorders, libido, well being
and possibly cardiovascular disease.*® Adversely, testosterone therapy may also
increase the risk of prostate cancer.” We found that a low testosterone level in
men increases the risk of stroke. These finding needs further confirmation.
Further, the precise mechanism underlying this relationship needs to be
explored. At present, testosterone suppletion in men in order to prevent stroke
can not seriously be considered.

Finally, we showed that the ACE genotype, and mutations in the gene for
hemochromatosis (HFE) were related to stroke in certain subgroups. Research
on genetic factors in stroke is still in the beginning. As more knowledge on
genetic factors in stroke will accumulate, intensified preventive therapy in
susceptible persons may become possible.

FUTURE RESEARCH

We examined several measures of atherosclerosis in relation to stroke. Further
epidemiological research can help unravel what underlies the relation between
atherosclerosis and stroke. Measures like coronary calcifications and arterial
stiffness need prospective evaluation in relation to stroke. Furthermore, these
measures need comparison with other measures of atherosclerosis in relation to
stroke. We identified carotid intima-media thickness and aortic calcifications as
strong and independent predictors for stroke. Research is needed to evaluate the
cost-effectivity of applying both measures to select high risk persons. A topic
related to the latter is the development of risk scores in populations, including
measures of atherosclerosis.

Another field of interest is the identification of factors that trigger the
occurrence and progression of atherosclerosis. For example, measuring plaque
characteristics like echolucency and surface regularity in population-based
studies may help the identification of persons at higher risk of embolic stroke. It
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Is reported that these characteristics are related to unstable plagues and
subsequent release of thrombo-emboli.**** The influence of genetic and
thrombotic factors on atherosclerosis and stroke also needs further investigation.
Another factor that needs further investigation is medication use. The role of
aspirin has become more clear in last decades. In a recent clinical trial it was
found that use of statins decreases overall mortality and stroke risk in persons
with any cardiovascular risk factor.*® The effect of statins on atherosclerosis,
either by reducing cholesterol or by antioxidant or other effects needs further
study to explain the preventive mechanism.

We identified a low testosterone level as a risk factor for stroke in men.
Further experimental and observational research is needed to investigate
whether testosterone is related to vascular disease, or just a measure of bad
health. If testosterone turns out to be directly related to the vascular system, then
clinical trials on the effect of testosterone-replacement therapy on cardiovascular
disease in men at risk for stroke should be conducted.

It is obvious that the field of genetics in stroke is just beginning to
develop. We found aweak relation between the ACE D-allele and risk of stroke.
The possible underlying mechanism needs further study. Studies on the effect of
ACE inhibitors may help in this.

There is a need for an improved identification of stroke subtypes in
population-based cohort studies. One approach is a more widespread use of
neuro-imaging techniques to assess more subtypes, especialy in the elderly who
less often get a scan and in whom the burden of stroke is largest. Another
approach is the use of more advanced neuro-imaging techniques such as
perfusion and diffusion weighted imaging. This may help a more precise
subtyping of cerebral infarctions. More detailed information on stroke subtypes
and their prognosis may help to understand underlying pathophysiological
mechanisms and to optimalize preventive strategies. Moreover, the classification
of stroke subtypes may need revision.

Any future stroke investigator should realize that the effects of risk factors
can be manifold and that stroke is a heterogeneous disease.
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Summary

genetic factorsin relation to the risk of stroke. The results are based on

the Rotterdam Study, a large population based cohort study among
7,983 persons aged 55 years or older. A total of 7,721 persons were free from
previous stroke. The cohort was followed for morbidity, including stroke. Until
January 1, 1999, 432 persons suffered from afirst stroke.

Chapter 2 describes the incidence and survival of stroke. The incidence
rate increased with age and was higher in men than in women over the entire age
range. The incidence rate varied from 1.7 per 1000 personyears in men aged 55
to 59 to 69.8 per 1000 personyears in men aged 90 years or over. Corresponding
rates for women were 1.2 and 33.1 per 1000 personyears, respectively. Although
incidence rates were higher in men than in women, lifetime risks were similar
(21% for persons aged 55 years). The explanation is that the longer life
expectancy in women counterbalances the higher incidence rates of stroke in
men. Because of this, women have their stroke on average at a higher age than
men. We observed no differences in survival between men and women.

Chapter 3 shows the relation between several measures of atherosclerosis
and risk of stroke. Chapter 3.1 reviews the knowledge regarding subclinical
markers of atherosclerosis and risk of stroke. In chapter 3.2 the relation
between an increased wall thickness in the carotid artery and subtypes of stroke
Is described. We found that an increased wall thickness did not only increase the
risk of stroke, but also the risk of intracerebral hemorrhage and lacunar
infarction, irrespective of cardiovascular risk factors. The relevance of carotid
plaques in persons without a previous stroke or TIA was not yet clear. Chapter
3.3 describes the prospective study on the relation between plaques, measured at
six locations in the carotid artery, and stroke and subtypes of cerebral infarction.
We found that plagues increased the risk of stroke, irrespective of location in the
carotid artery. Further, plagques were related to infarctions in the anterior, but not
the posterior circulation. There was a strong relation between carotid plagues
and risk of lacunar infarction. We concluded that carotid plagues are sources of
emboli as well as markers of generalized atherosclerosis. Presence of
calcifications in coronary arteries as assessed by electron beam tomography is
another measure of atherosclerosis that we investigated in chapter 3.4. The
amount of calcification was related to a history of stroke. Other cardiovascular
risk factors did not explain this relation. Chapter 3.5 shows the results of our
study on the relation between arterial stiffness, a functiona measure of

This thesis describes the relation between atherosclerosis, hormones and
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atherosclerosis, and risk of stroke. Stiffness in the aorta was not clearly related
to a history of stroke, whereas persons with severe carotid stiffness were 12
times more likely to to have had a stroke. Finally we compared different
measures of atherosclerosis in relation to stroke, namely carotid plagues and
Intima-media thickness, ankle-arm index and calcifications in the aorta (chapter
3.6). We found that carotid intima-media thickness and aortic calcifications were
strongest related to the risk of stroke. Cardiovascular risk factors largely
explained the relation that we found between ankle-arm index and stroke. The
relations with other measures of atherosclerosis remained after adjustment for
cardiovascular risk factors. Aortic calcifications and intima-media thickness
were independently of each other related to the risk of stroke. They may be used
to identify persons at high risk of stroke who may benefit from intervention.

Chapter 4 deals with the relation between endogenous sex hormones
(testosterone and estrogen) and risk of stroke in men and postmenopausal
women. Estradiol was not related to the risk of stroke, neither in men nor in
women. The effect of estrogen replacement in postmenopausal women on
cardiovascular disease is a hot topic. Our results are in line with recent clinical
trials that failed to report a beneficial effect from estrogen replacement therapy
on the risk of stroke. A decreased testosterone level was related to an increased
risk of stroke in men, in particular in those who did not smoke. The relation
remained after adjustment for comorbidity. It is still too early to conclude that
men with decreased testosterone levels may benefit from testosterone
replacement therapy. The precise underlying mechanism needs to be explained.

In chapter 5, the relation between two candidate genes and stroke is
described. In chapter 5.1 we report that thereis no clear relation between the D-
alelein the angiotensin converting enzyme (ACE) gene polymorphism and risk
of stroke. Chapter 5.2 describes the relation between mutations in the
hemochromatosis gene and stroke. Two mutations (C282 and H63D) were
related to the risk of stroke and increased carotid intima-media thickness in
persons who smoked or had hypertension.

Finaly, in chapter 6 we discuss our findings in the light of other studies.
We comment on methodological issues regarding atherosclerosis and stroke
subtypes. We further discuss the results and comment on mechanisms
underlying the relation between atherosclerosis and stroke. Also, we discuss the
results regarding sex hormones and genetic factors in relation to stroke.
Subsequently we comment on the clinical relevance of our findings. We state
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that in ageing societies, prevention of stroke is of great importance in men as
well asin women. Further, the combination of information on wall thickness and
arterial calcifications could be used to identify persons at high risk of stroke.
From our results on sex hormones we cannot conclude that estrogen replacement
therapy in women has no effect in on the risk of stroke. The mechanism
underlying the relation between testosterone and stroke in men needs
clarification before we can conclude that testosterone replacement therapy in
men can have beneficial effects on the risk of stroke. The results on genetic
factors suggest that information on genetic factors may be used to intensify
preventive therapy in persons with a specific genetic make-up.

Finally we do recommendations for future research on the role of
atherosclerosis, hormones and genetic factors in relation to stroke. A few
measures of atherosclerosis need prospective evaluation in relation to stroke.
Further, we do suggestions for research that may help the identification of
persons at risk for stroke and who may benefit most from preventive therapy.
We further discuss how the assessment of stroke subtypes can be improved in
population-based studies. Further epidemiological research can help the
prevention of stroke.
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erfelijke factoren en het risico op beroerte. De resultaten zijn gebaseerd

op het Erasmus Rotterdam Gezondheid en Ouderen (ERGO)
onderzoek. Dit is een bevolkingsonderzoek onder 7983 personen van 55 jaar of
ouder dat in 1990 is gestart in de Rotterdamse wijk Ommoord. Onder de
deelnemers hadden 7721 personen geen beroerte in de voorgeschiedenis. Het
cohort werd gevolgd en het optreden van verschillende ziekten, inclusief
beroerte, werd vastgelegd. In de periode tot januari 1999 kregen 432 personen
voor het eerst een beroerte.

Hoofdstuk 2 beschrijft de incidentie van beroerte, ofwel het aantal
nieuwe ziektegevallen dat zich in de loop van een tijdperiode voordoet. Het
incidentiecijfer stijgt met de leeftijd en is op alle leeftijden hoger voor mannen
dan voor vrouwen. De incidentie varieert van 1,7 voor mannen in de leeftijd van
55 tot 59 jaar tot 69,8 per 1000 persoonsaren voor mannen ouder dan 95 jaar.
De corresponderende incidentiecijfers voor vrouwen zijn 1,2 en respectievelijk
33,1 per 1000 persoongjaren. Alhoewel beroerte vaker voorkomt bij mannen dan
bij vrouwen, vonden we dat de kans om gedurende de rest van het leven een
beroerte te krijgen voor mannen en vrouwen even groot is (21% voor personen
van 55 jaar). Dit wordt verklaard doordat een langere levensverwachting voor
vrouwen de lagere incidentiecijfers ten opzichte van mannen compenseert. Ten
opzichte mannen krijgen vrouwen op hogere leeftijd een beroerte.

Hoofdstuk 3 laat de relatie tussen verschillende maten van
aderverkalking en beroerte zien. Hoofdstuk 3.1 geeft een overzicht van de
kennis omtrent subklinische maten van aderverkalking in relatie tot beroerte. In
hoofdstuk 3.2 wordt het onderzoek naar de relatie tussen wanddikte in de
halsslagader en subtypen van beroerte beschreven. Een dikkere vaatwand
verhoogt het risico op beroerte, maar ook het risico op een hersenbloeding en
lacunair infarct, onafhankelijk van andere risicofactoren voor hart- en
vaatziekten. De relevantie van plagues in de halsslagader bij personen zonder
beroerte of TIA in de voorgeschiedenis was nog onduidelijk. Hoofdstuk 3.3
beschrijft het prospectieve onderzoek naar de relatie tussen plagues in de
halsslagader op 6 verschillende locaties en het risico op beroerte en subtypen
van herseninfarct. We vonden dat relatie tussen plagues en beroerte
onafhankelijk is van de locatie van de plague in de halsslagader. Plaques zijn
verder gerelateerd aan infarcten in de voorste, en niet in de achterste
hersencirculatie. Verder vonden we een sterk verband tussen plagues en

D it proefschrift beschrijft de relatie tussen aderverkalking, hormonen en
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lacunaire infarcten. We concludeerden dat plagues zowel bronnen van
embolieén zijn als een maat van gegeneraliseerde aderverkalking. Hoofdstuk
3.4 gaat in op de relatie tussen aanwezigheid van kalk in de kransslagaderen,
gemeten met behulp van electron-beam tomografie, en beroerte. We vonden dat
de hoeveelheid kalk in de kransslagaderen gerelateerd is aan beroerte in de
voorgeschiedenis. Het verband werd niet verklaard door andere risicofactoren
voor hart- en vaatziekten. Hoofdstuk 3.5 laat resultaten zien van de studie over
de relatie tussen vaatwandstijfheid, een functionele maat van aderverkalking, en
beroerte. Stijfheid in de grote lichaamsslagader was niet duidelijk gerelateerd
aan beroerte, maar voor personen met ernstige vaatwand stijfheid in de
halsslagader was de kans wel groter om een beroerte te hebben doorgemaakt.
Tendlotte vergeleken we verschillende maten van aderverkalking in relatie tot
het risico op beroerte, namelijk vaatwanddikte en plaques in de halsslagader,
enkel-arm index en kalk in de grote lichaamsslagader (hoofdstuk 3.6). We
vonden dat wanddikte in de halsslagader en aanwezigheid van kalk in de grote
lichaamsslagader het sterkst waren gerelateerd aan de kans op beroerte,
onafhankelijk van elkaar. Rekening houdend met andere risicofactoren voor
hart- en vaatziekten verdween de relatie tussen enkel-arm index en beroerte. De
overige maten bleven gerelateerd aan het risico op beroerte. Informatie over
deze maten kan mogelijk worden gebruikt om personen met een verhoogd risico
op beroerte op te sporen en te behandelen.

Hoofdstuk 4 gaat over de relatie tussen geslachtshormonen die het
lichaam zelf aanmaakt (testosteron en oestrogeen) en beroerte bij mannen en
vrouwen na de overgang. Noch bij mannen noch bij vrouwen vonden we een
relatie tussen oestrogenen en risico op beroerte. Er is veel discussie over het
effect van oestrogeen pillen bij vrouwen na de overgang. Onze resultaten sluiten
deels aan bij resultaten van klinische trials die geen gunstig effect hebben
aangetoond van oestrogeen pillen op het risico op beroerte bij vrouwen. Een
lager testosteron gehalte was gerelateerd aan een hoger risico op beroerte en
herseninfarct bij mannen, in het bijzonder bij de niet-rokers. Rekening houdend
met maten van algemene gezondheid bleef de relatie bestaan. Het is nog te vroeg
om te concluderen dat oudere mannen met een verlaagd testosteron gehalte baat
kunnen hebben bij testosteron pillen. Het precieze mechanisme van de relatie
moet nog verder worden onderzocht.

De relatie tussen twee kandidaat-genen en beroerte wordt beschreven in
hoofdstuk 5. In hoofdstuk 5.1 beschrijven we dat er geen duidelijke relatie
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bestaat tussen de aanwezigheid van het D-allel in het angiotensine-converting
enzym (ACE) polymorfisme en risico op beroerte. Hoofdstuk 5.2 beschrijft de
relatie tussen mutaties in het gen voor hemochromatose en risico op beroerte.
Twee mutaties (C282Y en H63D) waren gerelateerd aan beroerte en wanddikte
in personen die rookten of een verhoogde bloeddruk hadden.

Tendlotte bespreken we in hoofdstuk 6 de bevindingen in het kader van
andere studies. We maken een aantal methodologische kanttekeningen bij het
bestuderen van aderverkalking en subtypen van beroerte. Verder bespreken we
de resultaten waarbij we ingaan op het mechanisme wat ten grondslag ligt aan
de relatie tussen maten van aderverkalking en beroerte. Tevens bespreken we de
resultaten met betrekking tot geslachtshormonen en erfelijke factoren in relatie
tot beroerte. Daarna bespreken we de klinische relevantie van de resultaten.
Daarbij komt naar voren dat preventie van beroerte in een vergrijzende
samenleving van groot belang is, zowel voor mannen als voor vrouwen. Verder
zou informatie over verdikking van de vaatwand, gecombineerd met gegevens
over verkalking gebruikt kunnen worden om personen met een verhoogd risico
op te sporen. Met betrekking tot geslachtshormonen kunnen we op grond van
onze studie niet concluderen dat oestrogeen suppletie bij vrouwen geen effect
heeft op het risico op beroerte. Voordat we kunnen concluderen dat testosteron
suppletie bij mannen een gunstig effect heeft op het risico op beroerte moet
eerste het onderliggende mechanisme van de relatie tussen testosteron en hart-
en vaatziekten worden onderzocht. De uitkomst van onze studies naar kandidaat
genen suggereert dat informatie over erfelijke factoren in de toekomst mogelijk
kan worden gebruikt om bij bepaalde personen intensievere preventie toe te
passen.

Tot slot geven we aanbevelingen voor verder onderzoek naar de rol van
aderverkalking, hormonen en erfelijke factoren in relatie tot beroerte. Een aantal
maten van aderverka king moet nog prospectief worden onderzocht in relatie tot
beroerte. Vervolgens bespreken we hoe de diagnose van beroerte en typering
kunnen worden verbeterd in bevolkingsonderzoeken. Verder epidemiologisch
onderzoek naar oorzaken van beroerte kan bijdragen aan preventie van beroerte.
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