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Introduction

¥ troke puts a large burden on western societies. It is the third leading cause of
death in these countries, and one of the major causes of disability.!~ Stroke
vt mottality has been declining substandally in developed countries for some
dccheq 124 Data on stroke incidence are relatively rare, but existing figares suggest
that incidence of stroke declined until the 1980s and since then levelled off.™ In
ageing populations the number of affected subjects will grow in the coming years.?
In the Iast few decades epidemiologic research identified numerous risk factors
for stroke.? Yet, there arc remaining questions related to the etiology and prevention
of stroke and some of these are addressed in this thesis. In chaptet 2, we study
whether the classical stroke risk factors as identified in the Framingham risk profile
still predict accurately the probability of stroke. Chapters 3, 4 and 5 are devoted to
the associations between hypertension, serum cholesterol, family history of stroke
and the risk of stroke. In chaptets 6, 7, and 8, we investigate the role of dietary anti-
oxidants, aspirin and carotid endarterectomy in the prevention of stroke, Prevention
measures aim to modify risk factors. It is an interesting question how change in a
risk factor is related to stroke, In chapter 9, we show our results on the associarion
between change in systolic blood pressure and the occurrence of stioke. We use
this study as an example to call attention to possible bias caused by the prevailing
method of analysing the relationship between change in a determinant and the risk

of disease,

A major theme in this thesis is the possible prevention of stroke. We should note
that stroke is not one entity, but a group of disorders. The two major types of stroke,
ischemic stroke and cerebral hemorthage ate caused by very different pathomecha-
nisms. Even though their risk factors overlap they should ideally be studied sepa-
rately.’ Understanding the etiology of stroke, and finding clues for its prevention, is
crucial in reducing the burden of stroke,

The importance of prevention of stroke is further emphasised by the fact, that
besides supportive care and treatment of acute complications, currently there is no
treatment for acute ischemic stroke, except for tissue plasminogen activator (tPA) in
a minority of cases.””

One of the most effective strategics on the community level to prevent stroke
is to shift the population distribution of major modifiable host and environtmental
tisk factors towards lower risk.® Cholesterol loweting might be an option, Clinical
trials have shown a latge benefit in stroke prevention with the use of statins, the
last generation cholesterol loweting drugs.”'? On the other hand, observational epi-
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demiological studies provided controversial results.” " In chapter 4, we revisit the
relation between cholesterol level and the risk of stroke. In chapter 6, we investigate
whether dietary antioxidants can prevent stroke,

The mass strategy of prevention involves many low risk subjects. The safety of
the interventions is critical for the potential side effects not to exceed the benefits.
Hence, the actual intervention is usually limited to modifying heatth behaviour o
environmental factors. Aspirin use and carotid endarterectomy, neither of them free
from risk of adverse events, ate being used in low tisk subjects.?”* We evaluate these
interventions in chapters 7 and 8,

A complementary approach to a mass prevention strategy is to prevent stroke in
subjects at high risk for stroke.? The control of hypertension is a simple example of
this high-risk approach. A problem related to the control of blood pressure is the
optimal target blood pressure in treated hypertensive subjects. " We address this
issue in chapter 3.

In chapter 10, the main findings of the work are summarised along with their
limitations and potential implications. Finally, envisaged directions in epidemiologi-
cal research on the etiology of stroke and in research methods are given.

REFERENCES

1. Bonita R. Epidemiology of stroke. Lancet 1992;339:342-347.

2. Gorelick PB, Stroke prevention, Arch Neurol 1995;52:347-355,

3. Sacco RL, Benjamin EJ, Broderick JP, Dyken M, Easton D, Feinberg WM, Goldstein
LB, Gorelick PB, Howard G, Kittaer S], Manolio TA, Whisnant JP, Wolf PA. Risk fac-
tors, panel. Stroke 1997;28:1507-1517.

4. Khaw KT. Epidemiology of stroke. ] Neuwrol Neurosurg Psychiatry 1996,61:333-338.

5. Adams HD, Jx, Brott TG, Crowell RM, Furlan AJ, Gomez CR, Grotea J, Helgason CM,
Marler JR, Woolson RF, Zivin JA. Guidelines for the management of patients with
acute ischemic stroke. A statement for healtheare professionals from a special writing
group of the Stroke Council, American Heart Association. Stroke 1994;25:1901-1914.

6. Adams HP Jr, Brott TG, Furlan A], Gomez CR, Grotta J, Helgason CM, Kwiatkowski T,
Lyden PD, Matler JR, Torner J. Guidelines for Thrombolytic Therapy for Acute Stroke:
A Supplement to the Guidelines for the Management of Patdents With Acute Ischemic
Stroke. A Statemnent for Healthcare Professionals From a Special Writing Group of the
Swoke Council, Ametican Heari Associatdon Circulation 1996;94;1167-1174.

7. Alberts MJ. tPA in acute ischemic stroke: United States experience and issues for the
future. Neurology 1998;51(Suppl 3):553-855.

8 Rose G. The strategy of preventive medicine, Oxford: Oxford Umverslt; Press, 1992,

9. Baluw GJ, Lagaay M, Sielt AHM, Westendorp RG], Stroke, statins, and cholesterol. A
meta-analysis of randomized, placebo-controlled, double-bind trials with HMG-CoA
reductase inhibitors, Stroke 1997;28:946-950,

16, Herbert PR, Gaziano }M, Chan KS, Hennekens CH. Cholesterol loweting with statin
drugs, risk of stroke, and total mortality. An overview of randomized trials. JAMA
1997,278:313-321.

11, Crouse I IR, Byington RP, Hoen HM, Furberg CD. Reductase inhibitor monotherapy



16.

7.

I8.

19,

20.

21.

22,

23,

24,

25,

26,
27,

Introduction 3

and stroke prevention. Arch Intern Med 1997;157:1305-1310.

Crouse III JR, Byington R, Futberg CD. HMG-CoA reductase inhibitor therapy and
stroke risk reduction: an analysis of clinical trfals data. Atherosclerosis 1998;138:11-24.
Iso H, Jacobs DR, Wentworth D, Neaton JD, Cohen JD, for the MRFIT Research
Group. Serum cholesterol levels and six-year mortality from stroke in 350,977 men
screened for the multiple risk factor intervention trial. N Eng | Med 1989;320:904-910.
Lindenstrom E, Boysen G, Nyboe | Influence of total cholesterol, high density lipo-
protein cholesterol, and triglycerides on risk of cerebrovascular disease; the Copenha-
gen city heart study. BMJ 1994;309:11-15.

Benfante R, Yano I, Hwang L], Curb D, Kagan A, Ross W, Elevated serum cholesterol
is a risk factor for both coronary heart disease and thromboembolic stroke in Hawaiian
Japanese men. Implication of shared risk. Stroke 1994;25:814-820.

Eastern Stroke and Coronary Heart Disease Collaborative Research Group. Blood pres-
sure, cholesterol, and stroke in eastern Asia. Lancet 1998;352:1801-1807,

Trospective studies collaboration. Cholestercl, diastolic blood pressure, and stroke:
13000 stroke in 450000 people in 45 prospective cohorts. Lancet 1995;346:1647-1653.
Nakayama T, Date C, Yokoyama T, Yoshiike N, Yamaguchi M, Tanaka H. A [5.5-year
follow-up study of stroke in a Japanese provincial city. The Shibata Study. Stroke 1997;
28:45-52.

Simons LA, McCallum ], Friedlander Y, Simons ], Risk factors for ischemic stroke,
Dubbo Study of the eldetly. Stroke 1998;2%:1341-1346.

Peto R, Gray R, Collins R, Wheatley K, Hennekens C, Jamrozik K, Warlow C, Hafner
B, Thompson K, Norton §, Gilliland J, Dolt R, Randomised trial of prophylactic daily
aspitin in British male doctors, BM] 1988;296:313-316.

Steering Commitee of the Physicians” Health Study Research Group. Final report
on the aspirin component of the ongoing Physicians’ Health Study. N Engl ] Med
1989;321:129-135.

Rothwell PM, Sattery }, Warlow CP. A systematic comparison of the risks of stroke
and death due to carotid endarterectomy for symptomatic and asymptomatic stenosis.
Stroke 1996;27:266-269.

Hartmann A, Hupp T, Koch HC, Dollinger P, Stapf C, Schmidt R, Hofmeister C,
Thompson JL, Marx P, Mast H. Prospective study on the complication rate of carotid
surgery. Cerebrovase Dis 1999;9:152-156.

Coope J. Hypertension: the cause of the J-carve, ] Hum Hyperten 1990;4:1-4,
Flechter AK, Bulpitt CJ. How far should blood pressure be lowered. N Engl J Med
1992,326:251-254.

Sleight P Blood pressure, hearts, and U-shaped curves. Lancet 1988;1:235,

Kaplan N. J-curve not burned off by HO'T study. Lancet 1998;351:1748-1749,






How does the
Framingham stroke risk profile
perform in Rotterdam?

Background and puspose — Our aim was to evaluate the predictive performance of the Fram-
ighan stroke risk profike.

Methods — This study was condrncted within the Rotterdam Study, a prospective popilation-based
cohort study of subjects aged 55 years or over that started in 1990. This anafysis concerns 4930
subjects who were fiee from sivoke al baseline and on whom we bad complete information on alf
the risk_factors inclieded in the Framinghant risk profile. We assessed whether the profile corvectly
estimated the number of strokes that occurred within three years of follow-up and whether it conld
discriminate between bigh and fow risk subjects.

Results — Damring follow-up 141 strokes and trausient ischensic attacks (I1A) occnrved, where
127 were expected. The estimated three-year visk of stroke and TLA ranged from 1.4%o to
54.8%. The area under the receiver aperator characteristic entvve was 0,72 for stroke and TIA,
and 0.75 when onfy stroke was considered as an ontconme.

Conclusions — The Framingham stroke risk profile predicts the nmmber of strokes reasonabfy
well, and can be a nsefird toof fo discriminate behveen subjects with different risk for stroke,

isk profiles can cstimate probability of an event conditionaily on specific
4 characteristics of the subject. The most well-known stroke risk profile was
L. W published from the Framingham Study a decade ago.! The profile included
the now “classical” stroke risk factors. The function can predict the number of
strokes in a population and can identify persons at increased risk of stroke.

The object of our study was to evaluate the performance of the Framingham
stroke risk profile in the Rotterdam Study. We wanted to see whether the function
could predict stroke accurately in a different population. Furthermore, we wanted to
assess whether after the advances in the control of hypertension, diabetes, and the
treatment of cardiovascular discases in the last decade, the major classical stroke risk

factors could still largely predict the risk of stroke.

&1
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SUBJECTS AND METHODS

Study population

We evaluated the performance of the Framingham stroke risk profile in the Rot-
terdam Study, an ongoing prospective population-based cohort study for which all
inhabitants aged 55 years ot over, living in a suburb of Rotterdam, The Netherlands,
wete invited. The rationale and design of the Rotterdam Study have been desecribed
elsewhere.”

Bascline data collection was performed between 1990 and 1993, Written informed
consent and permission to retrieve informaton from medical records were obtained
from every participant. The study has been approved by the Medical Ethics Com-
mittee of Erasmus University/Academic Hospital Rotterdam. In total 7983 subjects
patticipated {response rate 78%). Among them 7603 subjects completed the baseline
intetview and examinadon, and reported no previous stroke at baseline. Although
on most variables more than 90 % of data was available, we had information on all
the risk factors included in the Framingham risk profile only in 4930 subjects. Those
who were not included in this analysis were on average slightly older and more often
took antihypertensive medication, suffered from diabetes mellitus or had coronary

heart disease.
Assessment of strokes and transient ischemic attacks (TIA)

At baseline, information on health status and medical history was obtained using
a computerized questionnaire. Previous stroke was assessed by direct questioning;
“Did you ever suffer from a stroke diagnosed by a physician?”. If the answer was
‘ves’, medical tecords were checked for additdonal information. A previous stroke
was coded if it was confirmed by medical records.®> Once subjects enter the Rot-
terdam Study they are continuously monitored for major events through automated
linkage with the files from the GPs. With respect to the vital status, information is
obtained at regular intervals from the municipal authorities in Rotterdam. When an
event ot death has been reported, additional information is obtained by interview-
ing the GP and scrutinizing information from hospital discharge records in case of
admittance or referral. Informadon on all possible strokes was reviewed by a neu-
rologist (PJK) who classified the stroke as definite, probable or possible. The stroke
was considered definite if the diagnosis was based on both clinical symptoms and
neuro-imaging, A probable stroke was considered if no CT or MRI was made but
if symptoms were highly suggestive for stroke according to the GP or treating neu-
rologist. In case of fatal stroke a cardiac cause of death should have been excluded
to teach a diagnosis of ptrobable stroke. The stroke was considered possible if the
treating neurologist diagnosed a ‘possible stroke’ without neuro-imaging, or if a GP
tecorded a fatal stroke and could not exclude a cardiac cause of death.

If CT or MRI was performed which showed a haemorthage or infarct the type of
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stroke was coded accordingly. In case of no abnormality on CT or MRI the stroke
was classified as ischemic. When no CT or MRI was performed, a stroke could
be coded possible hemorrhagic or ischemic in case of typical complaints or case
history. A case history of sudden hemiplegia or other focal signs with permanent
unconsciousness or death within hours without neuro-imaging was coded as possi-
ble hemorrhagic stroke. If there was limited impairment, i.e. isolated afasia, isolated
weakness of one limb, isolated facial weakness or isolated hemianopia the stroke
was considered possible ischemic. Furthermore, in case of complete improvement
within 72 houts or documented attial fibrillation at time of the diagnosis the stroke
also was considered possible ischemic.

Reported TIAs were classified based on all available information as definite,
probable or possible by study physicians, Only definite and probable T1As were
included in the analysis.

This analysis concerns strokes and TTAs that occurred within three years after

entry in the study cohort.
Definition of risk factors included in the risk profile

Risk factors included in the function were defined similarly in the Rotterdam Study
and in the Framingham Study.’ With respect to smoking subjects were categorized
as current smokers and non-smokers, including former smokers, Diabetes mellitus
was defined as random or post-load serum glucose level higher than 11.1mmol/l or
use of antidiabetic medication.’ Sitting blood pressure was measured at baseline at
the right upper arm with a random-zero sphygmomanometer. The average of two
measurements obtained on one occasion, separated by a count of the pulse rate,
was used in this analysis.® Use of antihypertensive medication was ascertained as
part of the baseline interview in the subjects” home when participants were asked to
report and show all vials of medications (either prescription or OTC) that were used
during the preceding week. Names or brands of drugs were recorded and classified
according to their cortesponding Anatomical-Therapeutical-Chemical-code (ATC-
code). Attial fibrillation and left ventricular hypertrophy were assessed by electro-
cardiogram, Definition of cardiovascular disease included history of intermittent
claudication, angina pectoris, coronary revascularisation procedure, myocardial inf-
arction, and cardiac failure. Prevalence of angina pectoris and intermittent claudica-
tion was assessed by means of a Dutch version of the cardiovascular questionnaire
of Rose et al.” Heart failure was defined in a two step approach, First, the presence
of shortness of breath at rest or exertion, ankle edema and crepitations was deter-
mined. If atleast two of these were present in combination with evidence of cardiac
disease, while shortness of breath could not be attributed to chronic obstructive
pulmonary disease, heart failurc was considered present. Secondly, the examining
physician used standardized questions to verify the indication of cardiovascular
medication with the participant. In case diutetics, glycosides or angiotensine con-
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verting enzyme inhibitors were used, the indication of heart failure was verified
and classified as no, possible or definite. Only participants with 2 definite indica-
tion for heart failure, in whom objective evidence of catdiac disease was found,
wete included.® History of myocatdial infatrcton was assessed primatily by direct
questioning, Self-reported events were confirmed by additional information from
the general practitioner ot cardiologist.”

Statistical analysis

We estimated the risk of stroke and T1A for each subject by imputing the subject
specific values of the risk factors in the Framingham stroke risk profile. A risk pro-
file that is applicable in practice should estimate the probability of events that are
compatable in severity and future prognosis. Although the original risk function was
developed to estimate the risk of stroke ot TIA, we thercfore performed additional
analyses in which we only included stroke as event of interest.

We first assessed how well the function estimates the number of events that
occurred within three-years of follow-up. For that we used two methods. First,
we compared the predicted three-year probability of events with the actual three-
year cumulative incidence of event in deciles of predicted probability.™ Second, we
applied a smoother to obtain a non-paramettic estimate of the “actual probability”
of stroke in each subject. The “actual probability” was calculated by robust locally
weighted regression. We used a tricube weight function, and a bandwidth of 0.8,
The relationship between the predicted probability and the “actual probability” is
presented on a scatterplot.

Next, to see how the risk profile could separate subjects who did or did not
have an event during the follow-up we calculated the area under the receiver operat-
ing charactetistic (ROC) cutrve.”? A discriminating function yields a wide range of
predicted risks and assigns higher predicted risks to subjects who will have an event
than to subjects who will not have an event. The better the discrimination the larger
the area under the ROC curve is,

REesvuLTS

Baseline characteristics of the study populadon are presented in Table 1. They were
quite comparable to those from the Framingham Study.! Within three years after
entry 94 strokes and 49 T1As occurred, resulting in 141 subjects with incident stroke
or TIA (two subjects had both a TTA and stroke duting the follow-up).

Table 2 shows the three-year cumulative incidence of events in deciles of the
estimated probability and the numbers of observed and expected cases. The total
number of expected cases was 127, the estimated three-year risk ranged from 1.4%o
to 54.8%. Ninety percent of subjects had an estimated three-year risk of stroke or
TIA smaller than 5.3%. From the table it can be scen that the function estimates
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the risk of stroke in most categories reasonably well. Figure 1 shows the scatter
plot of the predicted three-year probability of stroke and TIA and the “actual prob-
ability” of events. It shows that in the range of probability of 0.01-0.05, whete the
vast majority of subjects belong, the function somewhat undetestimates the actual
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Figure 1

Scatterplot of the pre-
dicted three-ysar prob-
ability of event and of
the actual probability
of event (logarithmic
scales).

Figure 2

ROC curve of the Fram-
ingham stroke risk pro-
fite.

probability of stroke and TIA. On the other hand, as expected, the function slighty
overestimates the probability of event if only stroke is considered.

Figure 2 presents the ROC curve of the function. The area under the curve

was 0.72 (95% confidence interval 0.68-0.76) and 0.75 (95% confidence interval
0.71-0.79) for stroke or TIA, and for stroke only, respectively. This shows that the
function discriminates equally regardless whether only stroke or stroke and TIA are
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considered as outcome. We additionally tabulated the sensitivity and specificity of
the function corresponding to different cut-off points of the estimated three-year
tisk (Table 3). Only stroke was considered here as event of interest. The table shows
that, for example, choosing an estimated risk of 2.4% or higher for identifying high
tisk subjects would mean that 75% of the future cases would be correctly identified
whereas 32% of subjects who would not have a stroke within three years would be
labeled as high risk,

DiscussionN

We evaluated the performance of the Framingham stroke risk profile. We found
that the function estimates the three-year risk of stroke reasonably well. The total
number of expected events is close to the observed nimber, and the prevalence of
the event is fairly well predicted in most categories of the estimated risk, Our results
show that major classical stroke risk factors still largely predict the risk of stroke.
The estimated probability had a wide range, and the function conild discriminate
‘between subjects with different risk for stroke. . Do

We evaluated the first version of the Fiammgham snoke risk proﬁle LA shghtly
tnodified version of 'the otiginal function was published’later, but \VithOth all the
- hiecessaty deitil to enable validation in another'dataser.® ‘
Out study has some limitations. The follow-up was only three years. Also, there
was a telauveiy E’uge Propm tion of Sub}ccts that we could not mclude in the analysis
_because of missing data for one or mote of the covatiates Ln the model. Neverthe-
less; in practce the fanction can be used only in subjects wﬂh information on all
- their tisk factors. K P : : ‘
Since the main use of a risk profile is to classify subjects into groups with differ-
* ent’progriosis the most important feature of a risk profile from the practical point






J-shaped relation between
blood pressure and stroke
in treated hypertensives

The objective of this study was fo investigate the relationship between hypertension and visk of
stroke in the elderfy. "Uhe study was carvied out within the framework of the Rotterdam Study, a
prospective population-based cobort stndy. The risk of first-ever stroke was associated with hyper-
tension (velative visk 1.6, 95% confidence interval 1.2-2.0), and with isolated systolic hyperfension
(relative 1isk 1.7, 95% confidence interval 1.1-2.6). We fonnd a continunons increase in stroke
incidence with increasing blood presinre in non-treated subjects. In ireated subjects we found a
J-shaped relation between blood pressure and the risk of stroke. In the lowest category of diastolic
blood pressure the increase of stroke risk was statistically significant compared to the reference
category. Hypertension and Isolated systolic hypertension are strong visk factors for stroke in the
etderly. The increased sivoke risk in the lowest strata of blood pressure in treated hypertensive
patients way indicate that the therapentic goal “the lower the better” is not the optimal strategy in
the elderly.

ypertension is a well-established risk factor for stroke in elderly people,'

There is increasing evidence showing the importance of isolated systolic

hypertension in the etiology of stroke,"”!* and now it is recognized as an
independent risk factor for cardiovascular motbidity and mortality. !¢ The results
of clinical trials indicated that treatment of hypertension could reduce the risk of
stroke considerably, also in the elderly."™ Although two clinical ttials have investi-
gated the optimal target blood pressure level in treated hypertensive patients, it is still
a question whether the risk of stroke continues to decrease the further the blood
pressure is reduced in hypertensive patients,”?

We cartied out a prospective cohort study in an elderly Dutch population to
investigate the relationship between hypertension and stroke in the cldetly. Further-
mote, we studied the relationship between blood pressute level and the risk of stroke
sepatately in subjects using and not using antihypertensive medication.
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MEeTHODS
Study population

This study was conducted in the framework of the Rotterdam Study, an ongoing
prospective population-based cohort study for which all inhabitants aged 55 years or
over, living in the suburb of Rottetdam, The Netherlands, were invited, The ration-
ale and design of the Rotterdam Study have been described elsewhere.”

Baseline data collection was petformed between 1990 and 1993, Written informed
consent and permission to retrieve information from medical records wete obtained
from every patticipant. The study has been approved by the Medical Ethics Com-
mittee of the University Hospital of Rotterdam, In total 7983 subjects participated
(responsec rate 78%). Among them 7725 subjects reported no previous stroke at
basefine, of them 6927 visited the rescarch center where their blood pressure was
measured. Among them the distribution of age and gender, and the frequency of
diabetes, angina, and of previous myocardial infarction was similar to the rest of the

cohott.
Qutcome

Once subjects enter the study they are continuously monitored and followed through
linkage with automated medical records of the general practitioners working in
the study area. Furthermore, bimonthly updates from the municipality records are
obtained. When an event or death is reported, additional information is obtained by
interviewing the general practitioner and scrutinizing the medical files or hospital
discharge tecords in case of admittance or referral, This analysis concerns events
that occurred till December 31, 1996. Complete follow-up was available for 6287
subjects (91%0).

All suspected stroke cases reported were reviewed by a neurologist (PJK.), who
classified them as definite, probable or possible strokes or as non-stroke events,*
and determined stroke subtypes.

Determinant

Sitting blood pressure was measured at baseline at the right upper arm with a ran-
dom-zero sphygmomanometer. The average of two measutements obtained on one
occasion, separated by a count of the pulse rate, was used in this analysis.”” Use
of medication was ascertained as part of the baseline interview in subjects’ home.
Hypertension was defined as systolic blood pressure equal to or highet than 160
mmHg, or diastolic blood pressure equal to or higher than 95 mmHg, ot use of
antihypertensive medicaton.” Isolated systolic hypertension was defined as systolic
blood pressure equal to or higher than 160 mmHg, diastolic blood pressure lower
than 90 mmHg and not being treated for hypertension.
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Potential confoundets

With respect to smoking behavior subjects were categorized as current or former
smokers, and those who never smoked. Diabetes mellitus was defined as random or
post-load serum glucose level higher than 11.1mmol/! or use of antidiabetic medi-
cation,?® Prevalence of angina pectotis and claudication was assessed by means of
a Dutch version of the catdiovascular questionnaire of Rose et al? Ankle-to-arm
systolic blood pressure index was defined as the ratio of the systolic blood pres-
sure measured at the arm and at the ankle at the same side.® A history of transient
ischemic attack (TTA) was assessed on the basis of answers to the questions about
expetiencing a short period with disturbances of sensibility, strength, speech, or
vision. If a positive answer was given, more detailed information was obtained, and
the event was categotized as typical TIA, atypical TIA or no TIA, by a neurologist
(PJK).! History of stroke or myocardial infarction was assessed primarily by direct
questioning, Self-repotted events were confirmed by additional information from

the general practitionet, cardiologist ot neurologist.”*

Statistical analysis

All first-ever strokes were included in the analysis. Relative risks and 95% confidence
intervals were estimated through Cox-regression,

We compared the risk of stroke between hypertensive and normotensive subjects
and between subjects with isolated systolic hypertension and non-treated subjects
having systolic blood pressute lower than 160 mmHg and diastolic blood pressure
lower than 90 mmHg, The risk estimates were adjusted for age, gender, smoking
habits and diabetes mellitus. We refrained from adjustment for cardiovascular dis-
cases because they wete considered to be intermediate steps in the disease process
or indicators of severe hypertension.

We also investdgated the effect of blood pressute level on stroke risk among
treated and non-treated subjects. To reduce confounding caused by severe athero-
sclerosis associated with high systolic and low diastolic blood pressure these analy-
ses were adjusted for age, gender, smoking habits, diabetes mellitus, ankle-to-arm
index, minor vascular events (intermittent claudication, angina pectoris, history of
coronary revascularisation procedure), myocardial infarction, atrial fibrillation, typi-
cal and atypical TIA.

Missing data of potential confounders were handled by the indicator method.™
On all confounders more than 90% of data was available.

REesuLTs

Table 1 shows the baseline characteristics of the study population, The study
cohort was followed for an average of 4.7 years. Among them 277 first-ever strokes
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occurred. Of these strokes 7.2% were hemorrhagic, 73.7% ischemic, and 19.1%
could not be specified.

A statistically significant association between hypertension, isolated systolic
hypertension and the risk of first-ever stroke was observed (Table 2),

No antlhypertensive drug use Antlhypertensive drug use

4 4

21 2]

2 £

9 L

z a 2

% E 14

© 4 l

o o

0.5 1 0.5 ]

0.26 | Q.25

<130 130-149 160-t69 > 169 < 130 130-149 150-169 > 169
Systolic blood pressure {mmHg) Systolic blood pressure immHg)

Figure 1

Association between systolic blood pressure and risk of first-ever stroke, according
to antihypertensive treatment. Reference category Is the second lowest category of
systolic blood pressure. Values are plotied on logarithmic scate.

* Adjusted for age, gender, smoking habit, diabetes mellitus, ankie-to-arm index,
minor vascuiar events (intermittent claudication, angina pectoris, history of coronary
revascularisation procedure), myocardial infarction, atrial fibrillation, typical and
atypical TIA,
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Figure 2

Assaciation between diastolic blood pressure and risk of first-sver stroke, according
to antihypertensive treatment. Reference category is the second lowest category of
diastolic blood pressure. Values are plotted on logarithmic scale.

* Adjusted for age, gender, smoking habit, diabetes meliitus, ankle-to-arm index,
minor vascular events {intermittent claudication, angina pectoris, history of coronary
revascularisation procedure), myocardial infarction, atrial fibrillation, typical and
atypical TIA,
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In subjects who did not use antihypertensive medication a continuous increase in
risk was observed with increasing level of both systolic (Figure 1} and diastolic
blood pressure (Figure 2). In patients who used anthypertensive drugs a J-shaped
relation was found between both systolic and diastolic blood pressute and the inci-
dence of stroke. For diastolic blood pressure the increase of the risk in the lowest
category as compated to the reference was statistically significant,

To examine the possibility that the J-curve that we found was due to the excess
amount of subjects with isolated systolic hypertension among those with the lowest
diastolic blood pressure, we excluded subjects with isolated systolic hypertension.
This did not materially change our results. We carried out analysis with adjustment
for systolic blood pressure, and also with exclusion of subjects with history of myo-
cardial infarction or coronaty revasculatisation procedute. This did not change the
shape of the refationship between diastolic blood pressure and stroke.

Discussion

We found associations of hypertension, and isolated systolic hypertension with the
occurrence of stroke. This is the first study cleatly showing a J-shaped relation
between diastolic blood pressure and the incidence of stroke in treated hypertensive
subjects,

Regarding the relation between hypertension, isolated systolic hypertension and
risk of stroke in the eldetly, our results are in accordance with the results of other
epidemiological studies."

However, we may have slightly underestimated the risk of stroke in hypertensive
subjects, since some subjects could have started taking antihypertensive medication
after baseline and this could have decteased their risk. Nevertheless, we think that
this has not greatly influenced our major findings.

Most of the studies published on the association of blood pressure and the
risk of stroke indicate a continuous increase in risk over the whole range of blood
pressute® although few could evaluate the relationship between blood pressute
and stroke risk in elderly subjects with very low blood pressure.® Nonetheless, in a
case-control study an increased risk of stroke was reported in treated hypertensive
patients with low diastolic or systolic blood pressure.”’” In the Cardiovascular Heaith
Study, a cohort study similat to the Rotterdam Seudy, the risk of stroke tended to
increase in treated hypertensive patients whose systolic blood pressure was lower
than 128 mmHg® In a cohort of Norwegian eldetly subjects an upturn of stroke
mortality was seen at low diastolic blood pressure,™ Although none of these results
were statistically significant they are in accord with our finding, and they suggest
that the optimal target level of blood pressure in elderly hypestensive patients might
be higher than the conventional “normal” level. Similar results have been repeat-

edly reported on the relation between blood pressure and myocardial infarcdon**
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In this case, however, the relationship does not seem to be sestricted to treated
subjects.

‘Two intervention trials have addressed the question of the optimal blood pres-
sure reduction, In the Behandla Blodtryck Battre trial there was no difference in
cardiovascular mortality and morbidity between subjects with essential hypertension
who had their diastolic blood pressure lowered below 80 mmHg or between 90-100
mmlg, However, ohly few cases of strokes and myocardial infarctons occurred
during the follow-up, thus the power of this study is limited.”” The Hypertension
Optimal Treatment trial investigated the relation between three levels of target
diastolic blood pressure (<90, <85 or =80 mmHg) and the incidence of cardiovas-
cular morbidity and mortality in hypertensive patients, For stroke the lowest risk was
in the group with diastolic blood pressure below 80 mmHg and an average systolic
blood pressure at 1422 mmHg. However, the study did not have enough power
to study the relationship under 130 mmHg systolic blood pressure and 75 mmHg
diastolic blood pressure thus it neither confirmed nor excluded the possibility of a
J-shaped relation

One explanation for the ] curve could be that the progression of atherosclero-
sis causes a wide pulse pressure thrbugh vessel wall stffening accompanied by low
diastolic pressure, and that is why low diastolic blood pressure is associated with
excess cardiovascular morbidity.*>*? Our data suggest that advanced atherosclerosis
can not, or only partly explain the phenomenon, since we found the J-shaped rela-
tionship after adjustment for major cardiovascular risk factors and cardiovascular
diseases, and after exclusion of subjects with myocardial infarction and coronary
revascularisation procedure, ‘

BExcess amount of subjects having isolated systolic hypertension among those
with the lowest diastolic blood pressure could be another plausible explanation for
the J-curve we found. However, this was not the case in our study. The relationship
between diastolic blood pressure and stroke remained essentially the same after
adjustment for systolic blood pressure or exclusion of subjects with isolated systolic
hypertension, .

It is likely that another mechanism can play a role in the increased stroke risk
among treated hypertensive subjects with very low blood pressure also. Chronic
hypertension shifts the lower and upper blood pressure limits of cerebral blood flow
autoregulation towards higher pressure.*® This adaptive change protects the brain
against high intravascular pressute on the one hand, but at the same titne makes the
brain more susceptible to ischemia at low blood pressure. In elderly subjects this
change may be irreversible,”

Within the group of treated subjects we could not investigate to what extent low
blood pressure was due to the antihypertensive treatment itself. Nevertheless, low
blood pressure did not increase the risk of stroke in non-treated subjects.

The risk of stroke in elderly hypertensives seems lowest at blood pressuse levels
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around 140/80 mmHg, In the face of current evidence cautious reduction of blood
ptessure in elderly individuals is recommended.
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Cholesterol and risk of stroke.
There is no paradox

Backgeound — Whether bigh sernm cholesterol is associated with stroke is still controversial. The

objective of this siudy was fo investigate the relationship between sersm cholesterol and occurrence

of ischeniic stroke.

Methods and Results — This stdy was conducted within the Rotterdam Study, an ongoing
praspective population-based cobort study of persons aged 55 years or over, living in a suburb of
Rotterdam, The Netherlands. Baseline data collection wwas performed between 1990 and 1993, Al
stibjects were continnonsty monitored and followed throngh linkage with antoniated medical records

of the general practifioners working it the sindy area. This analysis concerns 6659 subjects who

were free from stroke af baseline, had their baseline sernmr cholesterof Jevel assessed, and did not
wse lipid fowering drugs af baseline. The miean follow-np time was 4.5 years and 273 first ischemic
strokes occiirved during the follow-np. High sernnr cholesterof level significantly increased the risk of
ischemic stroke in subjects who were fiee from cardiovascutar diseases and diabetes mellitus (highest
guartile versus lowest quartile, refative yisk 2.3; 95% confidence interval 1.2-4.4). Sernim total
cholesterol/ high density lipoprotein dholesterol ratio was associated with the risk of siroke neither
in the tolal study paprilation nor in subjects free from cardiovasciiar diseases and diabetes mellitus.

Conclusions — We found evidence that high sevunt cholesterof level considerably inereases the risk

of ischenric stroke.

linical trials with HMG-CoA reductase inhibitors have shown a 30 percent
reduction in the risk of stroke by these drugs.”* However, observational
studies have provided controvetsial results about the relatonship between
serum cholesterol and the risk of stroke. Some confirm that cholesterol increases
the risk of stroke,® the bulk of the evidence points to no telation ! Although
statins may have other beneficial effects than cholesterol lowering which may partly
explain their effect,' this apparent paradox nceds further explanation.
1n this paper we present results on the relationship between serum total choles-
terol, serum total cholesterol/high density lipoprotein cholesterol ratio and the risk
of ischemic stroke from a prospective population based cohort study and reconsider
previous results.

25



26 Chapter 4

METHODS
Study population

This study was conducted within the Rotterdam Study, an ongoing prospective pop-
ulation-based cohott study for which all inhabitants aged 55 years or over, living in
a subutb of Rotterdam, The Nethetlands, were invited. The rationale and design of
the Rotterdam Study have been described elsewhete.!?

Baseline data collection was petrformed 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 Com-
mittee of the University Hospital of Rotterdam. In total 7983 subjects participated
(response rate 78%). Among them 7603 subjects completed the baseline intetview
and examination, and reported no previous stroke at baseline. We excluded 164 sub-
jects who used lipid lowering drugs at baseline. From the remaining cohort serum
cholesterol was measured in 6659 subjects and these were included in this study.

Outcome

Once subjects enter the study they are continuously monitored and followed through
linkage with automated medical records of the general practitioners working in
the study area. Furthermore, bimonthly updates from the municipality records are
obtained, When an event or death is reported, additional information is obtained by
interviewing the general practitioner and scrutinizing the medical files or hospital
discharge records in case of admittance or referral. This analysis concerns events
that occurred till December 31, 1996.

All suspected stroke cases reported were reviewed by a neurologist (PTK}, who
classified them as definite, probable ot possible strokes or as non-stroke events, and
determined stroke subtypes."* Hemorrhagic strokes were excluded from the analysis,
Unspecified strokes were included in the analysis, because, since their vast majority
is ischemic, including them causes less misclassification than excluding them, Nev-
ertheless, to estimate the amount of possible bias, separate analyses were carried out
with exclusion of unspecified strokes.

Determinant

A vein puncture was performed using a 21 gauge Butterfly needle with tube (Surflo
winged infusion set, Terumo, Belgium) and non-fasting blood was taken. A detailed
description of the blood sampling has been given elsewhete."® Briefly, samples wete
taken with minimal stasis, put on ice immediately after sampling, processed within
30 minutes and snap frozen and stored in liquid nitrogen (-80° Celsius), and later
stored at -20° Celsius for prolonged storage. Serum total cholesterol was deter-
mined using an automated enzymatic procedure.'® Similarly, high density lipoprotein
(HDL) cholesterol was measured after precipitation of the non-HDL fraction with
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phosphotungstate-magnesium.
Potential confounders

With respect to sinoking subjects were categorized as current or former smokets,
and those who never smoked. Diabetes mellitus was defined as random or post-
load serum glucose level higher than 11.1 mmol/! or use of antidiabetic medica-
tion."” Hypertension was defined as systolic blood pressure equal to or higher than
160 mmHg, or diastolic blood pressure equal to or higher than 95 mmHg, or use
of antihypertensive medication.18 Prevalence of angina pectoris was assessed by
means of a Dutch version of the cardiovascular questionnaire of Rose et al." His-
tory of stroke or myocardial infarction was assessed primatily by divect question-
ing, Self-reported events were confirmed by additional information from the general
practitionet, cardiologist or neurologist.™! A history of transient ischemic attack
(TTA) was assessed on the basis of answers to the questions about experiencing a
short period with disturbances of sensibility, strength, speech, or vision, If a posi-
tive answet was given, more detailed information was obtained, and the cvent was
categorized as typical TTA, atypical TIA or no TTA, by a neurologist (PJK).%

Statistical analysis

All first-ever non-hemorrhagic strokes were included in the analysis. Serum choles-
terol level was categorized into quartiles, Relative risks and 95% confidence intervals
were estimated through Cox-regression.

Subjects with high cholesterol are likely to start using lipid lowering drugs and
consequently reduce their serum cholesterol level. To verify this assumption we
checked the propottion of subjects who started using lipid loweting drugs after the
baseline examination in the different categoties of serum cholesterol. Furthermore,
we studied whether the proportion of drug users was different in subjects who suf-
fered from cardiovascular diseases. We could carry out these analysis because since
January 1, 1991 the database of the Rotterdam Study was linked to an automated
pharmacy database which registers all prescription forms filled in at the pharmacies
of the study area by subjects belonging to the Rotterdam Study cohort.

We performed additional analyses after exclusion of subjects with history of
coronary revascularisation procedure, myocardial infarction or transient ischemic
attack or with presence of diabetes mellitus, angina pectotis or atrial fibrillation on
ECG.

To see whether the effect of cholesterol was modified by age, the association was
analyzed separately in strata up to and above age 70 yeats.

Missing data of potential confounders were handled by the indicator method.”
On confounders more than 90% of data was available except diabetes mellitus

(84%).
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REsSULTS

Table 1 shows the baseline characteristics of the study population, The study
cohort was followed for an average of 4.5 years. Among them 293 first-ever strokes
occutred. Of these strokes 6.8% were hemorrhagic (90% confirmed by brain scan),
72% ischemic {61% were confirmed by brain scan), and 21.2% could not be speci-
fied. Hemorthagic strokes were excluded from the analysis.

Serum total cholesterol was not associated with the risk of first-ever stroke in the
total study population (Table 2), On the other hand, in subjects free from diabetes
mellitus and cardiovascular diseases high cholesterol level statistically significantly

Subjects with

Subjects without e
lschemrc stroke :

ischemic stroke -

Age (year)
Serum cholesterol (mmolll)
Men :
Current smoker

Former smoker
Hypertensron

Drabetes mellltus
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History of myocardlal |nfarct|0n

Values are means {SD) of percentages,
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Cumulative incidence of ischemic stroke in men free from diabetes mellitus and cardiovascular diseases with low and high
serum cholesterol levels according to two age strata.
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increased the risk of stroke (Table 2). Exclusion of unspecified strokes did not
matesially change the result.

Serum total cholesterol/ high density lipoprotein cholesterol ratio was associated
with the risk of stroke neither in the total study population nor in subjects free from
catrdiovascular diseases and diabetes mellitus.

Those who suffered from cardiovascular diseases, including angina pectoris, atrial
fibrillation, coronary revascularisation procedure, myocardial infarction and transient
ischemic attack were more likely to start using lipid fowering drugs after baseline
examination than those who were free from these diseases (15 versus 10 percent).
Similarly, of those who had high cholesterol level at baseline (upper quartile) 25%
started lipid loweting drugs thereafter as opposed to only 2% of subjects in the
lower quartile. Nevertheless, exclusion of subjects who started using lipid lowering
drugs after baseline examination did not materially change our results.

The relative risk of stroke was somewhat higher in younger subjects than in the
elderly, relative risk in the highest quartiles 2.5 (95% confidence interval 0.8, 7.9) and
2.0 (95% confidence interval 0.9, 4.5) This was due to the higher background risk in
older subjects. As an illustration for the phenomenon we plotted the absolute risk
of stroke for men accotding to two age strata. Tt is appatent that high cholesterol
increases the tisk of stroke considerably also in the older age group (Figure 1).

DiscussioNn

We found that high serum cholesterol level increased the risk of ischemic stroke in
subjects free from diabetes mellitus and cardiovascular diseases at baseline,

In our study, like in almost all others, serum cholesterol level was determined
only once. Due to regression diletion bias this may dilute the association between
typical cholesterol level and the risk of stroke.”® Furthermore, subjects with high
cholesterol were mote likely to start using lipid lowering drugs and probably to
change their diet after baseline examination, and this could also result in an under-
estimation of theit risk of stroke. Nevertheless, exclusion of subjects who started
using lipid lowering drugs after baseline did not materially change our results,

Current evidence about the reladonship between cholesterol and the risk of
stroke is inconsistent, Several methodological difficulties should be addressed regard-
ing available results,

Since stroke may alter serum lipid levels, " case-control studies may lead to biased
results if lipid levels are measured immediately after stroke. In a case-control study
in which serum cholesterol levels were determined three months after stroke, a
statistically significant relationship was found between serum cholesterol level and
having expetienced an ischemic stroke.® However, this still does not tell whether
increased levels indeed increase the risk. The cohott studies in which cholesterol
level was assessed before stroke yielded controversial results™!! In a meta-analysis
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of 45 cohotrts, no relationship was found between serum cholesterol and the risk
of stroke.” On the other hand, high serum cholesterol increased the risk of death
from non-hemorrhagic stroke among subjects screened for the Multiple Risk Factor
Intervention Trial® A recent meta-analysis of Asian cohorts also showed a positive
association between cholesterol and ischemic stroke," and in a Danish study the risk
of stroke was statistically significantly higher in subjects with cholesterol level above
8 mmol/1 than in subjects with cholesterol level under 5 mmol/1.°

Several factors may explain the controversy. In many studies — also among those
involved in the meta-analysis of the Prospective Studies Collaboration’ — stroke
subtypes wete not analyzed sepatately. Since low cholesterol level is associated with
hemotrrhagic stroke,” studies in which any stroke is the outcome are unlikely to
demonstrate increased stroke risk with high cholesterol level, and this is even more
unlikely when fatal stroke is considered as outcome, since the case-fatality rate of
hemorthagic strokes is higher,** thus their proportion is higher among fatal strokes
than among any strokes.

In the meta-analysis of the Prospective Studies Collaboration all cholesterol
values above 6.38 mmol/1 were lumped, and this may partly explain why no associa-
tion was found, since this could obscure the possible effect of very high cholesterol
levels >

Our study points to yet another explanation, related to possible confounding
effects of other cardiovascular pathology. In our study serum total cholesterol did
not increase the risk of stroke in the total study population, but only in subjects free
from diabetes mellitus and cardiovascular diseases at baseline. Since the association
between high serum cholesterol level and coronaty heart disease is already known
for almost four decades,” patients suffering from coronary heart disease are fikely to
change their diet or use lipid-lowering drugs, and consequently reduce their serum
cholesterol level, This probably holds for subjects suffering from diabetes or having
a transient ischemic attack, as well. Indeed, in our study those subjects who suffered
from cardiovascular discases were more likely to start using lipid lowering drugs. It
is plausible that similar differences exist regarding life style changes. Since diabetes
mellitus and presence of cardiovascular diseases increase the risk of stroke,* this
may result in an underestimation of the true risk associated with elevated choles-
terol, as is illustrated with our findings.

In our analysis exclusion of subjects with cardiovascular diseases cartied the addi-
tional advantage that proportionally more strokes were caused by atherothrombosis,
which is more likely to be associated with high cholesterol,”* since the excluded
subjects had a higher probability to have a cardioembolic stroke than the remaining
subjects.*®

Coronary heart disease causes another difficulty in studying the relationship
between cholesterol and stroke due to a strong competing risk effect.” The pattern of
atherosclerosis follows a sequence of progression, First plaques becomes established
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in the aorta, then in the coronary arteries, and finally in the cerebral arteries”*

Subjects with high cholesterol levels may dic of myocardial infarction before oceur-
rence of stroke, which results in an underestimation of the strength of association
between cholesterol and stroke,

In summary, our study supports the view that high serum cholesterol is a risk
factor for ischemic stroke.
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Family history of
cardiovascular diseases
and risk of stroke

The Rotterdam Study

Background and Purpose — Family history of stroke increases the visk of stroke, but it
remains unilear whether this risk depends on the age of the proband, the kind or number of family
wieniber(s) affected, or the age af stroke in the refative. Enrtherniore, it is muclear whether the risk
of stroke is also increased for persons with a positive family bistory of cardiovascular disease. We
stidied these questions in a prospective peputation based cobort.

Methods — This stidy was condncted within the Rotterdaw Study, a prospeciive population-based
cobiort stndy of subjects aged 55 years or over that started in 1990, This anafysis concerus 7259
subjects who were free from stroke at baseline, and whose family bistory of cavdiovasenfar disease
cottid be assessed.

Results — The mean follow-np time was 4.4 _years and 310 first-ever strokes occnrred duving the
Jollow-up. History of stroke in any firs! degree relative significantly increased the risk of stroke
(relative risk 1.3; 95% confidence interval 1.0, 1.6). The risk was even higher for persons who had
wrove than one refative with bistory of strofe or a first degree refative who suffered from a stroke
before the age of 65. Fawily bistory of early myocardial infarction afse increased the risk of strofke,
albeif not statistically significantly.

Conclusions — Ounr findings snggest that genetic susceptibility does play a role in the etiology of
stroke, althongh overall familial aggregation seems to be modest. However, genetic factors appear fo
be imiportant in early onset forms of the disease.

lthough initial case-control or cross-sectional studies showed conflicting
results,"” in recent years several reports from methodologically more robust
prospective cohort studies have appeared that almost all point to an
increased tisk of stroke for persons with a positive family history of stroke®' Nev-
ertheless, several questions have remained. It is unclear whether the risk of stroke
varies with the kind of relative (father, mother, sibling, offspring)," and whether
the risk depends on the age at stroke of the relative or on the number of relatives
affected. Furthermore, data on the relationship between family history of myocat-
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dial infarction and risk of stroke is scarce.'>!% Our objective was to collect further
evidence on the relationship between family history of cardiovascular diseases and

the occurrence of stroke.

SUBJECTS AND METHODS
Study population

This study was conducted in the framework of the Rotterdam Study, an ongoing
prospective population-based cohort study for which all 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. Whitten informed
consent and permission to tettieve information from medical records were obtained
from every participant. The study has been approved by the Medical Ethics Com-
mittee of the University Hospital of Rotterdam. In total 7983 subjects participated
(response rate 78%). Among them 7603 subjects completed the baseline interview
and examination, and reported no previous stroke at baseline. Of them 7259 gave
information on family history of stroke and myocardial infatction.

Outcome

Once subjects enter the study they are continuously monitored and followed through
linkage with automated medical records of the general practitioners working in
the study area. Furthermore, bimonthly updates from the municipality records are
obtained. When an event or death is reported, additional information is obtained by
interviewing the general practitioner and scrutinizing the medical files or hospital
dischatge records in case of admittance or referral, This analysis concerns events
that occurred dll December 31, 1996.

All suspected strokes were reviewed by a neurologist (PJK), who classitied them
as definite, probable or possible strokes or as non-stroke events, and determined
stroke subtypes.”

Determinant

Patients were requested to describe their pedigree structure at home, guided by a
structured questionnaire. Family history of stroke and myocardial infarction was
assessed by direct questioning for each relative listed in the pedigree. For this analysis
family history of stroke and myocardial infarction was defined as history of stroke
or myocardial infarction of any parents, siblings or offspring. Events before or at the
age of 65 were consideted early events.
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Potential confounders

With tespect to smoking behavior subjects were categorized as current or former
smokers, and those who never smoked. Diabetes mellitus was defined as random
ot post-load serum glucose level higher than 11.1 mmol/! or use of antddiabetic
medication.’® Serum total cholestero] was determined by an automated enzymatic
procedure.’” Hypertension was defined as systolic blood pressure equal to or higher
than 160 mmHg, or diastolic blood pressure equal to or higher than 95 mmHg, or
use of antihypertensive medication.” Prevalence of angina pectoris was assessed by
means of a Dutch version of the cardiovascular questionnaire of Rose et al.* His-
tory of stroke or myocatrdial infarction was assessed primarily by direct question-
ing, Self-reported events were confirmed by additonal information from the general
practitionet, cardiologist or neurologist.”>*

Statistical analysis

All first-ever strokes were included in the analysis. Relative risks and 95% confi-
dence intervals were estimated through Cox-regression. To study the overall effect
of family history of stroke we first adjusted only for age and gender. Next, to con-
trol for the effect of shared lifestyle factors and of possibly genetically determined
specific cardiovascular risk factors, we further adjusted for smoking habit, serum
total cholesterol level, hypertension, diabetes mellitus, angina pectoris, coronary
revasculatisation procedure and myocardial infarction. Similar analyses were carried
out with family history of myocardial infarction and in this case additional analyses
were done with adjustment for family history of stroke and carly stroke.

Separate analyses were carried out for family history of stroke and myocardial
infarction in different first degree relatives (father, mother, sibling and offspring),
Furthermore, we analysed the relationship according to the age at stroke or myocat-
dial infarction in first degree relatives,

To study whether genetic hereditability of hypertension or diabetes mellitus
could play a role in the associatdon between family history of stroke or myocardial
infarction and occutrence of stroke, we compared the prevalence of hypertension
and diabetes mellitus at baseline in subjects with and without family history of stroke
or myocardial infarcton.

Missing data of potential confounders were handled by the indicator method.*
On confounders more than 90% of data was available except previous myocardial
infarction (89%) and diabetes mellitus (80%).

REesurTs

Table 1 shows the baseline characteristics of the study population. The study
cohort was followed for an average of 4.4 years. Among them 310 first-ever strokes
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occurred. Of these strokes 7.1% were hemorthagic (77% confirmed by brain scan),
74.8% ischemic (61% confirmed by brain scan), and 18.1% could not be specified.

A statistically significant association between family history of stroke and the risk
of first-ever stroke was observed (Table 2). Turthermore, those with more than one
first degree relative with a previous stroke had a higher risk than those with only one
relative with stroke.

When different firse degree relatives were considered separately, modestly
increased tisks were found for siblings and parents. The strongest relationship was
found for history of stroke in offspring,

Relative risks were higher when family history of early stroke was studied. Here,
the strongest tisk increase was again with history of stroke in offspring, The risk for
maternal history was somewhat higher then for paternal history of stroke (Table 3),
but the difference was not statistically significant.

We found no evidence for a relationship between family history of any myocat-
dial infarction and the occurrence of stioke, However, family history of early myo-
cardial infarction slightly increased the tisk of stroke, although this did not reach
statistical significance (relative risk 1.2; 95% confidence interval 0.9, 1.7), Family his-
tory of myocardiatinfarction in more than one first degrece relative increased the risk
further (relative risk 1.6; 95% confidence interval 0.8, 3.0). Adjustment for family
history of stroke or early stroke did not materially change these results.

Finally, hypertension at baseline was mote frequent in persons with family his-
tory of stroke or myocardial infarction ox both than in persons without family his-
tory of stroke and myocardial infarction (Table 4). This was not the case for diabetes
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mellitus. However, adjustment for these and other major stroke risk factors did not

change the results sugpesting that this could not explain the relatdon between posi-

tive family history of stroke and occurrence of stroke (Table 2 and Table 3).
Exclusion of hemotrhagic strokes did not materially change any of our results.

Discussion

We found a relationship between family history of cardiovascular diseases and occur-
rence of first-ever stroke. History of stroke in any first degree relative increased the
risk of stroke by 30 percent, and the risk was higher if the stroke eccurted before
age 65 years in the relative, Similarly, although to a lesser extent, family history of
eatly myocardial infarction increased the tisk of stroke. To our knowledge this is the
first study which showed an increasing risk of stroke with increasing number of first
degree relatives who had had a stroke.

We should note that our study has some limitations. First of all, stroke is a het-
erogeneous group of disorders. Unfortunately, we did not have enough information
to use detailed categorisation of cases according to the assumed pathophysiology.
Nevertheless, we could at least classify major subtypes of strokes, Since only 7 per-
cent of all cases were hemorthagic strokes they could not be analysed separately.
Although our primary analysis included all first-ever strokes, exclusion of hemot-
rhagic strokes did not materially change the results.

Family history of stroke was assessed as part of the baseline interview. Since
this information was not verified some misclassification could occur. Family history
of myocardial infarction is more frequently under- than overreported, ™™ and it is
likely that the same holds for family history of stroke. Consequently, our tesults
somewhat underestimate the true risk of stroke associated with positive family his-
tory of cardiovascular diseases.
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Our estimated relative tisk of stroke in subjects with family history of stroke is
somewhat lower than the result (relative risk 1.6; 95% confidence interval 1.0, 2.4)
from the Family Heart Study, which is a multicenter study involving subjects from
four different cohorts," This study has also reported the risk separately for subjects
with positive family history of stroke in different first degree relatives. Contrary to
our results the Family Heart Study found no evidence that history of stroke in sib-
lings or in offspring increases the risk of stroke.'* Howevet, the risk estimates in the
Family Heart Study have wide confidence intervals ovetlapping the estimates from
our study.

Regarding the higher risk in subjects with family history of eatly stroke, our find-
ings ate in line with the results of Jousilahti et al.” They found in a prospective
follow-up study of 14371 middle aged subjects that history of stroke in parents
before age 60 increased the tisk of any stroke in men and women by 90 and 73
percent, respectively, and of ischemic stroke by 53 and 71 per cent. In addition to
that we found and increased risk in subjects with a child ot sibling who had had a
stroke before age 65. Unfortunately, the Finnish study did not present data on family
histoty of sttoke above age 60, thus the relative impact of age at stroke can not be
directly judged from their report.

In our study the estimated risk of stroke did not differ much in subjects with
maternal or paternal history of stroke, but maternal history of early stroke increased
the risk of stroke mote than paternal history. Available data regarding this issue is
controversial. Results from the Framingham Study, the Family Heart Study and from
the study of Jousilahti et al. showed 19 to 96% higher risks with paternal history
than with maternal history.!"*" On the other hand, Welin et al. reported maternal
but not paternal history of death of stroke as an independent risk factor for stroke,’
although this finding was not confirmed by the study of Wannamethee et al.'?

Previous results about the reladonship between family history of myocardial
infarction and risk of stroke were controversial. In an Itafian case-control study
no associaton was found,” in a British cohott parental death from heart trouble
increased the risk of stroke, and this risk was virtually not modified by parental age
at death,” and in a Finnish cohort parental history of coronary heart disease before
age 00 increased the risk of both any stroke and ischemic stroke.”” Our findings
confirm the Finnish results,

In our study hypertension was more frequent at baseline in subjects with family
history of stroke or myocardial infarction than in subjects with no family history
of these disorders. 'This may indicate a partly common genetical pathway of the dis-
eases. Nevertheless, our analysis showed that adjustment for major stroke risk fac-
tors, including hypertension, did not change the results. Therefore, shared life-style
factors and inheritance of conventional vascular risk factors cannot fully explain our
findings. Although shared environment may contribute to the familial aggregation
of stroke, we think that our study strongly supports that genetic susceptibility plays
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an important role in the etiology of stroke.
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Dietary antioxidants
prevent stroke in smokers

The Rotterdam Study

High intake of fruits, vitamin C, B-carotene, or seleninm prevented siroke in a cohort of Dutch
eldery people. The profective effect was confined to smokers.

xidative stress reportedly plays a role in the etiology of stroke, Therefore
O dietary intake of antoxidants might lower the risk of stroke. High intake

of fruits has been reported to protect against stroke.! The joint investiga-
tion of the Nurses’ Health Study and of the Health Professionals’ Follow-up Study
also found a protective effect of fruits and vegetables and the effect was slightly
stronger in smokers than in non-smokers.? It has been suggested that dietary anti-
oxidants may account for the beneficial effects of fruits and vegetables” Our aim
was to investigate the relationship between specific dietary antioxidants, including
flavonoids, antioxidant vitamins, and selenium and the risk of stroke, and to assess
whether the putative protective effect of these antioxidants differs between smokers
and non-smokets.

This stady was conducted within the Rotterdam Study, an ongoing prospective
population-based cohort study for which all inhabitants aged 55 years or ovet, living
in a suburb of Rotterdam, The Nethetlands, were invited.? Baseline data collection
was performed between 1990 and 1993, and the total cohott consists of 7983 sub-
jects (response tate 78%).

At baseline, a modified 170-item semiquantitative food frequency questionnaire
was applied in two steps for dietary assessment. Duting a home interview subjects
filled in a simple questionnaire, and then during a subsequent visit to the research
center z trained dietician interviewed them.® 7006 subjects completed the baseline
interview and examination. The food frequency questionnaire was not administered
to subjects patticipating in the pilot study (n=277), living in nursing homes (n=479),
subjects with known reduced cognitive function (n=122) and an additional 482
subjects due to logistic reasons (no dietician available). From the 5646 with food
frequency data 5234 subjccts reported no previous stroke at baseline and had a com-
plete follow-up, and these were included in this analysis.
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History of stroke was assessed primarily by direct questioning, Self-reported events
were confirmed by additional information from the general practitioner ot neurolo-
gist. During follow-up subjects are continnously monitored through linkage with
automated medical records of the general practiioners working in the study area.
Furthermore, bimonthly updates from the municipality records are obtained, When
an event or death is repotted, additional information is obtained by interviewing the
general practitioner and scrutinising the medical files or hospital discharge records
in case of admitiance or referral. All suspected stroke cases that wete repotted
were reviewed by a neurologist (PJK), who classified the stroke as definite, probable
or possible and defined subtypes. This analysis concerns strokes that occurred till
December 31, 1996.

Relative risks (and 95% confidence intervals) of stroke for specific antioxidant
intakes were estimated through Cox-regression, adjusted for age and gender. Dietary
intake items — vitamin C, vitamin E, B-carotene, flavonoids, selenium, total food
energy — wete categorised in tertiles (low medium and high intake). Those who were
taking vitamin supplements were included in the highest tertile for the concerning
analysis. All analyses were adjusted for total energy intake. For the analysis of vita-
min E intake we additionally adjusted for polyunsaturated fatty acid intake. Since
diet is likely associated with health behaviour and the health status of an individual
we also adjusted for smoking, hypertension, diabetes mellitus, history of coronary
heart disease and transient neurological attacks. To assess possible effect modifica-
tion by smoking status, we petrformed analyses separately for current-smokers and
non-smokers (including former smokers). Furthermore, to assess the independent
effect of the different dietary components, we fitted models with inclusion of all
antioxidants under study.

The study cohort was followed for an average of 4.7 years, Among them 173 first-
ever strokes occurred. Of these strokes 8.7% were hemorrhagic, 79.2% ischemic,
and 12.1% could not be specified.

Higher intake of vitamin C, B-carotene, and sclenium was associated with a lowet
tisk of stroke in the total study population (Table 1). Stratification for smoking
behaviour showed that this protective effect was confined to smokers. This may be
because smokers have higher free radical activity, as reflected by the higher level of
free radical activity mediated lipid peroxidation products in their blood. Consump-
ton of fruits and flavonoids also considerably decteased the risk of stroke in stok-
ers, although the latter did not reach statistical significance {Table 1}. Inclusion of all
antioxidants under study in the statistical model did not materially change the results
for the individual risk factors. Intake of vegetables and vitamin T was not associated
with the risk of stroke.

Out results show that high intake of vitamin C and P-carotene may protect
against stroke in smokers. High intake of selenium, which plays a very important
role in oxidant defence, seems also beneficial in preventing stroke.
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Aspirin use and risk of stroke
in the elderly

The Rotterdam Study

The objective of the stidy was to assess the association between aspivin nse and the risk of stroke
in a population-based study in the elderly. "The study was carried out within the franrework of the
Rotterdam Study, a prospective population-based cohort study. In the fotal study population there
was a weak, non-significant association between aspirin wse and the visk of stroke (adjusted relative
visk 1.29, 95% C1 0.91-1.83). Stratification by history of vascular diseases revealed that aspirvin
cousiderably increased the risk of first ever stroke in subjects free from vascular disease, (adjnsted
refative risk 1.80; 95% CI 1.03-3.13) In persons with vascular disease ne asseciation was
observed betiween aspivin use and risk of sfroke, (adinsted relative visk 0.99, 95% C10.56-1.73).
Onr finding suggest that aspivin nse may increase the visk of stroke in elderly subjects free from

vascatar disease.

andomised clinical trials have shown that aspirin can prevent stroke in
. patients after a transient ischemic attack or minor stroke.'! On the other
L O hand, the role of aspirin in primary stroke prevention is not clear, Two large
clinical trials and a meta-analysis have even suggested that aspirin may increase the
risk of stroke, in particular hemorrhagic stroke, in low tisk subjects, but this finding
was not statistically significant."* Recently, it was repotted from the Cardiovascular
Health Study that aspitin use incteased the risk of stroke in aspirin using elderly
women free from cardiovascular diseases.?

We further investigated the association between aspirin use and occurrence of
stroke in a popuiation-based cohort study in Dutch elderly.

METHODS

Study population

This study was conducted within the framework of the Rotterdam Study, an ongo-
ing prospective population-based cohort study for which all inhabitants aged 55
years or ovet, of a subuth of Rotterdam, The Nethetlands, were invited, Institution-
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alised persons are included. The rationale and design of the Rotterdam Study have
been described elsewhere,® In summary, the objective of the study is to investigate
determinants of neurogeriatric, cardiovascular, locomotor and ophtalmologic dis-
eases in the eldetdy.

In total 7983 subjects participated in the baseline examination (response rate
78%). Because our aim was to study the effect of aspirin use in primaty prevention
of stroke we excluded participants who had a history of stroke at baseline, leaving
7725 subjects. Among them there were 7431 subjects whose drug use was ascer-
tained. The 294 excluded subjects were older than the rest of the cohort, their mean
(SD) age was 74.7 (12.0) years; 99 (34%) of them were men. After exclusion of
subjects who used oral anticoagulation or antiplatelet therapy other than aspirin,
the cohort comprised 7153 subjects. The incidence rate of stroke among thesc
excluded subjects was higher than in the rest of the cohort: 14.9 versus 10.6/1000
person-years, Baseline data collection was performed between 1990 and 1993, when
all study subjects were interviewed at their homes and subsequently examined at
a research center. Informed consent and permission to retrieve information from
medical records were obtained from every participant,

Assessment of strokes

At baseline, information on health status and medical history was obtained using
a computerised questionnaire, Previous stroke was assessed by direct questioning:
“Did you ever suffer from a stroke diagnosed by a physician?”. If the answer was
‘yes’, medical records were checked for additional information. A previous stroke
was coded if it was confirmed by medical records.®

Once subjects enter the Rotterdam Study they are continuously monitored for
major events through automated linkage with the files from the GPs, General prac-
tiioners who send information on all possible events and deaths on a regular basis
cover together 85% of the cohott. The general practitioners of the remainder of
the cohort are contacted once a year to obtain follow-up information. With respect
to the vital status, information 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 scrutinising information from
hospital dischatge records in case of admittance or referral, Information on all pos-
sible strokes was reviewed by a neurologist (PJK} who classified the stroke as defi-
nite, probable or possible. The stroke was considered definite if the diagnosis was
based on both clinical symptoms and neuro-imaging, A probable stroke was consid-
ered if no CT or MRI was made but if symptoms were highly suggestive for stroke
according to the GP or treating neurclogist. In case of fatal stroke a cardiac cause
of death should have been excluded to reach a diagnosis of probable stroke. The
stroke was considered possible if a neurologist diagnosed a “possible stroke” without
neuro-imaging, or if a GP recorded a fatal stroke and could not exclude a cardiac
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cause of death.

If CT or MRT was performed which showed a haemorrhage or infarct the type of
stroke was coded accordingly. In case of no abnormality on CT or MRI the stroke
was classified as ischemic. When no CT or MRI was performed, a stroke could
be coded possible hemorrhagic or ischemic in case of typical complaints or case
history. A case history of sudden hemiplegia or other focal signs with permanent
unconsciousness or death within hours without neuro-imaging was coded as possi-
ble hemorrhagic stroke. If there was limited impairment, i.c. isolated afasia, isolated
weakness of one Jimb, isolated facial weakness or isolated hemianopia the stroke
was considered possible ischemic. Furthermore, in case of complete improvement
within 72 hours or documented atrial fibrillation at time of the diagnosis the stroke
also was consideted possible ischemic.

This analysis concerns events that occurred until March 1, 1996, Complete fol-
low-up was available for 6385 subjects (86%).

Determinant

Drug use was ascertained as part of the baseline interview when participants were
asked to show all drugs they were using regularly at that time, Medication was classi-
fied by ATC codes.” Aspitin users were defined as persons who were regularly taking
acetylsalicylic acid or its calcium salt (calcium carbasalate) at the time of the baseline

interview,
Potential confounders

Cerebrovascular risk indicators and history of stroke were assessed at baseline exam-
ination. With respect to smoking behaviour subjects were categorised as current or
former smokers, and those who never smoked. Diabetes mellitus was defined as
random ot post-load serum glucose level higher than 11.1 mmol/1 or use of antidi-
abetic medication.® Sitting blood pressure was measured at the right upper arm with
a random-zero sphygmomanometer.” The average of two measurements obtained
on one occasion, separated by a count of the pulse rate, was used in this analysis.
Prevalence of angina pectotis and claudication was assessed by means of a Dutch
version of the cardiovascular questionnaire of Rose et al'® Chest pain and pain in
the legs but not falfilling Rose criteria were assessed by the questions “Have you
ever had any pain or discomfort in your chest?”” and “Do you get pain or a feeling
of severe tiredness in either leg on walking?”, respectively. These symptoms were
considered potential confoundets because they might have served as an indication
for aspirin use and were associated with stroke in our data, thus controlling for
them reduces the potential bias of confounding by indication. A history of transient
ischemic attack (TTA) was assessed on the basis of answers to the question “Did
you experience a short period with disturbances of sensibility in your face, arms, o
legs, which had lasted less than 24 hours over the last 3 years?”. Similar questions
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were asked for disturbances in strength, speech, and vision, If a positive answer
was given, more detailed information was obtained, and the event was categorised
as typical transient ischemic attack (TIA), atypical TIA or no TIA, by a neurologist
(PJK)."* History of myocardial infarction (MI) was assessed primarily by direct
questioning, Myocardial infarction was considered to have happened if it was self-
reported and ECG characteristics maiched, e.g, pathological Q-waves or significant
loss of R-wave potential in the precordial leads of a single ECG was seen, or it was
confirmed by additional information from the general practitioner or cardiologist
based on elevated cardiac enzymes or prior ECG abnormalides. In addition MI was
also considered if ECG findings was typical for MI, regardless of the absence of
symptoms,

Statistical analysis

We compared the risk of first-ever stroke in aspirin users vs. non-users by estimat-
ing relative risk (RR) and 95 % confidence intervals (CI) through Cox’s proportional
hazards regression. All first-ever strokes were included in the analysis. Additional
analyses were cartied out on ischemic strokes and with the exclusion of possible
strokes.

Analyses wete adjusted for age and gender. In order to control for confounding
by indication as much as possible, additional adjusement was done for the fol-
lowing cerebrovascular risk indicators: smoking habit, diabetes mellitus, systolic
blood pressure, antihypertensive medication, presence of atrial fibrillation on ECG,
angina pectoris, intermittent claudication, chest pain, pain in the leg, history of
coronaty revasculatisation procedure (including percutaneous transarterial coronary
angioplasty, and coronary bypass sutgery), myocardial infarction, typical and atypical
TIA.

To study whether the effect of aspirin was different for subjects at high or low
risk of stroke stratified analyses were performed for subjects with or without vas-
cular disease, Vascular disease was defined as history of typical or atypical TIA,
intermittent claudication, angina pectoris, coronary revascularisation procedure or
myocardial infarction, or presence of attial fibrillation on ECG at entry. There were
5508 subjects whose history of vascular disease could be ascertained. Subjects with
vascular diseasc was older than subjects without vascular disease, mean age(SID) 72.5
(8.9) versus 67.9 (8.5) years, and there were relatively more men among them, 47.3
versus 37.0%.

Missing data on potential confounders were handled by the fndicator method.13
Use of imputation ot total dataset methods produced essentally the same results.
For all variables less than 10 percent of data was missing,
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Table 1 shows the baseline characteristics of the study population. Ten percent of
subjects used acetylsalicylic acid or its calcium salt in this cohort, Of these subjects
47% used acetylsalicylic acid, 52% calcium carbasalate and 1% both. 66% of drug
users were taking their drug daily, and 95% of the users took a tablet at least once
every three days, and the remaining 5% of subjects were taking acetylsalicylic acid
weekly. Of the 44 subjects who suffered a stroke and were taking medication 17
used aspirin and 27 used calcium carbasalate. The mean defined daily dose of the
drug was 249mg, 90% of the users took no more than 500mg per day. There was no
difference in dosage between subjects with or without history of vascular diseases.
Those who suffered a stroke during the follow-up took neither more nor less drug
than those who had no stroke.

The study cohort was followed for an average of 3.9 years, In total, 265 strokes
occusred until the end of follow-up, 220 of which were definite or probable, Of all
strokes, 8.3% were hemorrhagic, 73.6% ischemic, and 18.1% non-specified. From
the 44 stroke cases that occurred among aspirin users 29 were ischemic, three were
hemorrhagic, one was subarachnoid hacmorthage and eleven were unspecified.
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In the total cohort, there was a weak, non-significant association between aspi-
rin use and the risk of any stroke (Table 2). In the stratum of subjects without
vascular diseascs aspirin use almost doubled the risk of stroke, (RR 1.80; 95% CI
1.03-3.13). Scparate analyses for men and women produced essentially the same
results with wider confidence intervals. Among subjects with vascular disease there
was no association between aspirin use and the tisk of stroke, (RR 0.99; 95% CI
0.56-1.73). Exclusion of possible cases only marginally changed these results RR
1.91 (1.05-3.48) and RR 0.94 (0.52-1.70) for subjccts without and with vascular dis-
eases, respectively.

Our analysis included all types of stroke. Of the 15 cases that occurred in sub-
jects free from vascular discase and using aspirin one stroke was subarachnoid hacm-
orthage, and two wete intracerebral haemorrhage. When only ischemic stroke was
considered the estmated relative risk was 1.09 (0.71-1.67) in the total study popula-
tion, RR 1.46 (0,73-2.96) and RR 0.87 (0.45-1.69) in the strata of subjects without
and with vascular disease, respectively.
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Discussion

In this population-based study we found that aspirin use is associated with an
increased risk of any stroke, but only in subjects without vascular disease. The tisk
of ischemic stroke increased as well, albeit less than the risk of all strokes, and not
statistically significantly,

The result is consistent with previous studies, Aspitin was shown to be effective
in prevention of myocardial infarction, stroke, and vascular death in subjects with
prior myocardial infarction, stroke, transient ischemic attacks, unstable angina, revas-
culatisation surgery, angioplasty, atrial fibrillation, valvular disease, and peripheral
vascular disease.! However, the role of aspitin in primary prevention is not yet
established. Results from trials of primary prevention among men showed a non-
significant increased risk of stroke among aspirin users,”” and an incteased risk of
ischemic stroke has been repotted recently, as well from the Cardiovascular Health
Study among eldetly women fiee from vascular diseases who used aspitin.*!

What might explain the increased risk of stroke associated with aspitin use in low
tisk subjects? The possibility of an increase in the incidence of hemorthagic stroke
in aspirin users is not unexpected. But in addition, aspitin may have a paradoxical
thrombogenic effect,. probably by inhibition of PGI2 production in endothelial
cells.” Recent reports have shown that aspitin antagonizes tissue plasminogen acti-
vator mediated thrombolysis, probably by inhibiting the expression of the induc-
ible nitric oxide synthase."" These mechanisms may explain the potential adverse
effect of aspirin on the incidence of ischemic stroke, If aspirin has a paradoxical
thrombotic side effect, it is expected to be detected in subjects who have very little
to gain from its beneficial effect, i.e. in subjects without vascular disease,

A potential weakness of our study originates from the difficulties in exposure
status assessment. It was suggested that aspirin taken occasionally as an andinflam-
matory medication or pain killer during the follow-up could bias the tesult of the
studies on aspirin use in which aspitin use is assessed at entry® Indeed, it is possible
that stroke is associated with this type of drug use as well, However, since it is very
likely that occasional use of aspirin as antiinflammatory drug is at least as frequent
among subjects who are not using aspirin regularly as among regular aspitin users,
this can not explain our result. Furthermore, it is entirely possible that some subjects
started using aspirin regulatly after baseline examination. Nevettheless, this would
result in an underestimation of the effect of aspirin, therefore our estimate can be
considered as a conservative one,

One might argue that the association found between aspirin use and risk of
stroke is not causal but due to confounding by indication. We reduced this possibility
by including all known major risk factors for vascular disease in the analysis and we
carricd out separate analyses in subjects with and without vascular disease, as well,
Since we can not think of an indication for aspitin other than those considered in
this study, which itself increased the risk of stroke, it is very unlikely that confound-
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ing by indication explains our tesult.

Another alternative explanation to cansal relation between aspirin use and risk
of sttoke could be that the group of aspitin users include subjects who stopped
aspitin use befote the occurtence of stroke,™ and the rebound effect was responsi-
ble for stroke.?"? However, if aspitin were beneficial in prevention of stroke in low
tisk subjects then it would have to be entitely overwhelmed by the adverse rebound
effect in our study, which could occur if many subjects stopped taking the drug, or
if stopping the treatment enormously increased the risk of stroke, even in subjects
with an otherwise very low risk. In our view a more plausible explanadon is that
aspirin can not prevent stroke in low risk subjects, and that aspirin has an adverse
effect, maybe partly due to stopping medication, '

In conclusion, our results indicate that aspirin use may be associated with an
increased risk of stroke in elderly people without a history of vascular diseases and
atrial fibrillation. This finding needs further study, which should address the effects
of aspirin on all major vascular events - stroke, myocardial infarction, and death - to
study the net effect of aspitin use in primary prevention in elderly people. Even if
the net effect is beneficial considering all benefits and harms of aspirin use, it may
be possible to identify subgroups of subjects who gain and who lose with the use
of aspirin in preventdon of cardiovascular diseases. Evidence on safety of a drug
used for primary prevention should be stringent, since its beneficial effect is usu-
ally minimal in individuals, who are at low risk anyway, and can be offset by side

effects.”
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Prevention of stroke
by carotid endarterectomy.
A Bayesian random effect

meta-analysis

The study assessed the effect of carotid endarierectomy on all-canse mortality and stroke-free sur-

vival based on the combined data from randoniized irials. We searched for all published randoniized
clinical trials in which carotid endarterectomy was compared to medical treatment. Nine trials that
wiet pre-specified criteria weve focated. For each trial identical measures of disease frequency were
calerlated from published data, and were analyzed by regression analysis following a Bayesian

approach. Carotid endarferectony does not increase fife expectancy but profongs sivoke-free survival.

This beneficial effect affer three years of operation is present only when the estiviated incidence rate
of stroke or deatl in patient receiving only medical freatment is above abont 8.3 per 100 patient-

years. With increasing risk of stroke or death surgery beconies more effective. Carotid endarteree-
tomy prolongs stroke-free snrvival but ifs application shonld be limited fo patients at high risk of
stroke.

n developed countries stroke is the third leading cause of death. Its annual inci-

dence is about .15 petcent.! The first year survival probability is less than 75

percent and one year after the event more than 25 percent of the survivors ate
unable to function independently.?

It is estimated that 20-30 percent of stroke cases is related to carotid artery ste-
nosis. The underlying mechanism is usually thromboembolism, originating from an
atherosclerotic plaque of the intetnal carotid artery Carotid endatterectomy aims
to remove the plaque and restore the lumen of the vessel. This is a frequently per-
formed vascular surgical procedure.’® Although the first published operation was
carried out decades ago,® and mote than 1 million people have been operated since
1980 in the United States only,® there are still unanswered questions regarding the
efficacy of carotid endarterectomy in the prevention of cerebral infarction and
death.”'" Many observatonal studies and several clinical trials comparing carotid
endarterectomy plus best medical care with medical treatment alone have been done

of are under Wyl
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This paper is a quantitative analysis of the randomized clinical trials addressing this
question published thus far. Our aim was to assess the safety of carotid endarterec-
tomy by comparing the one-month incidence of death, and the combined event of
stroke or death between the surgical and the medical arms of the ttials reported,
Furthermote, we wanted to assess whether carotid endarterectomy improves long-
term survival and stroke-free survival, Other parameters of interest were therefore
the incidence rate ratios of death, and of the combined event stroke or death (inci-
dence rates expressed as number of events per person-years of follow-up ‘at risk’)
from the first month onwards. In the statistical analysis a regression method was
applied using a Bayesian approach with non-informative priors.'®? Our method can
be considered as a generalization of the method described by Thompson et al.,”
taking into consideration the comments of van Houwelingen and Senn.?!

MATERIALS AND METHODS
Selection of trials

We searched the Medline database for all published randomized clinical trials in

which one of the treatment arms was carotid endarterectomy, We completed the

search by checking the references of the atticles found. Eleven trials that met this
criterion were located ?* Those trials were included in the analysis that fulfilled the
following pre-defined criteria:

1. The indication of carotid endarterectomy was stroke prevention rather than
treatment of acute stroke,

2. The methodology of the teial as described was judged appropriate (no excessive
loss to follow-up, symmetrical outcome assessment, analyzed by treatment assign-
ment from the moment of randomization onwards).

3. The parameters of interest in this analysis could be calculated from published
data, or from additional data obtained by writing to the author of the original
teport.

From the Joint study of extracranial arterial occlusion only a separately published
subgroup fulfilled the above criteria.”® The subgroups based on the degree of carotid
artery stenosis of the Buropean Carotid Surgery Trial and of the Notth American
Symptomatic Carotid Endarterectomy Trial were analyzed separately in this over-
view 4%

The following trials were excluded. About one trial in 230 patients only a short
summaty was published and it was not possible to obtain the information required.*
The trial carried out at the Mayo Clinics (71 patients) was excluded because the
parameters of intetest could not be caleulated from the available data.”® From one
trial report only stroke-free survival could be estimated.? In one trial report data on
any strokes were not available and our analysis concerns major strokes - producing
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symptoms for more than seven days.”

Table 1 shows some characteristics of the ttials included in the analysis. It is
noted that in the trials involving subjects with high grade stenosis the compatison
was between immediate surgery combined with medical thetapy and medical therapy
alone, In several trials involving subjects with moderate, slight or asytnptomatic ste-
nosis the effect of immediate surgery and waiting policy, i.e. avoiding the operation
as long as possible was compared.

In total, our analysis concerns 8991 patients, 4780 allocated to surgery and 4211
to medical treatment.

Data extraction from individual trials

The follow-up period was split up into two parts: the first month post-operative
period and the period after the first month undl three years. To calculate the first
month cumulative incidence of stroke or death in the surgical group the number
of events were divided by the number of patients ‘at risk’, which was taken as the
number of subjects enrolled in a group, and it was assumed that no patient was lost
to follow-up in the first month.

When stroke-free survival curves were given®#?! the combined incidence rates
of stroke and death from the first month onwards for the surgical and from the ran-
domization onwards for the medically treated cohorts respectively were estimated as
follows. For the medical cohorts the stroke-free survival probability closest to three
years was read off from the curve and converted to an incidence rate with the use of
the following equations, assuming exponential stroke-free survival with a constant
incidence rate from the moment of randomization onwards:

Cly(t)=1-e¢ M equation 1

From this we have
_In(1-C1,(#)
M=
- f

where CI,(#) and IR,, denote the t-year cumulative incidence and incidence rate,

cquation 2

respectively, in the medical group.

For the surgical cohorts the stroke-free survival probability at the same time
point was determined as the product of the one-month stroke-free survival prob-
ability and the stroke-free survival probability from the first month onwards. Hence,
the stroke-free survival probability at three years was divided by the one-month
stroke-free survival probability (as estimated the way stated previously) to obtain
the stroke-free survival probability from the first month onwards, The latter was
again converted to an incidence rate, assuming exponential stroke-free survival with
a constant incidence tate from the first month onwards, Thus the following equa-
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Hons wete used:

1
CI,(r) = 1-(1- CL,(Imont)) e = 12 equation 3
IFrom this we have:
L1 1
IR; = —(ln ) [ (t-—) equation 4

1 - CI;(Imonth) 12

where CI(#), CI (Tmenth) and IR denote the t-year and one month cumulative inci-
dence and the incidence rate from one month onwards, respectively, in the surgical
group.

For one trial the actual curves wete not given, but the estimates needed could be
extracted by a standard actuarial method.”

If time to event curves were not provided, incidence rates were calculated as the
number of strokes or deaths divided by the total person-yeats of follow-up ‘at risk’,
The mean follow-up time was usually not published separately for the study groups.
To divide approximately the total amount of follow-up time over the two groups,
we took the ratio of the number of patients at risk at the end of the first month as
the ratio of the amounts of follow-uvp time after the first month in the two groups.
If it was not stated otherwise, we assumed that the follow-up time given in each
teport corresponded to the time either until death or until censoring and in each
trial patients who sustained a non-fatal stroke have been followed undl death ot
until censoring, Therefore the total person-years of follow-up reported minus half
the mean follow-up for each patient who had non-fatal stroke was taken as the
denominator for the incidence rate extraction for the combined outcome of stroke
or death.

Since no survival curves were reported for death from all causes for any trials,
this latter method was uvsed to estimate incidence rates of death, as well.

The observed 3-year cumulative incidences of stroke or death were read off
from stroke-free survival curves if the curves were published. When the curves were
not given, trial-specific three-year cumulative incidences of stroke or death were
estimated from the incidence rates by exponential conversion (see “equation 1 and

3”).
Statistical methods for pooling

To assess the relationship between the incidence rates of the events of interest from
the first month onwards in the surgical and medical groups respectively, a linear
tegression model was used. We assumed that the measures of the disease frequen-
cies “observed” in the trials are measured with some error due to sampling vari-
ability, and there are “true” undetlying surgical risk and long term incidence rates of
events both in the medical and surgical groups in each trial,
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The following relationship between the “true” event rate AR, under the medical
treatment in the i trial and the “true” event rate fIRJ.,. in the surgical group of the
1 trial is assumed:

In{AR;)=a+b-1n{AR,;) +e, equation 5

where « and b are regression coefficients to be estimated and the error term e is
assumed to be normally distributed with zero mean and unknown standard devia-
tion, Note that this is a direct generalization of the standard random-effect approach
in meta-analysis. If 4 = 1, then our model reduces to the well-known model of
DetSimonian and Laird.* In fact the model assumes a bivariate normal disttibution
for the “true” event rates in the two treatment groups, and is therefore identical
to the bivariate random effects meta-analysis model described by van Houwelingen
et al.” The observed number of events in a treatment group of a tral is assumed
to be Poisson distributed with mean equal the follow-up in person-years in that
group multiplied by the “true” event rate in that group. Furthermore, in analogy
with standard random effects models used for meta-analysis it was assumed that
the logarithms of the “true” incidence rates of the medically treated groups were
normally distributed with mean and variance to be estimated from the data, The
model was fitted by a Bayesian analysis method analogous to the methods described
by Thompson et al. using Gibbs sampling by the progtam BUGS,"®# but taking into
consideration the comments of van Houwelingen and Senn.* Throughout unin-
formative prior distributions were used.

When the analysis showed that & was likely to be close to one (i.e. no evidence
of “linear” heterogeneity of incidence rate ratios), this parameter was set to one in
the model and a was recalculated, In this case the pooled estimate of AR /AR, was
taken as expf#). When the analysis showed that & is likely to differ from one, both
« and b were estimated and weye considered as the result of the pooled analysis. In
this case the implication of the analysis is that for any given value of AR, the value
of AR, can be estimated as exp(s + & x In(/IR)).

For estimating the “true” three years cumulative incidence ratio for stroke or
death as a function of the “true” incidence rate of stroke or death in the medical
group (/IR,), we extended the above-described bivariate model. In the extended
model we assumed a trivariate normal distribution of the “true” log odds of stroke
or death in the surgical group in the first month, of the “true” log incidence rate
of stroke or death in the medical and in the surgical group. After fitting the model
for calculating the three-year cumulative incidence ratios “equation 1 and 3” were
applied. The model was fitted using the program BUGS employing a non-informa-
tive prior disttibution on the unknown model parameters, The BUGS syntax for this
problem can be obtained from the authors.
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REsurrs

Table 2 shows the observed surgical risks and incidence rates in the trials, The
pooled estimate of the one-month cumulative incidence of stroke or death in the
surgical group obtained from the trivariate model was 6 percent (95 percent confi-
dence interval 4.8-7.5).

The regression analysis of death rates yielded b = 1.21 (95 percent confidence
interval 0.96-1.53). As this indicated that there was no evidence for & being differ-
ent from 1, the model was refitted as described above (see statistical methods for
pooling). This yielded a In(incidence rate ratio) of a = -0.025 (95 percent confidence
interval -0.13, 0.088). After exponentiating, the pooled incidence rate ratio for death
becomes 0.98 (95 percent confidence interval 0.88-1.09).

Pooled regression analysis of incidence rates of sttoke or death yielded the fol-
lowing relationship between the incidence rates of stroke or death from the first

month onwards:
E(lanﬁ) =1.07+0.32- in(lRM),

where IR and IR, stand for the trial-specific underlying “true” incidence rates in
the surgical and medical arms, respectively. The 95 percent confidence interval of
the intercept (# in “equation 5”) in the model was 0.18, 1.93 and of the slope (b
in “equation 57} it was -0.11-0.76. The latter indicates that there is evidence that
the second parameter differs from one, so there is heterogeneity in incidence rate
ratios between trials, and the parameter can therefore not be set to one in the model.
'The relationship between IR and IR, suggested by the model is plotted in figure 1
together with the 95 percent confidence interval. Observed values for each trial are
also indicated. The figure shows that the effect of surgery on the incidence rate of
stroke or death from the first month onwards increases with the incidence rate of
death or stroke in a comparable patient treated medically, The figure also shows that
the model fits the available data reasonably well, with two outiers, which originate
from the very small trials of Shaw et al. and of Clagett et al”>* Omission of these
trials does not influence the result.

The relationship between the incidence rate of stroke or death in medically
treated patients and the three-year cumulative incidence ratio of stroke or death
comparing patients assigned to surgery with patients assigned to medical treatment
is plotted in figure 2. Observed values are also plotted for each individual trial or
trial subgroup, It can be scen that the actual observations are well fitted by the func-
tional relationship. The figure shows that the break-even point, the value of the
base-line incidence rate above which surgery is beneficial in regard the three-year
tisk of stroke or death is 7.7 strokes ot deaths / 100 person-yeats (95% confidence
interval 7.1, 8.3} if we apply the pooled estimate of the sutgical risk. So above a
baseline risk of 8.3 stroke ot deaths / 100 person-years immediate surgery is signifi-

cantly better,
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INCIDENCE RATES IN THE SURGICAL GROUP
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INCIDENCE RATES IN THE MEDICAL GROUP

Figure 1

Relationship between incidence rates of stroke or death in the medical and in the
surgical group, estimated regression line with its 95% confidence interval. Dotted
line is the line of equality. Observed data from the trials are indicated with ¢. Values
are plotted on logarithmic scafes,

Discussion

The aim of this meta-analysis was to assess the safety and long-term efficacy of
the sutgical treatment of carotid artery stenosis in comparison to medical treat-
ment alone, Our pre-specified choice of parameters followed directly from this aim.
When the individual patient data from the trials are not available, one is entitely
dependent on the way data is reported. As there is no uniform approach to the latter,
the patameters chosen to be of interest in a meta-analysis are often not reported
as such but have to be estimated based on the original reports. In this regard the
curtent meta-analysis is no exception. The individual data were not available and the
parametets of interest chosen had to be estimated from published data. In doing so,
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Three-year cumulative incidence radio of stroke or death
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INCIDENCE RATE OF STROKE OR DEATH IN THE MEDICAL GROUP
Figure 2

Relationship between the incidence rate of stroke or death in the medical group and
the three-year cumulative incidence ratio of stroke or death surgical versus medical
group. Observed data from the trials are indicated with ¢. Continuous lines indicate
the pooled estimate of the cumulative incidence ratio with its 95 % confidence
intervai as a function of the incidence rate in the medical group.

several assumptions had to be made.

First of all, we assumed that the incidence rates of death, and of stroke or death
are constant in the medical group from the moment of randomization onwards and
in the surgical group after the first month. This assumption is reasonable because
carotid artery stenosis with or without symptoms is a chronic condition. Generally,
the degree of stenosis will progress with time and in the long run therefore the
incidence rates will increase. However, over a three-year petiod the increase should
be small indeed, if detectable at all in data of the type considered. In many trials
or trial subgroups considered the mean follow-up was shorter than four years. We
focused on the three-year outcome because over this relatively shott petiod of time
the incidence rates should be approximately constant and because we wanted to
avoid extrapolation beyond the follow-up period of the majority of patients.

Secondly, we assumed that the person-years of follow-up after the first month in
the surgical and medical groups respectively can be approximated as described from
the total follow-up for both groups combined and from the number of subjects
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at risk after the first month in each group. In most cases this assumption is neces-
sary because the amount of follow-up is not reported by treatment group, For low
incidence rates that do not differ too much, this seems to be a reasonable assump-
tion. In this context, we also assumed that the amount of follow-up until stroke or
death can be approximated from the amount of follow-up until death as described.

Although participation in some trials was restricted to surgical teams who could
show that their complication rate was acceptable,¢* our estimate of surgical risk
is consistent with the reported results from other studies.®* In clinical practice the
risk of angiography must be considered also.** Nevertheless, one can easily plot
the curve on figure 2 for different values of the surgjcal risk applying “equation 1,
3and 57,

Regarding the long-term effect, it is entirely possible that surgery offers a greater
advantage in patients who are at a higher absolute risk of stroke when treated medi-
cally, As a consequence, measures of effect may differ from trial to tial depending
on the underlying tisk of the padents actually randomised.” In a meta-analysis a
measure of effect (such as the “odds ratio’} is usually pre-specified and the question
whether heterogencity exists for the chosen effect measure is addressed by the so-
called heterogencity test.*® This approach has at feast two disadvantages. First of all,
the power of the heterogeneity test is low™ Second, the method does not specify
how to continue the analysis when the heterogeneity test is ‘significant’, Hence, a
preferable statistical method allows for the possibility that effects are heterogene-
ous, Based on published data, such a method should provide an estimate of the
treatment effect conditional on some trial characteristics, such as aggregate infor-
mation of subjects included or risk in the reference categoty. One method that
accomplishes this has been used previously to describe the expected mortality rate
of patients treated for hypertension given the rate in the absence of trcatment.”
That method was based on a weighted linear regtession of the observed event rates
in the treatment group against the observed event rates in the control group. It may
produce biased estimates due to imprecision of the observed incidence rates used as
independent variable in fitting the modcl®® The method used in this analysis avoids
this problem, because the estimated “true” incidence rates in the control groups is
used as independent variable.

With respect to long-term efficacy, our analysis suggests that sutgery does not
increase life expectancy. The reason for this is the initial risk of complications. Even
if the opetation was completely safe, the reduction in mortality would be modest as
the incidence rate ratio of death after the first month comparing surgery to medi-
cal treatment is 0.98. A possible explanation is that carotid artery stenosis may just
be one manifestation of generalized atherosclerosis which also affects other parts
of the vascular system. A reflection of this is that only a minor proportion of
deaths attributable to cardiovascular disease is due to stroke. Futthermore, only a
fraction of strokes are related to carotid artery stenosis. Hence, the potential impact
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of catotid endarterectomy on all cause mortality must be limited.

Nonetheless, our analysis shows that surgery can be expected to prolong stroke-
free sutvival provided that the procedure is limited to patients who have a relatively
high risk of stroke due to carotid stenosis. Figure 1 compares observed incidence
rates in the medically treated patients with the incidence rate in those surgically
treated patients who survive the first month after surgery without a stroke. 1t shows
that patients at low risk of stroke or death when treated medically are unfikely to
benefit from surgery. With increasing risk, surgery becomes more effective relative
to medical treatment. Since we neglected the first month after surgery in figure 1,
to compate the treatments fairly we estimated the 3-year cumulative incidence of
stroke or death, taking into account the sutgical risk, and then compating both treat-
ment options. As is shown in figure 2, surgery is beneficial only when the estimated
incidence rate of stroke or death for medical treatment is above about 8.3 strokes or
deaths / 100 person-years. With increasing tisk of stroke or death for medical treat-
ment, surgery becomes more effective. A possible explanation is that at lower risks
there are simply too few events that can be prevented by surgery, Hence, its risks
predominate. The break-even point above which sutgery becomes effective could be
a useful guideline in clinical practice if it were possible to estimate the incidence rate
of stroke or death in an individual patient before taking the decision to operate. A
multivatiate risk function for identifying patents within the group of subjects with
70-99 percent carotid artery stenosis who are at high risk of stroke on medical treat-
ment and ate at low risk of operative stroke or death has recently been published
from the ECST study® Preoperative risk factors of carotid endarterectomy have
also been reported. Some patient characteristics play a role, but one of the most
important factor secems to be the sutgeon, %

Naturally, one of the most powerful predictors of stroke is the degree of carotid
stenosis. Several studies and the trials analyzed in this report have shown that the
higher the degree of the stenosis, the higher the risk of stroke. In addition, given a
cettain anatomical degree of stenosis, symptomatic patients have worse prognosis
than those without symptoms.?*>**58 [n patients on medical treatment with severe
symptomatic anatomic stenosis, i.e. more than 70% according to the NASCET cri-
tetia the average incidence rate of stroke or death is higher than the 8.3 per 100
patient-years.”>*>3% Hence, in these patients surgery is indicated based on the results
of this analysis. In patients with a moderate symptomatic or severe asymptomatic
stenosis the incidence rate is around the range (7.1, 8.3) where it is not clear which
treatment is better.”2%1335357 Hence, these patients may benefit from sutgery if they
ate operated with very low complication tate. Several features have been reported
that might help identifying high risk subjects in this category of stenosis, like con-
tralateral disease, impaired cerebral vasomotor reactivity, asymptomatic emboliza-
tion, and echostructure appeatance of the carotid plaque.®®** For lower risk patients,
i.e. under 7.1 stroke or death per 100 patient-years, surgery should even be consid-
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ered as harmful. Based on ﬂle results available today and this meta-analysis, 2 waiting
policy in these patients is indicated. This policy should include clinical follow-up and
non-invasive assessment of the lesion to determine whether the patient remains at
low risk. If this does not seem to be the case, surgery can then be offered.

We conclude that carotid endatterectomy is a relatively safe procedure which
prolongs stroke-free survival in patients with a high risk of stroke or death. For
moderate or low risk patients, there is at present no evidence that suppotts that such
patients should be operated also.

REFERENCES

1, Sacco RL, Benjamin EJ, Broderick P, et al. Risk factors, panel. Suoke 1997;28:
1507-1517.

2. Sacco Rl Risk factors, outcomes, and stroke subtypes for ischemic stroke. Neurology
1997:49(Suppl 4):539-344,

3. Timsit 8G, Sacco RL, Mohr JP, ct al. Eatly clinical differentiation of cerebral infarction
from severe atherosclerosis and cardioembolism. Stroke 1992;23:486-491,

4. Dyken ML, Pokras R. The performance of endarterectomy for disease of the extracra-
nial arteties of the head. Stroke 1984;15:948-950.

5. Gillum RE Epidemiclogy of carotid endarterectomy and cerebral arteriopraphy in the
United States. Stroke 1995;26:1724-1728,

6. Eascott HHG, Pickering GW, Rob CG. Reconstruction of internal carotid artery in a
patient with intermittent attacks of hemiplegia. Lancet 1954;2:994-996.

7. Easton JD, Wilterdink JL, Carotid endarterectomy: trials and tribulations, Ann Neurol
1994;35:5-17.

8.  Humphrey B, Young G, Enevoldson P, et al. Carotid endarterectomy. Should be offered
to appropriately selected patients. BM] 1995; 310:1136.

9. Aldoori MI, Beard JD. Carotid endarterectomy. Efficacy is proved. BM]J
1995;310:1136.

10. Warlow C. Endarterectomy for asymptomatic carotd stenosis? Lancet 1995;345:
1254-1255.

11. Barnett HJ, Meldrum HE, Eliasziw M. The dilemma of surgical treatment for patients
with asymptomatic carotid disease. Ann Intern Med 1995;123:723-725.

12, Barnett HJM, Eliasziw M, Meldrum HE, et al. Do the facts and figures warrant a 10-fold
increase in the performance of carotid endarrerectomy on asymptomatc patents? Neu-
rology 1996;46:603-608.

13. Toole JE Quality-based medicine. Arch Neurol 1997;54:23-24.

14, Perry JR, Szalai JP, Norris JW for the Canadian Stroke Consortium, Consensus against
both endarterectomy and routine screening for asymptomatic artery stenosis. Arch
Neurol 1997;54:25-28.

15, Biller }, Feinberg WM, Castaldo JE. Guidelines for carotid endarterectomy. A statement
for healthcare professionals from special writing group of the Stroke Council, Ameri-
can Heart Associaton. Stroke 1998:29:554-562,

16. Chaturvedi S, Halliday A. Concerns regarding carotid endarterectomy guidelines. Stroke
1998;29:1475-1476.

17. Chaturvedi S, Halliday A. Is another clinical trial warranted regarding endarterectomy



18.

19.

26.

21,

22.

23.

24.

25.

26.

27.

28,

29,

30,

31.

32,

33.

34,

35.

36.

37.

Prevention of stroke by carotid endarterectomy 73

for asymptomatic carotid stenosis? Cerebrovasc Dis 1998;8:210-213.

Spiegethalter DJ, Thomas A, Best NG, Gilks WR. BUGS: Bayesian inference Using
Gibbs Sampling, Version 0.50. Cambridge: MRC Biostatistics Unit; 1995.

Spiegethalter 1D], Thomas A, Best NG, Gilks WR. BUGS: Examples, Version .50
Cambridge: MRC Biostatistics Unit. Cambridge: MRC Biostatistics Unit; 1995,
Thompson 8G, Smith T'C, Sharp S} Investigating undetlying risk as a source of hetero-
geneity in meta-analysis. Stat Med 1997;16:2883-2890,

van Houwelingen HC, Senn S. Investigating underlying risk as a source of heterogene-
ity in meta-analysis. Stat Med 1999;18:107-113,

Fields WS, Maslenikov V, Meyer ]S, et al. Joint study of extracranial arterial occlusion. V.
Progress report of prognosis following surgery or nonsurgical treatment for transient cer-
ebral ischemic attacks and cervical carotid artery lesions. JAMA 1970;211:1993-2003.
Shaw DA, Venables GS, Cartlidge NE, et al. Carotid endasterectomy in patients with
transient cerebral ischaemia. ] Neurol Sci 1984;64:45-53.

Clagett G, Youkey JR, Brigham RA, et al. Asymptomatic cervical bruit and abnormal
ocular pneumoplethysmography: a prospective study compating two approaches to
management, Surgery 1984;96:823-830,

Beneficial effect of carotid endarterectomy in symptomatic patients with high grade
carotid stenosis. North American Symptomatic Carotid Bndatterectomy Tial Collabo-
rators, N Engl | Med 1991;325:445-453,

Mayberg MR, Wilson S, Yatsu F, et al. Carotid endarterectomy and prevention of cer-
cbral ischemia in symptomatic carotid stenosis. Veterans Affairs Cooperative Studies
Program 309 Trialise Group. JAMA 1991;266:3289-3294,

Carotid surgery versus medical therapy in asymptomatic carotid stenosis. ‘The CASA-
NOVA Study Group. Stroke 1991;22:1229-1235.

Results of a randomized controlled trial of carotid endarterectomy for asymptomatic
carotid stenosis. Mayo Asymptomatic Carotid Endarterectomy Study Group. Mayo Clin
Proc 1992;67:513-518.

Hobson RW 2d, Weiss DG, Fields WS, et al. Efficacy of carotid endarterectomy for
asymptomatic carotid stenosis, The Veterans Affairs Cooperative Study Group. N Engl
J Med 1993;328:221.227.

Lagneau P. Asymptomatic carotid stenoses, Analysis of randomized studies. J Mal Vasc
1993;18:209-212.

Endarterectomy for asymptomatic carotid attery stenosis, Executive Committee for the
Asymptomatic Carotid Atherosclerosis Study, JAMA 1995;273:1421-1428,
Randomised trial of endarterectomy for recently symptomatic carotid stenosis: final
results of the MRC Eutopean Carotid Surgery Trial. European Carotid Sutgery Trial-
ists” Collaborative Group. Lancet 1998;351:1379-1387.

Barnett HJM, Taylor DW, Eliasziw M, et al. for the North American Carotdd Endarter-
ectomy Collaborators. Benefit of carotid endarterectomy in patients with symptomatic
moderate or severe stenosis. N Eng | Med 1998;339:1415-1425.

DerSimonian R, Laird N, Meta-analysis in Clinical Trials, Control Clin Trials 1986;7;
[77-188.

van Howwelingen HC, Zwinderman KH, Stijnen T. A bivariate approach to meta-anal-
ysis. Stat Med 1993;12:2273-2284,

North Amesican Symptomatic Carotid Endarterectomy Trial. Methods, patient charac-
teristics, and progress. Stroke 1991;22:711-720.

Role of carotid endarterectomy in asympromatc carotid stenosis. A Veterans Adminis-



38.

39.

40.

41,

42.

43,

44,

45.

46.

47.

48,

49,

50.

51.

52.

53,

54.

55.

56.

57.

58.

59.

Chapter 8

tration Cooperative Study. Stroke 17:534-539,

Moore WS, Vescera CL, Robertson JT, Baker WH, Howard V], Toole JE Selection
process for surgeons in the Asymptotmatic Carotid Atherosclerosis Study. Stroke 1991;
22:1353-1357,

Toronto Cerebrovascular Study Group. Risks of carotid endarterectomy. Stroke 1986;17:
848-852.

McCrory DC, Goldstein LB, Samsa GP et al. Predicting complications of carotid endar-
terectomy. Stroke 1993;1285-1291.

Goldstein LB, McCrory DC, Landsman PB et al. Multicenter review of perioperative
tisk factors for carotid endarterectomy in patients with ipsilateral symptoms. Stroke
1994;25:1116-1121.

Rothwell PM, Shattery ], Warlow CP. A systematic review of the risks of stroke and death
due to endarterectomy for symptomatic carotid stenosis. Stroke 1996;27:260-265.
Rothwell PM, Slattery J, Warlow CP. A systematic comparison of the risks of stroke
and death due to carotid endarterectomy for symptomatic and asymptomatic stenosis.
Stroke 1996;27:266-269.

Haremann A, Hupp T, Koch HC, et al. Prospective study on the complication rate of
carotid surgery, Cerebrovasc Dis 1999,9:152-156.

Dion JE, Gates PC, Fox AJ et al. Clinical events following neuroangiography: a pro-
spective study. Stroke 1987;18:997-1004,

Hankey Gj, Watlow CP, Sellar R]. Cetebral angiographic risk in mild cerebrovascatar
disease. Stroke 1990;21:209-222.

Rothwell PM. Can overall results of clinical trials be applied to all patients? Lancet 1995;
345:1616-1619,

Greenland 8. Quantitative methods in the review of epidemiologic literature, Epidemiol
Rev 1987;9:1-30.

Hoes AW, Grobbee DE, Lubsen J. Does drug treatment improve survival? Reconciling
the trials in mild-to-moderate hypertension. } Hypertension 1995;13:805-81t,

Sharp S], Thompson SG, Altman DG. The relation between treatment benefit and
underlying risk in meta-analysis, BM] 1996;313:735-738.

Rothwell PM, Warlow CP, on behalf of the European Surgery Trialists” Collaborative
Group. Prediction of benefit from carotid endarterectomy in individual patients: a risk-
maodelling study. Lancet 1999;353:2105-2110.

Riles TS, Imparato AM, Jacobowitz GR et al. The cause of perioperative suoke after
carotid endarterectomy. ] Vac Surg 1994;19:206-216.

Wilterdink JT., Easton ]D. Vascular event rates in patients with atherosclerotic cerebro-
vascular disease. Arch Neurol 1992;49:857-863.

Notris JW, Zhu CZ, Bornstein NM, et al. Vascular risks of asymptomatic carotid ste-
nosis, Stroke 1991;22:1485-1490.

The European Carotid Surgery Trialists Collaborative Group. Risk of stroke in the dis-
tribution of an asymptomatic carotid artery. Lancet 1995;345:209-212.

Bogousslavsky J, Despland PA, Regli E Asymptomatic tight stenosis of internal carotid
artery: long term prognosis. Neurology 1986;36:861-863.

Mackey AE, Abmhamowicz M, Langlois Y, et al. Outcome of asymptotmatic patients
with carotid disease, Neurology 1997;48:896-903.

Bock RW, Gray-Weale AC, Mock PA, etal. The natural history of asymptomatic carotid
artery disease. | Vasc Surg 1993;17:160-171.

Barnett HJM, Watow CP. Carodd endarterectomy and the measurement of stenosis.



60.

61.

62.

Prevention of stroke by carotid endarterectomy 75

Stroke 1993;24:1281-1284,

Gur AY, Bova I, Borstein NM. Is impaired cercbral vasomotor reactivity a predictive
factor of stroke in asymptomatic patients? Stroke 1996;27:2188-2190.

Molloy J. Markus HS. Asympromate emboltzaton predicts stroke and TIA in patients
with carotid artery stenosis. Stroke 1999;30:1440-1443.

Fabrtis F, Poli I, Zanocchi M, et al. A four-year clinical and echographic follow-up of
asymptomatic carotid plaque. Angiology 1992;43:5%0-598,






Change in a risk factor as a
determinant of disease.

The pitfall of
adjustment for baseline

It studies of the relationship between change in a visk factor and fhe occurrence of a disease, the
baseline valne of the risk factor is usnafly considered as a potential confounder. Therefore it is often
adjusted for in the analyses. However, becanse of the phenomienon of regression towards the mean
adjistmient for baseline level may canse severe bias. On the other havd, refraining from adjustment
in many instances produces unbiased or only slightly biased results. With an estimate of the within
suljects variabilify an unbiased estimate of the effect of change can be obtained using bierarchical
wrodelling. It is expected that methods based on hierarchical models that can deal straightforwardly
with meastiremient ervor problems like this will be available for ronfine use soon. If an nnbiased
estimale of the change can nor be obtained, it is better nof fo adinst for baseline value of the risk
Jactor.

n an increasing nmamber of studies tisk factors are measured at several points in

time. A question that is often addressed in these studies is whether change in

a risk factor over time is associated with disease outcome. In a clinical setting,
for example, one could investigate the association between change in a monitored
physiological parameter and a certain outcome. In cohort studies where repeated
cxposure assessment is cartied out, one might want to study the relation between
change in exposure status and occurrence of disease.

In most of these studies the baseline level of the risk factor is considetred a con-
founder of the relation between change in the risk factor and the tisk of the discase.
Therefore it is usually adjusted for or stratified on in the analyses, and most of the
authors do not present the results without adjustment for baseline."® Although this
practice seems to be appropriate at first sight, it is incotrect. In this paper we show
why this method produces biased results, illustrated with an example taken from the
Rotterdam Study, and discuss potential solutions.
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WHY DOES CURRENT PRACTICE PRODUCE BIASED
RESULTS?

We wanted to study the relationship between change in systolic blood pressure and
the risk of stroke in the Rotterdam Study, which is a prospective population based
cohort study among 7983 subjects, aged 55 years or over, living in a suburb of Rot-
terdam, The Netherlands. The rationale and design of the Rotterdam Study have
been desctibed elsewhere.” Baseline examinations took place in 1990-1993 and fol-
low-up examinations in 1993-1994, and 1997-1999. In additon, the cohort is con-
tinuously being monitored for major disease outcomes, including stroke. Subjects
were included in the analysis if they had blood pressure measurements at both the
baseline and first follow-up examination, and were free from stroke at the time of
first follow-up. The risk of stroke associated with change in blood pressure was
estimated by calculating odds ratos through logistic regression with adjustment for
age and gender.

High systolic blood pressure itself is a known risk factor for stroke. If change in
systolic blood pressure depends on the baseline value, baseline systolic blood pres-
sure would be a potential confounder, i.e. any observed association between change
in systolic blood pressure and risk of stroke might result in whole or in part from the
relation between the baseline systolic blood pressure and stroke. Following standard
methods to deal with confoundets, we adjusted for baseline systolic blood pressure
in the analysis. The result is presented in Table 1. Based on this we would conclude
that there is evidence that an increase in systolic blood pressure increases the risk of
stroke.

What if we consider that baseline value of systolic blood pressure is not related
to change? In that case, baseline systolic blood pressure would not be a confounder
and there would be no need to adjust for it in the analysis. Table 1 presents the result
without adjustment for baseline systolic blood pressute, too. This does not provide
evidence fot an association between change in systolic blood pressure and risk of

stroke,
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WHICH ANALYSIS IS CORRECT?

At first sight it seems that the analysis with adjustment for the bascline value of
systolic blood pressure must be the correct one. The population distribution of
systolic blood pressure consists of individual disttibutions, with their mean repre-
senting the individuals typical or “true” value." A single measurement may be higher
or lower than the individual’s actual typical value. This is due to either biological
within subject vatiability, or to measurement errog, ot usually to both,""? If we take a
second measurement in a subject it is more likely that it will be closer to the individu-
al’s typical value.”” As a consequence, if we select a group with extreme observed
baseline blood pressure, theit group mean of the second measurement will be closer
to the population mean.""* The phenomenon is called regression towards the mean.”

How 18 THIS PHENOMENON RELATED TO ADJUSTMENT
FOR BASELINE?

Figure 1 illustrates the situation when the typical value (hereafter “true” value) of
systolic blood pressure remains unchanged in every subject, meaning “true’ change
is zero. Nevertheless, even in this situation the observed value will change in most
of the individuails. Let us examine in this situaton what happens if we adjust for
baseline.

When we adjust for the baseline level, we compare the risk of those subjects
who had the same observed baseline blood pressure. Figure 1 shows the individual
distributions of two subjects with observed baseline systolic blood pressure of 110
mmHg, It can be seen that in the subject whose “true” blood pressure was higher
than 110 mmHg blood pressure will iuerease towards the own “true” value, and in the
othet subject whose “true” blood pressure was lower than 110 mmHg it will decrease
towards the own “true” value, As a consequence, if we compate the risk of stroke in
subjects whose observed blood pressure increased and those whose decreased, then
we compare the risk of subjects whose “true” baseline blood pressuge was high to
those whose “true” baseline blood pressure was low. Those who had a higher “true”
blood pressure at baseline are of course at a higher risk for stroke and we would
conclude that an increase in systolic blood pressure increases the risk for stroke. It
should be emphasised that the observed association between change in blood pres-
sure and risk of stroke in this case is not reflecting a true association, but a statistical
phenomenon.

Since all standard methods for controlling confounding — stratification, stand-
ardisation or regression analysis — are based on the idea of comparing the risk of
subjects conditionally on the value of the potential confounder, they lead to the
same bias. ‘The bias will arise regardless whether we categorise change or use it as a
continuous variable in the statistical model.
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First follow-up examination

e (figtribution of blood pressure in a subject with a typical value of 120 mmHg

— distribution of blood pressure in a subject with a typical value of 90 mmHg

¢  observed baseline systolic blood pressure
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Figure 1
llfustration of the effect of adjustment for baseline systolic blood pressure. The

direction of change is illustrated by the arrows.

In many instances “true” change is not zero and is associated with baseline. In
this case adjustment for baseline introduces bias as well, for the same rcason that was
discussed above. No adjustment also fails, since the estimated risk is not adjusted for
confounding, caused by the relationship between baseline value and “true” change.
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WHAT 1S THE SOLUTION?

First, as discussed above we should realise that adjustment for baseline value almost
always results in severely biased estimates, since it is based on the assumption that
observed change is equal to the change of the individuals “truc” value. And this
assumption is almost always false, because of the regression towards the mean phe-
nomenon.

Not adjusting for baseline can also cause bias if baseline value is associated with
“true” change. Nevertheless, in many instances the variance of the change due to
regression towards the mean is latge compared to the vatiance of the “true” change,
e.g. when a physiological parameter has large biological within-subject variability,
or in case of imprecise measurements. Furthermore, “true” change is often only
weakly associated with baseline value, In these cases adjustment causes severe bias,
while no adjustment for baseline leads to only siightly biased effect estimate, There-
fore, when the choice is between adjusting or not-adjusting for baseline, not adjust-
ing is the recommended approach.

The most appropriate analysis is based on the separation of the vatiance of
change into the variance of “true” change and of the change due to regression
towards the mean. The latter can be estimated by measuring the risk factor repeat-
edly and shortly apart,”

Once one has an estimate of this variance, it becomes possible to estimate the
effect of “true” change. With the use of an estimate of this variance of the “error”,
a solution for estimating the effect of the “true” change was proposed by Cain et al.
for linear and logistic regression analysis.'

Another solution would be directly estimating the effect of “true” change. Meth-
ods based on hierarchical models and simulation techniques can deal straightfor-
wardly with problems like this. Since these have become awvailable recently, it is
expected that unbiased methods to estimate the effect of change on outcome param-
etets will be available fot routine use in the near furure,”

In our example blood pressure was measured again in 100 patients at a second
visit two weeks later. From these measutements we estimated the within-subject
variabiliey to be 116.6 mmHg? With the application of the method suggested by
Cain et al. we found no evidence that change in systolic blood pressure was associ-
ated with the risk of stroke (p = 0.3). This is in contrast to the analysis with simple
adjustment for baseline.

CONCLUSION

The current approach — adjustment for baseline value of the risk factor — in stud-
ies of the association between change in a tisk factor and disease produces strongly
biased results because of the phenomenon of regression towards the mean, We
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illustrated the problem with an example from a cohort study.

The larger the effect of the regression towards the mean and the weaker the
association between baseline and “true” change, the less we gain from adjustment
for baseline and the more harm we do. Therefore in many instances no adjustment
for baseline is the recommended simple approach of the analysis, which leads to
only stightly biased effect estimate.

With the use of an estimate of the within-subject variability of the risk factor
one can correct for the effect of regression towards the mean in the analysis. It is
expected that unbiased methods based on hierarchical models that can deal straight-
forwardly with measurement error problems like this will be available for routine use
soon to estimate the effect of change.”
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General discussion

his thesis describes investigations related to the etiology and prevention of
stroke. We attempred to answer the following questions:

* Can we predict the probability of stroke based on the presence of major stroke
risk factors?

* How is blood pressure related to stroker?

* What may explain the controversial results about the relationship between serum
cholesterol and the risk of stroke?

* Is there familial aggregation of stroke?

¢ Can dietary antioxidants prevent stroke?

¢ Is the use of aspirin for primary prevention of stroke justifiable?

* How effective and safe is carotid endarterectomy in prevention of stroke?

In the previous chapters studies aiming to answer these questions wete presented in
details. In this chapter, I first summatise the main findings and their interpretaton
and potential implications. A separate section is devoted to new analytical methods
we used in our studies. Next, T discuss major issues on the validity of the studies. T
conclude with a brief outline summary of possible future directions for epidemio-
logical research on etivlogy of stroke and envisaged short-term developments in

research methods.

MAIN FINDINGS

All our studies, except the meta-analysis on the efficacy of carotid endarterectomy in
the prevention of stroke, were based on the Rotterdam Study, an ongoing prospec-
tive population-based cohort study for which all inhabitants aged 55 years or over,
living in a suburb of Rotterdam, The Nethetlands, were invited, Baseline data col-
lection was performed between 1990 and 1993, In total 7983 subjects participated
(response rate 78%). Of these, 7603 subjects participated at the baseline interview
and examination, and reported no previous stroke at baseline, Till the end of 1996
346 strokes occurred among them, the mean follow-up time was 4.46 years,
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Risk and prevention of stroke

Can we prediet the probability of stroke based on the presence of major stroke risk
Sfactors?

We validated the Framingham stroke risk profile within the Rotterdam Study. Risk
factors included in the profile were age, systolic blood pressure, use of antihyperten-
sive therapy, diabetes mellitus, cigarette smoking, prior cardiovascular disease, atrial
fibrillation, and left ventricular hypertrophy by electrocardiogram. Separate func-
tions were used for men and women,

We estimated the three-year probability of stroke in 4930 subjects. We assessed
how the profile estimated the number of strokes and TIAs that occurred within
three years of follow-up and how the function could discriminate between high and
low risk subjects. The estimated probability had a wide range; and the prevalence of
the event was fairly well predicted in most categories of the estimated risk,

The function discriminated equally regardless whether stroke or stroke and TIA
were considered as event. For stroke the area under the ROC curve was 0.75.
Whether this performance is considered bad or good depends on the actual context
in which the function is used. Since usually risk functions are used to identify high
risk subjects, reasonably high sensitivity is required. When the function is used as a
screening instrument and additional diagnostic investigations ate necessaty to indi-
cate an intervention, very high specificity is not an indispensable requirement.

Honw is blood pressure refated to stroke?

The risk of first-ever stroke was associated with hypestension (relative tisk 1.6, 95%
C1 1,2-2.0), and with isolated systolic hypertension (telative risk 1.7, 95% CI 1.1-2.6).
We found a continuous increase in sttoke incidence with increasing blood pressure
in non-treated subjects. In treated subjects we found a J-shaped relation between
blood pressure and the tisk of stroke. The increased stroke tisk ity the lowest strata
of blood pressure in treated hypertensive patients may indicate that the therapeutic
goal “the lower the better” is not the optimal strategy in the elderly.

Advanced atherosclerosis, or an excess of subjects with isolated hypertension
among subjects with very low diastolic blood pressure could not explain our finding,
We assume that since chronic hypettension shifts the lower and upper blood pres-
sure limits of cerebral blood flow autoregulation towards higher pressure, it makes
the brain more susceptible to ischemia at low blood pressure.

We should emphasise that treatment of elderly hypertensive subjects has been
proven to safe lives, to prevent myocardial infarctions and strokes, and our findings
do not contradict these findings. Our results showed that in treated hypertensive
clderly subjects only very low diastolic blood pressures increased the risk of stroke,

One might consider that a blood pressure below 65 mmHg is rarely a target
blood pressure in everyday practice and that an increased risk associated with very
low blood pressure is mercly a theoretical problem. However, 20 percent of the
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antihypertensive drug users in this elderly population fell into that category.

What may explain the controversial results about the relationship between serum
cholesterol and the risk of stroke?

Clinical trials with HMG-CoA reductase inhibitors have shown a 30 percent reduc-
tion in the risk of stroke by these drugs. On the other hand, observational studies
have provided controversial results about the relationship between serum cholesterol
and the risk of stroke. Some confirm that cholesterol increases the risk of stroke,
but the bulk of the evidence points to no relation. Although statins may have other
beneficial effects than cholesterol lowering which may pattly explain their effect, we
thought that this appatent paradox needed further explanation,

In the total study population we found no relationship. However, high serum
cholesterol level significantly increased the risk of ischemic stroke in subjects who
were free from cardiovascular diseases and diabetes mellitus (highest quattile versus
lowest quartile, relative risk 2.3; 95% CI 1.2-4.4), The ratio of serum total choles-
terol and high density lipoprotein cholesterol was associated with the risk of stroke
neither in the total study population nor in subjects free from cardiovascular diseases
and diabetes mellitus,

Several methodological difficulties have to be addressed when weighing and con-
sidering available results about the relationship between serum cholestero! level and
the occurrence of stroke. Some of the most important ones ate the following:

Since low cholesterol level is associated with hemorrhagic stroke, studies in which
any stroke is the outcome are unlikely to demonstrate increased stroke risk with high
cholesterol level. This is even less likely when fatal stroke is considered as the out-
come, since the case-fatality rate of hemorrhagic strokes is higher, thus their propor-
tion is higher among fatal strokes than among any strokes.

Stroke may alter serum lipid levels, therefore case-control studies may lead to
biased results if lipid levels measured immediately after stroke are used in the analy-
sis.

Most studies did not control for coronary heart disease. Since the associaton
between high serum cholesterol level and coronary heart disease is alteady known
for almost four decades, patients suffering from coronary heatt disease are likely to
change their diet ot vse lipid-lowering drugs, and consequently reduce their serum
cholesterol level. Indeed, in our study those subjects who suffered from cardio-
vascular diseases were more likely to start using lipid lowering drugs. Presence of
cardiovascular diseases increases the tisk of stroke, and this may result in an under-
estimation of the true risk associated with elevated cholesterol, as illustrated with
our findings.

Our study supports the view that high serum cholesterol is a risk factor for

ischemic stroke,
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Is there familial aggregation of stroke?

Available evidence suggests that family history of stroke increased the risk of stroke,
but it is unclear whethet this tisk depends on the age of the proband, the kind or
number of family member(s) affected, or the age at stroke in the relative, Further-
more, it is unclear whether the tisk of stroke is also increased for persons with a
positive family history of myocardial infarction,

We found thata history of stroke inany first degree relative significantly increased
the risk of stroke (relative risk 1.3; 95% CI 1.0-1.6). The risk was even higher for
persons who had more than one relative with history of stroke or a first degree
telative who suffered from a stroke before the age of 65. Family history of eatly
myocatdial infarction also increased the risk of stroke, albeit not statistically signifi-
cantly.

Our findings suggest that genetic susceptbility does play a role in the etiology
of stroke, although overall familial aggrepaton seems to be modest. Genetic factors
appear more important in eatly onset forms of the discasc.

Can dietary antioxidants prevent sfroke?

Oxidative stress reportedly plays a role in the etiology of stroke. Therefore dietary
intake of antioxidants might lower the risk of stroke. High intake of fruits has been
reported to protect against stroke. Free radical activify is higher in smokers, and it is
reflected in the higher level of free radical activity mediated lipid peroxidation prod-
ucts in their blood. Our aim was to study in the Rotterdam Study the relationship
between dietary flavonoids, antioxidant vitamins, selenium and the risk of stroke
and to investigate whether the effect of these antioxidants is different in smokers
and non-smokers,

Higher intake of vitamin C, -catotene and selenium was associated with a lower
risk of stroke in the total study populadon. After stratification for smoking behav-
iour it became appatent that this protective effect was only present in smokers. Con-
sumption of fruits and flavonoids also considerably decreased the risk of stroke in
smokers, although the latter did not reach statistical significance. Intake of vegeta-
bles and vitamin E was not associated with the risk of stroke.

Our findings indicate that high intake of vitamin C, B-carotenc and selenium can
be a useful method in stroke prevention, especially effective in smokers,

Is the vole of aspirvin in primary prevention of stroke justifiable?
The role of aspirin in primary stroke prevention is not cleat. Two large clinical trials
and a meta-analysis have suggested that aspitin may increase the risk of stroke, in
particular hemorrhagic stroke, in low risk subjects, but this finding was not statisti-
cally significant. Recently it was reported from the Cardiovascalar Health Study that
aspitin use increased the risk of stroke in eldetly women free from cardiovascular
diseases.

In the total cohort of the Rotterdam Study there was a weak, non-significant
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association between aspirin use and the risk of any stroke. In subjects without vas-
cular diseases aspirin use was associated with the risk of stroke (RR 1.80; 95% C1
1.03-3.13). In these subjects the risk of ischemic stroke increased as well, albeit less
than the risk of all strokes, and not statistically significantly. Among subjects with
vascular disease there was no association between aspitin use and the risk of stroke
(RR 0.99; 95% CI 0.56-1.73).

The possibility of an increase in the incidence of hemorrhagic stroke in aspirin
users is not unexpected. But in addition, aspirin may have a paradoxical thrombeo-
genic effect, probably by inhibition of PGI2 production in endothelial cells and
by inhibiting the expression of the inducible nitric oxide synthase. If aspirin has a
thrombotic side effect, it is expected to be detected in subjects who have vety little
to gain from its beneficial effect, i.e. in subjects without vascular disease.

It seems necessary to further study the role of aspitin in primary prevention.
These studies should address the effect of aspitin on all major vascular events —
stroke, myocardial infarction, and death — to study the net effect of aspirin use in
primary prevention. Even if the net effect were beneficial considering all benefits
and harms of aspirin use, it might be possible to identify subgroups of subjects who
gain and who lose with the use of aspitin in prevention of cardiovascular diseases,

How effective and safe is carotid endarterectomy in prevention of stroke?

It is estimated that 20-30 percent of stroke cases is related to carotid artery stenosis.
Carotid endarterectomy aims to remove the plaque and restore the lumen of the
vessel, Although the first published operation was catried out decades ago and more
than 1 miflion people have been operated since 1980 in the United States only, there
are still unanswered questions regarding the efficacy of carotid endarterectomy in
the prevention of cerebral infarction and death. We performed a meta-analysis to
assess the effect of carotid endarterectomy on afl-cause mortality and stroke-free
survival based on the combined data from randomized trials.

With respect to long-term efficacy, our analysis suggests that surgery does not
increase life expectancy. The reason for this is the initial risk of complications. Even
if the operation were completely safe, the reduction in mortality would be modest as
the incidence rate ratio of death after the first month comparing surgery to medical
treatment is 0,98 (95% CI 0.88-1.09). On the other hand, carotid endarterectomy can
prolong stroke-free survival. This beneficial effect after three years of operation is
present only when the estimated incidence rate of stroke or death in patient receiv-
ing only medical treatment is above about 8.3 per 100 patient-years, With increasing
risk of stroke or death surgery becomes mote effective.

Based on our analysis carotid endatterectomy should only be considered for
patients at high risk of stroke. The break-even point above which surgery becomes
effective could be a useful guideline in clinical practice if it were possible to estimate
the incidence rate of stroke or death in an individual patient before taking the deci-

sion to operate.
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One of the most powerful predictors of stroke is the degree of carotid stenosis.
In patients on medical treatment with severe symptomatic anatomic stenosis the
average incidence rate of stroke or death is higher than the break-even point. In
these patients surgery is indicated based on the results of this analysis. In patients
with a moderate symptomatic or severe asymptomatic stenosis the incidence rate is
around the range where it is not clear which treatment is better. ‘These patients may
benefit from surgery if they are operated with a very low complication rate or are
at higher risk for stroke than the average of this group. Several features have been
reported that might help identifying high risk subjects in this category of stenosis,
including contralateral disease, impaired cerebral vasomotor reactivity, asymptomatic
embolisation, and cchostructore appearance of the carotid plaque, In subjects with
less than moderate symptomatic stenosis surgery should even be considered harm-
ful, Based on our meta-analysis, in these patients a waiting policy is indicated. This
policy should include clinical follow-up and non-invasive assessment of the lesion
to determine whether the patient remains at low risk. When the estimated risk of
stroke increases, surgery can be offered.

New methods

A Bayesian random effect metfa-analysis

I a meta-analysis a measure of effect (such as the risk or rate ratio) is usually pre-
specified and the question whether heterogeneity exists for the chosen effect meas-
ure is addressed by the so-called heterogencity test. This approach has at least two
disadvantages. First, the power of the heterogeneity test is low. Second, the method
does not specify what to do when the heterogeneity test is “significant’. A statistical
method that allows for heterogeneity of effects is preferable. Such a method should
provide an estimate of the treatment effect conditional on certain trial character-
istics, such as aggregate information of subjects included or risk in the reference
category.

Regatding the long-term effect of carotid endatterectomy, it is entirely possible
that surgery offers a greater advantage in patients who are at a higher absolute
risk of stroke when treated medically. As a consequence, measures of effect may
differ from trial to trial depending on the underlying risk of the patients actually ran-
domised. We wanted to estimate the effect of carotid endarterectomy conditional on
the risk of subjects treated medically. Conventional methods used for the analysis of
this type of data may produce biased estimates due to imprecision of the observed
incidence rates used as independent variable in fitting the model, ‘The method we
developed avoids this problem, because the estimated “true” incidence rates in the
control groups is used as independent variable. In our final model, where we esti-
mated the three-year cumulative incidence ratio of stroke or death, we assumed 2
trivariate normal distribution of the “true” log odds of stroke or death in the suigi-
cal group in the first month, of the “true” log incidence rate of stroke or death in
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the medical and in the surgical group. The model was fitted using Gibbs sampling
by the program BUGS.

Stndying change in a risk factor as a determinant of disease

In an increasing number of studies risk factors are measured at several points in
time. A question that is often addressed in these studies is whether change in a risk
factor over time is associated with disease.

In most of these studies the baseline level of the risk factor is considered a con-
founder of the relationship between change in the risk factor and the risk of the
disease, therefore it is adjusted for or stratified on in the analyses. We showed that
this practice may produce severely biased results, because of the regression towards
the mean phenomenon,

We argue that refraining from adjustment in many instances produces unbiased
or only slightly biased results. With an estimate of the within subjects variability
unbiased estimate of the effect of change can be obtained using hierarchical model-
ling, Tt is expected that methods based on hierarchical models that can deal straight-
forwardly with the problem will be available for routine use soon.

VALIDITY

An ctiologic investigation can be conceptualised as a measurement device that aims
to estimate an association measure, usually a relative risk. Just like in any other meas-
urement exercise it is important to avoid systematic bias and random errors. The
former issuc is discussed under validity, the latter one under precision.

Precision of the effect estimate in epidemiologic research is directly related to
the size of the study. The precision of the effect estimates is quantified by their
caonfidence intervals,

There are three major threats for validity in etiologic research: selection bias,
information bias, and confounding,

Selection bias

Selection bias occurs when selection of subjects is not independent from the occur-
rence relation under study. This means that the association observed in the study is
different from that would have been obsetved in the source population. One poten-
tial reason in our studies for this kind of bias was non-response, since not all eligible
subjects participated. Although those who did not participate were likely to be dif-
ferent from study participants with respect to their health status, it is not very likely
that the selection was differential in the different exposure categories. Furthermore,
the response rate was reladvely high (78%).

Another cause of selection bias could be originated from the competing risk of
coronary heart disease. The pattern of atherosclerosis follows a sequence of pro-
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gression, Plaques start to develop in the aorta, later in the coronary atteries, and
finally in the cerebral arteries. Subjects with high cholesterol levels or high blood
pressure may die of myocardial infarction before occurrence of stroke, which results
in an underestimation of the strength of association between cholesterol or blood
pressure and stroke.

Information bias

Information hias can result from the misclassificaton of the disease status, of the
determinant, and of the confounding variables,

In our studies, like in almost all others, the level of the determinants was deter-
mined only once at baseline. Due to regression dilution bias this may dilute the asso-
ciation between typical level of the determinant and the risk of stroke.

In our studies based on the Rotterdam Study, misclassification of the determi-
nants and confounders were probably not related to the future ocentrence of stroke,
and the errors wete probably small since these factors were measured at baseline
using standardised procedure. Hence the misclassification could only result in a
small underestimation of the relative risks and could hamper a bit the adequate con-
trol of confoundets.

Regarding the assessment of stroke we used state-of-the-art procedures of case
ascertainment and standardised criteria for defining certainty of diagnosis and sub-
types of strokes. Our data showed that in most cases using ail strokes or only prob-
able and definite strokes made a difference only in the precision of the association
measutes, therefore we usually used all cases. One of the major limitations of out
studies is the relatively large proportion of cases with non-specified subtypes due
to the lack of neuro-imaging, However, the proportion of hemorrhagic stroke was
quite comparable to the findings of other studies indicating that the vast majority
of non-specified stroke cases should have been ischemic. Therefore excluding only
hemorthagic sttokes when the relationship between a determinant and ischemic
stroke was studied is justifiable, Furthermore, exclusion of subjects with unspecified
stroke could introduce more misclassification since we would have almost certainly
excluded many ischemic stroke cases, as well, Since the reason why no neuro-imag-
ing was performed were linked to some pateat characteristics (e.g. age) this would
have resulted in selection of cases depending on the tisk profile of subjects.

Confounding

A confounder is an alternative to causal explanation between the determinant and
the disease. In all of our studies where we intended to quantify the relatonship
between a certain determinant and the risk of stroke we adjusted for potential con-
founders.

In some of our studies confounding by indication could play a role. In the study
of the relationship between aspirin use and the risk of stroke we used stratification
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for vascular disease to overcome this problem. In the study of the relationship of
blood pressure and the tisk of stroke we stratified for antihypertensive treatment to
prevent confounding by indication.,

FUTURE RESEARCH
Etiology of stroke

Although out knowledge of 1isk factors for stroke has advanced substantially during
the past several decades, this field will certainly develop. The kst of less well-docu-
mented tisk factors is quite long,' and there is no treason to assume that no new
determinants of stroke will be identified. The field of hypercoaguability and inflam-
mation is especially promising in the near future,**

Stroke is not one entity, but a group of disorders, caused by different mecha-
nisms, and it is necessaty to study the different subtypes separately. Advances in
neuroimaging will help classifying stroke subtypes. Understanding the differences in
the etiology of different subtypes can help us optimising future treatment.

Genetics of stroke is another field where progress in the future can be envis-
aged.® Twin studies and epidemiological studies indicated that there is a genetic com-
ponent undetlying the occurtence of stroke,%” Although research into genetics of
strokes presents considerable challenges, advanced genetic epidemiological methods
could provide an opportunity to identify “stroke genes”, Candidate gene analysis can
be an option, but new methods of genetic finkage studies could probably mean a
more efficient approach.? For classical genetic linkage studies it is necessaty to use
large, well-defined pedigrees with a specific stroke type. Unfortunately, since the vast
majority of strokes occur in the elderly, it is not likely that many large pedigrees
will be available for studies, Newer methods of linkage analysis, like affected relative
paits technique, scem mote useful.’” For that large numbers of affected families are
needed. This undetlines the necessity of international collaboration and collabora-
tion between neurologists and genetic epidemiologists. Understanding the identified
major genes could provide new opportunities to prevent and to treat stroke,

Research methods

Epidemiology involves both the theory and the practice of research on occurrence
of health related phenomena. Here, I would like to pay attention to some methodo-
logical issues that ate currenty largely overlooked and can be foreseen as a field of
improvement in the near future,

An important issue is the definition of the determinant in etiological research, In
many studies only the intensity of the exposure at one point in time is used for clas-
sification, such as the baseline value of a determinant in a cohort study. However,
the time aspect of the exposure is clearly important, With parsimony in mind a solu-
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tion could be to use composite measure of exposute based on the time course and
intensity of the exposure. It depends on the particular question under study whether
this is appropriate or not. Using a composite measure of exposure in a situation
when there is reciprocal causation between factors, e.g. when the confounder has
an cffect on the future value of the determinants, is especially problematic. This
leads us to the more general problem of complex causal netwotk of covariates, In
cohott studies, where usually repeated observations are available of determinants,
confounders and effect, an estimation of the direct effect of a determinant is usu-
ally not straightforward. Methods to handle such causal networks in epidemiological
research are becoming available, and will hopefully be used more extensively in the
neat future, '’

Another issue is related to measurement error. Our analyses are based on the
assumption that the covatiates used in the analysis are measured without error.
However, it is widely recognised that covariates are often measured with error, which
can seriously affect the assessment of the relation between risk factors and occur-
rence of disease.!" The availability of statistical techniques to fit complex hierarchi-
cal models to deal with the problem calls for reconsidering some aspects of study
design.” In particular, we should collect information on the ertor in our measure-
ments. In most cases it would simply imply repeated measurements of the covati-
ates in a small subset of study subjects. This latter issue belongs to the mote general
recognition that in some cases quantitative assessment of the effect of biases, and
external adjustment for them could be possible.”

Finally, a controversial field in epidemiology is the concept of interaction. In
prevailing practice interaction is most widely used as a synonym for rate/odds-tatio
modification. This is simply because epidemiologic data analysis is mostly based on
multiplicative models but has nothing to do with biologic interaction.”® However,
the applicability of models for biological interaction is still controversial. !¢ 1t is
important to consider effect modification in causal research, since the effect of a
determinant can depend on the presence of another factor if they are complement
causes of antagonists.' Our study of the effect of dietaty antioxidants is an example
of this. Restricting the analysis to certain subgroups can prevent confounding and
reduce bias, as illustrated in our analyses on the association between aspitin use and
the risk of stroke, and between blood pressure and the risk of stroke,
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Summary

troke is a common, devastating disorder. It is one of the leading causes of

death and disability in developed countties,

It is estimated that the preventable fraction of stroke can be as high as 80%,
thus prevention should have a crucial role in reducing the burden stroke puts on
societies,

The objective of this thesis was to study some unresolved issues related to risk
factors and prevention of stroke. Most investigations were performed within the
Rotterdam Study, an ongoing population based cohort study of elderly subjects. The
study has been approved by the Medical Ethics Committee of Brasmus University/
Academic Hospital of Rotterdam and all participants gave their informed consent.

In chapter 2, we evaluated the performance of the Framingham stroke risk pro-
file. This profile estimates the risk of stroke and transient ischemic attack (TTA)
conditionally on the presence of risk factors. We found that the profile estimated
the number of strokes and TTAs reasonably well in the different categories of the
estimated three-year risk. The profile seemed to be a valuable tool to distinguish
between high and low risk subjects.

In chapter 3, we studied the relationship between blood pressure and stroke, We
confirmed that hypertension and isolated hypertension are strong risk factors for
stroke. We found a continuous increase in stroke incidence with increasing blood
pressure in non-treated subjects. In treated subjects we found a J-shaped relation
between blood pressure and the risk of stroke. Although this increased risk was
present only under diastolic blood pressure of 65 mmHg, it may indicate that the
therapeutic goal “the lower the bettet” is not the optimal strategy in the elderly.

In chapter 4, we revisited the cholesterol paradox. This paradox refers to the
contradiction between the large beneficial effects of the latest generation cholesterol
lowering drugs, statins, in the prevention of stroke and the inconsistent findings
of observational studies about the relationship between serum cholesterol and the
risk of stroke. Our results showed that high serum cholesterol level significantly
increased the risk of ischemic stroke in subjects who were free from cardiovascular
diseases and diabetes mellitus. We discussed possible explanations for the contro-
versy between studies. In particulat, as suggested by our data, inclusion of subjects
with changed cholesterol level secondary to cardiovascular disease could conceal the
effect of high cholesterol on stroke.

In chapter 5, we reported our findings about familial aggregation of stroke. His-
tory of stroke in any first degree relative increased the risk of stroke, in particular
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for persons who had more than one relative with history of stroke or had a first
degree relative who suffeted from a stroke before the age of 65, Family history of
eatly myocardial infarction also increased the risk of stroke, albeit not statistically
significantly. Shared life-style factors and inheritance of conventional vascular risk
factors could not explain the relation between family history of stroke and risk of
stroke. Our findings support that genetic susceptibility plays a role in the etiology of
stroke.

In chapter 6, we assessed the potential role of dictary antioxidants in prevention
of stroke. Highet intake of vitamin C, f-catotene, ot selenium was associated with
a lower risk of stroke in the total study population. After stratification for simoking
behaviour it became apparent that this protective effect was only present in smokers.
Consumption of fruits and flavonoids also considerably decteased the risk of stroke
in smokers.

Chapter 7 describes our results about the association between aspirin use and
the 1isk of stroke. Current evidence shows that aspitin can prevent stroke in patients
after a transient ischemic attack or minor stroke. On the other hand, the role of
aspirin in primary stroke prevention is not clear. We found that aspirin use was asso-
ciated with an incteased tisk of stroke in subjects free from vascular disease. The
risk of ischemic stroke increased as well, albeit less than the risk of any stroke, and
not statistically significantly, Our finding suggest that aspirin use may increase the
risk of stroke in eldetly subjects without vascular disease.

Chapter 8 is devoted to the efficacy and safety of carotid endarterectomy. We
petformed a meta-analysis of randomised controlled trials investigating this ques-
tion. We developed a new method to handle the possibility that the effect of the
surgical procedure was different in the different clinical trials. We found that carotid
endarterectomy did not increase life expectancy but prolonged stroke-free sutvival,
although only in high risk subjects. Our analysis supports that carotid endarter-
ectomy is useful in prevention of stroke but its application should be fimited to
patients at high risk of stroke.

In chaptet 9, we showed that the current practice of the analysis of the relation-
ship between change in a determinant and the risk of disease may produce results,
We illustrated the problem with an example from the Rotterdam Swudy and pro-
posed solutions.

Although it is likely that new efficient stroke therapies will be developed in the
coming years, the most substantial benefit in reducing the burden of stroke will
probably come from stroke prevention. Cessation of cigarette smoking, reduction in
heavy alcohol consumption, promotion of a “healthy” diet and physical activity are
promising tools for mass prevention. Control of hypertension and diabetes, applica-
ton of antiplatelet therapy, anticoagulation, and carotid endarterectomy in appro-
priately chosen subjects currently constitute the most valuable interventions for the
high-risk approach of prevention of stroke.
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Application of available means of prevention and the research focussing on find-
ing new potentially modifiable risk factors for stroke should improve our prospects
for substantial reduction of the burden of stroke.






Samenvatting

eroette is een veel voorkomende, invaliderende aandoening, Het is een van

de meest belangtijke corzaken van sterfte en blijvende invaliditeit in de

Westerse landen. Naar schatting is het aandeel van beroerten dat voorks-
men kan worden maar liefst 80%, Preventie zou een cruciale rol moeten spelen in
de reductie van de maatschappelijke gevolgen van beroerte.

Dit proefschrift beschrijft onderzoek naar risicofactoren en preventie van
beroerte. De meeste onderzoeken werden uitgevoerd in het ERGO-onderzoek
(Erasmus Rotterdam Gezondheid en Ouderen), ecn op de algemene bevolking geba-
seerd cohortonderzoek onder personen van 55 jaar en ouder. Het ERGO-onderzoek
werd goedgekeurd door de Medisch Ethische Comumissic van de Erastnus Univer-
siteit en het Academisch Ziekenhuis Rotterdam en alle deelnemers gaven toestem-
ming voor deelname.

in hoofdstuk 2 evalucerden we de bruikbaarheid van het risicoprofiel van de
Framingham Studie. Dit risicoprofiel schat het tisico op beroerte van personen, con-
ditioneel op de aanwezigheid van risicofactoren. We vonden dat het aantal beroerten
en TTA' redelijk goed werd geschat in de verschillende categorieén van de geschatte
3-jaars risico’s. Het profiel bleek een waardevol instrument om te onderscheiden
tussen personen met laag en hoog risico.

In hoofdstuk 3 bestudeerden we de relatie tussen bloeddruk en beroerte. Wij
bevestigden dat hypertensic en gefsoleerde hypertensie sterke risicofactoren voor
beroerte zijn. Bt werd cen continue verhoging van het aantal incidente beroerten
met stjging van de bloeddruk gevonden in personen die niet behandeld werden
voor hypertensie. In personen die wel behandeld werden vonden we een j-vormige
telatic tussen bloeddruk en het tisico op beroerte, Alhoewel deze verhoging van
het risico alleen aanwezig was bij ecn diastolische bloeddruk onder 65 mm Hg, sug-
gereert deze uitkomst dat het therapeutische doel “hoe lager hoe beter” niet de opti-
male strategie is bij ouderen.

In hoofdstuk 4 onderzochten we de cholesterol-paradox nadet. Deze paradox
verwijst naar de tegenstelling tussen enerzijds een sterk positief effect van de laatste
generatic cholesterolverlagende medicijnen, statines, in de preventie van beroerte
en anderzijds inconsistente maar overwegend negatieve bevindingen van obsetva-
tionele studies naar de relade tussen serum-cholesterol en het tisico op betoette.
Onze resultaten lieten zien dat een hoog serum-cholesterol gehalte het risico op een
herseninfarct significant verhoogt in personen zonder cardiovasculaire ziekten en
diabetes mellitus, maar dit effect was afwezig in personen met preéxistente hart- en
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vaatziekten. Een mogelijke verklaring voor genoemde controverse tussen verschil-
lende studies is dan ook dat inclusie van personen met hart- en vaatzickten het effect
van hoog cholesterol op het risico op bercerte maskeert,

In hoofdstuk 5 rapporteerden we onze resultaten over familie-aggregatie van
beroerte. Een voorgeschiedenis van beroerte in enig eerstegraads familielid ver-
hoogde het risico op beroerte; in het bijzonder voor personen met meer dan één
familiclid met beroerte of een eerstegraads familielid met een beroerte voor het G5e
levensjaat. Een positieve familie-anamnese voor myocardinfarct voor het 65e levens-
jaar verhoogde ook het risico op beroerte, maar niet statistisch significant. De relatic
tussen familie-anamnese van beroerte en het risico op beroerte kon niet worden
verklaard door gemeenschappelijke leefstijlfactoren of erfelijkheid van conventionele
risicofactoren, Onze bevindingen ondersteunen de gedachte dat genetische gevoe-
ligheid een rol speelt in de etiologie van beroerte,

In hoofdstuk 6 evalueerden we de tol van met de voeding ingenomen antioxi-
danten in de preventie van beroette. Hogere inname van vitamine C, B-caroteen of
selenium was geassocicerd met een lager risico op beroerte in de totale studie-popu-
latie, Na stratificatie voor roken werd het duidelijk dat dit beschermende effect alleen
aanwezig was bij rokers. Daarnaast zorgden consumptie van fruit en flavonoiden
voor een aanzienlijke daling van het risico op beroerte in rokers.

Hoofdstuk 7 beschrijft onze resuleaten over de associatie tussen aspirinegebruik
en het risico op een beroerte. Aangenomen wordt dat aspirine beroerte kan voorko-
men na cen TIA of ‘minor stroke’. De rol van aspirine in de primaire preventie
van beroerte is echter niet duidelijk. We vonden dat aspirine geassocieerd was met
het risico op beroerte in personen zonder vasculaite zickten, Het tisico op hersen-
infarcten was ook verhoogd, maar minder dan het risico op alle beroerten, en nict
statistisch significant. Onze resultaten suggereren dat er geen rol is voor aspitine in
de primaire preventie van beroerte in personen zonder vasculaire ziekten.

Hoofdstuk 8 is gewijd aan de effectviteit en veiligheid van carotis endarteriéce-
tomie. We voerden een meta-analyse uit van gerandomiseerde klinische trials die
deze vraag onderzochten, We ontwikkelden cen nieuwe methode om rekening te
houden met de mogelijkheid dat het effect van de chirurgische procedure verschil-
lend was in de verschillende trials, We vonden dat carotis endarteri€éctomie nuttig is
in de preventie van beroerte, maar dat de toepassing zou moeten worden beperkt tot
patiénten met een hoog risico op beroerte.

In hoofdstuk 9 toonden we aan dat de huidige praktijk van analyse van de relatie
tussen verandering in een determinant en het risico van ziekte crnstig vertekende
resultaten kan opleveren. We illustreerden het probleem met een voorbeeld uit het
ERGO-onderzoek en stelden oplossingen voor.

Athoewel het aannemelijk is dat er in de komende jaren nieawe therapieén voor
beroerte zullen wotden ontwikkeld, is de meest substantiéle winst in de reductie van
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de maatschappelijke gevolgen van beroerte te behalen door preventie. Stoppen met
roken, reductie van zwaar alcoholgebruik, bevordering van een gezond dieet en licha-
melijke activiteit zijn de veelbelovende instrumenten voor massa-preventie. Controle
van hypertensie en diabetes, toepassing van plaatjesaggregatie-reminers, antistolling
en carotis endarteriéctomic in de juiste personen vormen de meest waardevolle
interventies voor de hoog risico-benadering van de preventie van beroerte.

Toepassing van beschikbare methoden van preventie en onderzoek naar nienwe
preventiemogelijkheden zullen onze vitzichten op een substantiéle reductic van de
maatschappelifke gevolgen van beroerte verbeteren,






Osszefoglalas

stroke (szEliités, agyi érkatasutrdfa) gyakoti, igen silyos betegség. A fejlett
tirsadalmakban az egyik vezeto haldlok, és a rokkantsdgnak is az egyik
leggyakoribb oka.

Becslések szerint a stroke-ok akir 80%-a is megelSzhetd lenne, igy a megelSzésnek
rendkiviil nagy szetepe van abban, hogy az agyérbetegségek miatt a tirsadalomra
nehezedd terhek csokkenthetdk legyenek.

Ennek a tézisnek a célja az volt, hogy a stroke kockizatd tényezbivel és
megeltzésével kapesolatos megoldatlan kérdéseket kutassa, A legtobb vizsgalatra a
Rotterdam Vizsgélat -folyamatban 1év6, idések kérében zajlé populiciés kohorsz
vizsgilat - keretében keriiit sor. A vizsgilatot az Brasmus Egyetem és a Rotterdami
Egyetemi Kdrhaz Ftikai Bizottsaga engedélyezte.

A 2. fejezetben értékeltiik a framinghami stroke kockédzati fiiggvényt. A
fuggvény a kockdzati tényezOk megléte alapjin becsli a stroke kockazatit. A
fliggvény elfogadhatéan becsiilte a stroke-ok és az dtmeneti agyi ischaemias
torténések (TIA) szamét a becsilt hiroméves kockézat kitlonboz6 kategéridiban,
A fliggvény hasznos eszkéznek bizonyult a killénb6z6 kockdzattal bitd személyek
meglilénboztetésében.

A 3. fejezetben a vérnyomis és a stroke kozotti kapcsolatot vizsgaltuk.
Vizsgilatunk megerdsitette, hogy a magas vérnyomis és az izoldlt szisztolés magas
vérnyomis a stroke jelentds kockdzati tényezdje. Azt taldltuk, hogy vérnyomds
csokkentd kezelésben nem részesiilé személyekben a stroke kockazata folyamatosan
emelkedik a vérnyomds emelkedésével, Kezelt személyekben J-alakd kapesolatot
taliltunk a vérnyomds és a stroke kockazata kozott. Bar emelkedett kockézat csak 65
Hgmin-es diasztolés vérnyomas alatt volt megfigyethetS, ez jelezheti, hogy a ,,minél
alacsonyabb, annal jobb” stratégia nem feltétlentil optimalis idésekben,

A 4. fejezetben jra megvizsgiltuk a kolesztetin patadoxont. A paradoxon a
legtijabb koleszterincsokkentd gydgyszercknek, a statinoknak, a stroke megelézésben
kimutatott igen kedvezd hatisa és a megfigycléses vizsgilatok inkonzisztens
eredményei kozotti ellentmonddsra utal, Az eredményeink azt mutattik, hogy
a ketingési betegségektSl és a cukorbetegséptdl mentes személyekben a magas
koleszterin szint szignifikinsan ndvelte az agyi ischaemids infarktus kockazatat.
Ismertettik a kordbbi vizsgilatok eredményeivel kapcsolatos legfontosabb
megfontolisokat. A mi vizsgalatank azt mutatta, hogy a keringési betegségek megléte
clfedheti a magas koleszterin szintnek a stroke kialakuldsiban betSltott szerepét,

Az 5. fejezetben kozéldik a stroke csaladi halmozddasival kapesolatos
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credményeinket. Emelkedett a stroke kockdzata azon személyeknél, akik elséfoki
rokonai koréhen elSfordult stroke, Kiléndsen emelkedett a stroke kockazata, ha
valakinek t6bb ilyen rokona volt, vagy a rokon 65 éves kora elGtt szenvedett stroke-ot,
Korai szivinfarktus a csalidi anamnézisben szintén megndvelte a stroke kockazatat,
bar statisztikailag nem szignifikinsan., A kozos életmédbeli tényezék és a stroke
hagyominyos kockazati tényezbinek 6rokiése nem magyardztak a kapesolatot a
pozitiv csalddi anamnézis és a stroke kozott. Az eredményeink arra utalnak, hogy a
genetikai fogékonysig szerepet jatszik a stroke etioldgidjaban,

A 6. fejezetben az étrendi antioxidinsok és a stroke kapcsolatit vizsgiltuk,
Nagy mennyiségii C-vitamin, [}-carotin vagy szelénium bevitele csokkentette a
stroke kockdzatit, A rétegzett elemzés azt mutatta, hogy a kedvezd hatds csak
dohédnyosokban van jelen. A gyiimdles és flavonoid fogyasztas szintén jelentdsen
csOkkentette a stroke kockazatit a dohanyosokban,

A 7. fejezet az aszpitin fogyasztds és a stroke Osszefliggésével kapcsolatos
eredményeinket frja le. A rendelkezésre 4ll6 bizonyitékok azt mutatjik, hogy Atmeneti
agyi ischaemids tOrténést, vagy enyhe stroke-ot szenvedett betegek kérében az
aszpirin kedvezd hatdst a stroke megel6zésében, Ugyanakkor nem viligos az aszpirin
szerepe a stroke primert prevencidjaban, Azt talaltuk, hogy érbetegségtél mentes
személyek kdrében az aszpirin fogyasztds emelkedett stroke kockdzattal jar. Az
ischaemids agyi infarkeus kockdzata szintén emelkedett, bér kisebb és statisztikailag
nem szignifikins mértékben. Eredményeink arra utalnak, hogy az aszpirin emelheti
a stroke kockdzatit érbetegségtdl mentes idGsek korében,

A 8. fejezetet a carotis endarterectomia hatékonysaginak és biztonsaginak
szenteltiik, A kérdést vizsgdld randomizélt klinikai vizsgalatok meta-analizisét
végeztik ol Hgy 0 moddszert fejlesztettiink ki, amely képes figyelembe venni,
hogy a beavatkozis hatékonysiga a kilonbozd vizsgilatokban kilonbozo volt,
Azt talaltuk, hogy a carotis endarterectomia nem néveli a varhaté élettartamot,
de magas kockazati egyénekben megndveli a stroke nélkiil varhaté élettartamot.
Az eredményeink azt mutatatjik, hogy a carotis endarterectomia hasznos eszkoz a
sttoke megelBzésében, de az alkalmazisit a magas kockdzari egyének korére kell
kotlatozni.

A 9. fejezetben megmutattuk, hogy a jelenleg elterjedt madszer, amellyel egy
kockazat tényezd viltozdsa és egy betegség kockizata kbzti sszefiggést vizsgilni
szoktak nagymértékben torzitott eredményhez vezethet. A problémét illusztraltuk,
gy, a Rotterdam vizsgilatbol vett példaval, és javasoltunk megoldisokat.

Ugyan valészint, hogy a stroke-nak 1j, hatékony terdpiait fogjak kifejleszteni az
elkGvetkezd években, a legnagyobb csékkenés a stroke jelentette terhekben mégis
vélhetSen a megelGzésbdl fog szdrmazni, A dohdnyzds clhagydsa, a nagymértékd
alkoholfogyasztas csokkentése, az ,egészséges” étkezési szokdsok és a testmozgas
terjedése [géretes eszkozok az egész populicidt megeélzd megelSzésben. A magas
vérnyomds és a cukotbetegség kezelése, az antiaggregicios &s antikoagulins kezelés
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¢és a carotis endarterectomia a legériékeschb eszkdzok a megfelelden kivalasztott
magas kockizati személyek kdrében a stroke megelGzésére,

A megeldzés rendelkezésre all6 eszkozeinek alkalmazasa és az jak utdni kutatds
remélhetdleg jelentos mértékben cskkenteni fogjik a stroke jelentette tdrsadalmi
terheket,
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