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If the assessment of the exposure is independent on the outcome variable, 

misclassification of the exposure is non-differential. Non-differential misclassification 

tends to bias effect estimates toward the null value.4 For continuously scaled variables 

this is referred to as regression-dilution bias, and this will occur in particular when 

intraindividual variability is high. S Dual measurement strategies have been advocated 

as a remedy, however, they are likely to remove only part, if any, of the effect 

attenuation due to non-differential exposure misclassification, because both 

measurements are usually not independent conditional on the true valueP If, on 

the other hand, the assessment of the exposure is dependent on the outcome variable, 

this will result in differential misclassification, and serious bias may occur which can 

result in either over- or underestimation of the true relation. In the Rotterdam Study, 

the physical examinations, the laboratory assessments, and the MRI scans, were objective 

measurements and measured blindly as to cognitive function status. Although differential 

misclassification is therefore not an obvious concern here, non-differential 

misclassification is, and primarily in those situations in which no effect was found. 

For instance, it is well possible that nondifferential misclassification has obscured 

an existing relation between hemostatic factors and cognitive function in the analyses 

based on the total cohort. With regard to the information that was elicited by the 

interview, differential misclassification could have occurred if cognitively impaired 

individuals provided less accurate accounts of their medical history. When subjectS 

whose interviews were classified as ''unreliable'' were excluded from the analyses, 

the average difference in MMSE score between subjects with and without history 

of previous stroke, and between subjects with and without history of myocardial 

infarction, increased This indirect evidence suggests that the differential misclassification 

of interview information may have resulted in an underestimation of these relationships. 

The outcome in our studies, cognitive function, was assessed independently from 

the determinants and expressed as the mean of a continuous variable. Therefore, 

the assessment of the outcome was only subject to random error.1 Though this error 

may bear upon precision (see below), it did not affect validity. 

Misclassification of a confounder leads to a partial loss of the ability to control 

confounding.8 The use of a surrogate variable in place of a factor of more direct 

interest, will introduce misclassification and thereby impede control of confounding 

by that factor. The outstanding confounder in the relations that we investigated was 

age. It should be noted that, although calendar age can be measured very precisely, 

it is only a proxy for the more relevant measure of biological age, which in turn is 

a proxy for a whole array of life-time accumulated exposures. 
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Confounding. Confounding can occur when an extraneous factor is associated 

with the determinant under study as well as with the outcome variable. It is the actual 

relation between the potentially confounding variate and disease, not the relation 

observed in the data, that determines whether confounding can occur.9 The most 

important confounders in the studies on cognitive function were age and, potentially, 

gender and level of education. The large numbers of subjects in the total population 

studies, and the stratified sampling in the MRI-study, enabled adequate control of 

their potential confounding influence in the analyses. Another issue is whether one 

should control for factors which are in part caused by the exposure under study and 

also correlated with the outcome under study. Even when such a factor is not 

intermediate on the causal pathway, adjusting for it may introduce bias. The factor 

can be looked upon as a partial surrogate for the outcome of interest, and correcting 

for it then implies that the outcome is to some extent represented on both sides of 

the model equation. to We faced this problem in the analyses on the relation between 

vascular risk factors and cognitive function. The true underlying causal mechanisms, 

which are largely unknown, should dictate which factors to treat as potential confounders 

or effect modifiers. 

Precision. Precision corresponds to the amount of random error in a study, and 

is directly related to the statistical power of a study to detect existing relationships. 

Basically, there are two ways to increase precision: one is to reduce measurement 

error, and the other is to enlarge the size of the study. In the Rotterdam Study, the 

reproducibility of the assessment of several determinants could have been enhanced 

by dual measurements or by further standardization of the measurement procedures, 

e.g. fixed time of the day for blood sampling, only fasting levels of glucose and serum 

lipids. (It should be noted that, although in practice measurement error in the assessment 

of exposures bearing upon precision is closely related to that bearing upon validity, 

conceptually the two can be distinguished. With regard to precision, the reason for 

dual measurements is simply to have an estimate with less variability, whereas with 

regard to validity its rationale is to obtain a better estimate of the true value.) The 

random variation in the assessment of cognitive function, the outcome variable, could 

probably have been reduced by using a more extensive test than the MMSE. Increasing 

precision by reducing measurement error comes at considerable costs. The alternative 

is to increase the size of the study. In the studies based on the population distribution 

of cognitive function, the number of people that were included (4,971) seemed to 

ensure adequate power. However, the proportion of participants for which information 

was available differed across the various determinants, and for some of the hemostatic 
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factors it reached only 34 per cent. These missing data do not affect validity, since 

the decision whether to complete laboratory assessment or not was taken randomly. 

But, in combination with the large variability in the assessment of these variables, 

the resulting power may have been low. The MRI-study was based on 111 persons. 

Subjects with white matter lesions performed worse on all cognitive tests. The 

consistency across tests, together with the considerable size of the estimated differences, 

suggests that the failure of several differences to reach significance, may have been 

due to insufficient power. 

Operationalization of the outcome 

Of prime importance in the design of a study is the distinction between the 

conceptual entity one intends to assess and its operational counterpart. t Existing 

diagnostic criteria for dementia reveal the considerations for patient management 

that primarily instigated their formulation. In addition to a decline from an attained 

level of mental functioning, significant interference with work or other social activities 

is required.1t,t2 Defined this way, dementia is a composite measure that reflects 

not only the cognitive decline of the individual, but also the coping abilities of the 

affected individual and that of his or her social environment, as well as the demands 

put upon this person. From a public health point of view this may well be the relevant 

measure for estimating the need for support. If the interest is in causes of cognitive 

decline the outcome measure should be as specific as possible, that is, actual cognitive 

performance. 

Another issue involves the decision whether to dichotomize or categorize the outcome 

of interest, or evaluate it continuously. In previous studies of the frequency and etiology 

of dementia, much emphasis has been put on differentiating demented subjects from 

cognitively unimpaired individuals. However, there is little evidence to support the 

idea of a sharp distinction between demented and non-demented persons.13 Cognitive 

impairment is a quantitative rather than a qUalitative characteristic, and consequently 

its distribution in the population shows a continuum of severity.14 If the determinants 

are continuously distributed in the population as well, and if there is a graded 

relationship between the determinants and cognitive function, collapsing the distnbution 

of cognitive function in two categories, impaired versus unimpaired, will diminish 

the amount of information in the study. 

Related to the imperative of defining relevant operationalizations is the question 

whether and how to subtype dementia. Here again, the crucial consideration concerns 

the reason for doing so. The most important distinction among degenerative dementias 
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is the one between Alzheimer disease and vascular dementia. and this classification 
is based on presumed different etiologies. The clinical diagnosis of Alzheimer's disease 
is a diagnosis by exclusion of other specific causes of dementia. 15 In etiologic studies 
of Alzheimer's disease, the notion of vascular dementia can be useful in obtaining 
a more homogeneous group of Alzheimer patients, by excluding subjects in which 
Alzheimer's disease can be doubted to be the only cause of the dementia. In recent 
years vascular dementia itself became a primary object of research. In analogy with 
those for Alzheimer's disease, sets of diagnostic criteria for ischemic vascular dementia 
and for vascular dementia have been proposed.I6,17 However, these overlook the 
problem that if one wants to study vascular risk factors for dementia. vascular dementia 

is not the appropriate outcome measure, since the presence of the risk factors forms 
part of the diagnostic criteria. The problems arising in defining vascular dementia 

can only be circumvented by directly investigating the relations of interest, namely 
those between vascular risk factors and cognitive impairment. H the primary interest 
is not in etiology but in the relative frequency of the different types of dementia. 
it may seem that there is merit in clear and unequivocal criteria for vascular dementia. 
However, any definition of vascular dementia implicitly assumes that vascular risk 
factors and dementia are causally related when they are both present in the same 
individual. This will invalidate the comparison of relative proportions of dementia 
subtypes across populations with different vascular background risks. 

Data-analysis 

In the studies on cognitive function the outcome measure was the score obtained 
on the MMSE (chapter 3) or on other tests of cognitive function (chapter 4). These 

testscores have highly skewed and truncated distributions. In principal this dictates 
the use of non-parantetric methods in the analysis. However, available non-parantetric 
methods (e.g. stratified Wilcoxon test) are well suited for significance testing, but 
yield no effect estimates. Since our primary interest was in intelligible measures of 

the strength of the relations, we choose to use multiple linear regression techniques 
without any transformations. The violation of the model assumption of normality 
was no problem because of the large numbers included in the studies and the point 
estimates of the effect are reliable.18 Because homoscedasticity could not be assumed, 

the corresponding standard errors, and the confidence intervals based upon these, 
may be wrong. Calculation of robust confidence intervals learned that these differed 
only slightly from the confidence intervals based upon the standard errors derived 
from the linear regression models.18 
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MATERIAL ASPECTS 

The basic research questions in the studies that were based on the Rotterdam 

Study and that are described in this thesis, referred to the distribution of cognitive 

function in an elderly population according to demographic variables (age, gender, 

level of education); to the relation between clinical vascular disease and vascular 

risk factors, and cognitive function; and to the meaning of cerebral white matter lesions 

in the context of vascular causes of cognitive impairment. The evidence from the 

various studies can be summarized as follows: 

* Age is inversely associated with cognitive performance. 

* There is no indication for a major difference in cognitive performance according 

to gender. 

* Educational level is positively associated with cognitive performance. 

* Presence of atherosclerotic disease is associated with poorer cognitive performance. 

* In the very old, elevated blood pressure is associated with better cognitive 

performance. 

* Presence of diastolic orthostatic hypotension is associated with poorer cognitive 

function. 

* Atrial fibrillation is inversely related to cognitive function among women. 

* HDL-cholesterol is positively associated with cognitive function. 

* Hemostatic factors (fibrinogen, factor VIlc) are associated with cerebral white 

matter lesions. 

* Atherosclerosis and vascular risk factors are associated with cerebral white matter 

lesions. 

* Cerebral white matter lesions are associated with impaired cognitive function. 

* A small average decline in cognitive function can result in a large increase in the 

proportion of severely impaired persons in the population. 

Age 

That, on average, cognitive function declines with age is well recognized. 

Consideration of the shift of the population distribution with age learns, however, 

that not all persons decline to the same extent, resulting in an increased heterogeneity 

with increasing age. This bears upon the concepts of usual versus successful aging, 19 

and is compatible with the view that cognitive decline is not intrinsic to age.20 The 
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major challenge for prospective studies on cognitive function is to identify factors 

that underlie the relation between age and cognitive function. 

Gender 

In prevalence studies of dementia in general women have been found to have 

somewhat higher prevalence rates than men. The question is whether this reflects 

a difference in risk, in detection, or in survival. Incidence data of dementia. though 

still scanty, seem to indicate little difference between gender. We found that the relation 

between gender and cognitive function was strongly confounded by education. It is 
possible that detection bias has contributed to the differences in prevalence rates 

of dementia for men and women. 21 Among Alzheimer patients survival is reportedly 

better for women than for men. 22 A follow-up study of cognitive function should 

seek answers to the following questions regarding potential gender differences: (1) 

Is the rate of cognitive decline different for men and women?, and (2) Do mortality 

rates, conditional on level of cognitive function and adjusted for overa1llife-expectancy, 

differ according to gender? 

Education 

The role of education in cognitive function and dementia remains controversial. 

Several studies found evidence for an association between lower educational levels 

and the prevalence of clinically diagnosed dementia. 23 It has been suggested that 

this is merely the result of detection bias.21 On the other hand, there is some evidence 

that subjects with higher educational achievement may have indeed larger cognitive 

reserve capacities.23,24 Our cross-sectional results confirmed the association between 

educational level and cognitive function, but can not distinguish between the possible 

explanations. Prospective epidemiologic studies could help resolve the dispute. H 

the differences were only the result from detection bias, this would predict cognitive 

decline to occur in similar proportions, and at similar rates, across educational levels. 

If, on the other hand, the proportion of subjects who show cognitive decline would 

be larger among the less-educated than among higher-educated persons, or if the 

less-educated would have accelerated rates of decline, this would suggest an etiologic 

role for education. Even then, however, the question remains what underlies this 

association. Educational achievement may serve as a proxy for determinants as different 

as early-childhood exposures, socioeconomic status, neocortical synaptic density, or 

continuing stimulation of neuronal regenerative processes.23,2S 
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Atherosclerotic disease 

Although the relation between atherosclerotic disease and cognitive impairment 

seems beyond doubt, the exact pathogenetic mechanisms remain largely unresolved. 

Most explanations for the relation between atherosclerotic disease and cognitive function 

have focused on the hemodynamic implications of atherosclerosis. It is also conceivable, 

however, that atherosclerosis, or the determinants of atherosclerosis, have an influence 

on cognitive function apart from the effect on cerebral perfusion, e.g. by impairing 

blood-brain barrier function as a result of cerebral vessel wall damage.26 Epidemiologic 

methods seem not to be suited to disentangle the precise pathogenetic pathways. 

The role that epidemiology can play in this context, is to investigate whether cognitive 

decline can be prevented by intervention on factors contributing to atherosclerosis.27 

Blood pressure 

The relation between blood pressure and cognitive function remains ambiguous. 

Longstanding elevated blood pressure is considered to be etiologically involved in 

Binswanger's disease, as well as in multi-infarct dementia. 28,29 On the other hand, 

it has been suggested that in susceptible individuals low blood pressure can also be 

a risk factor for cognitive decline, when the pressure becomes too low to guarantee 

adequate cerebral blood flow.26,29 We found evidence both in the study that was based 

on the total cohort of the Rotterdam Study, and in the MRI study, for the relation 

between blood pressure and cognitive function to be dependent on age. Among subjects 

younger than 75 years increasing blood pressure was associated with poorer performance 

on the MMSE, and with the presence of white matter lesions. In contrast, among 

subjects older than 75 years higher blood pressures were associated with better test 

performance, particular when atherosclerotic disease was present, and unrelated to 

white matter lesions. Several pathophysiologic mechanisms can be conceptualized 

that relate blood pressure, atherosclerosis, and cognitive function. Our findings could 

be explained if we assume that among younger persons elevated blood pressure causes 

atherosclerosis, which leads to clinically manifest or silent cerebral infarctions, resulting 

in loss of cognitive function. Many of them will die due to the complications of severe 

vascular disease, resulting in a selected group of older persons. Among people who 

survive until ages above age 75 years, the situation differs according to presence or 

absence of atherosclerosis. Subjects with high blood pressure, but without demonstrable 

atherosclerosis, may constitute a special group that is relatively resistant to the 

destructive effects of elevated blood pressure levels. In those individuals, blood pressure 

seems unrelated to cognitive function. On the other hand, among persons who survive 
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until older age while accumulating atherosclerotic lesions, low blood pressures may 
result ,in chronic hypoperfusion which then could lead to cognitive decline. 

Atrial fibrillation 

We found atrial fibrillation to be inversely associated with cognitive function among 
women but not among men. Stroke and transients ischemic attacks are thromboembolic 

complications of chronic atrial fibrillation. In the Framingham study, the risk of stroke 

associated with atrial fibrillation seemed larger for women than for men.30 Several 

recent trials showed the efficacy of anticoagulant therapy in the prevention of cerebral 
infarcts in patients with atrial fibrillation.31 When we compared the relation of atrial 

fibrillation with cognitive function between women with or without anticoagulant 

therapy, we found that the association was only present among women not using 

anticoagulant drugs. This comparison should be interpreted with caution, because 
the use of anticoagulant drugs is likely to be influenced by presumed intermediates 

(TIA, stroke) in the relation between atrial fibrillation and cognitive function. However, 

that would rather predict a stronger effect among women using anticoagulants. A 

possible explanation for the gender difference could be that cardiac disease is often 
underdiagnosed in women.32 

Upid levels 

There is little consensus regarding the importance or mechanisms of lipids in the 
pathophysiology of stroke or dementia in elderly persons.33 In the Bronx Aging Study 

the risk of dementia associated with serum lipids and lipoproteins was assessed 

prospectively, but no relation was found.34 A study conducted among subjects over 

age 80 years in Southern Italy reported cognitive function to be positively associated 
with HDL-cholesterollevels, but not with total cholesterol. 3S In the Rotterdam Study, 

we found similar relations between lipid levels and cognitive function as in the Italian 

study. An important question, which can not be answered on the basis of our cross­

sectional data, is whether increased levels ofHDL-cholesterol are protective of cognitive 
decline, or rather that low levels of HDL-cholesterol reflect the poorer health state 
or lower physical activity of subjects with cognitive impairment. 

lIemoostatic factors 

In recent years, several studies identified factors associated with coagulation and 
hemostasis as important risk factors for the initiation and progression of cardiovascular 

disease.36-38 This raised the question whether hemostaticfactors are risk factors for 
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for cognitive decline due to vascular lesions. We found no indication for an association 

between levels of fibrinogen, factor VIlc and factor VIIIc, and cognitive function 

in our study based on the total cohort of the Rotterdam Study. In the MRI study, 

on the other hand, both fibrinogen and factor VIlc levels were associated with the 

presence of white matter lesions. It is possible that in the first study, non-differential 

misclassification and lack of power obscured an existing relation, as discussed previously. 

However, it may as well be that the increased levels that we observed among subjects 

with white matter lesions, reflected the presence of those lesions, rather than any 

etiologic involvement. On the basis of these studies we can not conclude whether 

hemostatic factors are associated with cognitive function. Prospective studies are needed 

to answer this important question. 

Cerebral white matter lesions 

Cerebral white matter lesions are commonly found on magnetic resonance imaging 
(MRI) scans in the elderly and pathological studies have shown that these lesions 

reflect mainly vascular pathology.39,4O In selected series of patients these lesions 

have been shown to be related to hypertension and several other vascular risk 

factors.41,42 Although in demented patients the presence and severity of white matter 

lesions seem to correlate with dementia severity, their meaning in non-demented 

subjects has been questioned. In our study white matter lesions were associated both 

with vascular risk factors, and with cognitive function, particularly with subcortical 

or frontal functions. Our findings strongly support the idea that white matter lesions 

on MRI reflect vascular pathology contributing to cognitive impairment. 

Clinical relevance 

In our investigation of the relation between vascular risk factors and cognitive 

function the mean difference was usually less than half a point on the MMSE which 

raises the question whether this is clinically relevant. The answer to this is not to 

be found on the individual level, but rather on the popUlation level. When the 

distribution of cognitive function is compared between subjects with or without vascular 

risk, it becomes clear that even a slight decrease in average performance, is associated 

with a downward shift and change in shape of the total distribution, resulting in a 

large increase of the proportion of subjects scoring below a specified cutoff. It is easy 

to see that for conditions that are associated with lower cognitive function, the more 

prevalent they are, the larger their population impact will be. The question remains 

to be answered whether prevention of such conditions would result in the otherwise 



Generol discussion 185 

affected subjects to assume the distribution of the now unaffected individuals. If yes, 

this would mean a major health benefit. Although the average gain per individual 

would be small, the population gain might be substantial. These considerations provide 

a strong argument to investigate whether intervention on risk factors for atherosclerosis 

can prevent cognitive decline on a population level. 

FUTURE RESEARCH 

The major part of this thesis was devoted to cross-sectional correlates of cognitive 

function. An underlying assumption in the conduct of these studies was that, on average, 

lower levels of cognitive performance reflected a decline from a previous higher level. 

The relevance of these studies was derived from another, though closely related, 

assumption, namely, that the actual level of cognitive function is predictive for future 

change in cognitive function. Both these assumptions need further investigation in 

prospective follow-up studies. 

Prospective follow-up studies would also provide a powerful and efficient way 

to investigate risk factors for cognitive decline, by enabling the conduct of nested 

case-control studies. Two areas seem of particular interest in etiologic research in 

dementia. One is the contribution of vascular risk factors to cognitive decline. Of 

particular potential interest in this regard is the role of hemostatic factors, since these 

may be intermediate in the relation of other risk factors with cardiovascular disease.43 

Most vascular risk factors are not stable over time. Moreover, the relevant exposure 

could be change in risk factor level rather than actual level. Therefore, prospective 

follow-up studies should investigate change in cognitive function as a function of both 

baseline assessment of vascular factors, as well as of change in vascular determinants, 

conditional on baseline level. Another promising lead is the studies of gene-environment 

interaction in the etiology of A1zheimer's disease,44 and in the investigation of vascular 

causes of cognitive impairment.4S Obviously, those studies need to be conducted 

in close collaboration with basic research. 

Research on cognitive function and dementia is fundamentally motivated by the 

pursuit of ways to prevent cognitive decline. Even though the precise pathophysiologic 

mechanisms through which various vascular risk factors contribute to cognitive 

impairment remain to be elucidated, there is ample evidence that vascular risk factors 

and vascular disease are associated with cognitive decline. The widespread prevalence 

of these conditions in the population justifies an attempt to prevent cognitive decline 
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on a population level by intervention on vascular risk factors. In an intervention study, 

a quantitative outcome measure that can be objectively assessed is to be preferred. 

The cerebral white matter lesions that can be seen on MRI scans reflect primarily 

cerebral damage due to vascular causes. Change in their frequency and severity seems 

particularly apt as the primary outcome measure in an intervention study on vascular 

causes of cognitive decline. As a secondary outcome measure, change in cognitive 

function as measured by neuropsychological tests should be assessed, to obtain an 

indicator of clinical relevance. Such research would in addition offer the opportunity 

to further investigate the relation between cerebral white matter lesions and cognitive 

function. 
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Summary 





Chapter 7.1 

Summary 

Dementia is emerging as a major health problem. It is an important cause of 
disability, particularly in the elderly, and imposes a severe burden on public health 

resources. For many people, growing old is strongly connected with the fear of "losing 

their mind". This thesis focuses on epidemiologic studies on cognitive function and 
dementia. 

Alzheimer's disease is the most important cause of dementia. In chapter 2 the 
main epidemiologic findings of Alzheimer's disease concerning its frequency, risk 

factors, prognosis and treatment, are reviewed. The prevalence of Alzheimer's disease 
rises exponentially with age. Typical estimates are about 0.5 percent in those aged 

65 years, 3 percent in those aged 75 years, and 10 percent in those aged 85 years. 
Currently available figures do not indicate important geographical or racial differences 

in the frequency of Alzheimer's disease. Except for age and a positive family history 

of dementia no definite risk factors for Alzheimer's disease have been established 

as yet. There is, however, interesting evidence to suggest that a positive family history 
of Parkinson's disease or Down's syndrome, a history of depression, severe head trauma 

and smoking may be associated with Alzheimer's disease. The prognosis of Alzheimer 
patients in terms oflife expectancy is compromised, although there is a wide variation 

in survival time among patients. Survival is worse in early-onset as compared to late­

onset cases and in men as compared to women, and appears related to the initial 
severity of the disease. Improvement of prognosis through intervention has been 

unsuccessful until now. This applies to both symptomatic and potentially causal 

treatment. 

In chapter 3 the results are presented from a study on cognitive function in the 

general elderly population. The study was part of the Rotterdam Study, a single center 

prospective follow-up study of the total population aged 55 years or over, including 
institutionalized persons, of the suburb ofOmmoord in Rotterdam, The Netherlands. 
After a general outline of the Rotterdam Study and a detailed description of its 

casefinding and diagnostic procedures for the study of cognitive function and dementia 

(chapter 3.1), the chapter deals with the distribution and vascular correlates of cognitive 

function among 4,971 subjects aged 55 to 94 years. Cognitive performance decreased 
with age, whereas the variation between individuals increased with age. Level of 
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education was positively related to cognitive function: the higher the educational level. 

the better the results onthe cognitive test. Men and women pedormed very similar, 

when confounding by education was taken into account (chapter 3.2). Our data support 

the notion that cognitive decline is not inherent to aging per se, but is attributable 

to potentially identifiable causes. Vascular risk factors may be important in this respect. 

Clinical vascular disease and atherosclerosis were independently and negatively 

associated with cognitive pedormance. Of the cardiovascular risk factors impaired 

glucose tolerance, current smoking, and increased levels of fibrinogen were related 

to poorer cognitive function in both men and women, whereas atrial fibrillation and 

HDL-cholesterol were related to cognitive function in women only. Diabetes meIlitus, 

total serum cholesterol. and several measured thrombogenic factors were not associated 

with cognitive pedormance (chapter 3.3). The relation between blood pressure and 

cognitive function was dependent on age (chapter 3.4): among subjects younger than 
75 years increasing blood pressure was associated with poorer pedormance, whereas 

subjects older than 75 years pedormed better when they had higher blood pressures. 

For orthostatic hypotension, a decline in diastoIic blood pressure was inversely related 

to cognitive function. Subjective symptoms upon standing were associated with poorer 

pedormance on the MMSE, irrespective of the actual change in blood pressure (chapter 

3.4). These findings are compatible with the hypothesis that, in the very old, intermittent 

or chronic bypoperfusion is associated with impaired cognitive performance. 

Cerebral white matter lesions are commonly found on magnetic resonance imaging 

(MRI) scans in the elderly and pathological studies showed that these lesions reflect 

mainly vascular pathology. In selected series of patients these lesions were related 

to hypertension and several other vascular risk factors. The frequency of cerebral 

white matter lesions, and their relation with cardiovascular risk factors, non-invasively 

assessed atherosclerosis, thrombogenic factors and cognitive function, were assessed 

in a subsample of the Rotterdam Study, that consisted of 111 subjects, aged 65 to 

84 years (chapter 4). T2-weighted axial MRI scans of the brain were obtained for 

all participants, who were in addition tested with an extensive neuropsychological 

test battery. Overall. 27% of subjects had white matter lesions. The prevalence and 

severity of lesions increased with age. A history of stroke or myocardial infarction, 

factor VIlc activity, and fibrinogen level were each significantly and independently 

associated with the presence of white matter lesions. Significant relations with blood 

pressure level, with hypertension, and with plasma cholesterol were observed only 

for subjects aged 65 to 74 years (chapter 4.1). Atherosclerosis of the carotid arteries, 

of the coronary arteries, and of the peripheral arteries, was related to the presence 
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of cerebral white matter lesions (chapter 4.2). Presence of white matter lesions was 
associated with poorer performance on all tests. After adjustment for age and gender, 

the differences were significant for tests measuring primarily subcortico-frontal functions 

(executive control functions, attentional abilities, mental speed) (chapter 4.3). The 

size of the ventricles was measured on the same scans, and the relation between 

ventricular enlargement and cognitive function was assessed. Ventricular enlargement 

was significantly associated with worse scores on tests assessing subcortico-frontal 

as well as cortical functions (global cognitive function, memory, executive control 

functions). The associations of white matter lesions and of ventricular size with cognitive 

function, were largely independent (chapter 4.3). 

In a re-analysis of eight case-control studies on Alzheimer's disease several medical 

conditions that had previously been suggested as possible risk factors for Alzheimer's 

disease, were explored (chapter 5.1). A history of hypothyroidism was increased in 

cases as compared to controls, whereas severe headaches and migraine were inversely 

related to Alzheimer's disease. Previous diseases caused by neurotropic viruses, allergic 

conditions, general anaesthesia and blood transfusions were not associated with 

Alzheimer's disease. Given the ample potential for bias in the assessment of the 

conditions under study, these results must be regarded tentative. Several neurological 

disorders have been suggested to bear an increased risk of dementia. The risk of 

developing dementia among persons aged 50 to 75 years who suffered from Parkinson's 

disease, epilepsy or severe head trauma as compared to the risk in a reference group, 

was assessed in a register based follow-up study over the years 1980 to 1989 (chapter 

5.2). The overall relative risk of developing dementia within 8 years in patients with 

Parkinson's disease who were initially free of dementia was 3.0. The relative risk was 

especially increased in younger Parkinson's disease patients. For patients with epilepsy 

the overall relative risk was 1.5. Severe head trauma was not associated with an 

increased risk of dementia. 

In chapter 6, some of the methodological issues involved in the studies based on 

the Rotterdam Study are discussed, and the findings of these studies are reviewed. 

Clinical vascular disease and vascular risk factors are associated with cognitive 

impairment and with detectable changes in the cerebral white matter, even among 

non-demented subjects. There is a clear need for further epidemiological studies in 

concert with basic research to elucidate the pathophysiology of vascular causes of 

cognitive decline. Besides, in view of the findings thus far and the availability of several 

measures for intervention on vascular risk factors, a sensible next step to take would 

be to start an intervention study on the prevention of cognitive decline related to 

vascular disease. 



Chapter 7.2 

Samenvatting 

Oit proefschrift hevat een aantal epidemiologische studies naar cognitieve functie 

en dementie. De ziekte van Alzbeimer is de meest voorkomende oorzaak van dementie, 

en tevens de meest onderzochte. In hoofdstuk 2 wordt een overzicht gegeven van 

de helangrijkste epidemiologische bevindingen betreffende de ziekte van Alzheimer 

tot dusver. Het voorkomen van de ziekte van Alzheimer stijgt exponentieel met de 

leeftijd. Van de 6S-jarigen lijdt ongeveer 0.5 procent aan de ziekte, van de 7S-jarigen 

ongeveer 3 procent, en van de 8S-jarigen ruim 10 procent. Op grond van de tot op 

heden uitgevoerde studies zijn er geen aanwijzingen voor belangrijke geografische 

of raciale verschillen in het voorkomen van de ziekte. De helangrijkste risicofactoren 

voor de ziekte van Alzbeimer zijn leeftijd en een positieve familie anamnese. Daarnaast 

bestaan er indicaties voor een verhoogd risioo op de ziekte van Alzbeimer bij personen 

die eerstegraads familieleden hebben met de ziekte van Parkinson of het syndroom 

van Down. Mogelijk zijn ook een doorgemaakte depressie, een ernstig hoofdtrauma, 

en roken, geassocieerd met het risioo op de ziekte van Alzheimer. Patienten met 

de ziekte van Alzheimer hebben een verkorte levensverwachting, hoewel de 

overlevingsduur van patient tot patient sterk verschilt. De beperking van de 

levensverwachting is relatief groter voor patienten die de ziekte op jonge leeftijd krijgen 

dan voor mensen bij wie het zich op latere leeftijd manifesteert, en groter voor mannen 

dan voorvrouwen. De overlevingsduur is gerelateerd aan de ernst waarmee de ziekte 

zich bij aanvang openbaart. Op dit moment bestaat er nog geen adequate therapie 

voor de ziekte van Alzheimer. 

Hoofdstuk 3 is gewijd aan een onderzoek naar het mentaal functioneren van ouderen. 

De gegevens werden verkregen uit het ERGO onderzoek (Erasmus Rotterdam 

Gezondheid en Ouderen), een bevolkingsonderzoek dat momenteel uitgevoerd wordt 

onder de inwoners van Ommoord, een wijk in Rotterdam, die 55 jaar of ouder zijn. 

Na een beschrijving van de opzet van het ERGO onderzoek en van het onderzoek 

naar cognitieve functie daarin (hoofdstuk 3.1) worden de bevindingen in deze 

bevolkingsgroep gepresenteerd. Hierbij werd mentaal functioneren als een continue 

uitkomstmaat gehanteerd. Het bleek dat gemiddeld het functioneren sterk afnam 

met de leeftijd, terwijl de variatie toenam met de leeftijd. Een soortgelijk verband 

werd gevonden voor opleidingsniveau: naarmate het opleidingsniveau hogerwas, was 
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de gemiddelde score op de test hoger en de variatie geringer. Er bestond vrijwel geen 
verschil in prestatie tussen mannen en vrouwen, wanneer met het opleidingsniveau 
rekeningwerd gehouden (hoofdstuk 3.2). Deze bevindingen zijn in overeenstemming 
met het idee dat cognitieve achteruitgang niet inherent is aan het ouderworden, maar 
dat het is toe te schrijven aan identificeerbare oorzaken. Vasculaire factoren spelen 
bierbij mogelijk een belangrijke rol. Cognitieve functie vertoonde een duidelijk verband 
met diverse indicatoren van en risicofactoren voor hart- en vaatziekten. Oit bleek 
met name het geval te zijn voor factoren die gerelateerd zijn aan atherosclerose. Van 
de risicofactoren voor hart- en vaatziekten waren een gestoorde glucose tolerantie, 
roken, en een hoog fibrinogeengehalte gerelateerd aan een slechtere cognitieve functie 

voor zowel mannenals vrouwen. Atrium fibrilleren en HDL-cholesterolgehalte gaven 
daarentegen alleen een verband te zien met cognitieve functie bij vrouwen. Geen 
verband met cognitieve functie werd gevonden voor diabetes mellitus, voor het totale 
serumcholesterolgehalte, en voor diverse thrombogene factoren (hoofdstuk 3.3). Het 
verband tussen de bloeddruk en cognitieve functie was afhankelijk van de leeftijd: 

op jongere leeftijd Gonger dan 75 jaar) was een hogere bloeddruk gecorreleerd met 
slechtere resultaten op de cognitieve test, terwijl oudere personen (75 jaar of ouder) 
het juist beter deden wanneer ze een hogere bloeddruk hadden. Deze bevindingen 
rijmen met de hypothese dat een verminderde cerebrale perfusie kan leiden tot 
cognitieve achteruitgang (hoofdstuk 3.4). 

Op hersenscans gemaakt met behulp vannucleaire magnetische resonantie (MRI) 
worden bij oudere personen vaak afwijkingen in de witte stofvan de hersenen gezien. 
Postmortem studies hebben aangetoond dat deze laesies doorgaans vascu1aire patbologie 

weerspiegelen. In geselecteerde groepen van patienten bleken deze laesies geassocieerd 

te zijn met hypertensie en diverse andere vasculaire risicofactoren. Wij onderzochten 
het voorkomen van deze afwijkingen, en de relatie van deze afwijkingen met zowel 

vasculaire risicofactoren als cognitieve functie, in een onderzoek dat bij 111 personen 
in de leeftijd van 65 tot 84 jaar uit het ERGO cohort werd uitgevoerd (hoofdstuk 
4). Bij alle personen werd een T2-gewogen axiale MRI scan gemaakt en werd een 
uitgebreid neuropsychologisch onderzoek verricht. Witte stof afwijkingen werden 
gevonden bij 27% van de deelnemers. De prevalentie en ernst van de laesies namen 
sterk toe met de leeftijd. Het hebben doorgemaakt van een CV A of een myocardinfarct, 
hoge activiteit van stollingsfactor VII en een hoog fibrinogeengehalte, waren 
onafhankelijk van elkaar geassocieerd met het voorkomen van witte stof afwijkingen. 
V oor personen van 65 tot 74 jaar werd tevens een significant verband gevonden tussen 

het voorkomen vanwitte stof afwijkingen en het niveau van de bloeddruk, hypertensie 
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en het plasma cholesterol gehalte (hoofdstuk 4.1). Atherosclerose van de carotiden, 

van de coronair-arterien, en van de perifere bloedvaten, was geassocieerd met de 

aanwezigheid van witte stof afwijkingen (hoofdstuk 4.2). Personen met witte stof 

afwijkingen scoorden slechter op alle afgenomen cognitieve tests. Na correctie voor 

verschillen in leeftijd waren de verschillen significant voor tests die geacht worden 

met name subcorticale en frontale functies te meten (uitvoerend-controlerende functies, 

aandacht, psychomotorische snelheid). De grootte van de ventrikels werd gemeten 

op dezelfde scans. Ventrikelgrootte was significant geassocieerd met zowel subcorticale 

en frontale testscores, als met de scores op tests die gericht zijn op het meten van 

corticale functies. De relaties tussen witte stof afwijkingen en cognitieve functie, en 

tussen ventrike1grootte en cognitieve functie, waren grotendeels onafhankelijk (hoofdstuk 

4.3). 

In hoofdstuk 5 worden twee studies beschreven die a1s gemeenschappelijk kenmerk 

hebben dat ze het risico op dementie bestuderen in personen met bepaalde medische 

aandoeningen. Hoofdstuk 5.1 bescbrijft een heranalyse van de oorspronkelijke gegevens 

van 8 patient-controle onderzoeken, betreffende factoren uit de medische 

voorgescbiedenis a1s mogelijke risicofactoren voor de ziekte van Alzheimer. Patienten 

hadden vaker aan hypotbyreoidie geleden, maar minder vaak aan ernstige hoofdpijn 

of migraine, dan controlepersonen. V oor neurotrope virussen, allergische aandoeningen, 

totale anestbesie, en bloedtransfusies werd geen verband gevonden met de ziekte 

van Alzheimer. Gezien de metbodologische beperkingen van deverschillende studies 

is voorzichtigheid bij de interpretatie van deze resultaten geboden. In hoofdstuk 5.2 

worden de resultaten weergegeven van een retrospectief vervolgonderzoek dat werd 

uitgevoerd met behulp van de gekoppelde morbiditeitsregisters van de Stichting 

Informatievoorziening Gezondheidszorg, Utrecht, over de jaren 1980 tot 1989. In 
dit onderzoek werd, voor 50- tot 7S-jarigen, het risico op dementie voor personen 

met de ziekte van Parkinson, personen met epilepsie en personen die een ernstig 

hersentraumahadden doorgemaakt, vergeleken met het risico in een referentiegroep. 

Het risico dementie te krijgen binnen 8 jaar, was 3 maal hoger voor patienten met 

de ziekte van Parkinson dan voor controlepersonen. Het relatieve risico was met 

name verhoogd onder jongere patienten. Patienten met epilepsie hadden een anderhalf 

maal verhoogd risico. In deze studie werd geen verband gevonden tussen hoofdtrauma 

en dementie. 

Het proefschrift wordt besloten met een hoofdstuk waarin een aantal formele 

en inhoudelijke aspecten van de op het ERGO onderzoek gebaseerde studies wordt 

besproken. Zowel klinisch manifeste hart- en vaatziekten als risicofactoren voor hart-
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en vaatziekten zijn geassocieerd met cognitieve functie en met waarneembare 

afwijkipgen in de witte stofvan de bersenen, ook in niet-demente personen. Verder 

onderzoek naar de patbofysiologie van vasculaire oorzaken van cognitieve dysfunctie 

is van groot belang en zou idealiter moeten geschieden in nauwe samenwerking tussen 

basiswetenscbappers en epidemiologen. Daarnaast zou, gezien de omvang van bet 

probleem en de beschikbare tberapeutiscbe middelen, een onderzoek uitgevoerd dienen 

te worden naar de mogelijkheden van preventieve interventie op cogoitieve achteruitgang 

ten gevolge van vascu1aire aandoeningen. 





Nawoord 

Oit proefschrift is het resultaat van ruim 4 jaar werken op de afdeling Epidemiologie 

en Biostatistiekvan de Erasmus Universiteit. Vele mensen hebben, direct en indirect, 

bijgedragen aan de totstandkoming ervan, en ik wil hen bier graag noemen. 

Ben prominente, en gewaardeerde, rol werd vervuld door mijn promotor, professor 

A Hofman. Hij heeft de gave anderen te inspireren hun eigen grenzen te verleggen. 

Ik heb veel geleerd van zijn enorme daadkracht en zijn onverwoestbaar optimisme. 

Frans van Harskamp, van de afdeling neuropsychologie van de Erasmus Universiteit, 

heeft met zijn klinische kennis een belangrijke bijdrage geleverd aan het onderzoek 

naar cognitieve functie en dementie binnen ERGO. Zijn medewerkers Inge de Koning 

en Nel van Amerongen verrichtten het aanvullende neuropsychologisch onderzoek 

bij gezonde en demente ERGO deeinemers, daarbij deels geholpen door Hanneke 

Hilkemeijer. Ik wil hen allen bedanken voor bun inzet en voor de prettige samenwerking. 

De MRI-studies werden opgezet en uitgevoerd in samenwerking met de afdeling 

neurologie van het Academisch Ziekenhuis Utrecht. De expertise van John van Swieten 

betreffende MRI onderzoek naar cerebrale witte stof afwijkingen was daarbij van 

groot belang. Het kritische commentaar van professor J. van Gijn op de diverse 

manuscripten heb ik bijzonder gewaardeerd. 

Regina de Groot en Leo van Romunde van de Stichting Informatiecentrum 

Gezondheidszorg, Utrecht, wit ik bedanken voor de prettige samenwerking. 

Binnen Eurodem heb ik met een groot aantal onderzoekers van diverse 

nationaliteiten kunnen samenwerken. Ikwit alle betrokkenen voor deze inspirerende 

ervaringen bedanken in de personen van de cOOrdinatoren van de diverse deelprojecten: 

Walter Rocca (Eurodem Prevalence), Cock van Duijn en Bert Hofman (Eurodem 

Risk Factors), en Lenore Launer en Carol Brayne (Eurodem Incidence). 

De kern van dit proefschrift wordt gevormd door de binnen het ERGO onderzoek 

uitgevoerde studies. ERGO zou niet kunnen bestaan zonder de voortdurende 

inspanningen van zijn onderzoeksleiders Bert Hofrnan, Rick Grobbee, Huib Pols 

en Paulus de Jong. Daamaast ben ik hen erkentelijk voor hun kritische aandacht 

voor de resultaten van het onderzoek. Frank van den Ouweland verzette veel werk 

in de beginfase van ERGO. De screening op cognitieve functie binnen ERGO werd 

voor het leeuwedeel verricht door Henriette Ensing, Eis van Helden, Eline Herfst, 

en Marjon Huuksloot. Ik wit hen bijzonder danken voor de inzet en het geduld waarmee 

ze dag in dag uit naar bekende wegen bleven vragen. Janny van Gastel en Anneke 
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Korving regelden heel veel. Marcel Eijgermans, Eric Neeleman en Maxime Look 

leverden belangrijke bijdragen aan de automatisering en de dataverwerking van de 

cognitieve testen. Van mijn directe collega's, de ERGO-artsen, wil ik Else Odding, 

Ronald Stolk, en Michiel Bots speciaal noemen in verband met het werk dat ze hebben 

verricht als onderzoekscoordinatoren. Ik dank hen, evenals Huib Burger,Jules Claus, 

Paul van Daele, lda Dielemans, Arno Hoes, Arend Mosterd, Ber Pleumeekers, Maarten 

de Rijk, Hans Vingerling, Marieke Visser, Dorothee Wientjens en Roger Wolfs, voor 

het kunnen delen van het enthousiasme en de frustratie waarmee onderzoek gepaard 

gaat. Van essentieel belang was ook de inzet van de overige medewerk(st)ers van 

het ERGO centrum, het lab, het beheer, de automatisering, de administratieve 

ondersteuning en het data management. Zonder verder onderscheid te maken naar 

functie of bijdrage noem ik in dank Douwe Algra, EIs Baars, Diana Bakker, Irene 

Bannink, Yolanda Bekker, Ingrid de Boer, Peter Boerlage, Hanneke den Breeijen, 

Astrid Breinburg, Ton de Bruijn, Corina Brussee, Lydia Buist, Wil van Deelen, Gerrit­

Anne van Es, ADS Frijters, Micheline de Haes, Inge Haumersen, Ellyvan der Heiden, 

Elisabeth van Herpen, Ed Hillenaar, Ada Hooghart, Diane Huizer, EIs Hylkema, 

Marianne Usselsteijn, Jeanette Kamman, Michael Koenders, Hilda Komman, Marieke 

Lagro, Sari Laukkanen, Hilda Mathot, Hanneke van Meurs, Margriet van Rees, Robert 

Rosier, Ria Rijneveldshoek, Chris de Ruiter, Monique Slijkhuis, Dick Slof, Sonja 

Snijders, Toos Stehman, Wilma Verbruggen, Jeanette Vergeer, Rene Vermeeren, 

Lilian Verwey, Marianne Walthaus, Miranda Weggeman, en Sam Yoja. 

Alle medewerkers van de afdeling Epidemiologie en Biostatistiek dank ik voor 

de goede sfeer, de gesprekken en discussies, in het bijzonder mijn kamergenoten 

Cock van Duijn, Jules Oaus en Lenore Launer. Ik ben blij dat Cock van Duijn en 

Hans Vingerling mijn paranimfen zijn. 

Mijn vrienden wil ik bedanken voor de intensiteit waarmee ze leven, voor hun 

interesse, en voor het feit dat ze kwaliteit en kwantiteit van kontakt uit elkaar weten 

te houden. 

Mijn ouders, Anja, Leonie en Marjon waren er vanaf het begin. 

En Frans. 
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