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Introduction

The older people get, the bigger the chance of losing cognitive abilities and ultimately 
to develop dementia. Increasing age is the largest known risk factor of dementia, 
with a prevalence of 1% in people aged 65-69 years that increases to a prevalence of 
29% in people aged over 90 years 1. Being a strongly debilitating disease that affects 
large populations, dementia receives attention from both the societal and scientific 
masses. Despite this undivided attention by many, therapies designed for treating 
dementia have failed to show high success rates, and a universal pathophysiological 
mechanism has not been described yet. Classically, late onset dementia is divided 
in two major forms, Alzheimer’s disease and vascular dementia that represent 
pathological processes that are thought to be different in origin. Alzheimer’s disease 
pathology is characterized by neurofibrillary tangles and neuronal plaques consisting 
of tau protein and beta-amyloid respectively 2,3. Vascular dementia on the other hand 
is characterized as a disorder of vascular origin, with intracerebral ischemic lesions 
as the hallmark of disease 4,5. However, over the past decade, general belief has 
shifted from seeing the two forms as different pathological entities of late onset 
dementia in the direction of seeing dementia as a mixed pathology syndrome 6,7, with 
variations in the severity of either pathological form between patients.

Concurrent with this view is that well-known risk factors for cardiovascular 
disease have also been shown to increase the risk of dementia. Specifically, obesity, 
hypercholesterolemia, and hypertension at midlife have been associated with an 
increased risk of late-life dementia 8-13.  Puzzling though is that demented patients 
have been shown to have lower weight, lower cholesterol levels, and lower blood 
pressures compared to control subjects 14-17. Moreover, several studies have shown 
that, when measured in old age, these risk factors no longer associate with cognitive 
decline and risk of dementia, and in some studies even associate with better cognitive 
function and a decreased risk of dementia 18-22. One of the explanations for the 
seemingly reversal of the associations of these risk factors with the risk of dementia 
is the selective survival of study subjects in older populations. This means that those 
subjects with obesity, hypercholesterolemia, or hypertension in old aged populations 
may represent a small fraction of all subjects with these risk factors in middle age and 
therefore represent an exceptional group of subjects that have stayed healthy, despite 
the presence of these risk factors. Another explanation could be that the values of 
these risk factors may decline as a result of underlying disease, such as dementia. 
A third explanation is that higher values of these risk factors could be needed to 
maintain cognitive function in old age. For instance, a high blood pressure could 
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be needed to maintain an adequate brain perfusion, due to structural and functional 
changes in cerebral vasculature with increasing age. 

Besides the classical risk factors described above, another risk factor for dementia 
came to the surface more than a decade ago. The strongest genetic risk factor for 
dementia as yet is the apolipoprotein E (APOE) gene. Carriers of the ε4-allele are at 
an increased risk of dementia, whereas carriers of the ε2-allele might be protected. 
The APOE gene encodes for the apolipoprotein E (apoE), which has numerous 
actions, both systemically and intracerebrally. ApoE plays a major role in lipid 
transportation and cellular uptake of lipids, but has also been shown to play a role 
in the regulation of infl ammatory processes, in the scavenging of lipid peroxidation 
products, and in the deposition of beta-amyloid plaques in the brain. Although the 
apoE4 isoform has been shown to have more detrimental effects in these various 
actions, the exact biological mechanism through which ε4-allele carriers have an 
increased risk of dementia is not clear yet. As ε4-allele carriers have been shown to 
have lower circulating apoE levels than ε2- and ε3-allele carriers, variation in plasma 
apoE levels may play a role in the risk of dementia. Several studies that investigated 
the association between dementia and plasma apoE levels have shown inconclusive 
results, with positive, negative and absent associations between plasma apoE levels 
and dementia 23-27. An alternative pathophysiological mechanism, for which human 
data are lacking, is the role that apoE seems to play in neuronal calcium homeostasis. 
Animal studies have pointed in the direction of apoE facilitating the infl ux of 
calcium in neuronal cells 28-33. As calcium infl ux has been shown to play a major 
role in neuronal cell death and apoE4 has been shown to have the strongest effect on 
calcium infl ux, this might be another biological explanation for the increased risk of 
dementia for ε4-allele carriers. 

Aim of this thesis

The present thesis aims to clarify the observed reversal of associations of classical 
risk factors for dementia and mortality with increasing age and to gain insight into 
the temporal relation of longitudinal changes of these risk factors with cognitive 
function, underlying disease, and mortality. Another aim is to provide more insight 
in the biological mechanisms behind the association between both phenotypic and 
genetic variation in apoE and cognitive function.  
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Populations under study

Leiden 85-Plus Study
The Leiden 85-Plus Study is a population based prospective follow-up study, which 
was situated in Leiden, The Netherlands. All citizens of Leiden who reached the 
age of 85 years between September 1, 1997, and September 1, 1999, were enrolled 
in the study. Among these 85-year-old persons we initiated a follow-up study to 
investigate determinants of successful aging. Subjects were visited within one month 
after the subjects’ 85th birthday and annually thereafter for a period of five years. 
During each visit blood samples were drawn, biometrical measurements were taken, 
a standardized neuropsychological test battery was performed, and standardized 
questionnaires regarding health status and functioning were administered. The 
response rate was 87%; a total of 599 subjects participated. 

DOK-Study
The DOK-Study is a family study, which was performed from 2006 to 2007 to 
investigate midlife factors that associate with an increased risk of late-life Alzheimer’s 
disease. Children from patients with a diagnosis of probable Alzheimer’s disease and 
children from couples of similar age, who were free from dementia, were invited 
to participate in this study. Because Alzheimer’s disease has been shown to have a 
strong heritability, children from patients with Alzheimer’s disease were assumed to 
be at an increased risk of Alzheimer’s disease compared to the children from couples 
who were free from dementia. In 203 children with a parental history of Alzheimer’s 
disease and 197 children without a parental history of Alzheimer’s disease blood 
samples were drawn, biometrical measurements were taken, and standardized 
questionnaires regarding health status and functioning were administered.

Memory Outpatient Clinic patients
Between December 1, 1998, and November 29, 2005, a total of 600 patients visited 
the memory outpatient clinic of the Leiden University Medical Center in Leiden, The 
Netherlands. All patients who visited the clinic had memory complaints and were 
examined to a standardized protocol. Patients underwent consultation by a medical 
doctor and/or a neurologist, who performed a general medical and neurological 
examination, a standardized neuropsychological test battery was performed, and 
magnetic resonance images were acquired according to a pre-specified scanning 
protocol for research purposes.  
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