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Chapter 1 describes the background and the rationale of this thesis. Dementia is characterized by 

immedicable deterioration of cognition, pervasive in very old age, and expected to place an increasingly 

heavy burden on societies worldwide the coming decades. Development of strategies to treat or 

prevent dementia has therefore become a major priority. Next to age and genetic susceptibility, 

cardiovascular risk factors are the most important in old age dementia. It is thought that approximately 

30% of cases are potentially preventable by treating risk factors. However, results of trials evaluating 

risk factor treatment to prevent dementia have been mixed and studies reporting beneficial results 

mostly found small effects on cognitive scores, with unclear relevance to clinical dementia incidence. 

Cognitive complaints are common in older people and are related to incipient dementia in only a 

minority of cases. An important part of research is therefore devoted to finding methods to identify 

individuals likely to develop clinical dementia. Magnetic resonance imaging anomalies thought to be 

related to cerebrovascular disease are sometimes used as markers of dementia risk. The most 

commonly assessed are white matter hyperintensities and lacunar infarcts. Although both are associated 

an increased risk of cognitive deterioration, they are not very specific.  

Next to cognitive symptoms, dementia is characterized by a range of neuropsychiatric symptoms 

related to behavior and mood. One of these symptoms is apathy, which is very common in dementia 

but also occurs in apparently cognitively healthy community-dwelling individuals. Research suggests 

apathy symptoms could have a vascular etiology and might indicate an elevated risk of dementia. The 

relation between dementia, vascular disease and apathy forms the central theme of this thesis. 

The majority of the thesis’ research was conducted within the context of the PREvention of Dementia 

by Intensive Vascular care (preDIVA) trial, discussed in chapter 2. PreDIVA is a pragmatic, 

population based, cluster-randomized controlled trial, with blinded outcome adjudication, assessing the 

effect of 6-8 years of nurse-led, 4-monthly evaluation and treatment of cardiovascular risk factors, on 

clinical dementia incidence and disability in community-dwelling individuals, aged 70–78 years, 

compared to care as usual. Dementia incidence was available for 3454/3526 participants (98%) after a 

median follow-up of 6.7 years (21,341 person-years). Although the intervention was effective in treating 

hypertension, there was no difference between intervention and control participants in dementia 
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incidence (6.5% vs 7.0%, hazard ratio: 0.92, 95%CI 0.71-1.19, p=0.54) nor in disability, mortality or 

incident CVD. The intervention may have been more effective in participants with hypertension and 

those adherent to the intervention, but the study was underpowered to find significant differences in 

these sub groups. The absence of an effect on the study outcomes may be attributable to limited 

contrast achieved between the intervention and control groups due to modest baseline cardiovascular 

risks, the two-yearly cardiovascular risk factor screening in both groups, and the high standards of usual 

care in the Netherlands received by the control group. 

In chapter 3 we assessed the influence of the preDIVA intervention on white matter hyperintensity 

and lacunar infarct development as markers of cerebrovascular damage, in a sub sample of 126 

participants with high baseline systol

the study. Despite some positive effects of the intervention on blood pressure and dyslipidemia, there 

was no difference in the increase in white matter hyperintensity volume (adjusted mean difference -0.08 

ml/year, 95%CI=-0.30;0.15, p=0.50) between intervention and control groups. The rate of incident 

lacunar infarcts was too small to meaningfully evaluate as an outcome. Results did suggest that 

treatment of cardiovascular risk factors might be effective in participants with high baseline WMH 

burden and, in light of other studies, that the progression of cerebrovascular disease can be influenced 

by (specific classes) of antihypertensive medication. 

In chapter 4 we assessed the feasibility of identifying microinfarcts using the baseline MRI results from 

194 participants, as new, possibly more potent markers of cerebrovascular damage and dementia risk 

compared to white matter hyperintensities and lacunar infarcts. Although we were able to detect 

microinfarcts which were related to cardiovascular risk factors and white matter hyperintensity burden, 

the laborious nature of microinfarct detection and the low prevalence (6%) made microinfarcts 

relatively unsuitable for longitudinal analysis of the effect of the preDIVA intervention on 

cerebrovascular disease in our study. However, the discovery of microinfarcts in this population 

suggests large-scale prospective investigation of the clinical relevance of CMI in older people is possible 

using relatively commonly available techniques. 
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In chapter 5 we used the baseline MRI data of 185 participants to assess the feasibility of cerebral 

blood flow measurement in the cerebral grey and white matter and how these perfusion values were 

related to white matter hyperintensities as markers of cerebrovascular damage. The proportions of 

cerebral blood flow values in the grey matter, white matter and white matter hyperintensities were 

comparable to those expected based on the literature, suggesting perfusion measurement was feasible. 

Cerebral blood flow in the grey and white matter was not related to white matter hyperintensity 

volume, except for greater white matter hyperintensity volume being associated with lower values 

within white matter hyperintensities themselves. We also found an association between white matter 

hyperintensity volume and the time needed by blood to travel from the large carotid arteries in the neck 

to the arterioles providing the microvascular blood supply in the brain, suggesting that this duration 

may be a marker of cerebrovascular damage. These findings suggest white matter hyperintensities in 

elderly with hypertension are related to local microvascular alterations rather than a general cerebral 

perfusion deficit. 

The second part of the thesis focused on the relation between vascular factors and apathy. Chapter 6 

comprises a systematic review and meta-analysis of observational studies on the prevalence, clinical 

correlates and consequences of apathy after stroke and discusses pharmacological treatment. Apathy 

was estimated to occur in approximately one in three patients after stroke. Prevalence seemed to differ 

according to which instrument was used and according to by whom (patient, care giver, clinician) it was 

rated. Patients with apathy were generally older (3.8 years 95%CI=2.1-4.7), more often women (relative 

risk 1.2; 95%CI 1.0—1.5), had lower MMSE scores (-2.7 points, 95%CI=-1.5 to -3.8). Although 

patients with apathy more often had depression (relative risk: 1.8 95%CI=1.4-2.4), concomitant 

depression was found in only 40%, confirming apathy’s importance as a separate syndrome. Although 

no studies provided substantial evidence for effective treatment of apathy, better recognition might 

benefit patient rehabilitation and prevent unnecessary and ineffective treatment with antidepressants. 

Next to apathy after stroke, a few studies have linked apathy to both a history and future incidence of 

cardiovascular disease. In chapter 7, we further established the independent relation between apathy 

symptoms and vascular disease by evaluating the associations of apathy and depressive symptoms with 
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future myocardial infarction, stroke, and mortality in community-dwelling older individuals, using meta-

analysis of individual patient data from 21 studies identified by systematic review. In community-

dwelling older people, with and without a history of vascular disease, there was a “dose-response” 

relation between apathy symptoms and a higher hazard of myocardial infarction, stroke and mortality, 

independent of depressive symptoms. These findings stress the clinical importance of recognizing 

apathy, independently of depressive symptoms, and could help physicians identify persons at increased 

risk of cardiovascular disease.  

Together with other research findings, the previous chapters suggested that apathy may be a marker of 

underlying vascular disease and could be a behavioral manifestation of otherwise subclinical (vascular) 

cerebral pathology. In chapter 8, we used the data from the preDIVA trial baseline measurements 

from 3427 individuals to assess whether apathy symptoms in community-dwelling older people 

predicted incident dementia and could be a prodromal feature. Apathy symptoms were associated with 

dementia (HR: 1.28; 95%CI: 1.12-1.45, p<0.001), also after adjustment for age, gender, MMSE score, 

disability, and history of stroke or cardiovascular disease (HR: 1.21, 95%CI: 1.06-1.40, p=0.007), and in 

participants without depressive symptoms (HR 1.26; 95%CI: 1.06-1.49, p=0.01). Depressive symptoms 

were associated with dementia (HR: 1.12, 95%CI: 1.05-1.19), also without apathy symptoms (1.16, 

95%CI: 1.03-1.31, p=0015), but not after full adjustment, nor when memory complaints were not 

counted as depressive symptom. We concluded that apathy and depressive symptoms are 

independently associated with incident dementia in community-dwelling older people although 

subjective memory complaints may play an important role in the association between depressive 

symptoms and dementia. Our findings suggested apathy symptoms may be prodromal to dementia and 

might be used in general practice to identify individuals without cognitive impairment at increased risk 

of dementia. 

In chapter 9, we evaluated the relation between a cluster of neuropsychiatric symptoms thought to be 

related to cholinergic deficiency, including apathy, and (cerebrovascular) damage to the cortical 

cholinergic projections which project from the nucleus basalis of Meynert to the cerebral cortex, using 

neuroimaging data from 87 patients with dementia. An atlas of these projections was constructed using 
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diffusion tensor imaging MRI and tractography. There was no association between the symptom cluster 

and cerebrovascular damage to the pathway in the form of white matter hyperintensities. White matter 

degradation in the chartered projections was specifically associated with the hypothesized symptom 

cluster and not with other neuropsychiatric symptoms, providing anatomical support for the hypothesis 

that damage to these specific projections may lead to a distinct behavioral syndrome in dementia. There 

was also a trend for patients with more degradation in the assessed projections and higher mortality, 

suggesting these patients are at a higher risk of health deterioration. The findings of the study could 

help to identify patients who may benefit from treatment with cholinesterase inhibitors or at increased 

risk of rapid clinical decline. 

  




