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Introduction

1. Historical overview of Alzheimer’s disease
The most common form of dementia in the elderly is Alzheimer’s disease, accounting 
for approximately 70% of all dementia cases, followed by vascular dementia, 
accounting for 15% of the cases. This information about prevalence can be read in most 
neurological textbooks, and sometimes it seems as if old-age dementia is considered 
almost synonymous with Alzheimer’s disease. This has certainly not been the case over 
the past 100 years, since Aloys Alzheimer described the first case of the disease that 
would later be called after him. The patient Alzheimer described in 1906 in his paper 
in ‘Algemeine Zeitschrift fuer Psychiatie’, entitled ‘Ueber eine eigenartige Erkrankung 
der Hirnrinde’, was only 51 years of age when Alzheimer first saw her.1 He described 
the neuropathological changes, now known as plaques and tangles. Before this, at 
the end of the 19th century, Alzheimer considered pre-senile dementia to be caused 
by ‘atheromatosis’ of cerebral vessels. After his description, it took until 1910 until 
Ernst Kraeplin, who had been his mentor, coined the described condition ‘Alzheimer’s 
disease’. For decades after this Alzheimer’s disease was considered as a rare form of 
pre-senile dementia, as opposed to old-age dementia which was generally thought to 
be caused by atherosclerotic disease of the brain, a condition already recognised as 
a cause for dementia long before Alzheimer saw his patient. In the 1970’s the strict 
distinction between Alzheimer’s disease and old age dementia faded again when 
quantitative measures of cognitive functioning were correlated with pathological 
changes in the brain. At the end of the1970’s and early 1980’s the cholinergic hypothesis 
emerged. According to this hypothesis the degeneration of cholinergic cells in the 
nucleus basalis of Meynert led to a lack of acetylcholine in the brain with cognitive 
decline as the ulimate result.
At the end of the 20th and early 21st century the plaques and tangles that Alzheimer 
already saw through his microscope received most attention again. The molecular 
structure and the main components of plaques (beta-amyloid) and tangles 
(hyperphosphorylated tau protein) were extensively studied, and most attention in the 
field of dementia research went to these pathological changes in the brain.
Over the last two decades, vascular disease as an important contributor to old-age 
dementia has received more and more attention again, and the insights about the 
causes of Alzheimer’s disease are shifting once more, but this time more nuances are 
added and researchers are not looking for a single explanation for this complicated 
and possibly heterogeneous disease anymore. With the progress in clinical medicine, 
with better neuro-imaging techniques and more sophisticated neuropathological 
techniques, the strict division between Alzheimer’s disease and vascular dementia is 
once again fading.
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2. Vascular risk factors and the risk of dementia
Researchers as long as 60 years ago realized that in order to gain insight in the 
pathophysiology of diseases which slowly develop over long time, large groups of people 
would have to be followed over many years. The famous ‘Framingham study’ was the 
first such study and several other large prospective cohort studies have followed.2 The 
relationship between vascular risk factors and dementia was repeatedly reported.
It was found that atherosclerosis and hypertension are significant risk factors for the 
development of dementia later in life.3,4 This association was later found for other 
vascular risk factors including diabetes mellitus, hypercholesterolemia and overweight 
as well. 5-7 Several other large prospective studies found associations between these 
risk factors and dementia as well, and in some studies lack of physical exercise and 
smoking were also found to be associated with an increased risk of dementia.8,9

In addition to these observational cohort studies, some intervention studies, mainly 
in cardiology, used cognitive decline and dementia as secondary outcome parameter. 
These studies found that the treatment of especially hypertension can possibly prevent 
cognitive decline and incident dementia.10 
No studies specifically aimed at prevention of cognitive decline or dementia by targeting 
vascular risk factors have been performed thus far.
The importance of a vascular component of Alzheimer’s disease is further supported 
by findings on neuro-imaging and at autopsy. Cerebrovascular lesions as found on 
MRI are very common in clinically diagnosed Alzheimer patients and contribute to 
dementia severity.11 At autopsy, often cerebrovascular lesions are found, in addition 
to plaques and tangles. These cerebrovascular lesions contribute to dementia severity, 
and especially in older subjects the presence of plaques and tangles does not correlate 
very well with cognitive functioning, suggesting other factors, such as vascular lesions, 
might play an important role.12

3. Cerebral capillary abnormalities
Cerebral amyloid angiopathy (CAA) is characterized by depositions of amyloid-β (Aβ) 
mainly in the menigeal and cortical arteries and arterioles. In rare cases it is familial, 
but the vast majority of CAA-cases are sporadic and the presence of CAA is strongly 
correlated with age. It is a common finding in the elderly and a very common finding in 
patients with Alzheimer’s disease (70-100%).13 The correlation with dementia severity is 
very weak, and sporadic CAA is, like familial CAA, mostly associated with intracerebral 
haemorrhages.
In addition to meningeal and cortical arteries and arterioles, in a small proportion of the 
subjects with CAA a remarkable involvement of the capillaries can be found, referred 
to as capillary CAA, or capCAA. The presence of capCAA occurs in any severity stage of 
CAA, making it unlikely to be just a severe form of CAA. Sporadic CAA can be divided 
into type 1, involving capillaries, and type 2, without capillary involvement.14 The two 
types of CAA are closely related, yet certain characteristics justify this division into two 
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different types. CapCAA is correlated to the severity of Alzheimer changes (i.e. plaques 
and tangles), whereas larger vessel CAA is not.15 The correlation between dementia 
and capCAA is weak, whereas there is no correlation between dementia and larger 
vessel CAA. The apolipoprotein E-e4 allele, one of the strongest susceptibility genes for 
Alzheimer’s disease, is far more common in capCAA than in larger vessel CAA.
Another remarkable feature of capCAA is the sometimes extensive spread of amyloid-β 
depositions into the neuropil surrounding the capillaries. These depositions were 
coined ‘angiopathie dyshorique’ in the sixties of the 20th century by the French 
neuropathologist Surbek, and this phenomenon is currently referred to as dyshoric 
angiopathy.16 These dyshoric changes are hardly seen around the larger CAA-affected 
vessels, and are a relatively rare phenomenon, of which the clinical significance is 
unclear.

4. Capillary morphology
The involvement of the vascularisation of the brain in the development of dementia and 
Alzheimer’s disease in particular has inspired small groups of researchers for decades. 
In spite of the fact that most attention in dementia research recently went to Aβ and 
tau metabolism, some researchers kept studying the role of the capillary network 
and blood-brain barrier dysfunction in the pathogenesis of dementia. Morphological 
changes to the capillary network including looping of arterioles, increased tortuosity 
of the capillaries, occurrence of so-called string-vessels (remnants of capillaries), and 
capillary density were studied, albeit not very intensively.17 
Recent research has focussed more on the function of the blood-brain barrier, rather 
than on morphological changes. The ‘neurovascular unit’, consisting of a capillary, the 
surrounding cellular components (astrocytes and their endfeet, pericytes, neurons), and 
the actual blood-brain barrier with its tight junctions are intensively studied by several 
research groups in the world, hypothesizing that faulty amyloid-β transport across it 
can be a major culprit in the accumulation of amyloid-β in the brain.18 Remarkably little 
studies have been done on the gross morphological changes of the capillary network 
in Alzheimer’s disease. Vascular lesions as seen from a clinical point of view (cerebral 
infarcts and white matter lesions) can probably not sufficiently explain the association 
of Alzheimer’s disease with the presence of vascular risk factors, since these lesions are 
not found in all patients.

5. Aims and outlines of this thesis
Part 1 of this thesis is on clinical studies aiming at modifying cardiovascular risk 
factors in order to slow down cognitive decline or prevent dementia in the elderly.
This part starts with the results of the EVA-study including 123 Alzheimer patients 
with cerebrovascular lesions on MRI who were randomized to either standard care or 
intensive vascular care aiming at several vascular risk factors including hypertension, 
diabetes mellitus, hypercholesterolemia and overweight. The clinical outcomes of this 
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study are described in chapter 2. Serial MRI scans were made in a subset of these 
patients, and the progression of cerebrovascular lesions over a two-year follow-up 
period is described in chapter 3. Progression of white matter lesions, as well as lacunar 
infarcts, hippocampal atrophy and global cortical atrophy are described. 
Following this relatively small study in Alzheimer patients, a new study was designed, 
in which the effect of intensive treatment aimed at vascular risk factors in elderly non-
demented subjects is evaluated. This preDIVA-study is a large cluster-randomized 
clinical trial, including more than 3500 subjects and has started in 2006. The rationale 
and outline of the study, as well as methodological issues and some baseline data, are 
discussed in chapter 4.

Part 2 of this thesis reports neuropathological studies on capillary changes in 
dementia. In chapter 5 a rare form of cerebral amyloid angiopathy is described. 
Twenty-two subjects with extensive capillary cerebral amyloid angiopathy with 
dyshoric changes were studied for their clinical and pathological characteristics. 
With immunohistochemical techniques the changes in and around the capillaries 
are visualized and the clinical data of the patients were retrospectively collected and 
studied. Some subjects with a rapidly progressive dementia, clinically suspected of 
Creutzfeldt-Jakob disease, also turned out to have extensive capillary cerebral amyloid 
angiopathy with dyshoric changes. In chapter 6 the clinical characteristics, including 
cerebrospinal fluid abnormalities, EEG-findings and MRI –findings of these patients 
are described. The reasons why these 6 cases were wrongly suspected of having 
Creutzfeldt-Jakob disease are discussed. Chapter 7 is a neuropathological study on the 
morphology of the capillary network in Alzheimer’s disease and controls. Stereological 
techniques were used to measure the capillary density in the cerebral cortex of these 
patients and then compared to controls.
In chapter 8, the general discussion, the findings of this thesis are summarized. Future 
directions for clinical studies on vascular risk factors and dementia are discussed. 
Pathophysiological mechanisms for the contribution of vascular risk factors in 
dementia are discussed.
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Abstract

Objectives: To investigate whether vascular care slows dementia progression in 
Alzheimer patients with cerebrovascular lesions on neuroimaging.
Design: Multicenter randomized controlled clinical trial with two year follow-up.
Setting: Neurological and geriatric outpatient clinics in ten Dutch hospitals: three 
academic, five teaching and two midsize community hospitals.
Participants: One hundred thirty community-dwelling patients with mild dementia 
fulfilling clinical criteria for Alzheimer’s disease with cerebrovascular lesions on 
neuroimaging.
Intervention: Patients randomized to vascular care were treated according to strict 
guidelines for hypercholesterolemia and hypertension. Acetylsalicylic acid, folic acid 
and pyridoxine were prescribed. During visits every three months special attention was 
paid to smoking cessation, losing weight and stimulating physical exercise.
Measurements: Primary outcome was disability, measured according to the Interview 
for Deterioration in Daily activities in Dementia (IDDD). Secondary outcomes were 
changes on the Mini Mental State Examination (MMSE), the Revised Memory and 
Behavioural Problems Checklist (RMBPC), a composite measure of ‘poor outcome’ 
(death, institutionalization or severe clinical decline), and costs.
Results: Patients in the vascular and standard care condition declined equally on the 
IDDD (13.7 point vs. 11.0; difference 2.71; 95%CI: -3.1;8.6). There was no treatment effect 
on the MMSE and RMBPC. There were no differences in institutionalization rate, ‘poor 
outcome’ (58.6% vs. 58.5%, p = 0.61) or costs. In the intervention group there were three 
intracerebral haemorrhages and one gastro-intestinal haemorrhage, versus none in the 
control group. 
Conclusions: Multi-component vascular care, combining pharmacological and non-
pharmacological interventions, does not slow decline in Alzheimer patients with 
cerebrovascular lesions.
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Introduction

Several lines of evidence suggest that in many patients with dementia the previous 
sharp distinction between a neurodegenerative and a vascular cause may not longer 
be tenable.1,2 Epidemiological studies have consistently documented associations 
between vascular risk factors and Alzheimer’s disease (AD).3 Hypertension, diabetes 
and hyperhomocysteinemia in the elderly have all been associated with an increased 
risk of dementia.4-6 Similar associations have been described for smoking, lack of 
physical exercise, obesity and (midlife) hypercholesterolemia.7-10 In addition, in  elderly 
people, the ‘metabolic syndrome’, consisting of several of these individual risk factors 
taken together, has been associated with an increased risk for AD.11

Moreover, autopsy studies show that a large proportion of patients fulfilling clinical 
criteria for AD have mixed pathology, with both cerebrovascular lesions as well as 
plaques and tangles.12 Clinico-pathological studies show that patients clinically 
diagnosed with AD with cerebrovascular lesions have fewer plaques and tangles than 
patients without, strongly suggesting a contribution of the cerebrovascular lesions to 
the clinical dementia syndrome.13,14 Consistent with these pathological observations, 
neuroradiological examinations show that cerebral white matter lesions and clinically 
silent infarcts increase the risk of future dementia.15,16 
Whereas the neurodegenerative component of AD is not amenable to treatment as yet, 
the vascular risk factors may represent a therapeutic target. The use of antihypertensive 
drugs has been associated with a lower incidence of dementia,17 and treatment of 
hypertension has been shown to reduce incident dementia in randomized clinical 
trials.18  Studies on the effect of lowering homocysteine and cholesterol have yielded 
inconsistent results 19-22, and a recently published randomized controlled trial found no 
effect on cognitive decline of the use of B-vitamins alone.23 Although physical exercise 
has been associated with a decreased risk of dementia, no data are available on life-style 
interventions in late life.24 Acetylsalicylic acid use has been associated with a lower risk 
for AD, but a recent open-label intervention study could not confirm this effect25,26 and 
it’s role in vascular dementia is unclear.27 Several authors, some more than 15 years ago, 
have recognized the need for clinical studies on the vascular component of dementia 28 
yet no study has ever addressed the question whether treatment of vascular risk factors 
in early AD patients with cerebrovascular lesions can actually slow down dementia 
progression. It was hypothesized that preventing additional cerebrovascular lesions 
would result in less cognitive decline. The synergistic effect of AD pathology and cerebral 
infarcts on cognition makes the effect of such an intervention plausible. A randomized 
clinical study was designed to investigate whether a multi-component intervention 
aimed at many vascular risk factors could result in clinical benefit for AD patients. 
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Methods

Study design and objectives
The study was designed as a multicenter randomized controlled trial comparing 
standard care (SC) to vascular care (VC), with assessment of clinical outcomes. 
Randomization was done centrally according to a computer generated code in a 1:1 
ratio in randomized permuted blocks of 4. The medical ethical committees of all 10 
participating hospitals approved the study. All patients and their legal representative 
gave written informed consent. The objective of the study was to investigate whether 
VC in AD patients with cerebrovascular lesions could slow down disease progression 
over 24 months as measured by clinical outcome parameters.

Patients
Patients were recruited through memory outpatient clinics of participating hospitals 
(three academic hospitals, five large teaching hospitals and two mid-size community 
hospitals). The inclusion criteria were aged 65 and older and fulfilling clinical criteria 
for the diagnosis ‘probable Alzheimer’s disease’29, with minimal or mild severity 
according to the guidelines for gradation of dementia in the ‘Cambridge Examination 
for Mental Disorders in the Elderly schedule’ (CAMDEX).30 White matter lesions of 
vascular of origin31 or one or more infarcts (lacunar or cortical) on MRI had to be 
present. A caregiver had to be available to assure adherence to therapy and to complete 
questionnaires (see below). Exclusion criteria were epilepsy, focal neurological deficits 
other than cognitive deficits or any condition that would preclude a follow up of 24 
months. 
At baseline all patients underwent neurological examination. Medical history and 
medication use were registered and blood pressure, weight and smoking habits were 
recorded. Blood was drawn for analysis of glucose, hemoglobin A1c, homocysteine, 
vitamin B12, folic acid, lipid-profile and creatinine. All patients underwent the same 
analyses again after 1 and after 2 years.

Intervention
The treating neurologist or geriatrician provided VC, which consisted of visits to 
the outpatient clinic every three months, where patients were treated according to 
a standardized protocol aimed at reducing the risk for additional cerebrovascular 
damage. Each patient received acetylsalicylic acid 38-100 mg, pyridoxine 50 mg and 
folic acid 0.5 mg per day. In case of total blood cholesterol above 5.0 mmol/l pravastatin 
40 mg was started. In case of hypertension (systolic pressure exceeding 140 mm Hg 
or diastolic pressure exceeding 90 mm Hg) antihypertensive treatment was started 
according to a standardized stepped protocol, starting with reducing salt intake 
and stimulating exercise, followed by a diuretic, and if necessary addition of a beta-
blocker and a calcium-antagonist. Patients with high serum glucose levels or glucose 
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intolerance were referred to an internist. Smoking cessation was encouraged, and in 
overweight patients attention was paid to dietary habits and stimulation of physical 
exercise.
Patients allocated to the SC condition were required only to attend the scheduled 1 and 
2 year follow-up visits. No specifications were made concerning vascular care in the SC 
condition, so patients specialists or GPs treated them according to general guidelines 
for treatment of vascular risk factors in the elderly. It was left to the discretion of the 
participating physician to schedule extra visits if required as regular care for dementia 
patients. Use of acetylcholinesterase-inhibitors (AChEI) was allowed in both treatment 
arms. 

Outcome parameters
Primary outcome measure was the decline in functioning measured according to 
activities of daily living (ADL). The Interview for Deterioration in Daily activities in 
Dementia (IDDD) is a paper and pencil questionnaire, to be completed by the caregiver 
with 11 items and a total score ranging from 0 (ADL independent) to 44 (completely 
dependent).32 
Secondary outcome parameters included the Mini Mental State Examination (MMSE), 
a commonly used 11-item cognitive scale ranging from 0-30 points that assesses 
multiple domains of cognitive functioning 33 and the Revised Memory and Behavioural 
Problems Checklist (RMBPC), a 25-item paper and pencil questionnaire for assessment 
of behavioural problems ranging from 0 (no behavioural problems) to 100 (severe 
behavioural problems).34 For missing items on the IDDD and RMBPC, weighted sum 
scores based on the actual number of items scored were used.
Attrition due to death or disease progression tends to inflate clinical outcome measures 
in trials with a long follow-up of patients with a progressive disease as AD. To overcome 
such bias, a binary outcome (‘poor’ vs. ‘not-poor’) was also used, in which ‘poor 
outcome’ was defined as death, institutionalization, or deterioration of  1 standard 
deviation (SD) or more on at least 2 of the 3 scales (IDDD, MMSE, RMBPC) after two 
years. Institutionalization was defined as admission to a nursing home or continuous 
nursing care at home. Another secondary outcome measure was costs.

Statistical analysis
Based on previous research, disease progression as measured with the primary 
outcome was estimated to be 14 to 15 IDDD-points over 2 years, with a SD of about 
8 points.35 With alpha set at .05, the study was designed to have 80% power to detect 
slowing of the course of dementia with 4-5 IDDD-points, equivalent to approximately 
0.6 SD (corresponding to slowing the course of the disease with 6-7 months over the 
study-period). This would require enrolment of about 100 patients; accounting for a 
drop-out rate of 20-25%, 130 patients were scheduled to be randomized. 
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The statistical analysis plan was finalized and potential confounders were pre-specified 
for use as covariates before the database was locked. Group differences at baseline were 
assessed using independent sample t-test, Mann-Whitney test and chi-square test or 
Fisher exact test, where appropriate. General linear models were used for the primary 
efficacy analysis, with scores for the IDDD, MMSE and RMBPC as the dependent 
variable, treatment condition as factor and baseline score for the specific measure 
under study, age, AChEI use and acetylsalicylic acid or coumarin use as covariates. The 
covariates were selected because of their potential influence on dementia progression 
over 2 years. Acetylsalicylic acid or coumarin use was included in the model because of 
imbalance between the two groups at baseline, whereas at the same time this was part 
of the intervention. Furthermore, whether VC affected body mass index and levels of 
blood pressure was studied using linear regression models, adjusting for their respective 
baseline values, age and AChEI use. For the effect on laboratory measures, age and 
baseline value of the parameter analyzed were adjusted for. These analyses included 
only patients completing the final assessment at study end (observed-cases), avoiding 
the need to perform imputations of missing values. A repeated measures analysis 
on the primary outcome was performed to study potential differences between the 
treatment conditions in pattern of deterioration. An intention-to-treat analysis of the 
binary outcome ‘poor vs. not poor’ was performed using a logistic regression model 
adjusting for age, AChEI use, acetylsalicylic acid or coumarin use and baseline IDDD 
score. All statistical testing was two-tailed and performed with SPSS 14.0 (SPSS Inc., 
Chicago, IL).

Cost-effectiveness analysis
A cost-effectiveness analysis (CEA) was performed from a societal perspective with 
the costs per patient without poor outcome at two years as the primary outcome 
parameter. Relevant direct medical (study medication, hospital care, institutional 
care, home care) and non-medical (informal care, out-of-pocket expenses) costs were 
included. Considering the age of the study population the indirect non-medical costs of 
production loss at work were discarded. Unit costing for base year 2007  was performed 
in accordance with standard guidelines for health care research and pharmaceutical 
guidelines in The Netherlands36, resulting in the application of real costs for health care 
components and market prices for drugs, including a standard pharmacy prescription 
revenue per drug per quarter. Costs were expressed in Euros. With a 2 year follow-
up period and in accordance with current guidelines, costs were also discounted at a 
rate of 4%. Differences between groups were assessed by calculating 95% confidence 
intervals for the mean differences after correction for bias and using accelerated non-
parametric bootstrapping, drawing 10,000 samples of the same size as the original 
sample separately for each group and with replacement. 
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Results

Sample characteristics
Inclusion of the 130 patients took place between November 2002 and April 2005. A 
flow chart of the trial is presented in figure 1. A total of 94 patients (72.3%) completed 
the 2-year follow-up. At baseline there were no significant group differences, except 
that patients in the VC group used acetylsalicylic acid or coumarin derivates more 
frequently. (Table 1)
Seven patients were excluded from the study and all subsequent analyses because they 
withdrew consent before the baseline assessment (5), or the inclusion criteria were 
violated (2). The drop-out rate was similar in both groups. Most drop-outs were the 
result of dementia progression, caregiver burden, or institutionalization in a condition 
that precluded outpatient-clinic visits. To minimize drop-out, trial nurses visited 

Figure 1. Flowchart of the study.
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Table 1. Baseline demographic, laboratory and clinical characteristicsa

demographic characteristicsb Standard care (n=58) Vascular care (n=65)

Age, mean (SD), y 76.2 (4.8)   76.7 (5.6) 

disease duration, y (SD) 2.3 (1.5)  2.5 (1.5)

Sex

Female 35 (60.3) 35 (53.8)

Male 23 (39.7) 30 (46.2)

Education

< 7 years 14 (24.1) 15 (23.1)

7-11 years 34 (58.6) 41 (63.1)

> 11 years 7 (12.1) 9 (13.8)

Unknown 3 (5.2) 0 (0.0)

Alcohol

<1 unit/week 26 (44.8) 34 (52.3)

<1 unit/day >1 unit/week 8 (13.8) 12 (18.5)

>1 unit/day 23 (39.7) 18 (27.7)

Unknown 1 (1.7) 1 (1.5)

Smoking

Current 5 (8.6) 3 (4.6)

Ever 31 (53.4) 26 (40.0)

Never 22 (37.9) 36 (55.4)

Drug use: 

Cholinesterase inhibitor/memantine 18 (31.0) 21 (32.3)

Antihypertensive 24 (41.4) 31 (47.7)

Acetylsalicylic acid/coumarin 16 (27.6) 29 (44.6)

Lipid-lowering drug 13 (22.4) 10 (15.4)

Stroke or TIA 6 (10.3) 3 (4.6)

Coronary heart disease 8 (13.8) 12 (18.5)

physical and laboratory characteristicsc

Bloodpressure

Systolic, mmHg 156.1 (24.5) 153.6 (22.6)

Diastolic, mmHg 86.2 (12.5) 82.7 (9.5)

Weight, kg 74.1 (13.8) 73.5 (12.5)

Body Mass Index, kg/m2 26.3 (4.3) 26.0 (4.3)

Blood values

Glucose, mmol/l 5.8 (1.3) 5.7 (1.2)

HbA1C, % 5.9 (0.7) 5.9 (0.6)

Homocysteine, μmol/l 14.6 (5.9) 16.3 (10.4)

Folic Acid, nmol/l 17.4 (9.1) 18.4 (12.2)

Vitamine B12, pmol/l 310.7 (139.9) 309.3 (160.5)

Triglycerides, mmol/l 1.5 (1.0) 1.6 (0.8)
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Table 1. cont.

physical and laboratory characteristicsc Standard care (n=58) Vascular care (n=65)

Tot cholesterol, mmol/l 5.6 (1.2) 5.8 (1.2)

HDL, mmol/l 1.7 (0.5) 1.6 (0.5)

LDL, mmol/l 3.4 (1.0) 3.6 (1.1)

Clinical scoresc

Interview for Deterioration of Daily activities 
in Dementia

10.7 (9.3) 9.5 (9.4)

Mini Mental Status Examination 22.2 (3.6) 22.3 (3.3)

Revised Memory and Behavioural Problems 
Checklist

26.1 (9.9) 25.5 (10.3)

MRI abnormalitiesc

White Matter Lesions (Fazekas score)d 2.04 (0.80) 2.09 (0.86)

Lacunes (n, %) 21 (36.8) 20 (31.3)

Cortical infarct (n, %) 5 (8.8) 8 (12.5)

aNo significant group differences were observed, except for acetylsalicylic acid/coumarin use (p = 0.05). 
bValues are expressed as number (percentage) unless indicated otherwise. cValues are expressed as mean 
(SD). d The Fazekas scale is a semi-quantative rating scale ranging from 0-3 (none-mild-moderate-severe) 
and reflects WML severity 29.

Figure 2. Clinical outcome measures. Progression on the three clinimetrical scales over 2 years. (A) IDDD: 
Interview for Deterioration in Daily activities in Dementia (range 0-44). (B) MMSE: Mini Mental Status 
Examination (range 0-30). RMBPC: (C) Revised Memory and Behavioral Problems Checklist (range 0-100). 
Vertical bars represent standard error of the mean (SE).
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institutionalized patients for completion of follow-up and information about personal 
situation after 2 years (living at home, institutionalized or dead) could be retrieved in 
all 123 patients. 

Clinical outcomes
There was no significant difference between the two groups in the primary outcome 
(IDDD) or the secondary outcomes (MMSE and RMBPC) (table 2 and fig. 2). 
Adjustments for the respective baseline score, age, AChEI-use and acetylsalicylic acid 
or coumarin-use did not affect this conclusion. A repeated-measures analysis was 
performed, including the data obtained after 1 year, but this did not affect the results. 
There were no differences in institutionalization rates (41.4% vs. 35.4%, p = 0.50) or 
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deaths (10.3% vs. 9.2%, p = 0.84). A ‘poor outcome’ (death, institutionalization or severe 
clinical deterioration) occurred in 58.6% in the control group and 58.5 % in the VC 
group (p = 0.61, table 3).

Laboratory outcomes
Total cholesterol, Low-density lipoprotein cholesterol and homocysteine decreased 
and folic acid increased significantly in the VC group during follow-up (table 2). Systolic 
and diastolic blood pressure, calculated as the change over time in each individual 
patient, decreased significantly in both groups over the two years, without a significant 
difference between the two treatment strategies (table 2). 

Adverse events and deaths
Intracerebral hematoma (ICH) caused three of the deaths in the VC group and none in 
the control group (difference 4.6% (CI -0.5%; 9.7%)); the cause of death of two patients 
in the SC group was uncertain, but both patients died acutely making an ICH far less 

Table 2 clinical and laboratory outcomes at 1 year, 2 years, and change scores over 2 years

Clinical outcome scores Standard care vascular care Between-group 
difference in change 

score (95% CI)

p-valuea

1 year (n=48) 2 year (n=44) Change score over 
2 years

1 year (n=57) 2 year (n=50) Change score over 
2 years

IDDDb 15.2 (10.9) 22.8 (13.4) 11.04 (13.1) 10.9 (7.4) 17.9 (13.5) 13.75 (10.3) 2.71 (-3.14;8.56) 0.26

MMSEc 19.5 (5.2) 17.0 (6.4) - 5.23 (6.0) 19.7 (5.1) 16.8 (8.1) - 5.78 (6.4) - 0.55 (-3.12;2.02) 0.65

RMBPCb 31.9 (12.5) 37.3 (15.4) 6.63 (12.8) 30.3 (13.6) 31.1 (14.7) 11.17 (13.1) 4.54 (-1.39;10.49) 0.35

Clinical measures

Blood pressure

Systolic, mmHg  146.4 (20.7) 142.4 (17.8) -18.65 (25.3) 143.1 (21.3) 136.2 (22.8) -14.53 (24.0) -4.12 (-14.75;6.16) 0.86

Diastolic, mmHg 82.8 (10.6) 82.4 (10.6) -5.64  (15.9) 79.9 (9.3) 77.1 (9.7) -3.67 (12.8) -1.97 (-8.21;4.26) 0.65

BMI, kg/m2 25.9 (4.3) 26.1 (4.1) -0.75 (2.3) 26.1 (4.4) 26.3 (4.3) 0.18 (2.0) 0.93 (-0.03;1.89) 0.09

Selected laboratory values

HbA1C, % 5.9 (0.6) 5.8 (7.1) 0.05 (0.5) 5.9 (0.6) 5.9 (0.7) 0.25 (0.5) 0.20 (-0.08;0.48) 0.16

Homocysteine, μmol/l 15.4 (5.6) 15.0 (5.4) 0.14 (4.0) 12.5 (5.1) 12.5 (5.2) -4.54 (8.8) -4.68 (0.53;8.82) 0.003

Folic Acid, nmol/l 15.5 (9.8) 15.8 (7.9) 0.18 (8.9) 39.2 (13.5) 42.2 (9.7) 24.40 (10.8) 24.22  (-18.97;29.47) <0.001

Vitamine B12, pmol/l 311.2 (127.3) 279.8 (86.8) 3.40 (95.8) 314.8 (146.8) 293.9 (168.6) -35.47 (146.2) - 38.87 (-102.77;25.03 0.63

Triglycerides, mmol/l 1.6 (0.8) 1.44 (0.9) 0.15 (0.87) 1.5 (0.7) 1.4 (0.6) -0.34 (0.81) -0.49 (-0.94;-0.04) 0.20

Tot Cholesterol, mmol/l 5.6 (1.4) 5.4 (1.2) -0.12 (0.90) 5.0 (1.1) 4.88 (1.0) -1.06 (1.05) -0.94 (1.43;-0.45) 0.001

HDL, mmol/l 1.6 (0.7) 1.5 (0.5) -0.02 (0.23) 1.8 (0.8) 1.6 (0.5) -0.04 (0.31) -0.02 (-0.17;0.13) 0.99

LDL, mmol/l 3.3 (1.1) 3.3 (1.0) -0.09 (0.80) 2.7 (0.8) 2.7 (0.8) -0.98 (1.00) -0.90 (-1.44;-0.36) 0.002

IDDD: Interview for Deterioration in Daily activities in Dementia. MMSE: Mini Mental Status Examination. 
RMBPC: Revised Memory and Behavioural Problems Checklist. All values represent means (SD), unless 
indicated otherwise. Some values are based on fewer observations than indicated above the columns, due 
to missing values; this explains why change scores do not equal the difference between baseline and 2 year 
follow-up. 

a p-values for clinical outcomes and clinical measures result from univariate analysis of covariance 
adjusted for age, AChEI-use, aspirin/coumarin-use and baseline value of the analyzed parameter; p-values 
for laboratory measure result from univariate analysis of covariance adjusted for age and baseline value 
of the analyzed parameter. b Higher scores equate with worse function or more problems. c Higher scores 
equate with better function.
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likely than a cardiac cause. The only reported side effects were a gastro-intestinal 
haemorrhage in one patient and epistaxis in two, all three in the VC group. 

Costs
During the 2-year follow-up the total undiscounted health care costs per patient were 
41,729 euro in the VC group compared with 39,702 euro in the SC group (difference 
2,026 euro, 95% CI: minus 11,688 to 15,587). Institutionalization, home care, informal 
care, and out-of-pocket expenses generated the vast majority of the costs (92% and 
95.2% respectively). The extra VC costs of study medication, laboratory analysis, and 
additional outpatient visits accounted for only 3.4% of the total VC associated costs 
(1,421 euro). Without better clinical and economic outcomes, the probability of VC 
being cost-effective compared to SC is low (0.44 at maximum for willingness-to-pay 
values per prevented poor outcome up to 100,000 euro). Discounting costs hardly 
changed the results. 

Table 2 clinical and laboratory outcomes at 1 year, 2 years, and change scores over 2 years

Clinical outcome scores Standard care vascular care Between-group 
difference in change 

score (95% CI)

p-valuea

1 year (n=48) 2 year (n=44) Change score over 
2 years

1 year (n=57) 2 year (n=50) Change score over 
2 years

IDDDb 15.2 (10.9) 22.8 (13.4) 11.04 (13.1) 10.9 (7.4) 17.9 (13.5) 13.75 (10.3) 2.71 (-3.14;8.56) 0.26

MMSEc 19.5 (5.2) 17.0 (6.4) - 5.23 (6.0) 19.7 (5.1) 16.8 (8.1) - 5.78 (6.4) - 0.55 (-3.12;2.02) 0.65

RMBPCb 31.9 (12.5) 37.3 (15.4) 6.63 (12.8) 30.3 (13.6) 31.1 (14.7) 11.17 (13.1) 4.54 (-1.39;10.49) 0.35

Clinical measures

Blood pressure

Systolic, mmHg  146.4 (20.7) 142.4 (17.8) -18.65 (25.3) 143.1 (21.3) 136.2 (22.8) -14.53 (24.0) -4.12 (-14.75;6.16) 0.86

Diastolic, mmHg 82.8 (10.6) 82.4 (10.6) -5.64  (15.9) 79.9 (9.3) 77.1 (9.7) -3.67 (12.8) -1.97 (-8.21;4.26) 0.65

BMI, kg/m2 25.9 (4.3) 26.1 (4.1) -0.75 (2.3) 26.1 (4.4) 26.3 (4.3) 0.18 (2.0) 0.93 (-0.03;1.89) 0.09

Selected laboratory values

HbA1C, % 5.9 (0.6) 5.8 (7.1) 0.05 (0.5) 5.9 (0.6) 5.9 (0.7) 0.25 (0.5) 0.20 (-0.08;0.48) 0.16

Homocysteine, μmol/l 15.4 (5.6) 15.0 (5.4) 0.14 (4.0) 12.5 (5.1) 12.5 (5.2) -4.54 (8.8) -4.68 (0.53;8.82) 0.003

Folic Acid, nmol/l 15.5 (9.8) 15.8 (7.9) 0.18 (8.9) 39.2 (13.5) 42.2 (9.7) 24.40 (10.8) 24.22  (-18.97;29.47) <0.001

Vitamine B12, pmol/l 311.2 (127.3) 279.8 (86.8) 3.40 (95.8) 314.8 (146.8) 293.9 (168.6) -35.47 (146.2) - 38.87 (-102.77;25.03 0.63

Triglycerides, mmol/l 1.6 (0.8) 1.44 (0.9) 0.15 (0.87) 1.5 (0.7) 1.4 (0.6) -0.34 (0.81) -0.49 (-0.94;-0.04) 0.20

Tot Cholesterol, mmol/l 5.6 (1.4) 5.4 (1.2) -0.12 (0.90) 5.0 (1.1) 4.88 (1.0) -1.06 (1.05) -0.94 (1.43;-0.45) 0.001

HDL, mmol/l 1.6 (0.7) 1.5 (0.5) -0.02 (0.23) 1.8 (0.8) 1.6 (0.5) -0.04 (0.31) -0.02 (-0.17;0.13) 0.99

LDL, mmol/l 3.3 (1.1) 3.3 (1.0) -0.09 (0.80) 2.7 (0.8) 2.7 (0.8) -0.98 (1.00) -0.90 (-1.44;-0.36) 0.002

IDDD: Interview for Deterioration in Daily activities in Dementia. MMSE: Mini Mental Status Examination. 
RMBPC: Revised Memory and Behavioural Problems Checklist. All values represent means (SD), unless 
indicated otherwise. Some values are based on fewer observations than indicated above the columns, due 
to missing values; this explains why change scores do not equal the difference between baseline and 2 year 
follow-up. 

a p-values for clinical outcomes and clinical measures result from univariate analysis of covariance 
adjusted for age, AChEI-use, aspirin/coumarin-use and baseline value of the analyzed parameter; p-values 
for laboratory measure result from univariate analysis of covariance adjusted for age and baseline value 
of the analyzed parameter. b Higher scores equate with worse function or more problems. c Higher scores 
equate with better function.
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Discussion

The present findings do not support the hypothesis that an intervention aimed at 
the vascular component of dementia slows disease progression in patients with a 
clinical diagnosis of early AD with concomitant cerebrovascular lesions. In spite of all 
epidemiological and pathological evidence of the relevance of vascular factors in AD, no 
benefit was found in daily functioning, cognitive deficits, or behavioural abnormalities 
as a result of VC. Because of the multi-component character of the present intervention, 
the possibility that a beneficial effect of one component of the intervention has 
outweighed a negative effect of another cannot be excluded. Also, the small sample 
size of the study renders this conclusion prone to a type II error (i.e.  a minute benefit 
as a result of VC may have been missed), although the follow up period of 2 years, which 
is relatively long for this type of study, and the use of three dimensions of dementia 
severity that were probed, should have allowed for any clinically relevant treatment 
effect to be detected. Moreover, analysis of the trial results with a global outcome, 
which allowed all patients who died and all retrieved drop-outs to be included, failed 
to show any benefit of VC in averting an overall ‘poor’ outcome. Close inspection of the 
data does not suggest even a trend for benefit of VC, but rather the reverse ( fig 2). 
The study was designed as a randomized controlled open study, because of the nature of 
the intervention and impossibility of blinding for individualized vascular interventions. 
Assessment at follow-up by a physician blinded to the treatment allocation would have 
been difficult, because it was clear to patient and caregiver in which treatment arm the 
patient was, making appropriate concealment from the physician unlikely, and to the 
caretaker, who completed the IDDD and RMBPC, impossible. It is likely that any bias 
resulting from unblinded assessment by the caregiver who completed the IDDD and 
the RMBPC, or the clinician assessing other parameters, could have expected to favour 
VC, which was not observed. The power analysis was based on data from regular AD 
trials, because no specific data on AD patients with cerebrovascular lesions on MRI 

Table 3. Binary outcome ‘poor’ vs. ‘not poor’

Patients, n (%) Standard care
n = 58

Vascular care
n = 65

Odds ratio 95 % CI p

Personal situation

living at home 28 (48.3) 36 (55.4) 1.13 0.48 – 2.63 0.78

institutionalization 24 (41.4) 23 (35.4) 0.96 0.42 – 2.20 0.91

death 6 (10.3) 6 (9.2) 1.38 0.35 – 5.46 0.65

Severe clinimetrical decline 12 (27.3) 17 (34.0) 1.46 0.58 - 3.72 0.42

Combined ‘poor outcome’ 34 (58.6) 38 (58.5) 1.23 0.56 – 2.69 0.61

Poor outcome = death, institutionalization, or severe clinical decline (³1SD deterioration on ³2 scales). 
Odds ratios and 95% CI are derived from logistic regression analysis adjusting for age, baseline IDDD, 
acetylsalicylic acid/coumarin use and acetylcholinesterase-inhibitor use. Difference in deaths in standard 
care group between fig 1 and table 3: 1 patient died after drop-out, but before 2 years after inclusion-date.
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were available. Because patients with AD with varying degrees of cerebrovascular 
comorbidity according to MRI must have been included also in regular AD trials, it is 
likely that the disease course in this population would be comparable with those in 
other AD trials. This was the case 25,35, reducing theoretical concerns about the validity 
of the power analysis.
Significant changes in total cholesterol, low-density lipoprotein cholesterol, 
homocysteine and folic acid as result of VC, reflect that adherence to prescribed 
medication was adequate. In contrast, there were no differences with respect to blood 
pressure levels or body weight after 2 years, suggesting that compliance might not 
have been optimal in these respects. However, blood pressure decreased significantly 
during the study in both groups and was close to 140/90 mmHg after 2 years. It remains 
questionable whether a stricter regime of antihypertensive treatment would have 
offered patients more benefit, because low blood-pressure has been associated with a 
greater risk of AD and cognitive decline in late-life.37 It is hard to assess exactly the effect 
in this study of encouraging elderly people to have more physical exercise. It is plausible 
that well-structured programs may be more efficient than general encouragement 
from the treating physician as was done in the present study. Some studies suggest that 
dedicated programs of physical exercise can be beneficial in nursing home residents 
with dementia and in subjects with memory complaints without dementia, although 
in the latter group the effect size is small.38,39 
All patients in this study had evidence of cerebrovascular lesions on neuroimaging, 
but few had clinically suffered from a stroke or transient ischemic attack. Therefore, 
according to current guidelines, there was no indication for acetylsalicylic acid in  
patients except those with concomitant cardiac or peripheral vascular disease. In the 
present study, three cases of ICH were encountered in the VC-group. Although this 
small number of patients precludes a definitive conclusion, the finding is worrisome, 
because use of aspirin was also associated with fatal ICH in AD patients in a recently 
published study. 25 Taken together, these findings suggest that patients with AD who 
use acetylsalicylic acid might be at greater risk of ICH. A possible reason for this could 
be that cerebral amyloid angiopathy, which is a pathological finding in as many as 
70 to more than 90% of all patients with AD 40,41, may render patients prone to ICH, 
with a possibly more severe course because of the decreased thrombocyte aggregation 
caused by the acetylsalicylic acid. This suggests that prescription of acetylsalicylic acid 
might better be avoided in this group of patients, unless there is a clear indication from 
concomitant cardiovascular disease. 

The pragmatic design of the study and its conduct in regular practice may have resulted in 
several limitations. For example, patients were not under continuous, close surveillance 
of trial nurses and extensive neuropsychological testing was not performed. However, 
the external validity of the results of this trial is high. It shows that long term intensive 
VC for patients with dementia is feasible in daily practice (considering the effects on 
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laboratory parameters and the relatively limited attrition during a 2-year follow-up), 
but does not lead to distinct benefits for patients that are detectable using clinically 
relevant measures of disability, cognitive function and behavioural abnormalities. 
A possible cause of the disappointing results of VC in the spectrum of patients included 
in this study could be that the intervention was initiated too late, despite the fact 
that patients with cognitive deficits that were on average just below conventional 
cut off values for dementia and with only limited disability were recruited. However, 
neuropathological changes predate clinical symptoms of dementia and patients who 
are taken to represent early stages of dementia from a clinical perspective, may already 
have severe neuropathological abnormalities.42 Recognition of patients at even earlier 
stages (e.g. with cognitive impairment without overt dementia and with cerebrovascular 
lesions as a possible contributor to the deficit) might result in identification of patients 
who may benefit from meticulous vascular care. Now that it is known that VC is not 
more expensive than regular care, obtaining even a small clinically relevant benefit 
will already be cost-effective. In addition, studies in elderly with vascular risk factors 
but without manifest cognitive impairments, might give answers as to whether earlier 
treatment might lead to prevention of dementia. At least one study that addresses this 
issue is in progress.43 Moreover, in addition to targeting different populations, other 
types of interventions can be designed that are supported by findings from recent 
clinical trials concerning vascular risk factors in AD and dementia. These could include 
more intensive physical exercise, avoiding acetylsalicylic acid and possibly include a 
higher dosage of a different statin.22
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Abstract

Background and purpose: White matter lesions (WML) and cerebral infarcts are 
common findings in Alzheimer’s disease and may contribute to dementia severity. 
WMLs and lacunar infarcts may provide a potential target for intervention strategies. 
This study assessed whether multi-component vascular care in Alzheimer’s disease 
patients with cerebrovascular lesions slows progression of WMLs and prevents 
occurrence of new infarcts.
Methods: A randomized controlled clinical trial, including 123 subjects, compared 
vascular care with standard care in patients with Alzheimer’s disease with 
cerebrovascular lesions on MRI. Progression of WMLs, lacunes, medial temporal 
lobe atrophy and global cortical atrophy were semi-quantitatively scored after 2-year 
follow-up.
Results: Sixty-five subjects (36 vascular care, 29 standard care) had a baseline and 
a follow-up MRI and in 58 subjects a follow-up scan could not be obtained due to 
advanced dementia or death. Subjects in the vascular care group had less progression 
of WMLs as measured with the WML change score (1.4 vs. 2.3, p = 0.03). There was no 
difference in the number of new lacunes change in global cortical atrophy or medial 
temporal lobe atrophy between the two groups.
Conclusions: Vascular care in patients with Alzheimer’s disease with cerebrovascular 
lesions slows progression of WMLs. Treatment aimed at vascular risk factors in patients 
with early Alzheimer’s disease may be beneficial, possibly in an even earlier stage of the 
disease.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease characterized by extracellular 
deposits of amyloid-beta (Aβ) and intracellular tangles of hyperphosphorylated tau-
protein on neuropathology. On MRI, the most important features of AD are medial 
temporal lobe atrophy (MTLA) and global cortical atrophy (GCA). Cerebrovascular 
lesions, such as white matter lesions (WML) and (lacunar) infarcts, are common 
findings on neuro-imaging in cognitively intact elderly and are associated with 
an increased risk of dementia.1,2 Most cases clinically diagnosed as AD often have 
cerebrovascular lesions as well,3,4 and a large number of AD patients, especially the 
older patients, probably suffer from what can be called ‘mixed dementia’.5,6 AD patients 
with cerebrovascular lesions have fewer plaques and tangles than AD patients without 
vascular damage, suggesting that cerebrovascular lesions contribute to the dementia 
syndrome and its severity.7,8 This is supported by the finding that the correlation 
between plaque and tangle load with dementia severity strongly decreases with 
increasing age, suggesting that other factors contribute to the dementia syndrome.9 
In addition to these radiological and pathological findings, vascular risk factors like 
hypertension, diabetes, hypercholesterolemia and adiposity have consistently been 
associated with an increased risk of AD.10 
Both increase of WML and the occurrence of new lacunar infarcts over time occur 
in cognitively intact elderly subjects and AD patients.11,12 Several vascular risk factors 
including systolic hypertension, overweight and high triglycerides have been shown to 
be risk factors for increase of cerebrovascular lesions12 and progression of WML in AD 
is correlated to blood pressure.13 Therapies that aim to improve the cardiovascular risk 
profile therefore have the potential to decrease the progression of cognitive decline by 
preventing the occurrence of additional cerebrovascular lesions. 
Treatment of cardiovascular risk factors reduces the risk of incident and recurrent 
stroke14,15 and treatment of hypertension reduces the risk of incident dementia, 
including AD.16 Whether treatment of other cardiovascular risk factors (e.g. 
hypercholesterolemia, hyperhomocysteinemia and lack of physical exercise) can 
prevent additional WML and lacunar infarcts, and via this pathway progression of 
cognitive decline, is currently uncertain.
The aim of this study is to evaluate whether a multi component intervention strategy 
aimed at various vascular risk factors in early AD patients with cerebrovascular lesions 
can prevent additional WML and cerebral infarcts, in order to slow down disease 
progression.
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Methods

Study population
The patients for this study were participating in the EVA-study (Evaluation of Vascular 
care in Alzheimer’s disease), a multi-centre randomized controlled clinical trial in 123 
patients investigating whether vascular care could slow down dementia progression.17 
Inclusion criteria were age over 65 years, fulfilling the clinical criteria for the diagnosis 
’probable AD’,18 judged to be mild as based on global clinical judgement, and the presence 
of cerebrovascular lesions on MRI. Patients with WML of presumed vascular origin 
or (lacunar) infarcts were eligible. Exclusion criteria were epilepsy, focal neurological 
deficits other than cognitive deficits or any condition that would preclude a follow 
up of 24 months. Recruitment of patients took place between October 2002 and May 
2005. The study was performed in ten participating hospitals, including three academic 
hospitals, five large teaching hospitals and two mid-size community hospitals. The 
study was approved by the medical ethical committees of all 10 participating hospitals 
and all patients or their legal representative gave written informed consent. 

Study design and interventions
The study was designed as a randomized controlled trial comparing a multi component 
intervention strategy aimed at various vascular risk factors, referred to as vascular 
care (VC) to standard care (SC). Randomization took place according to a computer 
generated code in a 1:1 ratio in randomized permuted blocks of 4. 
The intervention group received vascular care consisting of a combination of lifestyle 
interventions (weight loss and dietary advice in case of a BMI > 25 kg/m2, physical 
exercise, smoking cessation) and medication (acetylsalicylic acid 38-100 mg, pyridoxine 
50 mg and folic acid 0.5 mg). Hypertension was treated according to a stepped protocol, 
starting with reducing salt intake and increasing exercise, followed by a diuretic, and 
if necessary addition of a beta-blocker or a calcium antagonist. in case of a systolic 
pressure > 140 mm Hg or a diastolic pressure > 90 mm Hg. Hypercholesterolemia was 
treated with pravastatin 40 mg in case of a total cholesterol > 5 mmol/l and in case of 
a high glucose or glucose intolerance an internist was consulted. For the VC patients 
follow-up visits were scheduled every three months to monitor adherence to the 
treatment protocol and adjust both the medical and the non-medical interventions 
when necessary in a tailor-made way for each patient. The SC patients were referred 
back to their general physician (GP). Follow-up was at one year and at two years for 
clinical parameters and a follow-up MRI was obtained at two year follow-up.

Outcome parameters
The primary outcome parameter of this study was the progression of white matter 
lesions and the occurrence of new lacunar infarcts. Secondary outcome parameters 
were progression of GCA and MTLA and the occurrence of new cortical infarcts.
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MRI examination
The MRI-scans at baseline and at follow-up were obtained in the hospital where the 
patient was included and where the follow-up was done. Except for one patient, baseline 
and follow-up scan were on the same machine. MRI-scanners were 1.5T machines of 
various vendors. One centre used a 1.0T scanner. The scanning protocol was uniform 
for all centres and included the following sequences: Axial FLAIR ( fluid-attenuated 
inversion recovery), T1-weighted 3D MPRAGE (magnetization prepared rapid-
acquisition gradient-echo) in the coronal or sagittal plane with coronal reconstruction, 
T2-Fast Spin Echo in the axial or coronal plain. A small proportion of the baseline scans 
(25.4%) were only available on film. The rest of the baseline scans and all the follow-up 
scans were uploaded on a single workstation and analyzed by a single, trained rater 
(ER), who was blind to the clinical data and treatment allocation. 
WML at baseline were visually rated on the axial FLAIR with the use of two semi-
quantitative rating scales. The Fazekas scale is a four-point scale (none, mild, moderate, 
severe) rating the extent and severity of the deep white matter changes and the Scheltens 
scale, a scale in which WML are rated 0-6 in 13 subcortical regions including the basal 
ganglia and infratentorial region, and 0-2 in 3 periventricular regions, resulting in a total 
range of 0-84. 19, 20 Progression of WML was rated with the use of the modified WML 
change score, in which WML progression can be scored as decrease, stable or increase 
in four subcortical regions ( frontal, parietal, temporal, occipital), three periventricular 
regions ( frontal caps, occipital caps, lateral bands), basal ganglia and infratentorial, 
thus leading to a change-score of zero to nine (theoretically the minimum score is 
minus 9, but decrease of WML did not occur in our sample).21 For this rating scale the 
two scans were rated side-by-side. 
The number of lacunes (defined as round or ovoid cavities of 3-10 mm) and larger 
subcortical or cortical infarcts was counted at baseline and follow-up with the use of 
the FLAIR, MPRAGE and T2-weighted images. GCA was rated on the axial FLAIR using 
a 4-point visual rating scale (1 = none, 2 = widening of sulci, 3 = atrophy of gyri, 4= end 
stage atrophy with ‘razor-blade’ gyri).22 MTLA was visually rated on coronal MPRAGE 
when available, and coronal FLAIR in the other cases using a 5-point scale (0 = none, 
1 = widening of Choroid fissure, 2 = widening temporal horn, opening fusiform and 
collateral sulcus, 3 = profound volume loss hippocampus, 4 = end stage atrophy).23 The 
mean of the left and right MTLA score was used in the analysis. For calculating MTLA 
and GCA progression and occurrence of new lacunar infarcts, change scores were 
calculated by subtracting baseline score from follow-up score. The intrarater reliability 
for semiquantative rating of WML, MTLA and GCA was determined on a standardized 
set of 20 scans at the image analysis center of VU University Medical Center. Cohen’s 
kappa was > 0.9 for WML ( for both the Fazekas and Scheltens scales), 0.9 for GCA and 
0.8 for MTA.



38

Chapter 3

Statistical analysis
Group differences at baseline were assessed using student’s T-tests for normally 
distributed continuous variables, Mann-Whitney U tests for continuous not normally 
distributed variables or ordinal variables and Chi-square or Fisher Exact statistics for 
dichotomous variables. 
The modified WML change score was analyzed using Mann-Whitney-U statistics. In 
addition it was trichotomized into none, medium (1-3 points), severe (> 3points) and 
analyzed with Chi-square statistics with linear by linear association. To correct for 
the difference in diastolic blood pressure between the groups at baseline, an ordinal 
regression model was used with diastolic blood pressure as a covariate. To correct for 
baseline WML severity, an ordinal regression model was used with baseline Scheltens 
score as a covariate. The occurrence of new lacunes and cortical infarcts was analyzed 
with Mann-Whitney-U and Chi-square statistics. Progression of MTLA was analyzed 
using Chi-square statistics, where MTLA was dichotomized in any progression versus 
no progression and GCA was analyzed with Mann-Whitney U statistics. All analyses 
were done using SPSS 15 for Windows.

Results

Sample characteristics
Of 123 patients in the EVA-trial, a follow-up MRI could be obtained in 65 (29 (51%) in 
the SC group vs. 36 (55%) in the VC group, p =0.62). No follow-up MRI could be obtained 
in 58 patients because of death (n = 11; 6 in the SC group, 5 in the VC group), care-giver 
burden or institutionalization in a condition that precluded follow-up. Patients who 
did not have a follow-up scan had more advanced dementia at baseline as reflected 
in lower scores on the MMSE (21.4 [SD 3.5] vs. 23.0 [SD 3.3], p = 0.01). They also had 
more severe WML as measured both with the Fazekas scale ( 2.26 [SD 0.8] vs. 1.89 [SD 
0.8], p = 0.01) and with the Scheltens scale (21.75 [SD 7.7] vs. 18.00 [SD 7.3], p = 0.008). 
There were no differences in lacunes, cortical infarcts, GCA, MTLA, demographic 
characteristics, bloodpressure (BP), or laboratory parameters between the group with 
and without follow-up scan.
The baseline characteristics of 65 subjects with follow-up scan included in this MRI-
analysis are shown in Table 1. Except for a higher diastolic BP in the SC group (88.0 
vs. 80.8, p = 0.02), there were no differences at baseline. At follow-up not all sequences 
could be obtained in every patient. For this reason the progression of abnormalities 
could not be reliably scored in some patients (3 for WML, 13 for MTLA, 1 for GCA, 4 
for lacunes).
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Progression of MRI parameters
Figure 1 shows the distribution of the WML change score between the VC and SC 
groups.
Over a 2 year follow-up period, the VC group had less WML progression: 1.4 (SD 1.63) 
points on the modified WML change score, as compared to 2.3 (SD 1.63) in the SC 
group (table 2). This 38% difference was statistically significant (p = 0.03) and the linear 
by linear association showed a significant linear trend (p=0.009). When using diastolic 
blood pressure as a covariate in an ordinal regression model, this did not change the 
effect of the intervention (p = 0.02). No correlation was found between baseline severity 
of WML (both with Fazekas score and Scheltens score) and modified WML change 
score in the intervention group (Spearman’s rho -0.07, p = 0.70) and when baseline 
Scheltens score was used as a covariate in an ordinal regression model the difference in 
modified WML change score remained significant (p = 0.03).
Progression of MTLA, GCA and occurrence of new lacunes is listed in table 2.
There was no difference between the number of patients with new lacunes in the SC 
and the VC group (7 (25%) vs. 5 (15.2%), p = 0.34). Of the patients with new lacunes, 
six had already lacunes at baseline (3 in SC group and 3 in VC group). No difference 
between groups was found with respect to new cortical infarcts, MTLA progression or 
GCA progression. (table 2) 

Discussion

This study shows that a multi-component intervention aimed at several vascular risk 
factors, including both medical and non-medical interventions, leads to less WML 

Figure 1. White matter lesion change score in the standard care group and the vascular care group. 
Percentage of patients with different scores. WML: white matter lesion.
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Table 2. MRI progression of abnormalities

Standard care (n=29) Vascular care (n=36) P

WML change (SD) 2.29 (1.63) 1.41 (1.33) 0.03

New lacunes, n (%) 7 (25.0) 5 (15.2) 0.26

MTLA progression n (%) 19 (65.5) 25 (69.4) 0.79

GCA progressionn (%) 6 (21.4) 10 (31.3) 0.29

WML change: White Matter Lesion change score, MTLA: Medial Temporal Lobe Atrophy. GCA: Global 
Cortical Atrophy

Table 1. Baseline parameters

Parameter Standard care 

N = 29
Vascular care

N = 36
p

Clinical

Age, mean (SD), y 75.3 (3.9) 76.8 (5.7) 0.24

Sex; female, n (%) 16 (55.2) 18 (50.0) 0.44

Bloodpressure

Systolic, mmHg 159.7 (23.7) 151.0 (24.8) 0.15

Diastolic, mmHg 88.0 (13.5) 80.8 (10.2) 0.02

MMSE 22.8 (3.2) 23.2 (3.4) 0.66

Radiological

WML Fazekas n (%)

    0 0 (0.0) 1 (2.8)

    1 9 (31.0) 13 (36.1)

    2 9 (31.0) 16 (44.4) 0.13

    3 11 (37.9) 6 (16.7)

WML Scheltens, mean (SD) 18.9 (6.5) 17.2 (7.9) 0.36

GCA, n (%)

    0 2 (6.9) 3 (8.6)

    1 16 (55.2) 21 (60.0)

    2 10 (34.5) 10 (28.6) 0.58

    3 1 (3.4) 1 (2.9)

MTLA, mean (SD) 1.7 (0.9) 1.6 (0.8) 0.48

Lacunes, n ( %) 

    0 19 (65.5) 26 (72.2)

    1-3 9 (31.0) 8 (22.2) 0.62

    >3 1 (3.4) 2 (5.6)

Cortical infarct, n(%) 2 (6.9) 2 (5.6)

MMSE: Mini Mental State Examination, WML: white matter lesions, SD: standard deviation, GCA: global 
cortical atrophy, MTLA: medial temporal lobe atrophy.
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progression in AD patients with cerebrovascular lesions. This effect on the progression 
of WML could potentially influence cognitive decline since cerebrovascular lesions in 
AD patients contribute to the severity of cognitive decline.7, 8 
However, in this population this did not lead to clinical benefit, as we described 
before.17 The reason for this lack of a clinical effect could be that the disease was 
already too advanced in this group. Although the dementia severity was certainly mild 
in our sample, it is well-known that the neuropathological changes underlying the 
dementia predate the clinical occurrence of dementia.24 In addition the WML were 
already moderately severe in our sample with an average Scheltens score of 18 points. 
Starting a multi-component intervention aimed at vascular risk factors earlier, in non-
demented elderly subjects, might slow down progression (or occurrence) of WML in a 
similar way, and help to preserve cognition in elderly subjects.25 
In this study, we did not find a difference in the occurrence of new lacunes between 
groups. However, the small number of lacunes (and larger infarcts) both at baseline 
and at follow-up precludes a conclusion about the effect of the intervention on the 
occurrence of new lacunes and larger infarcts if multi-component vascular care would 
be implemented on a large scale. Moreover, vascular care had no influence on the 
progression of both GCA and MTLA. Although these parameters were not the primary 
endpoint of this study and the study was not powered to detect differences on these 
parameters, analysis was considered appropriate, because both hippocampal atrophy 
and cortical atrophy have been found to be associated with elevated blood pressure.26, 27 
The population in this study is a selection, because not in all patients included in the 
trial an MRI could be obtained after 2 years due to the progressive nature of the disease 
and the relatively long follow-up for an AD intervention-trial. This selection does 
however not influence the interpretation of the findings, since the patients available for 
MRI-analysis were well balanced between the SC and VC groups. 
We used visual rating scales, and no volumetric measurements. The accuracy and intra-
rater agreement of visual semi-quantitative rating of WML is comparably accurate to 
quantitative measurements, and therefore no limitation to our study results.28, 29 
The higher diastolic blood pressure in the SC group could have been a confounder, 
masking the result of our intervention, since higher blood pressure, particularly 
diastolic, is associated with more WML progression, making the SC group prone to 
more progression of WML.13 But when using the diastolic blood pressure as a covariate, 
the effect of the intervention did not change. Although progression of WML is correlated 
with WML severity at baseline12, we did not find a correlation between baseline severity 
and effect of the intervention. The results of this study are encouraging for designing 
intervention trials aimed at several vascular risk factors at an earlier stage, in subjects 
who are not demented yet. Such trials would have to be very large with a long follow-up 
and at least one large clinical trial addressing the question whether multi-component 
vascular care can prevent dementia in non-demented elderly is underway.30 
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Abstract

Background and purpose: Cardiovascular risk factors are associated with an 
increased risk of dementia. Treatment of hypertension and hypercholesterolemia 
is associated with a decrease in incident dementia. Whether interventions aimed at 
cardiovascular risk factors in late life also reduce dementia risk is unknown. Here we 
report the outline of a pragmatic study that will attempt to answer this question and 
we describe the prevalence of cardiovascular risk factors in the target population.
Methods: We designed a large cluster-randomized trial with a six year follow-up in 
3700 elderly subjects (70-78 years) to assess whether nurse-led intensive vascular 
care in primary care decreases the incidence of dementia and reduces disability. 
Secondary outcome parameters are mortality, incidence of vascular events and 
cognitive functioning. Intensive vascular care comprises treatment of hypertension, 
hypercholesterolemia, diabetes and reducing overweight, smoking cessation and 
stimulating physical exercise.
Results: Baseline data of 1004 subjects show that 87% of the subjects have one or 
more cardiovascular risk factors and 44% have even two or more risk factors amenable 
to treatment. 79% of the subjects receiving antihypertensive medication still have a 
systolic pressure of > 140 mmHg.
Conclusions: In this older age group the very high percentage of elderly subjects with 
cardiovascular risk factors illustrates the large window of opportunity for therapies 
directed to lower the cardiovascular risk and potentially also the risk for dementia.  
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Introduction

Increased life expectancy is associated with a steep increase of both the incidence and 
prevalence of dementia in the elderly. The number of 24.3 million patients that suffer from 
dementia is projected to almost double every 20 years to 81.1 million by 2040.1 In addition 
to personal suffering, this high burden of disease will also have a profound societal impact 
and, more specifically, it will impose a heavy burden on health care systems at all levels. 
Strategies aimed at reducing this burden by preventive approaches are currently lacking.
Alzheimer’s disease (AD) is by far the most common cause of dementia, followed by 
vascular dementia (VaD)2. The previously held sharp distinction between the two 
may not longer be tenable.3 Epidemiological studies have documented that vascular 
risk factors are also risk factors for AD or cognitive decline4,5. Diabetes mellitus6, 
hypertension7,8, hypercholesterolemia9,10, obesity11,12, smoking13 and lack of physical 
exercise14,15 all contribute to an increased risk of cognitive impairment and dementia. 
In clinico-pathological studies cerebrovascular lesions and AD pathology are often 
concomitant and ‘pure AD pathology’ is present in only a minority of dementia 
cases.16,17 Neuroradiological studies have shown that vascular lesions are common in 
AD patients and the presence of white matter lesions (WML) or ‘silent cerebral infarcts’ 
in elderly with intact cognition are associated with an increased risk of dementia.18,19 
These observations have led to the concept of ‘mixed dementia’, referring to patients 
with both AD pathology and cerebrovascular lesions. 3

The role of vascular risk factors raises the question whether treatment aimed at this 
component can reduce the risk of incident dementia. All the risk factors mentioned 
above are modifiable, either by medication or life-style interventions, but randomized 
clinical trials addressing this important question are rare.
Lowering of blood pressure in the elderly, and the use of antihypertensive medication 
are associated with a decreased risk of dementia20-24, but both a recent Cochrane 
review and a randomized trial (HYVET) found insufficient evidence for a protective 
effect of anti-hypertensive treatment in elderly patients. 25,26 In a small study, improved 
glycemic control has been associated with better cognitive functions in elderly 
diabetics27, but again a Cochrane review found no convincing evidence relating 
treatment of diabetes to the prevention of cognitive impairment.28 Whether treatment 
of late-life hypercholesterolemia with statins decreases this risk is currently unknown, 
since research findings are conflicting.29-31 There are no data on the effects of life-style 
interventions aimed at reducing overweight, increasing physical exercise and smoking 
cessation on dementia risk. 
Based on the lack of randomized trials to date, some have called for proper 
cardiovascular primary prevention trials in elderly subjects.32,33 Therefore, we designed 
a randomized clinical trial to assess whether intensive vascular care in the elderly can 
decrease dementia incidence. Here we describe the outline of the study and present 
baseline data on the first 1004 participants. 
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Methods

Objectives 
The primary objective of the ‘Prevention of Dementia by Intensive Vascular care’ study 
(preDIVA) is to assess the efficacy of a multi-component, nurse-led intervention aimed 
at vascular risk factors in the elderly to prevent dementia or other forms of disability. 
Secondary objectives are to assess the effects of the intervention on overall mortality, 
incidence of vascular events including myocardial infarction, stroke, peripheral vascular 
disease, and on overall changes from baseline in cognitive functioning and mood. 

Study design
The multi-site, open, cluster-randomized, parallel group study is carried out in the 
Netherlands and coordinated from one academic hospital. In order to minimize the 
Hawthorne effect34, general practitioner’s (GP) practices are randomized rather than 
individual patients. At this time, 65 GP practices have been recruited. A six year long, 
nurse-led multi-component intervention directed at vascular care is compared to 
standard care as control condition.

Study population and baseline measurements
All elderly subjects of 70-78 years old within GP practices are invited to participate 
in the study. The structure of the Dutch healthcare system in which virtually all 
inhabitants are registered with a GP, minimizes selection bias at this stage. The only 
exclusion criteria are prevalent dementia and disorders or circumstances expected to 
interfere with successful long-term follow-up. 
Education, medical and family history and current medication use are registered and 
baseline measures for cognitive function and instrumental activities of daily living are 
recorded in combination with measures relevant for the cardiovascular risk profile. 
Diet and smoking habits are recorded and the level of physical exercise is assessed 
using the LASA Physical Activity Questionnaire (LAPAQ).35 Weight, length, body-mass-
index (BMI), abdominal circumference and blood pressure are determined and lipid 
profile, glucose, homocysteine, CRP, apolipoprotein A-1 and apolipoprotein B are be 
measured in the blood. Blood is stored for DNA isolation.

Intervention 
Whereas randomization takes place at GP level, interventions take place at the 
individual level, based on the cardiovascular risk profile of each patient. Patients 
in practices randomized to the standard care (SC) condition receive care as usual 
according to guidelines for Dutch general practice. All baseline measurements on the 
risk profile of individual patients are made available for the GP.
In the intensive vascular care (IVC) condition, all participants consult a practice nurse 
every 4 months who addresses smoking habits, level of exercise, diet, body weight 
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and measures blood pressure with the use of an electronic device. Based on these 
assessments, both life-style interventions and medical interventions tailored to each 
individual patient are advised according to a detailed protocol, in accordance with the 
Dutch GP-guidelines on cardiovascular risk management (table 1). The process quality 
of delivering IVC at each of the 18 visits in 6 years will be meticulously monitored 
through regular monitor visits to the practice nurses. Adherence of participants to the 

Figure 1. Flow-chart of the study
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Table 1. Interventions in patients assigned to intensive vascular care

Component Intervention

Exercise assessment current levels of physical activity
individualized advice regarding physical activity

Smoking assessment smoking status 
assessment readiness to quit
if indicated: nicotine-replacement therapy, behavioral advice or counseling 

Weight BMI > 25 : behavioral and nutritional counseling is offered
20 > BMI > 30: referral to dietician

Blood pressure SBP 130-139 mmHg or DBP 85-89 mmHg: lifestyle modifications (exercise, 
weight, sodium restriction, moderation of alcohol intake, cessation of smoking, 
stopping of NSAID’s)
SBP ³ 140 mmHg or DBP ³ 90: stepped care drug-therapy

Blood lipids subjects with known CVD: statin (e.g. simvastatin 40 mg)
subjects without known CVD but with TC/HDL ratio > 5: statin

Blood glucose measured yearly and treated according a stepped care protocol if exceeding 6.1 
mmol/l  (110 mg/dl)

Cardiovascular history subjects having clinical manifestations of vascular disease will receive 
Acetylsalicylic acid (100 mg) (or anti-thrombotic therapy, if indicated)

BMI = body mass index (kg / m2), SBP = resting systolic blood pressure, DBP = resting diastolic blood 
pressure, CVD = cardiovascular disease, TC = total cholesterol, HDL = high density lipoprotein; NB: In 
subjects with a SBP > 140, but without CVD and with a low risk profile, an attempt can be made to lower 
the BP with lifestyle modifications only. 

intensive vascular care regimen will be recorded and reasons for non-compliance will 
be explored. Drop outs will be actively retrieved in order to minimize attrition. 

Follow up and primary outcome parameters
All baseline measurements will be repeated after 2, 4 and 6 years in all patients. The 
primary outcome parameters are incident dementia and the change from baseline in 
disability as measured by the AMC Linear Disability Scale (ALDS).36 The GP will be 
advised to refer patients with cognitive decline to a geriatric or neurological outpatient 
clinic. Reasons for referral are (1) memory complaints of patients or caregivers or (2) 
decline of MMSE score at one of the two yearly assessments (2 points or more from 
preceding visit, or 3 points or more from baseline visit, irrespective of absolute scores). 
The physician analyzing the suspected cognitive decline is requested to fill out a 
questionnaire based on international diagnostic criteria for the most common forms 
of dementia, including the results of ancillary investigations like neuropsychological 
assessment, laboratory tests and imaging. This information is then presented to an 
independent auditing committee, blinded for the treatment allocation. This committee 
will classify the type of dementia (possible/probable Alzheimer’s disease, vascular 
dementia, frontotemporal dementia, Lewy body dementia, and dementia not otherwise 
specified). The patient will continue in the study as planned and will be re-assessed after 
one year, when the blinded auditing committee will establish a definitive diagnosis.
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Secondary outcome parameters
Secondary outcome parameters are mortality, incidence of vascular events including 
myocardial infarction, stroke, and peripheral vascular disease. Mood is assessed with 
the Geriatric Depression Scale (GDS).37 Cognitive functioning will be assessed using 
the Mini Mental Status Examination (MMSE)38 for overall cognition and the Visual 
Association Test (VAT), which is a memory task sensitive to early stages of AD.39 All 
participants will be assessed for study outcomes after two, four and six years. 

Sample size calculation and randomization
For eligible patients, the age-specific incidence of dementia increases from 0.2% at 70 to 
2.0% at 78 years. 1,40  Thus, the cumulative incidence of dementia after 6 years mounts up 
to 4.0% to 16.2% respectively, for participants that are 70 to 78 years old at baseline. After 
correcting for the relative under-representation of older participants (based on Dutch 
life tables), the mean cumulative risk for dementia over the study period is estimated to 
be 8.24%. With a power of 80% and a two-sided significance level of 5%, enrolment and 
follow-up of at least 2774 participants would be needed to detect a reduction of dementia 
incidence by a third to 5.49% in the IVC group. However, analysis of individual patients 
from a cluster randomized trial will lead to a loss of power. At an estimated intracluster 
correlation of 0.01 and an average cluster size of 25, this design effect would mount up 
to 1.24, yielding an effective sample size of 2237. This would reduce the power of the 
study to 73%. To compensate for this design effect and for attrition, both of unknown 
magnitude, the final target sample of participants was increased to 3700.
GP’s are usually organized in health-centers and the number of practices per health-
centre varies between 3 and 7. In order to achieve an overall 1:1 ratio of participants 
in both conditions and to ensure that at least one GP practice in each health-centre is 
allocated to the experimental condition, a centralized computer based randomization 
program is used. After completion of all baseline measurements in one health-centre, the 
GP practices are randomized as one block by this computer program. Subsequently the 
participants and GP’s are informed to which condition their practice has been allocated.

Statistical analysis
Statistical analysis will be based on estimates of cumulative dementia incidence 
according to the Kaplan–Meier method, the difference between groups will be evaluated 
by means of the log-rank test, adjusted for clustering in the data and for competing 
risk of death, since treatment of case fatalities as censored observations tend to inflate 
estimates of cumulative incidence. All various forms of morbidity other than dementia 
that can be expected to occur will ultimately translate into increasing disability that will 
affect scores on the other primary outcome, the ALDS. The generic nature of this scale 
makes the ALDS especially suitable as one of the primary outcome measures. Baseline 
characteristics such as age, sex, education, baseline cognitive function, disability and 
cardiovascular risk profile will be included in the models. Additional analyses will be 
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performed with corrections for the actual degree of vascular care that was provided. 
After 4 years of follow, up a masked interim-analysis will be performed based on ALDS 
scores. An independent committee will advise on the continuation of the study. 

Safety and ethical and legal aspects
All presumed adverse events (AEs) are assessed and the intensity of AEs will be graded 
as mild, moderate, or severe. AEs will be reported to the Clinical Research Office as 
either possibly related or unrelated to study procedures. The study protocol has been 
approved by the medical ethical committee of the Academic Medical Centre. A four 
member Steering Committee has been formed that has the authority to terminate 
participation of a general practice (e.g. failure to comply with the protocol) or the 
trial as a whole (e.g. safety concerns or on advice of the interim analysis committee). 
Subjects participate on a voluntary basis after providing informed consent and can 
decide to leave the study any time without the need to legitimize their decision.

Table 2. Baseline characteristics of the first 1004 elderly patients included.

Parameter

Age (SD) 74.4 (2.3)

Male sex (%) 45

Caucasian race (%) 92

Education      low (< 7 years) 27.0

                     intermediate (7-12 years) 61.3

                     high (> 12 years) 11.7

Cardiovascular history (%) 36.2

Diabetes (%) 20.3

Mean SBP (mm Hg), SD 157 (21)

Mean DBP (mm Hg), SD 80 (11)

SBP > 140 mm Hg (%) 75.9

DBP > 90 mm Hg (%) 15.5

Receives antihypertensive medication (%) 52.5

Hypertension receiving no treatment (%) 44.4

BMI (kg/m2)    < 25 (%) 26.0

                        25-30 (%) 46.3

                        > 30 (%) 27.7

Glucose > 6.9 mmol/l (no known diabetes, %) 12.5

Total cholesterol > 6.5 mmol/l (%) 22.3

Smoking (%) 14

Subjects with lack of physical exercise (%) 9.4

MMSE (mean, SD) 28.0 (1.8)

SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index, SD = standard 
deviation. To convert glucose to mg/dl divide by 0.0555. To convert cholesterol to mg/dl divide by 0.0259.
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Results

Between June 2006 and December 2007, 2500 participants have been recruited and 
inclusion is ongoing. The last 6-year follow up assessments are expected not before 
March 2014. The first 1004 participants belonged to 31 different GP practices, generating 
an average cluster size of 26. Baseline characteristics are summarized in table 2, 
providing a first estimate of the characteristics of the entire population under study. 
Of the 523 subjects (52.1%) using antihypertensive drugs, 77.6 % still have a systolic 
BP > 140 mmHg. Overall, only 53.8% of the subjects with a systolic BP > 140 mmHg use 
antihypertensive drugs. For a diastolic BP > 90 mmHg these numbers are 16.6% and 
54.4% respectively. In 11.1% of the subjects total cholesterol is ³ 6.5 mmol/l (117 mg/
dl), and only 15.3% of these use a statin, leaving 84.7% undertreated. Of the participants 
who do use a statin, only 5.1% still have a total cholesterol ³ 6.5 mmol/l. Overweight 
defined as a BMI ³30 is present in 28.4% of the participants.  Lack of physical exercise 
is present in 9.4 % of the subjects according to the WHO guideline which recommends 
at least 30 minutes of moderate exercise at least 5 times a week.
Examination of five risk factors that are amenable to intervention (systolic or diastolic 
hypertension, overweight, elevated serum cholesterol, smoking and lack of physical 
exercise) provides estimates of the fraction of subjects in which the risk of dementia 
or cardiovascular complications can potentially be reduced ( fig 2a). Most subjects 
have one (46.1%) or two (32.8%) modifiable risk factors. In this cohort a total of 87% 
of the participants have at least one modifiable risk factor ( fig 2b), leaving only 13% of 
participants without an indication for counseling or treatment at baseline. 
When stratified into subjects with and without previous cardiovascular disease or 
stroke, there was no difference in number of currently present risk factors (p = 0.84, 
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Figure 2. a. Percentage of patients with different modifiable risk factors. Hypertension is a systolic BP > 
140 mmHg and/or a diastolic pressure of > 90 mmHg. Lack of physical exercise is defined as less than 21.4 
minutes on average per day of moderate demanding exercise b. Percentage of patients with number of risk 
factors present.
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linear by linear association p = 0.58). Comparing subjects with a previous cardiovascular 
disease or stroke (N = 363, 36.2%) with participants without these complications (N = 
641, 63.8%), the former do have a lower systolic BP (154.6 vs. 157.8, p = 0.02), lower 
diastolic BP (78.6 vs. 81.1; p < 0.001) and lower cholesterol (5.5 vs. 4.7; p < 0.001), 
suggesting a treatment effect of the secondary preventive strategies that have already 
been initiated based on the medical history.

Discussion

The high percentage of elderly with one or more cardiovascular risk factors that are 
not sufficiently treated clearly illustrates the window of opportunity for improved 
cardiovascular risk management. This is remarkable considering the overwhelming 
amount of evidence from epidemiological studies on risk factors for cardiovascular 
disease and all current knowledge about the importance of these risk factors. A recently 
published dementia risk score for middle-aged people, based on age, education, sex, 
systolic and diastolic BP, BMI, total cholesterol and physical activity,41 contains several 
factors that are amenable to intervention. Following this line of reasoning, the risk of 
developing dementia can potentially be reduced in 87 % of our study population ( fig 
2b.) .
Even though our study was primarily designed to prevent dementia and other forms 
of disability, it is likely that an effect will be sorted on several cardiovascular events like 
myocardial infarction and peripheral vascular disease as well. If this study will show a 
benefit from IVC, it is anticipated that this will lead to a greater awareness that also 
in the elderly strict management of cardiovascular risk profile is warranted. Until now 
most data on vascular risk factors and dementia come from large population-based 
cohorts, and represent repeated documentation of associations. The little data available 
on intervention effects come from large cardiovascular studies using dementia as a 
secondary outcome parameter, and are mostly performed in younger patients. Recently 
data have been published from a large study assessing the effect of blood pressure 
lowering in the very elderly (over 80 years of age).26,42 The reduction of cardiovascular 
disease including stroke was such that early termination was warranted due to ethical 
considerations. No statistically significant effect on cognition was found, but the mean 
follow-up was only 2.2 years, and a reduction in incident dementia in the treatment 
group was certainly suggested by the data. These data are encouraging to continue 
investigating the effect of better vascular care in the elderly on incident dementia.
We deliberately chose to perform the IVC intervention in GP practices, because this 
allowed access to a relatively unselected population in comparison to participants that 
are recruited through academic centers or by advertisements. Moreover, we think that 
the nurse-led intervention in GP practices offers an interesting model for organizing 
IVC. A limitation of this design could be that it is performed in only one country, with 
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a health care system with specific characteristics that may be difficult to translate to 
countries without a well-organized GP-structure. 
A potential concern from a theoretical point of view may be the degree of contrast 
between the control group receiving SC and the experimental IVC group. Identification 
of cardiovascular risk factors at baseline in both treatment conditions may also 
stimulate interventions in the control group. However, several observations suggest 
that important differences between the two conditions will be retained throughout 
the study. Firstly, extensive documentation of difficulties with the implementation of 
interventions aimed at cardiovascular interventions (even in specialized centers for 
secondary prevention) makes it highly unlikely that participants in the SC condition 
will receive vascular care to such a degree that the contrast with the IVC condition 
will be jeopardized. Surveys show that only 30% of hypertensive patients are treated 
adequately and less than 50% of cardiac patients receive proper care, estimates 
consistent with our first baseline measurements.13,18 Secondly, if preventive measures 
are started, such as statin therapy in reducing cardiovascular morbidity, adherence 
to drug therapy in the elderly declines sharply after a short period, to only 43% after 
6 months for statin therapy.20 Thirdly, it is documented that nurse-led secondary 
prevention in primary care improved medical and lifestyle components of prevention 
compared to standard care in a randomized controlled trial, with large differences 
in the proportions of patients with appropriate prevention.16 Finally, randomized 
controlled trials of secondary prevention programmes repeatedly documented that 
disease management programmes improve the processes of care in patients with 
coronary heart disease in comparison to standard care.15 

It could be argued that preventive measures should start well below the age of 70 years. 
However, at younger ages the incidence of dementia is below 0.2%, thus requiring 
studies with either tens of thousands of participants or a follow-up period of more than 
a decade in order to be able to document a reduction of dementia incidence. Since 
age is the most important risk factor for dementia, we sought a practicable balance 
by aiming at 6 years follow-up of 3700 elderly between the ages of 70 and 78 years. An 
upper age limit was included to minimize attrition during six year follow-up, which can 
be expected to be very high in the age group above 78 years. 
If the approach of multi-component intensive vascular care turns out to be effective in 
terms of reducing either the incidence of dementia or progression of disability over time, 
it will be difficult to conclude exactly which aspect of the intervention has contributed 
most to the effect. On the other hand, a positive study result will certainly stimulate 
drastic changes in the approach of elderly subjects and will provide a sound basis for 
widespread implementation of vascular care in order to increase the level of ‘healthy 
aging’. A perspective on risk reduction for dementia will surely have a great impact on 
patients’ and doctors’ perception of preventive measures, thus stimulating all parties 
involved to put more effort in preventive measures in order to avert the heavy burden 
of dementia and vascular disease in the elderly.
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Abstract

Objectives: Description of methodological issues in a trial designed to evaluate if a 
multi-component intervention aimed at vascular risk factors can prevent dementia. 
Design, setting and participants: Multi-center, open, cluster-randomized controlled 
clinical trial (preDIVA) including 3535 non-demented subjects aged 70-78, executed in 
primary practice and coordinated from one academic hospital. General practices are 
randomized to standard care or intensive vascular care. 
Intervention: Vascular care consists of 4-monthly visits to a practice nurse who 
monitors all cardiovascular risk factors. Hypertension, hypercholesterolemia, 
overweight, lack of physical exercise and diabetes are strictly controlled according to a 
protocol and treated in a way, tailored to the characteristics of individual participants. 
Measurements: Primary outcomes are incident dementia and disability; secondary 
outcomes are mortality, vascular events (stroke, myocardial infarction, peripheral 
vascular disease), cognitive decline and depression. 
Results: Between May 2006 and February 2009, 3535 subjects from 115 general practices 
have been included. The clusters have an average size of 31 (SD 22, range 2-114). 1658 
Patients from 52 practices were randomized to the standard care condition and 1877 
patients in 63 practices to the vascular care condition. 
Discussion: When designing a cluster-randomized trial, clustering of patient 
data within GP practices leads to a loss of power. This should be adjusted for in the 
power calculation. Since intensive vascular care will probably lead to a reduction in 
cardiovascular mortality, the competing risks of mortality and dementia should be 
taken into account.
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Introduction

Cardiovascular risk factors  including hypertension, diabetes mellitus, hypercholestero-
lemia, overweight and lack of physical exercise are all independent risk factors for 
dementia.1 The most common form of late-onset dementia is Alzheimer’s disease (AD), 
followed by vascular dementia (VD). Cerebrovascular lesions (white matter lesions 
and cerebral infarcts) are commonly found on magnetic resonance imaging (MRI) and 
post-mortem examination in AD and probably contribute to dementia severity.2, 3 
In spite of the consistent associations between vascular risk factors and incident 
dementia, to date it is unclear whether treatment of these risk factors can actually 
prevent or delay the onset of dementia in the elderly. The objective of the preDIVA 
study (prevention of dementia by intensive vascular care) is to evaluate whether 
multi-component vascular care executed in primary practice can prevent dementia. 
Here we highlight some important methodological issues that are intrinsic to cluster 
randomized trials for the prevention of dementia in primary care.

Methods

Subjects, Intervention, follow-up and outcome parameters
All subjects aged 70-78 in 115 primary care practices were invited to participate. 
Exclusion criteria were dementia and medical conditions or circumstances expected 
to interfere with long-term follow-up. Subjects were randomized to either standard 
care (SC) according to general practitioner guidelines or intensive vascular care (VC), 
coordinated by a practice nurse under supervision of the general practitioner (GP)  
(table 1). Subjects in the VC group are followed 4-monthly, during which visits all 
prevalent vascular risk factors and compliance with initiated therapy are assessed. The 

Table 1. Multi-component Intervention

Component intervention

Blood pressure >130/85: lifestyle modifications 

>140/90: stepped care drug therapy

Lipid level With CVD: statin (e.g. simvastatin 40 mg)

Without CVD: if TC/HDL ratio > 5: statin

Weight / Exercise BMI>25: counselling about nutrition / exercise

BMI <20 / >30: referral dietitician and counselling about exercise

Blood glucose (yearly) >6.1 mmol/l: treat according to stepped protocol

Smoking If yes: counselling, nicotine replacement to assist quitting

Cardiovascular history If yes: aspirin100 mg (or coumarin if indicated)

CVD: cardiovascular disease, TC: total cholesterol, HDL: high density lipoprotein, BMI: body mass index
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interventions in table 1 are according to a protocol, but tailor-made to each individual 
patient, depending on the presence of risk factors. 
The primary outcome parameters are incident dementia, assessed with current 
guidelines (AD, VD, dementia with Lewy bodies, frontotemporal dementia and 
dementia not otherwise specified) and disability as measured with the AMC Linear 
Disability Scale (ALDS).4 Secondary outcome parameters are mortality, vascular events 
(stroke, myocardial infarction, peripheral vascular disease), cognitive decline and 
depression.

Design, sample size calculation and power
The preDIVA study is a multicenter, open, cluster-randomized controlled clinical 
trial in primary practice, coordinated from one academic hospital with a 6-year 
follow-up. Instead of randomizing individual patients, general practices (‘clusters’) 
are randomized, while individual patient data will be analyzed. (Fig 1) We based our 
sample size calculation on the age-specific risk of dementia over six years, corrected 
for a skewed distribution towards the left based on Dutch life-tables. (Fig 2) To detect 
a reduction of incident dementia of 33% ( from 8.24% to 5.49%) with 80% power and α 
set at 0.05, 2774 subjects would be needed.  
But when analyzing individual patient data from a cluster-randomized trial, power is 
always reduced due to similarities (e.g. socioeconomic, ethnic) between subjects within 
the clusters and the intra-cluster correlation coefficient rho (ρ) should be calculated.5 

general practices

patients

baseline measurements

randomisation

vascular carestandard care

cluster size ~ intracluster correlation ~ design effect  

analysis of individual patient data

Figure 1. Trial design
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Using the cluster-size and the intra-cluster correlation coefficient for the parameter 
under study, the ‘design-effect’ can be calculated, and this should be corrected for in the 
sample size calculation. The expected average cluster-size was 25 and we estimated the 
average ρ to be 0.01. The design-effect can be calculated using the formula ρ*(m - 1) + 
1, in which m = cluster size. Using this formula, the design-effect would be 0.01*(25-1) 
+ 1 = 1.24, leading to an effective sample size of 2774/1.24 = 2237 subjects. Correcting 
for this design-effect and an unknown attrition, the sample size was targeted at 3700. 
Baseline measurements were obtained before randomization of the respective 
practices. This order of events was chosen to prevent a hypothesized selective drop-out 
of subjects randomized to the standard care, after revealing that they would receive 
usual care.

Results

Between May 2006 and March 2009 3535 non-demented elderly subjects from 115 
general practices were recruited for inclusion in this study (1658 SC vs. 1877 VC). A 
temporary stagnation in inclusion occurred due to the need to recruit new GP practices 
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Figure 2. Calculation of the average cumulative risk of dementia over 6 years follow-up in the age group 
70-78 years at baseline, based on age-specific one year risk values8 and skewed distribution of age to the 
left based on Dutch life-tables (CBS Population statistics The Netherlands at http://www.cbs.nl).
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and subsequently implement the study protocol in order to reach the target sample 
size. The average cluster size is 31 (SD 22, range 2-114). Only 12 % of the subjects have 
no potentially modifiable vascular risk factors, defined as blood pressure >140/90 mm 
Hg, total cholesterol >6.5, body mass index >30 Kg/m2, glucose>6.1 mmol/l and current 
smoking. Lack of physical exercise is not included in this definition. Most subjects have 
at least one (46%) or two (32%) risk factors. (Fig 3) 

Discussion

The baseline data of this trial show that it is feasible to recruit over 3500 elderly 
non-demented subjects, although with 34 months it took longer than planned, due 
to time-consuming recruitment of new practices. Most of the subjects have one or 
more cardiovascular risk factors potentially amenable to treatment, offering a large 
opportunity for improving cardiovascular risk management.6 
Several methodological issues of this study have to be addressed. We deliberately chose 
to perform this large intervention trial in primary practice, because this leads to high 
external validity of the results. If the intervention proves effective, its implementation 
is within easy reach of most GP practices, without creating a heavy burden to the 
already busy schedule of GPs or to the health care system as a whole. With this type 
of intervention (open, individualized) in primary care the cluster-randomized design 
is essential, but the problem of intra-cluster correlations may affect the power and 
should always be taken into account when designing this type of trial.5

A concern from a theoretical point of view is the contrast between the groups. The 
baseline measurements are revealed to the GPs, which could possibly lead to a better 
treatment in case of present risk factors in the SC group, jeopardizing the contrast 
between the groups. However, our baseline data show that many patients have 
undertreated cardiovascular risk factors, in spite of the efforts made by GPs to treat 
according to extensive GP guidelines as available in The Netherlands. It is unlikely 
that one baseline measurement will result in significantly better long-term control of 

Figure 3. Percentage of the population under 
study with the number of risk factors.
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vascular risk factors without the frequent and extensive consultations of the practice 
nurse. 
One could argue that preventive measures should start earlier than 70 years of age, in 
order to have a preventive effect. However, the very low incidence of dementia in this 
age group would imply that a very long follow-up and much larger sample size would 
be required, which is most probably not feasible in an intervention trial. 
In addition to its possible effects on a reduction in incident dementia, it is likely that 
our intensive vascular care will also lead to a reduction in cardiovascular morbidity 
and mortality. Mortality can be considered as a competing risk for dementia, especially 
because age is the strongest risk factor for dementia. It is therefore conceivable that a 
reduction in mortality in the VC group leads to an actual increase of absolute number 
of cases of incident dementia. In the final analysis we will have to correct for this 
competing risk.7 
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Abstract

Background: Cerebral amyloid angiopathy (CAA) affects parenchymal and 
leptomeningeal arteries and arterioles. Capillary CAA (capCAA) occurs in a minority 
of the cases, with amyloid-β (Aβ) depositions spreading into the neuropil, known as 
dyshoric changes. The APOE-e4 allele has been implicated as a risk factor for capCAA, 
whereas it’s not for CAA.  The relation between capCAA and Aβ plaques, neurofibrillary 
changes and inflammation is currently unclear. Whether capCAA has a clinical correlate 
is not known. The aim of this study was to investigate the pathological characteristics 
of capCAA, the association with neurofibrillary changes and inflammation and the 
clinical symptomatology. 
Methods: Twentytwo patients with abundant dyshoric capillary CAA were selected 
and clinical data were collected. Using immunohistochemical techniques the 
neuropathological changes in and around Aβ-affected capillaries were characterized, 
and comparisons with larger vessel CAA and amyloid plaques were made based on 
immunoreactivity with antibodies against Aβ 1-17, 1-40 and 1-42, hyperphosphorylated 
tau, ubiquitin, LN3, GFAP and APOE-e4.
Results: Aβ1-40 was the main component of the dyshoric changes, whereas Aβ1-42 
formed dense bulb-like deposits adjacent to the capillary wall. An inverse correlation 
between local plaque load severity and capCAA (Spearman’s rho -0.52, p = 0.01) was 
observed. A high APOE-e4 allele frequency (54%) was found and 43% was homozygous 
for the e4-allele. The severity of capCAA increased with the number of e4-alleles, as 
did the presence of APOE in the capillaries. Deposits of hyperphosphorylated tau and 
ubiquitin and clusters of activated microglia, closely resembling the changes around 
Aβ plaques, were found around capCAA while absent around larger Aβ-laden vessels. 
CapCAA occurred in patients with different neurodegenerative diseases and was not 
found to be associated with a specific clinical symptom. 
Discussion: Our findings show that capCAA is neuropathologically distinct from 
larger vessel CAA on several aspects. The inverse correlation between capCAA and 
plaque load suggests transport of Aβ from the neuropil towards the circulation, where 
it can accumulate in and around the capillaries. The co-localization of APOE with the 
capillaries and the high APOE-e4 allele frequency stress the role of APOE in capCAA, 
distinguishing it from larger vessel CAA. The finding of deposits of tau, ubiquitin and 
clusters of activated microglia closely resembling the changes around Aβ-plaques, 
make it conceivable that these perivascular changes contribute to the cognitive 
decline in these subjects. We speculate that the parenchymal Aβ and concomitant 
neuroinflammatory reaction and tau-pathology surrounding the capCAA might 
contribute to cognitive decline. 
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Introduction

Cerebral amyloid angiopathy (CAA) is a neuropathological finding characterized by 
deposits of β-amyloid (Aβ) in the meningeal and parenchymal arteries, arterioles and, 
to a lesser extent, capillaries of the brain.1 The sporadic form of CAA is a common finding 
at autopsy in elderly subjects increasing with age and it is a very common finding in 
Alzheimer’s disease (AD), in up to 70-100% of the cases.2;3 CAA can occur in any region 
of the brain, and spreads in a characteristic pattern starting in the neocortex and finally 
involving other brain areas including the diencephalon, striatum and cerebellum.4 In 
the neocortex the occipital lobe is a predilection site for these deposits.1 
Sporadic CAA can be classified into CAA-type 1, involving cortical capillaries in addition 
to leptomeningeal and cortical arteries and arterioles, and CAA-type 2, not involving 
the cortical capillaries.5 Capillary CAA (capCAA) can occur in any stage of CAA-type 
1 and correlates with severity of AD pathology as scored using Braak-, NIA-Reagan- 
or CERAD-criteria, whereas CAA-type 2 does not.6;7 A high APOE-e4 allele frequency 
(46.7%) has been found in subjects with capCAA, whereas CAA-type 2 is not clearly 
associated to the APOE-e4 genotype.5 Severe capCAA has been described in a limited 
number of APOE-e4 homozygous subjects.8 
In capCAA-affected capillaries flamelike amyloid depositions sometimes extend 
beyond the vessel wall and radiate into the neuropil. This was first described by 
Scholz in 1938, who named it ‘drusige entartung’ and was later referred to as dyshoric 
angiopathy.9-11 The occurrence of capCAA can be very prominent, with only limited Aβ 
in leptomeningeal and parenchymal arterioles and arteries.
The distribution and occurrence of distinct Aβ isoforms in capCAA is different from 
CAA-type 2. CapCAA contains mainly Aβ1-42, whereas in CAA-type 2 Aβ1-40 is the 
predominant isoform.12;13 A limited amount of Aβ1-40 can be found in the vessel 
wall in capCAA as well, and is then positively correlated to the amount of Aβ1-40 in 
plaques.14 As for the correlation between plaque Aβ1-42 and capillary 1-42 results are 
conflicting; a positive correlation has been found by some12;13, whereas this correlation 
was negative in another study.14 
Neurofibrillary changes, such as tau-positive dystrophic neurites have been observed 
around Aβ-laden arteries and arterioles in CAA.15;16 Interestingly, the presence of tau-
positive structures is correlated with perivascular Aβ deposits, but not with Aβ in the 
vessel wall, suggesting that parenchymal Aβ might trigger the tau pathology, similar to 
tau around plaques.6;13;15-18 
The presence of activated glial cells and colocalization of inflammatory proteins 
(cytokines, complement factors) around classical plaques indicates the occurrence of an 
ongoing neuroinflammatory response, which is absent around CAA-type 2 vessels.19-21 
In contrast with CAA-type 2, the parenchymal Aβ in dyshoric capCAA is accompanied 
by perivascular tau deposits and could elicit an inflammatory reaction similar to that 
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observed around plaques.16;17 Whether the presence of such a neuroinflammatory 
reaction might contribute to cognitive decline remains to be investigated.
Although a low correlation between capCAA severity and dementia has been shown, 
the clinical significance of capCAA both in AD and in non-demented subjects has 
not been elucidated yet.7 The clinical significance of type 2 CAA is unclear, as it is a 
common finding at autopsy in both demented and non-demented subjects and it is 
not associated with dementia.6;7 This study aims to further investigate the differences 
between dyshoric capCAA and CAA-type 2, with respect to the distribution of different 
Aβ-isoforms, the relationship with plaques and the surrounding neurofibrillary 
changes and inflammation. The previously reported correlation with APOE genotype 
is evaluated in a larger unselected series of patients. In addition the clinical symptoms 
and signs of the subjects are studied in an attempt to delineate a clinical correlate of 
capCAA.

Materials and methods

Subjects and clinical data
Patient selection was based on neuropathological findings at autopsy and collection of 
clinical data was performed retrospectively.  All subjects with extensive capCAA and 
dyshoric changes were collected from four neuropathological databases, concerning 
autopsies between 2000 and 2007. The Netherlands Brain Bank contains tissue from 
subjects with different types of dementia and elderly controls without neurological 
disease. The tissue from the University Medical Centre in Utrecht, The Netherlands 
concerns patients who were clinically suspected of having Creutzfeldt-Jakob disease 
(CJD). The tissue from the Laboratory for Neuropathology East Netherlands, Enschede, 
The Netherlands contains mainly autopsy material of patients with Parkinson’s disease 
and related disorders. The tissue from the VU University Medical Center, Amsterdam 
concerns subjects with both AD and subjects who died from a variety of causes without 
any neurological disease.
Subjects were included if there was extensive capCAA; subjects with just an occasional 
Aβ-positive capillary, were not included. Four age-matched controls without CAA and 
without any neurological disease were collected from the Netherlands brain bank.
Information about clinical diagnosis, clinical symptoms, disease course, medical 
history, medication use and cause of death was available from the databases and 
additional information was collected from patient records at the departments where 
the patients were followed, or through the family physician. All subjects or their legal 
representative had signed an informed consent for use of clinical data and tissue for 
scientific purposes, before the information was added to one of the databases. 
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Neuropathological assessment
Human brain specimens were all obtained at autopsy with a short postmortem 
interval. All neuropathological evaluations were performed on formalin-fixed, paraffin-
embedded tissue from occipital pole cortex (Brodman area 18/19). 
Staging of neurofibrillary changes was evaluated according to Braak and Braak.22 
In order to determine CAA stage for descriptional purposes, temporal pole cortex, 
hippocampus (essentially CA1 and entorhinal area of the parahippocampal gyrus), 
cerebellum (vermis) and striatum (pallidum and caudatum) were analyzed as described 
before.23 

Immunohistochemistry
Formalin-fixed (4%, 24 h) paraffin-embedded tissue was used. Sections (5 µm thick) 
were mounted on superfrost plus tissue slides (Menzel-Gläser, Germany) and 
deparaffinized. To quench endogenous peroxidase activity, sections were treated with 
0.3% H2O2 in methanol for 30 min, and antigen retrieval was performed in either 10 
mM pH 6.0 sodium citrate buffer heated by microwave for 10 min and cooled down at 
room temperature or formic acid for 15 min at room temperature, and subsequently 
rinsed in water and phosphate buffered saline (PBS).  Sections were stained using the 
avidin–biotin–peroxidase complex (ABC) method, EnVision method or Power Vision 
method. (Table 1)
Sections stained with ABC method, were pre-incubated for 10 min with normal rabbit 
serum (1:50 dilution; DAKO, Glostrup, Denmark) and incubated overnight with the 
appropriate primary antibodies (table 1). 

Table 1. Primary antibodies used in this study.

primary 
Antibody

antigen species 
raised in

dilution method ARS source

AT8 PHF-TAU mouse 1:200 ABC Na-citrate Innogenetics

Anti-Aβ 1-17 Aβ 1-17 mouse 1:50 EV Formic acid Dako

Anti-Aβ 1-40  Aβ 1-40 mouse 1:64000 ABC Formic acid The Genetics 
Company

Anti-Aβ1-42 Aβ 1-42 mouse 1:16000 ABC Formic acid The Genetics 
Company

Anti-Ubiquitin Ubiquitin mouse 1:25600 PV Formic acid Chemicon 
(Millipore)

GFAP Glial Fibrillary 
Acidic Protein

mouse 1:100 EV Na-citrate Monosan

LN3 HLA-DR mouse 1:200 EV Na-citrate VUMC, gift Dr. 
Hilgers

Anti-APOE-e4 APOE4 mouse 1:200 EV Formic acid MBL

ABC: avidin–biotin–peroxidase complex method; EV: Envision method; PV: Power Vision method; ARS: 
Antigen Retrieval Step.
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After washing with PBS, slides were incubated with a biotin-conjugated secondary 
antibody ( for ABC method, RaM, 1:500 dilution, DAKO, Glostrup, Denmark) or with 
EnVision Kit horseradish peroxidase-labeled Goat anti-Mouse/Rabbit (undiluted, 
DAKO, Glostrup, Denmark) for 30 minutes at room temperature. Sections stained with 
ABC method were further incubated with streptavidin-biotin horseradish peroxidase 
complex (Strept ABComplex/HRP, 1:200 dilution, DakoCytomation, Glostrup, 
Denmark) for 60 minutes at room temperature. 
Sections stained with the PowerVision method, after overnight incubation with primary 
antibody, were incubated with post antibody blocking for PowerVision plus (undiluted, 
Immunologic, Duiven, The Netherlands) for 15 minutes. Subsequently sections were 
incubated with Poly- HRP-Goat anti-Mouse/Rabbit/Rat IgG (undiluted, Immunologic, 
Duiven, The Netherlands) for 30 minutes.
3,3’-diaminobenzidine (EnVision Detection system/HRP, 1:50 dilution, DakoCytomation, 
Glostrup, Denmark, 10 minutes) was used as chromogen. Between incubation steps, 
sections were thoroughly washed with PBS. After a short rinse in tap water sections 
were incubated with haematoxylin for 2 minutes and extensively washed with tap 
water for 10 minutes. Sections were then dehydrated with ethanol followed by xylene 
and mounted with Depex mounting medium (BDH Laboratories Supplies). Normal 
serum and antibodies were dissolved in phosphate-buffered saline (PBS) containing 
1% bovine serum albumin (BSA Factor V, Roche, Germany). 
The primary antibodies, dilutions and manufacturers of the antibodies used in this study 
are listed in table 1. The sections immunohistochemically stained for phosphorylated 
tau (AT8), ubiquitin, glial fibrillary acidic protein (GFAP) and HLA-DR (LN3) were 
co-stained with Congo Red to better visualize the relationship between these changes 
and the capCAA.
Immunofluorescent doublestaining with Aβ1-40 (mouse IgG2b) and Aβ1-42 (mouse 
IgG1) was performed by means of isotype specific secondary antibodies to visualize the 
distribution of the different isoforms around the capillaries. Sections were deparaffinized 
as described above and preincubated in normal goat serum (1:10 dilution; DAKO, 
Glostrup, Denmark) and incubated overnight with a mixture of primary antibodies 
(see table for concentrations). After washing with PBS, slides were incubated with goat 
anti-mouse isotype specific secondary antibodies (IgG1

HPR and IgG2b
BIO, 1:100 dilution, 

diluted in PBS containing 1% BSA, 10% normal goat serum and 10% human pooled 
serum) for 60 minutes at room temperature. Sections were then washed extensively 
with PBS, incubated with Streptavidin-ALEXA488 (1:750) for one hour to obtain the 
green fluorescence, and washed again with PBS. In order to detect the red fluorescent 
signal sections have been reacted with rhodamine-tyramide (1:3000) in presence of 
0.01% of H2O2 for 5 minutes. After washing with PBS, autofluorescence of the tissue has 
been blocked with short incubation (2 minutes) in 0.3% Sudan Black solution. Slices 
were mounted with Glycerol/Tris-HCl buffer (4:1).
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Morphological analysis and quantification
Morphological analysis of capCAA and CAA-type 2 was done with antibodies against 
Aβ1-17, Aβ1-40 and Aβ1-42. Vessels smaller than 10 µm were considered as capillaries. 
Four microscopic fields (capillaries: magnification 10x, larger vessels: magnification 
2,5x) were analyzed and categorized as follows: 0, none; 1, occasional positive vessel; 
2, several positive vessel scattered throughout the field; 3, almost every vessel affected. 
Aβ plaques were quantified in the same manner as the Aβ-positive larger vessels. 
Immunohistochemical stainings against AT8 and Ubiquitin were scored according to 
severity as follows: 0, none; 1, mild; 2, moderate and 3, severe. All scoring has been 
done in consensus by two observers blinded to the clinical diagnosis or any patient 
information (E.R. and A.C.).
Doublestainings with the primary antibodies and congo-red were evaluated in a 
qualitative way, as well as doublestainings with Aβ1-40/1-42. Adjacent sections were 
stained with anti-APOE-e4 and Aβ1-17 for evaluation of co-localization.

Statistical analysis
Considering the relatively small number of subjects in our study and the use of ordinal 
scales to grade the neuropathological changes, non-parametric test were used for 
all analyses. Spearmans’s rank correlation coefficients were calculated. When using 
dichotomized variables Mann-Whitney test was used.

Results

Subjects and Clinical symptoms
A total of 22 patients with capCAA were extracted from four different databases, based 
on description of capCAA in the neuropathological reports. Six cases were found out 
of 189 subjects from the CJD-suspect database (89 (48 %) did not have CJD; none of the 
capCAA subjects had CJD), ten cases in the series from the Netherlands Brain Bank 
(containing 380 subjects), of which eight AD cases and 2 controls, two cases from the 
VUMC database (containing 1045 subjects) and four cases out of 110 cases in the PD 
and related disorders database.
Information about the clinical diagnosis of all patients is summarized in table 2. Six 
had rapidly progressive dementia and were clinically suspected of having CJD, nine had 
clinically AD, four had Parkinson’s disease (PD) of which one was rapidly progressive, 
and three did not have any neurological symptoms or signs. 
Virtually all symptoms and signs that can be seen in neurodegenerative disease 
occurred, but with a large variety of occurring symptoms between the capCAA patients. 
The pattern of symptoms was, as expected, mostly consistent with the clinical diagnosis 
(table 2); the CJD-suspected cases with capCAA all had clinical symptoms compatible 
with this -erroneous- clinical diagnosis, including rapid progression of cognitive 
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decline, myoclonus and akinetic mutism. The AD cases with capCAA had a prolonged 
cognitive decline varying from 3-10 years, with multiple cortical deficits, sometimes 
extrapyramidal or pyramidal signs and sometimes seizures. The PD cases with capCAA 
all had signs of Parkinsonism, and in addition had neuropsychiatric disturbances, but 
no pyramidal signs except for one case.

Table 2. Overview of patients and clinical symptoms.

case age sex clinical
diagnosis

NP diagn CAA Stage Braak T ApoE CD Cort Ap AM MC PS EPS NPS Sz Disease 
duration (m)

1 71 f CJD susp AD 3 4 44 l l l l 8 

2 86 m CJD susp AD 2 6 33 l l l l l 3 

3 78 f CJD susp AD 2 4 34 l l l l 10 

4 76 m CJD susp AD 2 4 n.d. l l l l l 2

5 75 f CJD susp AD changes 3 3 n.d. l l l l 3

6 80 m CJD susp AD changes 2 2 n.d. l l l 24

7 85 f AD AD 2 5 n.d. l 48 

8 73 m AD AD 2 4 44 l l 120 

9 72 m AD AD 2 6 32 l l l l 120 

10 85 f AD AD 2 5 44 l l l l 120 

11 65 m AD AD 3 5 33 l l l l l l l 84 

12 75 f AD AD 3 5 44 l l l l 144 

13 83 f AD AD 2 3 n.d. l l l l 60 

14 74 m AD AD 3 6 n.d. l 72

15 89 f AD AD 3 5 33 l 36

16 70 f PD LBD-NT 3 3 44 l l Rapid 
progressive

17 69 f PD LBD-NT 2 3 34 l l l unknown

18 75 m PD LBD-NT 3 3 44 l l l l unknown

19 70 f PD LBD-NT 1 4 n.d. l l l l 18 

20 95 f no dementia n.a. 2 3 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

21 79 m no dementia n.a. 2 1 33 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

22 88 m depression n.a. 1 2 34 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

23 77 f Control n.a. 0 1 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

24 80 m Control n.a. 0 0 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

25 84 m Control n.a. 0 1 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

26 93 f Control n.a. 0 2 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

NP: neuropathological diagnosis; Braak T: Braak tangles; CJD: Creutzfeldt-Jakob Disease; AD: Alzheimer’s 
disease; PD: Parkinson’s disease; LBD-NT: Lewy body disease-neocortical type; ApoE: apolipoprotein E 
genotype.  CAA stage: 0 = none, 1 = mild, 2 = moderate, 3 = severe.  CD: cognitive decline, Cort: other

cortical disturbances (like aphasia, apraxia, agnosia), Ap: apathy, AM: akinetic mutism, Mc: myoclonus, 
PS: pyramidal signs, EPS: extrapyramidal signs, NPS: neuropsychiatric symptoms (delusions and 
hallucinations), Sz: seizures, n.a: not applicable, n.d. not detemined.
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Neuropathological findings
All clinically diagnosed AD patients and four of the six CJD-suspected cases fulfilled 
neuropathological criteria for AD concerning the tau pathology with Braak tangle stage 
of four or higher; all clinically diagnosed PD cases had severe Lewy-body pathology at 
autopsy. The three non-demented cases had Braak tangle scores of 1-3.

Table 2. Overview of patients and clinical symptoms.

case age sex clinical
diagnosis

NP diagn CAA Stage Braak T ApoE CD Cort Ap AM MC PS EPS NPS Sz Disease 
duration (m)

1 71 f CJD susp AD 3 4 44 l l l l 8 

2 86 m CJD susp AD 2 6 33 l l l l l 3 

3 78 f CJD susp AD 2 4 34 l l l l 10 

4 76 m CJD susp AD 2 4 n.d. l l l l l 2

5 75 f CJD susp AD changes 3 3 n.d. l l l l 3

6 80 m CJD susp AD changes 2 2 n.d. l l l 24

7 85 f AD AD 2 5 n.d. l 48 

8 73 m AD AD 2 4 44 l l 120 

9 72 m AD AD 2 6 32 l l l l 120 

10 85 f AD AD 2 5 44 l l l l 120 

11 65 m AD AD 3 5 33 l l l l l l l 84 

12 75 f AD AD 3 5 44 l l l l 144 

13 83 f AD AD 2 3 n.d. l l l l 60 

14 74 m AD AD 3 6 n.d. l 72

15 89 f AD AD 3 5 33 l 36

16 70 f PD LBD-NT 3 3 44 l l Rapid 
progressive

17 69 f PD LBD-NT 2 3 34 l l l unknown

18 75 m PD LBD-NT 3 3 44 l l l l unknown

19 70 f PD LBD-NT 1 4 n.d. l l l l 18 

20 95 f no dementia n.a. 2 3 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

21 79 m no dementia n.a. 2 1 33 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

22 88 m depression n.a. 1 2 34 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

23 77 f Control n.a. 0 1 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

24 80 m Control n.a. 0 0 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

25 84 m Control n.a. 0 1 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

26 93 f Control n.a. 0 2 n.d. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

NP: neuropathological diagnosis; Braak T: Braak tangles; CJD: Creutzfeldt-Jakob Disease; AD: Alzheimer’s 
disease; PD: Parkinson’s disease; LBD-NT: Lewy body disease-neocortical type; ApoE: apolipoprotein E 
genotype.  CAA stage: 0 = none, 1 = mild, 2 = moderate, 3 = severe.  CD: cognitive decline, Cort: other

cortical disturbances (like aphasia, apraxia, agnosia), Ap: apathy, AM: akinetic mutism, Mc: myoclonus, 
PS: pyramidal signs, EPS: extrapyramidal signs, NPS: neuropsychiatric symptoms (delusions and 
hallucinations), Sz: seizures, n.a: not applicable, n.d. not detemined.
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Aβ deposition 
Dyshoric changes were mainly observed around the capillaries, and only rarely around 
larger vessels. Both Aβ 1-40 and Aβ 1-42 were detected around the capillaries and they 
were highly correlated (Spearman’s rho 0.855, p < 0.000), but the distribution showed 
remarkable differences. Aβ1-40 was the main component of the dyshoric changes, 
completely surrounding the capillary with also extensive spread into the neuropil, as 
well as the main component in the vessel wall. Aβ1-42 on the other hand was mainly 
present in dense bulb-like deposits directly adjacent to the capillary wall, but virtually 
absent in the flamelike depositions radiating into the neuropil. (Fig 1) This is the 
opposite of the distribution in plaques with a dense core consisting of Aβ 1-40 and a 

Figure 1 A-F. Immunofluorescent double staining for Aβ 1-40 (green) and Aβ 1-42 (red), illustrating the 
distribution of the two isoforms in capillaries and the dyshoric changes (panels A,B,C) and plaques (panels 
D,E,F).

Figure 2 A-C. Correlation between capCAA severity and plaque severity analyzed with Aβ1-17 (A), Aβ1-40 
(B) and Aβ1-42 (C). Bars represent means with SEM. * p < 0.05, *** p < 0.001
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Figure 3 A-O. Immunoreactivity in capCAA (left column of panels), CAA (middle column of panels) and 
plaques (right column of panels). All stainings are double stainings with congo-red, except panels a,b,c. 
(A,B,C) Aβ 1-17 staining; the dyshoric changes are found around the capillaries, and not the larger vessels. 
(D,E,F) Microglial activation is seen around the capillaries, especially when there are dyshoric changes. 
(G,H,I) Activated astrocytes are seen around both capillaries and larger vessels, mostly when a dyshoric 
component is present. ( J,K,L) hyperphosphorylated tau is seen only around the Aβ-laden capillaries, and 
hardly around the larger vessels. (M,N,O) ubiquitin is found around the Aβ-laden capillaries, mainly when 
there are dyshoric changes as well, and not around the larger vessels
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diffuse spread around consisting of mainly Aβ1-42. (Fig 1) In the four control brains (nr 
23-26, table 2) no Aβ immunoreactivity was detected.
The severity of capCAA was correlated with the severity of CAA type 2 (Spearman’s rho 
0.71, p < 0.000); CapCAA occurred in any stage of CAA and no subjects had capCAA 
without any larger vessel CAA. We observed a significant inverse correlation between 
capCAA severity and plaque density with relatively few plaques in subjects with the most 
extensive capCAA (Spearman’s rho -0.52, p = 0.013, fig 2). When separately analyzed for 
Aβ1-40 and Aβ1-42 this correlation was the same for both isoforms (Spearmans rho 
–0.59, p = 0.004 vs. -0.53, p = 0.011). No significant correlation was found between CAA 
type 2 and plaque load (Spearman’s rho – 0.39, p = 0.076). 

Tau and ubiquitin
Few or no neurofibrillay tangles were observed in the occipital cortex of any of the 
subjects, although present in other regions of the brain, especially in the AD-subjects 
(table 2, Braak tangle score). AT8 immunoreactivity was observed surrounding Congo 
red positive dyshoric capillaries and was absent around the larger Congo red positive 
vessels. ( fig. 3j,k) Similarly, ubiquitin-immunoreactive neuritic dystrophy was found 
around capCAA, but not around larger congo-red positive vessels ( fig 3 m,n).
The severity of AT8-immunoreactivity was correlated with the severity of ubiquitin 
(UB) reactivity (Spearman’s rho 0.527, p = 0.03). The cases with little UB (score £ 2) had 
significantly less AT8 immunoreactivity than the cases with abundant UB (> 2), 0.8 vs 2.4, 
p = 0.001 (Mann- Whitney U) and no cases demonstrated tau pathology in the absence 
of ubiquitin immunoreactivity, whereas in two cases ubiquitin immunoreactivity 
without any tau pathology was observed around the dyshoric capCAA-affected vessels. 
Both tau and ubiquitin deposits were more severe in the demented subjects than the 
non-demented subjects (1.4 vs. 1.0 and 2.2 vs. 1.3 respectively), but this did not reach 
significance, probably due to the small number of non-demented subjects (n=3). No 
tau and ubiquitin immunoreactivity was detected in control brains.

Glia activation
The presence of astrocytes was assessed using GFAP immmunolabeling; doublestainig 
with GFAP and Congo-red demonstrated the presence of astrocytes around virtually 
all Aβ-laden vessels, albeit strongest around capillaries, in particular in the presence 
of dyshoric changes, which were surrounded by clusters of GFAP immunoreactive 
astrocytes. ( fig. 3g,h) Clusters of LN3-positive microglia were strongly associated 
with Aβ laden capillaries with dyshoric changes, but were only sporadically observed 
around larger vessels harbouring CAA. ( fig. 3d,e) Clusters of activated microglia and 
astrocytes were, as expected, found around the classical plaques in the same region.  In 
the control subjects some GFAP-immunoreactivity was present, but no LN3-positive 
microglia were seen. 
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APOE
APOE-genotype was determined for 14 of the 22 cases. The APOE-e4 allele frequency in 
this cohort was 54%. Six of the fourteen patients (43%) were homozygous for the APOE 
e4 allele. When stratified for APOE genotype, subjects with at least one APOE-e4 allele 
had higher scores for capillary Aβ1-17 (2.4 vs. 2.0), Aβ1-40 (2.1 vs. 1.4) and Aβ1-42 
(2.3 vs. 2.0) than subjects without an e4 allele. In these small groups, none of these 
differences reached significance, but a trend for more severe capCAA depending on the 
number of e4 alleles is clearly illustrated in figure 4. Subjects heterozygous for the e4 
allele had the strongest association with capillary Aβ, as shown on adjacent sections 

Figure 4 A-C. Capillary cerebral amyloid angiopathy and plaque severity stratified for APOE genotype, 
analyzed in the Aβ1-17 (A), Aβ1-40 (B) and Aβ1-42 (C) stainings shows a correlation between capCAA 
severity and APOE genotype. Plotted values are means with SEM.

Figure 5 A-F. Adjacent sections (10X) 
stained for Aβ1-17 (left, panels A,C,E) and 
APOE4 (right, panels B,D,F) in a patient 
with no e4 allele (A,B), e4 heterozygous 
(C,D) and e4 homozygous (E,F). The 
dyshoric capillary cerebral angiopathy 
severity is low the in e4 negative subject, 
intermediate in the heterozygous, and 
high in the homozygous patient.
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stained for APOE-e4 and Aβ1-17, and a clear increase of capillary Aβ with the number 
of e4 alleles can be seen in figure 4 and 5.  

Discussion

This series of 22 cases of dyshoric capCAA is the largest series specifically studying 
the neuropathological changes accompanying the parenchymal Aβ surrounding the 
capCAA. In order to minimize selection bias, which is often a problem in retrospective 
studies using neuropathological databases, we selected cases with extensive capCAA with 
dyshoric changes from four distinct databases containing different patient populations. 
The neuropathological abnormalities in most of our capCAA patients showed that they 
were suffering from a neurodegenerative disease compatible with the clinical diagnoses 
during life. However, interpretation of the causes of the wide range of symptoms in this 
group of patients with capCAA is far from straightforward. Most patients suffered from 
combinations of symptoms that could largely be attributed to their neurodegenerative 
disease other than the capCAA: e.g. all PD patients had extrapyramidal symptoms 
and most had hallucinations, whereas many AD patients had multiple higher cortical 
disturbances like apraxia and aphasia. CapCAA with dyshoric changes by itself probably 
does not lead to cognitive decline, considering the fact that some cognitively intact 
elderly have these changes. We can speculate however, that when capCAA and the 
associated neuroinflammatory response occur in addition to extensive neurofibrillary 
tangles and in the absence of neuritic plaques, that this could possibly lead to a 
rapid progression of dementia, since we observed capCAA in some subjects clinically 
suspected of suffering from CJD, based on rapid clinical progression, while having 
extensive neurofibrillary tangles with very few plaques. 
Several clear neuropathological differences between capCAA and type 2 CAA have been 
found in this study. In line with previous reports, we demonstrated that in capCAA-
affected vessels Aβ1-42 is present within the walls of Aβ-laden capillaries and in dense 
bulb-like deposits adjacent to the capillary wall.12;13 In these previous studies, Aβ1-42 
was observed to be the main isoform in capCAA as opposed to Aβ1-40 in CAA type 2.12;13 
In contrast with these findings, we found a distinct presence of Aβ1-40 in capCAA. The 
main difference with CAA type 2 is that Aβ1-40 in capCAA is not prominently observed 
in the vessel wall, but as dyshoric deposits spreading into the neuropil. The less soluble 
Aβ1-42 we observed in our series of capCAA was mainly as dense, bulb-like deposits 
adjacent to the capillary wall. A possible explanation for this difference with previous 
reports could be that few patients in previous series had abundant dyshoric changes 
(in which Aβ1-40 is the most prominent isoform), and therefore Aβ1-42 was described 
as the main isoform in capCAA. 
The high APOE e4 allele frequency (54%) in our patient group is comparable to what 
Thal and colleagues found in their series of capCAA (46.7%).5 This occurrence of 54% 
is a lot higher than in the general population (14%) and than in late onset sporadic AD 
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(37%).24 The rate of e4/e4 homozygous subjects of 43% is extraordinary high compared 
to the population (3%) and AD-subjects (13%), and a lot higher than in the series of Thal, 
in which 3 out of 15 (20%) genotyped type 1 CAA subjects had e4/e4 genotype.5;25 Two 
other cases homozygous for the e4 allele with severe capCAA with dyshoric changes 
were published before.8 Our findings in combination with the previous reports indicate 
that this specific genotype might represent a strong risk factor for the occurrence of 
capCAA specifically with concomitant dyshoric changes. Our very high percentage of 
e4/e4 genotype compared to the previous series might be explained by the fact that the 
subjects in our study were selected on the occurrence of widespread capCAA, probably 
including more severe cases. The co-localization of APOE e4 with capillary Aβ and the 
increasing severity of capCAA with increasing number of e4 alleles, stress the role of 
this risk allele. Apparently APOE e4 genotype is a strong genetic risk factor for dyshoric 
capCAA, like it is for AD, but the presence of an e4 allele is not required to develop these 
changes, since five out of fourteen of our subjects (36%) had a genotype without e4 allele.
In previous studies an association was found between capCAA and AD pathology, 
assessed according to CERAD, Braak and NIA-Reagan-Institute criteria, as well as 
between tau and CAA.6;16 We observed tau-pathology and ubiquitin immunoreactivity 
around the capCAA-affected vessels in the occipital lobe, an area where few tangles 
are found, even in advanced AD. This supports the hypothesis that the tau pathology 
is secondary to the Aβ depositions around the capillaries, as suggested before.13;17 
The presence of ubiquitin and tau close to the dyshoric changes resembles closely the 
changes around classical plaques in AD. In our series some cases exhibit ubiquitin 
without any tau, but no cases showed tau without any ubiquitin, suggesting a sequence 
of events similar to plaques, where ubiquitin immunoreactivity can be found before tau. 
Microglial activation around the capillaries with dyshoric changes was markedly 
increased compared to Aβ-laden vessels without dyshoric changes, indicating a strong 
inflammatory response, again similar to what is found around Aβ plaques in AD.26;27 
The inflammatory reaction associated with Aβ plaques has been implicated to play 
a role in the pathogenesis of AD and likely contributes to the symptoms of cognitive 
decline.26;27 In the same manner the Aβ accumulation around capCAA can induce an 
inflammatory reaction with activated microglia as opposed to CAA in the larger vessels, 
which is not associated with microglial activation. It is probably the parenchymal Aβ 
in dyshoric capCAA that evokes the neuroinflammatory response, while the Aβ in CAA 
type 2 is mainly present in the vessel wall where it does not lead to an inflammatory 
response. This is another argument that the occurrence of capCAA is a distinctly different 
process from larger vessel CAA and that based on neuropathological characteristics, 
capCAA more closely resembles plaques than large vessel CAA. Whereas type 2 CAA is 
generally considered to be a process not contributing to the development of cognitive 
decline, the neuroinflammatory response and depositions of hyperphosphorylated tau 
surrounding the parenchymal Aβ in dyshoric capCAA suggest that it might play a role 
in the cognitive decline in the same manner as plaques do.
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The inverse correlation between capCAA severity and plaque-density around the 
capillaries is striking. Results from previous studies on this aspect are contradicting, 
but this might be explained by different definitions of capCAA, and by the fact that 
no clear distinction was made between capCAA with or without dyshoric changes in 
previous studies.6;13;14 In this study we specifically looked at the parenchymal (dyshoric) 
Aβ surrounding the capCAA. The inverse correlation between plaques and capCAA is 
compatible with the hypothesis of Aβ flow from the neuropil towards the circulation, 
thus decreasing plaque-load while increasing Aβ deposits in and around the capillaries. 
This is in concordance with the findings in a recent Aβ-vaccination trial in AD patients, 
which has shown that a decrease in plaque load is accompanied by an increase in CAA-
severity.28 Subsequently CAA severity decreases again, suggesting that Aβ removal 
from plaques and clearance via the vascular system can take place and is a dynamic 
process.28 Several possible mechanisms of this clearance have been hypothesized. 
Clearance of Aβ via receptor-mediated transport across the blood-brain barrier 
(BBB) has been shown to take place.29-31 Another possible route of Aβ elimination is 
the perivascular drainage of Aβ.32 Impaired clearance along this route could explain 
the increasing amount of Aβ-depositions in the brain and finally an increase of the 
symptoms of cognitive decline.32 Our findings could be compatible with such a faulty 
BBB clearance mechanism resulting in accumulating depositions in and around the 
capillaries, resulting in dyshoric angiopathy. Our findings could also be compatible 
with clogging of the perivascular route and thus accumulating Aβ as CAA and finally 
capCAA. However, capCAA also occurs with relatively little non-capCAA, suggesting 
that the problem does not necessarily start downstream from the capillaries, but rather 
with insufficient clearance at the BBB in the capillaries. 
Taken together, the pathological hallmarks of type 1 CAA with concomitant dyshoric 
changes clearly differ from type 2 CAA underscoring the fact that CAA type 1 and 2 might 
represent distinct disease entities. We observed a characteristic distribution of Aβ1-40 
and Aβ1-42 in dyshoric capCAA that was not described before. The strong correlation 
with APOE genotype and the presence of APOE in the capillaries that we found 
stresses the difference with larger vessel CAA. The deposits of hyperphosphorylated 
tau and ubiquitin and clusters of activated microglia surrounding the capillaries 
closely resemble those around plaques, and are practically absent around larger CAA-
laden vessels. Considering the parenchymal changes, dyshoric capCAA could possibly 
contribute to cognitive decline; however, capCAA does not seem to be associated 
with a specific clinical syndrome. The strong negative correlation between dyshoric 
capCAA severity and the local plaque load that we found, suggests failure of Aβ 
transport directed from the parenchyma towards the capillary system as a possible 
explanation for accumulation of Aβ in the capillary wall and surrounding neuropil as 
dyshoric changes. Future studies on expression of proteins involved in transendothelial 
Aβ-transport in subjects wih capCAA with dyshoric changes could possibly help 
clarifying the underlying mechanisms. 
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Abstract

Background: Subjects fulfilling the World Health Organisation diagnostic criteria for 
Creutzfeldt - Jakob disease (CJD) often have a different diagnosis at autopsy, including 
Alzheimer’s disease. Cerebral Amyloid Angiopathy (CAA) is a common finding in 
Alzheimer’s disease, and in rare cases this is particularly capillary CAA with dyshoric 
changes.
Methods: Of 225 suspected CJD cases, six had extensive capillary CAA with dyshoric 
changes, in addition to neurofibrillary tangles and in the absence of CJD pathology. 
Clinical data and results of neuroimaging, electroencephalography and cerebrospinal 
fluid analysis were collected to assess what led to the erroneous clinical diagnosis of 
CJD.
Results: All six patients had a rapidly progressive dementia (mean 8.2 months, range 
3-24). Four fulfilled criteria for ‘probable’ and one for ‘possible CJD’. 14-3-3 Protein in 
CSF and/or EEG-findings supported the suspicion of CJD in five patients. 
Discussion: Patients with a clinical suspicion of CJD, supported by EEG and/or CSF 
abnormalities can have severe capillary CAA with dyshoric changes in addition to the 
presence of neurofibrillary tangles. Possibly dyshoric capillary CAA can contribute to 
rapid clinical progression in dementia.
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Background

The clinical diagnosis of ‘possible Creutzfeldt-Jakob disease’ (CJD) is based on a 
combination of symptoms and signs, with rapidly progressive dementia as the core feature, 
accompanied by at least two of the following symptoms: myoclonus, visual or cerebellar 
signs, pyramidal or extra-pyramidal signs and akinetic mutism. For the diagnosis 
‘probable CJD’ additional findings of periodic sharp wave complexes (PSWCs) in the 
electro-encephalogram (EEG) or the detection of 14-3-3 protein in the cerebrospinal fluid 
(CSF) is required.1 Abnormalities on magnetic resonance imaging (MRI) can support the 
clinical suspicion of CJD, but are not required to fulfil the WHO criteria.2

Of all clinically suspected CJD cases, only about 30% have CJD at autopsy.3 In the CJD-
registry of The Netherlands, a small group was noticed with a remarkably extensive 
capillary cerebral amyloid angiopathy (CAA).
CAA is a common neuropathological finding in non-demented elderly subjects, and 
occurs in as much as 70-100% of the AD cases.4 Depositions of Amyloid-β (Aβ) occur 
mostly in leptomeningeal arteries and arterioles, but in some subjects predominantly 
the cortical capillaries are affected (capCAA), with Aβ deposits spreading into the 
surrounding neuropil in flame-like depositions, so-called dyshoric angiopathy.4 
CapCAA occurs in all CAA stages, in both demented and non-demented subjects, but 
its prevalence has not systematically been investigated.5 Whether dyshoric capCAA 
can lead to neurological symptoms and signs is currently unknown. 
This case-series describes six patients who were clinically suspected of having CJD, 
but in whom extensive capillary cerebral amyloid angiopathy (capCAA) with dyshoric 
changes, neurofibrillary tangles and relatively little parenchymal Aβ plaques were 
found at post-mortem examination. Clinical characteristics and results of ancillary 
investigations are reported in order to gain insight into the clinical profile of these 
patients that had led to the –erroneous– clinical diagnosis of CJD. 

Methods

Subjects
All patients with a suspicion of CJD in the Netherlands in whom consent for autopsy is 
obtained are referred to the University Medical Centre (UMC) in Utrecht for pathological 
examination. From 2001 to 2008, brains of 225 patients were examined. In 115 patients 
(51 %) the diagnosis of CJD was confirmed. In 6 of the 110 cases (5.4%) with other 
diagnoses severe dyshoric capCAA with extensive spread of Aβ into the neuropil was 
found, in addition to relatively few or no plaques and in the absence of CJD pathology.  
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Neuropathological evaluation
All neuropathological stainings were performed in a standardized way. Haematoxylin-
eosin and luxol-PAS stainings were performed on seven cortical areas, basal ganglia, 
thalamus, mesencephalon, pons,  medulla, vermis and cerebellum/dentatus. For 
PrP detections frontal, occipital and parietal cortex, basal ganglia and vermis were 
immunohistochemically stained with 3F4 antibodies (1: 400, mouse mab, Signet) 
after prot.K pre-treatment. Abeta (Aβ 1-17 1: 400 mouse mab, DAKO) and tau (AT8, 
1: 250 mouse mab, Innogenetics) stainings were performed and severity of tau 
pathology was scored according to Braak and Braak.6 Staining with Congo-red and 
immunohistochemical staining with anti-Aβ 1-17 were used to assess severity of Aβ 
deposits in plaques, CAA and dyshoric changes. 

Clinical data
Clinical data were collected retrospectively, using all medical files that could be retrieved 
from physicians who referred patients for autopsy. Informed consent for use of the data 
and tissue for research was obtained from relatives of all patients. Demographical data 
and relevant clinical characteristics were extracted. Results of CSF analysis including 
14-3-3 protein, MRI and computed tomography (CT) of the brain and EEG were reviewed. 

Results

Clinical characteristics
All six patients suffered from a rapidly progressive dementia, the main reason for 
considering a diagnosis of CJD. The mean disease duration was 8.2 months (range 3 
– 24 months) and the mean age at onset was 77.2 years (SD=5.5; range 70-86, Table). 

Table

Nr Sex Age Duration
(months)

MC Visual/
cerebellar

PS /EPS AM Other PSWC 14-3-3 Criteria CJD CT/MRI Other CSF findings

1 m 80 24 l l seizures l probable -

2 f 70 8 l l aphasia, apraxia l l probable 3 recent infarctions n.p. 

3 m 86 3 l l l l apraxia, 
consciousness ¯

l - probable old ICH right frontal 
lobe 

-

4 f 77 8 l seizures, aphasia, 
consciousness ¯

l n.p. - generalized atrophy n.p.

5 m 76 3 l l l - l l probable generalized atrophy slight PC

6 f 74 3 l l l seizures - - possible no abnormalities severe PC, ↑ protein

Patient characteristics, results of ancillary investigations and fulfilment of World Health Organization 
CJD criteria.[1] MC: myoclonus; PS:  pyramidal signs; EPS: extra-pyramidal signs; AM: akinetic mutism; 
PSWC: periodic sharp wave complexes on EEG; CJD: Creutzfeldt-Jakob disease; PC: pleiocytosis; n.p: not 
performed, ICH: intracerebral haemorrhage. 
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Five patients had akinetic mutism and five patients had myoclonus. Three patients had 
pyramidal or extra-pyramidal signs. Seizures and aphasia were reported in several of 
the patients (Table). 

Ancillary investigations
EEG was obtained in five of the six patients (Table): four EEG’s showed periodic sharp 
wave complexes (PSWC). One patient had only non-specific EEG changes described as 
general slowing, not supportive for the diagnosis ‘probable CJD’. 
Five patients had both a MRI- and CT scan; one patient only had a CT san. None of 
the MRI scans revealed abnormalities supportive for the diagnosis CJD. Other findings 
on imaging varied from no abnormalities (one patient) to leukoaraiosis, diffuse 
cortical atrophy and hippocampal atrophy. The scan of patient 2 revealed three recent 
infarctions (thalamus, occipital lobe and parietal lobe of the left hemisphere) and the 
MRI in patient 3 revealed signs of an old intra-cerebral haemorrhage in the right frontal 
lobe. Lumbar puncture was performed in all but one patient. In three patients the 14-3-3 
protein was present in CSF. A slight CSF pleiocytosis (26/mm3 leucocytes) in addition 
to the presence of 14-3-3 protein was present in patient 5, and severe pleiocytosis (3200/
mm3 leucocytes) with an elevated level of CSF protein (3.0 g/l) was found in patient 6. 

Diagnostic criteria
In retrospect, following the World Health Organisation (WHO) criteria for the 
classification of sporadic Creutzfeldt-Jakob disease1, four of the six patients could be 
classified as ‘probable’ CJD, one patient as ‘possible’ CJD (no CSF or EEG was performed) 
and one patient did not fulfil the criteria. (Table) 

Table

Nr Sex Age Duration
(months)

MC Visual/
cerebellar

PS /EPS AM Other PSWC 14-3-3 Criteria CJD CT/MRI Other CSF findings

1 m 80 24 l l seizures l probable -

2 f 70 8 l l aphasia, apraxia l l probable 3 recent infarctions n.p. 

3 m 86 3 l l l l apraxia, 
consciousness ¯

l - probable old ICH right frontal 
lobe 

-

4 f 77 8 l seizures, aphasia, 
consciousness ¯

l n.p. - generalized atrophy n.p.

5 m 76 3 l l l - l l probable generalized atrophy slight PC

6 f 74 3 l l l seizures - - possible no abnormalities severe PC, ↑ protein

Patient characteristics, results of ancillary investigations and fulfilment of World Health Organization 
CJD criteria.[1] MC: myoclonus; PS:  pyramidal signs; EPS: extra-pyramidal signs; AM: akinetic mutism; 
PSWC: periodic sharp wave complexes on EEG; CJD: Creutzfeldt-Jakob disease; PC: pleiocytosis; n.p: not 
performed, ICH: intracerebral haemorrhage. 
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Neuropathology
All subjects had extensive neurofibrillary tangles consistent with Braak stage three to 
six. Although Braak stage four to six is compatible with the neuropathological criteria 
for AD, few or no plaques were seen, which is very uncommon for classic AD patients 
with advanced dementia. The extensive capCAA, with severe dyshoric changes was the 
most remarkable finding in this series. (Figure)

Discussion

In 51% of patients the clinical suspicion of CJD could be pathologically confirmed, 
which is higher than in previous series.3 Our finding of severe capCAA as most 
prominent neuropathological characteristic in a small proportion of patients with 
another diagnosis has not been reported before. 
Rapidly progressive dementia led to the clinical suspicion of CJD in all six cases. 
Additional symptoms including akinetic mutism, visual hallucinations and myoclonus 

Figure. Severe capillary cerebral amyloid angiopathy with dyshoric changes in occipital cortex of patient 
number five. Immunohistochemical staining with an antibody against Aβ1-17.
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were compatible with this diagnosis in all six patients. In most cases, EEG and/or CSF 
findings were also supportive for the diagnosis CJD. According to the WHO-criteria for 
CJD, it was justified that this diagnosis was considered in five out of the six patients 
( four probable and one possible CJD). One patient did not fulfil diagnostic criteria, 
but in this patient the combination of rapidly progressive dementia with akinetic 
mutism, focal cortical disturbances (aphasia) and PSWCs on EEG understandably 
led to the clinical suspicion of CJD. Especially the interpretation of the EEG and CSF 
abnormalities have probably contributed to the erroneous diagnosis.
PSWCs are not specific for CJD and occurrence of ‘CJD-like EEG’s’ can occur in several 
other neurological diseases, including AD.7 The presence of 14-3-3 protein in CSF can 
support the clinical suspicion of CJD with high sensitivity and specificity, but this only 
holds true in patients, in whom encephalitis, recent stroke and central nervous system 
(CNS) malignancies have been excluded.8 
Patient 2 had three recent infarctions that can explain the rapid clinical deterioration 
and patient 6 had a severe pleiocytosis, compatible with a CNS infection. Although 
CSF pleiocytosis is not present in CJD, it is understandable that the mild pleiocytosis 
in patient 5 did not lead to disregarding this diagnosis. In retrospect three of the six 
cases fulfilled the WHO clinical criteria for probable CJD, one case did not, but did have 
symptoms compatible with the diagnosis and supportive EEG abnormalities, and in 
two patients the diagnosis should have been disregarded based on other findings of 
ancillary investigations (recent infarctions and severe pleiocytosis). 
Although sporadic CAA is, apart from lobar haemorrhages, mostly considered to be 
a-symptomatic, several cases of severe CAA with rapidly progressive dementia and 
seizures, as well as a steroid-responsive inflammatory encephalopathy, have been 
reported.9 In four out of six of the described patients no other plausible explanation for 
the rapidly progressive dementia was found, suggesting that possibly the capCAA with 
spreading of the Aβ deposits into the neuropil, could have contributed to the rapid 
clinical deterioration. CNS infection and recent multiple cerebral infarction could have 
contributed to the rapid clinical deterioration in the two other patients. Although the 
six cases exhibited extensive neurofibrillary tangles, they had very little parenchymal 
Aβ-plaques, distinguishing them from regular AD cases. In addition, the rapid progression 
of dementia is highly atypical for AD. Few cases of extremely rapid progression in AD with 
neuropathological confirmation have been reported before and at least one of these had 
CAA, but capillary involvement and dyshoric changes were not mentioned.10

The small number of cases in this series obviously precludes a definitive conclusion on 
the nature of the relation between dyshoric capCAA and rapidly progressive dementia. 
CapCAA has been described in AD patients, without reporting many details about 
the clinical features of the patients and the same holds for subjects with extensive 
dyshoric capCAA.11  Larger autopsy series of demented patients and controls should be 
systematically investigated for the presence of capCAA, in order to characterise in more 
detail the association between rapidly progressive dementia and presence of capCAA. 
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Abstract

Introduction: Morphological changes as well as functional changes take place in 
the capillary network in Alzheimer’s disease (AD). It is currently unclear whether the 
capillary density in AD is different from controls.
Methods: Capillary density was assessed in the temporal and occipital cortex of ten 
clinically diagnosed and pathologically confirmed Alzheimer patients and ten age-
matched controls. Capillaries were immunostained for collagen IV in 40 µm paraffin 
sections. Using virtual isotropic hemispheres, which were randomly placed within the 
sections throughout the regions of interest, the capillary length density (CLD) was 
calculated and compared between Alzheimer and control subjects.
Results: The CLD in the temporal cortex was increased by 33% in Alzheimer patients 
compared to controls (476 vs. 359 mm/mm3, p = 0.04) and the temporal cortical 
diameter in Alzheimer patients was decreased by 32% compared to controls (1.99 mm 
vs. 2.94 mm p = 0.002). There was a strong negative correlation between temporal CLD 
and cortical thickness (Pearson’s r -0.62, p = 0.003). In the occipital cortex of Alzheimer 
patients more string vessels were observed compared to controls (p = 0.004).
Discussion: The increase in temporal CLD probably results from the decrease in 
cortical diameter caused by cortical atrophy. The increase of string vessels in AD 
could be the result of capillary degeneration. Surrounding Aβ could play a role in this 
degeneration, as a strong co-localization of Aβ and string vessels was found in an 
exploratory analysis. Although there are morphological and functional changes in the 
capillary network these data indicate that the density of the capillary network is not 
altered in AD.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disease, which is characterized 
pathologically by intraneuronal accumulation of hyperphosphorylated tau (tangles) 
and extracellular accumulation of amyloid-β (Aβ; plaques). The importance of vascular 
factors contributing to the pathogenesis of AD is however increasingly recognized.1 
Vascular risk factors such as hypertension and diabetes mellitus are risk factors for AD 
and cerebrovascular lesions are common in AD patients.2 Macrovascular complications 
including (lacunar) stroke and microhemorrhages probably do not sufficiently explain 
this ’vascular component’ of dementia, and microvascular abnormalities may also play 
a role in the pathogenesis of AD. 
Structural changes in the microvascular network in brain tissue of AD patients have 
been described, including blood-brain barrier alterations and basement membrane 
thickening.3;4 Gross morphological changes of the capillary network in AD include 
looping, increased tortuosity and the occurrence of string-vessels, probably remnants of 
degenerated capillaries.5-7 Studies on the capillary density in brain tissue of AD patients 
have so far provided conflicting results, where in some studies a decrease5;8, in some 
an increase9 and in some no change10 in capillary density was described. The reasons 
for these inconsistent results probably lie in the different methodological approaches 
used, the selection of patients and the different cerebral regions investigated. 
The aim of this study is to compare cortical capillary density and capillary morphological 
changes in clinically diagnosed and pathologically confirmed AD patients and age-
matched control subjects. We studied capillary length densities within the temporal 
pole and occipital cortex of theses cases using the ‘space balls’ method previously 
described by others.11-13 

Methods

Subjects
Post-mortem tissue from ten consecutive AD patients (age 82.6, SD 10.9) fulfilling the 
clinical criteria ‘probable AD’ and the neuropathological CERAD criteria for AD14;15, 
and ten age-matched controls (age 84.5, SD 6.9) with no cognitive impairment were 
obtained from the Netherlands Brain Bank (Amsterdam, The Netherlands). All patients 
had advanced AD with a clinical dementia rating-score (CDR) of 2 or more. Records 
including a summary of medical history were available for all patients and controls.

Immunohistochemical staining
All tissue samples were obtained with a short post-mortem interval (4-10 hours) and 
at autopsy immersed fixed in formalin (10%) for four weeks. Afterwards, serial 700 µm 
thick coronal slices were cut and regions for evaluation of AD pathology and vascular 
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changes were dissected. Tissue blocks of the dissected regions were embedded in 
paraffin and cut using a sliding microtome into 5 mm or 40 µm thick sections. Sections 
were mounted on superfrost plus tissue slides (Menzel-Gläser, Germany) and depa-
raffi ni zed. Immunohistochemical staining was performed as described previously.16 
Neuropathological evaluation for Alzheimer pathology was performed as described 
previously.17 
For the detection of collagen IV sections were incubated over night at 4°C with mouse 
anti-collagen IV (1:25 dilution, DAKO, Glostrup, Denmark). After visualization using 
3,3’-diaminobenzidine (EnVision Detection system/HRP, 1:50 dilution, DakoCytomation, 
Glostrup, Denmark, 10 minutes) sections were incubated with 0.5% CuSO4 solution 
(Merck, Darmstadt, Germany) for 15 minutes to enhance staining intensity and were 
finally mounted with DePeX (BDH Laboratories Supplies). To determine co-localization 
of collagen IV with Aβ, sections were subsequently immunostained using a mouse 
monoclonal antibody directed at aa 1-17 of the Aβ protein (courtesy of Dr. N. Verwey, 
VUMC). Aβ was visualized using Liquid Permanent Red (DAKO) as chromogen. Luxol 
fast blue-PAS staining was performed on 5 µm sections adjacent to the 40 µm sections 
stained with collagen IV to visualize the boundaries of the cortex. 

Quantitative analysis
Capillary length density (CLD) was estimated using the space ball method as previously 
described by Kreczmanski et al.11-13 Briefly, the  40 µm sections stained with the 
antibody against collagen IV were used for stereological analysis. Regions of interest 
(ROI’s) in the temporal pole and occipital cortex were delineated at low magnification 
(10x UplanApo objective) using a computer-assisted morphometry system consisting 
of a Zeiss Axioplan photomicroscope with a CCD color videocamera and a motorized 

Figure 1.  40 µm sections stained with an antibody against collagen IV. a) Low magnification (25x) showing 
the whole cortical diameter in the occipital cortex. Several regions of interest (ROI) were selected in each 
section (black lines), and the cortical diameter was measured 3-4 times per ROI and then averaged for the 
whole section (white lines;). b) High magnification (100x) showing the capillary bed and the presence of 
string vessels (white arrow).
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stage controller for automatic sampling equipped with the StereoInvestigator software 
version 8 (MicroBrightfield, Germany). ( fig 1a) The entire cortical diameter was selected 
for analysis, because of the considerable difference in capillary density between cortical 
layers.18 This way sampling bias within the cortex was limited to a minimum. To take 
into account variations in cortical diameter resulting from oblique sectioning, ROI’s 
were selected determined on the best vertical orientation of the cortical ribbon in 
each section.10;12 Cortical diameter was measured 3-4 times per ROI using the quick 
measure tool in the stereology software. ( fig 1a) Mean cortical diameter was calculated 
by averaging all measurements per section. Measurements of the cortical diameter in 
the collagen IV sections were compared to measurements in an adjacent Luxol fast 
blue-Pas section in five subjects, and there was no difference, confirming that cortical 
diameter could be reliably measured in the collagen IV stained section. 
A capillary was defined as any vessel with a diameter of less than 10 µm.  Three-
dimensional (3-D) counting frames were placed in the ROI using a systematic random 
design. Virtual isotropic hemispheres with a 27 µm radius were used as a counting 
probe to overcome the anisotropy of the capillary orientation. Intersections between 
hemispheres and capillaries were counted until at least 200 profiles were counted in 
order to make a reliable estimate of the CLD. ( fig 2) Section thickness was measured 
in each section.

Figure 2. Example of an intersection of a capillary with an isotropic hemisphere in a 40 µm section stained 
with an antibody against collagen IV. a-f: serial photographs in one section in the Z-direction of the tissue 
with the use of a stereological microscope. 

To calculate the CLD we used the following formula as previously described by 
Kreczmanski et al12

in which Σis is the total number of counted intersections between capillaries and the 
virtual isotropic hemispheres, Dx and Dy are the distances in x and y direction between 
the midpoints of the hemisphres (set at 200 µm), t is the thickness of the tissue in which 



100

Chapter 7

we measured and r is the radius of the hemisphere (27 µm). V is the volume of tissue 
(mm3) in which the counting took place (calculated as n * Dx * Dy * 0.027, in which n is 
the number of virtual isotropic hemispheres used). 
The same counting procedure was followed for string vessels, but due to the low 
density of these and therefore low number of profiles counted, calculation of the length 
density can not reliably be performed. Therefore we compared the density of string 
vessels between AD patients and controls by calculating the number of string-vessels 
per virtual isotropic hemisphere. As a result of the high number of spheres used per 
patient (mean 262 temporal and 168 occipital), a sufficiently high number of strings 
were counted to be able to calculate this density.

Statistical analysis
For each group and brain area, mean and standard error of the mean (SEM) were 
calculated for all investigated variables (i.e. capillary length density, cortical diameter). 
The difference in CLD, cortical diameter and string-vessels per hemisphere between AD 
patients and controls was analyzed using the two-tailed Student’s t-test. Correlations 
were calculated using Pearson correlation coefficient. Statistical significance was 
established at p < 0.05. All calculations were performed with SPSS (version 15.0 for 
Windows, SPSS, Chicago, IL).

Results

Patient characteristics including Braak stage and APOE genotype are described in 
table 1. All AD patients had Aβ depositions in the investigated regions, i.e. temporal 
and occipital cortex. Patients and controls were well matched for age (82.6, SD 10.9 vs. 
84.5 SD 6.9, p = 0.65). The angioarchitecture in AD patients revealed overt differences in 
pattern and density of capillaries compared to controls in both temporal and occipital 
regions. The capillaries were more irregularly shaped and a higher degree of branching 
was seen in AD patients compared to controls. No looping or increased tortuosity was 
observed in either the AD patients or the controls. The aspect of string vessels in AD 
patients and controls was similar. The CLD in the temporal cortex of AD patients was 
33% higher than in controls (476 mm/mm3, SEM 50 vs. 359 mm/mm3, SEM 17, p = 0.041) 
whereas in the occipital cortex the CLD in AD patients was similar to the controls (677 
mm/mm3, SEM 33 vs. 661 mm/mm3, SEM 28, p = 0.73). ( fig 3a,b). The cortical diameter 
in the temporal pole in the AD cases was 32% lower than in the controls (1.99 mm, 
SEM 0.14 vs. 2.94 mm, SEM 0.21, p = 0.002), but similar between the two groups in the 
occipital pole (1.94 mm, SEM 0.13 vs. 1.87 mm, SEM 0.07, p = 0.63). ( fig 3c,d) 

There was an inverse correlation between temporal CLD and cortical diameter 
(Pearson’s r -0.62, p = 0.003) and between occipital CLD and cortical diameter (Pearson’s 
r -0.55, p = 0.012). A strong correlation between increase in temporal CLD and age was 
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found (Pearson’s r 0.48, p = 0.032), this correlation remained significant when the AD 
and controls were analyzed separately. In the occipital cortex CLD was not significantly 
associated with age (Pearson’s r 0.14, p = 0.54).
There were more string vessels in AD than in controls in the occipital cortex (0.079, 
SEM 0.13 vs. 0.031, SEM 0.06 per hemisphere, p = 0.004), but in the temporal cortex 
there was no significant difference (0.058, SEM 0.25 vs. 0.020, SEM 0.05 per hemisphere, 
p = 0.15). ( fig 3e,f )
Double staining of collagen IV and Aβ1-17 showed a close relationship between 
capillaries and Aβ depositions, especially with the string vessels. ( fig 4) 

Discussion

This study contributes to the sparse literature on microvascular abnormalities in AD 
patients and aged individuals. We used the space ball method to quantify capillary 

Table 1. Patient characteristics

case age sex diagnosis disease duration 
(years)

CDR Braak cause of death APOE

1 86 f AD 7 3 4 C pneumonia 4-3

2 94 f AD 10 3 5 C heart failure 3-3

3 93 m AD unknown 3 5 C unknown 4-3

4 91 f AD 6 2 6 C pulmonary embolism 4-3

5 89 f AD 20 3 6 C pneumonia 4-3

6 89 f AD 13 3 5 C unknown 3-3

7 81 f AD 8 3 6 C pneumonia 3-3

8 67 m AD 6 2 5 C cachexia 3-3

9 69 m AD 1 3 6 C pneumonia 4-3

10 67 f AD 9 3 6 C pneumonia 3-2

11 77 f Co n.a. 0 1 A cachexia 3-2

12 85 f Co n.a. 0 1 B heart failure 4-4

13 89 m Co n.a. 0 1 A pneumonia 3-3

14 74 m Co n.a. 0 3 C bronchial carcinoma 4-3

15 79 m Co n.a. 0 1 A hypoglycemia 3-3

16 80 m Co n.a. 0 0 0 cachexia 3-3

17 84 m Co n.a. 0 1 0 COPD exacerbation n.d.

18 91 m Co n.a. 0 1 B heart failure n.d.

19 93 f Co n.a. 0 2 0 cachexia n.d.

20 93 f Co n.a. 0 1 A cachexia n.d.

AD: Alzheimer’s disease, Co: control, CDR: Clinical dementia rating scale (0: no dementia, 1: mild, 2: 
moderate, 3: severe). n.a.: not applicable, n.d.: not determined; COPD: Chronic Obstructive Pulmonary 
Disease.
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length density in the temporal and occipital cortex of well-characterized AD patients 
and age-matched control subjects. The significant increase in capillary density in AD 
compared to controls in the temporal cortex is the same order of magnitude as the 
decrease in cortical diameter. The decrease in cortical diameter of the temporal cortex 
and correlation between the cortical diameter and CLD in this area suggests that the 
degeneration of the capillary network keeps pace with the cortical atrophy. The atrophy 
of the temporal cortex is most likely the results of neuronal loss and profound tangle 
and Aβ pathology in this area. The extent of the cortical capillary network probably 
alters to match the number of living neurons.19 This is in line with an earlier report of 
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increased temporal cortical capillary density in AD patients, which was explained by a 
decrease of inter-capillary distance.9

This is the first report using quantitative methods considering stereologic principles 
to investigate CLD in the temporal and occipital cortex of AD patients. Our results 
suggest that alterations in CLD cannot be considered a general feature of AD, but occur 
in specific brain regions. Previous autopsy studies have reported conflicting results 
concerning capillary density in AD.5;7;8 The different regions analyzed could be one of 
the reasons for this discrepancy. As illustrated in our study, there are large regional 
differences in both atrophy and capillary density. The use of different methods to analyze 
the capillary density could also contribute to the conflicting results between previous 
studies and our own study. In previous studies the capillary density was measured using 
either manual tracing of the capillaries or counting of capillary intersections using 
the test grid method5;7;8, as opposed to using virtual isotropic hemispheres yielding a 
capillary length density as measured in a volume of tissue in our study.
The most reliable way to measure the density of a linear structure in tissue is by using 
thorough stereological techniques based on the Cavalieri principle using serial sections 
throughout the tissue to be investigated as was done by Bouras et al in the human 
hippocampus.20-22 Measuring the total capillary length in our tissue was not possible, 
and not required for a comparison between two groups as we made. By using thick 
sections and a virtual isotropic probe with sufficient measurements in several ROI’s per 
subject, a fair comparison between the two groups (AD vs. controls) could be made. A 
possible weakness of the method we used is the sampling bias that could have occurred 
as a result of using only one thick section per patient.
The increased number of string vessels in the occipital cortex is in line with previous 
studies reporting on an increase of these structures, which are probably remnants of 
capillaries, in AD.6;23 The reason why this increase is found in the occipital cortex but 
not in the temporal cortex in unclear. The exploratory analysis of co-localization of 
collagen IV and Aβ shows a remarkable co-localization of Aβ with string vessels. We 

Figure 4. Double staining with collagen IV (brown) and Aβ1-17 (red). 40 µm sections, 200x. Clear 
co-localization of Aβ with capillaries (arrow heads), and especially with string vessels (arrow).
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can hypothesize that the presence of Aβ surrounding a capillary can contribute to the 
capillary degeneration into a string vessel, or even that the presence of Aβ is associated 
with neuronal loss, leading to less metabolic demand and subsequent degeneration 
of the capillary. Our qualitative, exploratory analysis however, does not allow for a 
definitive conclusion on these mechanisms.
To conclude, we have shown that CLD in patients with AD is increased in the temporal 
cortex and that this increase is strongly correlated with a decrease of cortical diameter, 
suggesting the increased CLD is only a relative increase. The increased number of string 
vessels in AD suggests that capillary degeneration takes place in the cortex of AD 
patients. The proximity of Aβ depositions to the string vessels suggest a relationship 
between the two, which should be further explored in future studies. 



Morphological changes in the capillary network

105

Reference List

 1. Breteler MM. Vascular risk factors for Alzheimer’s disease: an epidemiologic perspective. Neurobiol Aging 
2000;21:153-160.

 2. Schneider JA, Arvanitakis Z, Bang W, Bennett DA. Mixed brain pathologies account for most dementia 
cases in community-dwelling older persons. Neurology 2007;69:2197-2204.

 3. Farkas E, Luiten PG. Cerebral microvascular pathology in aging and Alzheimer’s disease. Prog Neurobiol 
2001;64:575-611.

 4. Zlokovic BV. Neurovascular mechanisms of Alzheimer’s neurodegeneration. Trends Neurosci 
2005;28:202-208.

 5. Buee L, Hof PR, Bouras C et al. Pathological alterations of the cerebral microvasculature in Alzheimer’s 
disease and related dementing disorders. Acta Neuropathol 1994;87:469-480.

 6. Challa VR, Thore CR, Moody DM, Anstrom JA, Brown WR. Increase of white matter string vessels in 
Alzheimer’s disease. J Alzheimers Dis 2004;6:379-383.

 7. Fischer VW, Siddiqi A, Yusufaly Y. Altered angioarchitecture in selected areas of brains with Alzheimer’s 
disease. Acta Neuropathol 1990;79:672-679.

 8. Kitaguchi H, Ihara M, Saiki H, Takahashi R, Tomimoto H. Capillary beds are decreased in Alzheimer’s 
disease, but not in Binswanger’s disease. Neurosci Lett 2007;417:128-131.

 9. Meier-Ruge W, Ulrich J, Stahelin HB. Morphometric investigation of nerve cells, neuropil and senile plaques 
in senile dementia of the Alzheimer type. Arch Gerontol Geriatr 1985;4:219-229.

 10. Bell MA, Ball MJ. Neuritic plaques and vessels of visual cortex in aging and Alzheimer’s dementia. Neurobiol 
Aging 1990;11:359-370.

 11. Calhoun ME, Mouton PR. Length measurement: new developments in neurostereology and 3D imagery. J 
Chem Neuroanat 2001;21:257-265.

 12. Kreczmanski P, Schmidt-Kastner R, Heinsen H, Steinbusch HW, Hof PR, Schmitz C. Stereological studies of 
capillary length density in the frontal cortex of schizophrenics. Acta Neuropathol 2005;109:510-518.

 13. Kreczmanski P, Heinsen H, Mantua V et al. Microvessel length density, total length, and length per neuron 
in five subcortical regions in schizophrenia. Acta Neuropathol 2009;117:409-421.

 14. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzheimer’s 
disease: report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and 
Human Services Task Force on Alzheimer’s Disease. Neurology 1984;34:939-944.

 15. Mirra SS, Heyman A, McKeel D et al. The Consortium to Establish a Registry for Alzheimer’s Disease 
(CERAD). Part II. Standardization of the neuropathologic assessment of Alzheimer’s disease. Neurology 
1991;41:479-486.

 16. Copani A, Hoozemans JJ, Caraci F et al. DNA polymerase-beta is expressed early in neurons of Alzheimer’s 
disease brain and is loaded into DNA replication forks in neurons challenged with beta-amyloid. J Neurosci 
2006;26:10949-10957.

 17. Hoozemans JJ, van Haastert ES, Nijholt DA, Rozemuller AJ, Eikelenboom P, Scheper W. The unfolded 
protein response is activated in pretangle neurons in Alzheimer’s disease hippocampus. Am J Pathol 
2009;174:1241-1251.

 18. Bell MA, Ball MJ. Laminar variation in the microvascular architecture of normal human visual cortex (area 
17). Brain Res 1985;335:139-143.

 19. Mann DM, Eaves NR, Marcyniuk B, Yates PO. Quantitative changes in cerebral cortical microvasculature in 
ageing and dementia. Neurobiol Aging 1986;7:321-330.

 20. Bouras C, Kovari E, Herrmann FR et al. Stereologic analysis of microvascular morphology in the elderly: 
Alzheimer disease pathology and cognitive status. J Neuropathol Exp Neurol 2006;65:235-244.



106

Chapter 7

 21. Lokkegaard A, Nyengaard JR, West MJ. Stereological estimates of number and length of capillaries in 
subdivisions of the human hippocampal region. Hippocampus 2001;11:726-740.

 22. Mouton PR, Gokhale AM, Ward NL, West MJ. Stereological length estimation using spherical probes. J 
Microsc 2002;206:54-64.

 23. Brown WR, Moody DM, Thore CR, Anstrom JA, Challa VR. Microvascular changes in the white mater in 
dementia. J Neurol Sci 2009;283:28-31.



8Chapter

General Discussion





General Discussion

109

General Discussion

Although the two parts of this thesis describe different lines of research, both clearly 
focus on vascular aspects of dementia. The first objective of this thesis was to investigate 
whether intensive vascular care could slow down disease progression in early Alzheimer’s 
disease (AD). The second objective was to gain more insight in pathological changes 
in and around the capillary network in cerebral amyloid angiopathy and Alzheimer’s 
disease. In this chapter the findings as reported in this thesis will be summarized and 
commented upon, and directions for future research are discussed.

Vascular risk factors and dementia
There is strong epidemiological evidence that hypertension, hypercholesterolemia, 
obesity and diabetes mellitus in midlife impose an increased risk of dementia in late 
life, and the same trend is seen for lack of physical exercise, smoking and clustering 
of vascular risk factors known as the ‘metabolic syndrome’.1-7 In addition, it has been 
shown in several large cohort studies that treatment of vascular risk factors is associated 
with a decreased incidence of dementia and even a slowing of dementia progression 
in Alzheimer patients.8 However, epidemiological data are not sufficient to conclude 
that interventions aimed at vascular risk factors could slow down or prevent cognitive 
decline. In part one we describe the EVA-study, which puts this large assembly of purely 
observational data for the first time to the ultimate test of a randomized controlled 
trial. The results of this study show that in spite of the strong epidemiological evidence 
of the relationship between vascular risk factors and dementia, no effect on cognition, 
behaviour or activities of daily living was observed after two years of treatment of AD 
patients harboring vascular lesions on MRI, but suffering from mild dementia only. The 
radiological outcome of the EVA-trial, as described in chapter 3, does however support 
the principle that progression of vascular lesions, in this case white mater lesions, 
can be slowed by the use of intensive vascular care in early AD patients. Perhaps the 
assumption that the association of vascular risk factors with cognitive decline is through 
white matter lesions and (lacunar) infarcts is oversimplified, and other pathways such 
as blood-brain barrier disturbance plays a role in this process.
The fact that vascular lesions contribute to dementia severity and that an estimated 
20% of the total risk of old-age dementia is attributable to vascular lesions, make it 
plausible that preventing additional cerebrovascular lesions can potentially contribute 
to the prevention of  clinical deterioration.9;10 Therefore an important question is 
why the slowing of white matter lesions in the EVA-study did not result in a clinically 
relevant effect. Perhaps prevention of white matter lesion progression and maybe 
prevention of occurrence of new lacunes in a different spectrum of patients could 
result in a clinically measurable effect. Adequate treatment of hypertension and use 
of aspirin in stroke patients reduces the risk of future cerebral infarcts, therefore it was 
expected that our intervention would have an effect on the occurrence of new lacunar 
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infarcts, even though this is of course a different group of patients with a different 
indication for treatment. The lack of effect on the occurrence of new lacunes could very 
well be due to the relatively small sample size; the study was not powered to find such 
a difference. Despite the fat that the severity of dementia could be labelled as mild in 
most EVA patients from a clinical perspective, possibly the neuropathological changes 
including plaques and tangles and hippocampal atrophy were already too advanced 
for the intervention to lead to a clinically detectable effect. Both hypertension and high 
bodymax index (BMI) impose an increased risk of future dementia in mid-life, but are 
associated with a decreased risk of dementia in late life.11;12 A decline in blood pressure 
can be seen years before dementia onset and in old age low blood pressure has been 
reported to be associated with an increased dementia risk. In the EVA-study such a 
decline in blood pressure was indeed seen in the control group, where the systolic blood 
pressure decreased with an average of 15 mmHG over the two years follow-up. The 
decreased risk of dementia in subjects with a high BMI, possibly reflects the katabolic 
state in which subjects with dementia are, rather than being a causal relationship.
 
The greatest effect of intensive vascular care could probably be expected when initiated 
early, ideally probably in mid-life. Due to the low incidence of dementia in younger 
patients, this would require an unrealistic sample-size and follow-up period. In chapter 
four the outline of the preDIVA-trial is discussed, aimed at preventing dementia by 
intensive vascular care, in non-demented elderly. From a pragmatic and realistic point 
of view the subjects included are at an advanced age, in order to have a sufficiently high 
incidence of dementia over the planned follow-up of six years. This follow-up of six years 
is unprecedented in an intervention trial. The large sample-size, cluster-randomization 
and execution in 115 different general practices make this a complicated trial, and the 
competing risk of death due to other causes than dementia will be an important factor 
in the final analysis. It is expected that the intervention will also lead to a reduction of 
stroke, myocardial infarction and peripheral vascular disease. It is expected that all these 
incidents will influence the second primary outcome, handicap. The generic nature and 
the linearity of the AMC Linear Disability Scale make this a very suitable instrument to 
document the functional sequelae independent from their specific cause. 
At least one other, somewhat smaller, trial investigating a multi-component intervention 
including several treatments aimed at vascular risk factors and encouraging a healthy 
lifestyle is ongoing and other trials worldwide are being planned.13 Hopefully at 
completion of preDIVA, in 2015, it will be clear whether such large scale community-
based interventions as investigated in the preDIVA-trial can indeed prevent cognitive 
decline and dementia. 

Pathological changes in the capillary network in dementia
The clinical relevance of cerebral amyloid angiopathy (CAA) has still not been 
elucidated. The fact that it is such a common finding in Alzheimer’s disease, and that 
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the culprit is amyloid-β (Aβ), the same as in the extracellular plaques, suggests a strong 
relationship. However, with increasing age it is also found in non-demented elderly 
subjects, and it imposes an increased risk of intracerebral haemorrhage in both the 
familial form as the sporadic form.
Three possible mechanisms could lead to an accumulation of Aβ: an increased 
production, a decreased degradation, or a decreased clearance. An increased 
production is likely to play an important role in early-onset autosomal dominant 
inherited forms of AD, when a mutation in the APP, PS-1 or PS-2 gene is present. In 
(capillaryCAA) capCAA the degredation or clearance of Aβ is probably failing. Several 
authors have suggested already that faulty clearance of Aβ across the BBB could play 
a major role in the pathogenesis of AD.14;15 It could be hypothesized that in capCAA 
the transport of intraneuronally produced Aβ towards the circulation is failing, and 
leads to the accumulation in and around the capillaries. The possibility of clearance 
of Aβ from the parenchyma via the cerebral microvasculature is supported by in vivo 
studies with Aβ-vaccination in Alzheimer patients. In some deceased vaccinated 
patients remarkably few plaques were found, as opposed to an enormous amount of 
CAA, suggesting that the vaccination lead to a mobilisation of Aβ from the plaques 
towards the vasculature. 
At the capillary level, receptor-mediated transport across the BBB is needed for the 
Aβ to be cleared via the bloodstream. One important receptor to do this is the Low 
density Lipoprotein receptor-related protein 1 (LRP-1). Malfunction of this LRP-1 
could potentially lead to clogging of this vascular elimination route and consequent 
accumulation of Aβ as dyshoric capCAA. In contrast with larger vessel CAA an 
inflammatory response with activated microglia is seen, as well as depositions of 
tau and ubiquitin. This suggests that capCAA, especially when involving dyshoric 
changes with Aβ-depositions in the surrounding neuropil, is indeed a process distinct 
from larger vessel CAA. The changes found around the capCAA affected vessels are 
remarkably similar to the changes around plaques. Possibly the parenchymal Aβ around 
the capillaries triggers the occurrence of an inflammatory response. It is plausible that 
such dramatic changes in the parenchyma could play a role in the pathogenesis of 
neurodegeneration and contribute to cognitive decline. 
In spite of these severe parenchymal changes surrounding the capCAA, no specific 
clinical correlate of these changes could be delineated. Perhaps capCAA, just like CAA, 
is a pathological phenomenon not contributing to a specific clinical symptom, such as 
cognitive decline. 
The subjects described in chapter 6 had rapidly progressive dementia which could 
not be readily explained, but they all had severe tau-pathology, and incidental cases of 
rapidly progressive Alzheimer’s disease have been reported before. Therefore it can not 
be concluded that the rapid deterioration was the direct consequence of the capCAA. 
The subjects described in chapter 5 confirm this doubt, because they had a wide range of 
symptoms compatible with their main clinical and pathological diagnosis (Alzheimer, 
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Parkinson), and some subjects were even cognitively intact despite the widespread 
capCAA. On the other hand, some subjects with severe Alzheimer encephalopathy with 
extensive plaques and tangles can be cognitively intact. It is conceivable that a certain 
amount of (combined) cerebral pathology is needed to cross the threshold of cognitive 
decline. Whether capCAA can contribute to cognitive decline can not be ruled out with 
the studies described in this thesis.

With the study on capillary density in Alzheimer patients the previous conflicting 
reports in the literature about capillary density in dementia are dealt with. The 
methodological shortcomings in previous publications on the subject have been 
evaded in this study, and with the use of stereological techniques it was shown that 
capillary density is not altered in AD. However, structural changes to the capillary 
bed do occur, and an increase in degraded capillaries (string-vessels) was observed. 
Whether these changes occur as a primary event or as a consequence of neuronal loss 
and less nutritional demand is still matter of debate.

 Future directions
The most important achievement of medical science in the field of vascular risk 
management would be to achieve a mentality change in the population, i.e. before 
subjects become patients. For decades it is known that all previously discussed risk 
factors lead to an increased risk of cardiac disease, peripheral vascular disease and 
cerebrovascular disease, with major disability and loss of quality of life as a result, yet 
the number of people with an unhealthy lifestyle still increases. This clearly illustrates a 
lack of awareness in the population. The current worldwide epidemic of obesity shows 
we are moving in the wrong direction. The results of chapter 4 clearly illustrate that 
many risk factors are not sufficiently treated in elderly subjects, so here lays a major 
task for both clinicians and policy makers.  

Possibly a population-based approach as described in chapter 4 will ultimately turn 
out not to be the most efficient way to evaluate the effect of intensive vascular care. 
One other possibility would be to select subjects with a high risk of dementia, based 
for instance on previously described dementia risk scores.16 This would require a 
smaller number of subjects to prove an effect since the incidence in this group would 
be higher. If intensive vascular care can indeed reduce the risk of dementia in these 
high-risk individuals, larger population-based studies could investigate if a similar 
result could be achieved in low-risk individuals. On the other hand, a small effect on a 
large population with a lower risk could still have a major effect at the population level. 
And it is conceivable that an intervention in subjects with the highest risk will actually 
not be efficacious, when an unfavourable vascular risk profile has been present for very 
long, and much of the damage has already been done. 
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The Alzheimer research community currently seems to miss the point of attention. Most 
research has a clear focus on amyloid-β, whereas in the majority of the Alzheimer patients, 
who are over 75 years of age, other factors such as the vascular component are probably at 
least as important. Since the predicted increase of dementia patients is completely in this 
high-age group, it is clear that a shift of attention towards the cause of dementia in old 
age is urgently needed. Remarkable in this context is the lack of prospective intervention 
trials and the continuation of publications about already well-known associations.

Pathological studies on CAA and capCAA are very interesting from a pathophysiological 
point of view. What is the relationship with parenchymal senile plaques? Why do some 
AD patients have abundant CAA and others don’t?  And why do some subjects have 
extensive dyshoric capCAA and what is the relationship with AD pathology? As with 
the plaques in AD, the lack of clinical relevance is intriguing. Apparently in old age all 
these changes are not necessarily pathogenic. It is important to acknowledge that AD 
at old age is not the same as AD at young age. All the Aβ-related research will probably 
reveal results interesting for a small minority of very young patients with a variant of 
one of the Aβ-metabolism disorders. If this will finally result in the development of a 
treatment aimed at Aβ, it will most likely be beneficial only for a specific and small 
subgroup of patients, with a clear genetically determined form of Alzheimer’s disease.

Continuation of the described research lines
PreDIVA is ongoing and in early 2010 more than 2000 subjects have made a 2-year 
follow-up visit. The first interim analysis will take place when 4 years of treatment and 
follow up is completed in all patients (to be expected in the course of 2013). Several 
sub-studies within the main study are planned. Comparison of the approach and the 
results of preDIVA to other multi-component intervention studies that are ongoing or 
planned will hopefully lead to an increase of knowledge about the best population to 
target and about which interventions to use.
The next step in capCAA research would be to look at Aβ-transport mechanisms across 
the blood-brain barrier. This could give more insight in why such an extraordinary Aβ 
deposition in and around the capillaries in some subjects take place. Using the described 
sample of over 20 subjects with severe capCAA, this could result in an innovative project 
that is not easily initiated elsewhere, due to the unique set of subjects. Understanding 
what leads to the accumulation of Aβ in and around the capillary wall and which 
processes at the blood-brain barrier are involved, could possibly help understanding 
more of the dynamics of Aβ-metabolism in Alzheimer’s disease.
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Summary

The first part of this thesis describes two clinical trials on the treatment of vascular 
risk factors to slow down cognitive decline in patients with Alzheimer’s disease 
and to prevent dementia in community-dwelling elderly subjects. The EVA-study 
(Evaluation of Vascular Care in Alzheimer’s disease) is a randomized controlled 
clinical trial comparing standard care to intensive vascular care in patients with early 
Alzheimer’s disease with cerebrovascular lesions on MRI. The vascular care consisted 
of a combination of life-style interventions and medication. The results of the EVA-
study show that after two years of follow-up the progression of white matter lesions in 
the intervention group is less than in the control group. This radiological effect is not 
accompanied by a clinical benefit of this intervention, since no effect could be detected 
on cognitive decline, behavioral problems or activities of daily living.
The preDIVA study (Prevention of Dementia by Intensive Vascular care) is an ongoing 
large cluster-randomized clinical trial among over 3534 cognitively intact elderly 
subjects, executed in primary practice with a follow-up of six years. The practices, rather 
than the subjects, are randomized to standard care or intensive vascular care, delivered 
by a practice nurse. Like in the EVA-study, the intervention consists of a combination 
of life-style interventions and medication. The baseline data show that as many as 87% 
of the subjects have at least one vascular risk factor amenable to treatment, and that 
76% has a systolic blood pressure over 140 mmHG, illustrating the large window of 
opportunity for improvement of vascular risk management. The cluster-randomized 
design has methodological implications that should be taken into account when 
analyzing the data of this study.
The second part of this thesis describes the neuropathological characteristics of capillary 
cerebral amyloid angiopathy (capCAA), and morphological changes of the capillary 
network in Alzheimer’s disease CapCAA is frequently accompanied by so-called dyshoric 
changes, referring to the spread of amyloid-β (Aβ) in the surrounding neuropil. The 
distribution of different isoforms of Aβ in capCAA is different from the distribution in 
larger vessel CAA and follows a distinct pattern. The dyshoric changes are accompanied 
by microglial activation and depositions of tau and ubiquitin, resembling the changes 
that are seen around Aβ plaques in Alzheeimer’s disease. A remarkable high number of 
subjects with capCAA have one or two APOE-e4 alleles. CapCAA can occur in patients 
suffering from Alzheimer’s disease, but also in patients with Parkinson’s disease, and 
occasionally even in cognitively intact subjects. A small series of six subjects with capCAA 
is described, who were clinically suspected of Creutzfeldt-Jakob disease, because of 
rapidly progressive dementia with sometimes EEG- and CSF-changes compatible with 
this diagnosis, but severe Alzheimer changes at autopsy.
Morphological changes of the capillary network in Alzheimer’s disease occur, consisting 
mainly of an increase in degenerated capillaries (‘string vessels’). The cortical capillary 
density was measured in thick tissue sections using stereology software and the ‘space 
balls method’. No evidence was found that the actual capillary density in Alzheimer’s 
disease is different from that in age-matched controls.
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Aβ amyloid-β
AChEI acetylcholinesterase inhibitor
AD Alzheimer’s disease
AE adverse event
ADL activities of daily living
ALDS AMC linear disability scale
AMC Academic Medical Center
APOE apolipoprotein-E
BBB blood-brain barrier
BMI body mass index
CAA cerebral amyloid angiopathy
capCAA capillary cerebral amyloid angiopathy
CDR clinical dementia rating scale
CEA cost-efectiveness analysis
CI confidence interval
CJD Creutzfeldt-Jakob
CLD capillary length density
CSF cerebrospinal fluid
EEG electro-encephalography
EVA evaluation of vascular care in Alzheimer’s 

disease
FLAIR fluid-attenuated inversion recovery
GCA global cortical atrophy
GDS geriatric depression scale
GFAP glial fibrillary acidic protein
GP general practitioner
ICH intacerebral haemorrhage
IDDD interview for deterioration of daily 

activities in dementia
IVC intensive vascular care
MMSE mini mental state examination
MPRAGE magnetization prepared rapid-

acquisition gradient echo
MRI magnetic resonance imaging
MTLA medial temporal lobe atrophy
PD Parkinson’s disease
preDIVA prevention of dementia by intensive 

vascular care
PSWC periodic sharp wave complex
RMBPC  revised memory and behavioural 

problems checklist
ROI region of interest
SC standard care
SD standard deviation
SEM standard error of the mean
UB ubiquitin
VaD vascular dementia
VC vascular care
WHO world health organization
WML white matter lesions
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Samenvatting

De ziekte van Alzheimer is de meest voorkomende vorm van dementie, gevolgd door 
vasculaire dementie. De ziekte van Alzheimer wordt gekenmerkt door neerslagen van 
de abnormale eiwitten amyloïd-β en tau, respectievelijk tussen en in hersenencellen. 
Vasculaire dementie wordt veroorzaakt door vaatschade in de hersenen, leidend tot 
kleine of grotere herseninfarcten. De laatste jaren wordt steeds duidelijker dat het 
strikte onderscheid tussen deze twee vormen van dementie enigszins kunstmatig 
is en niet altijd goed overeenkomt met de werkelijkheid. Patiënten die op basis van 
hun symptomen voldoen aan de criteria voor de ziekte van Alzheimer hebben vaak 
ook kleine herseninfarcten, die zichtbaar zijn op een MRI-scan of worden gevonden 
bij autopsie. Daarnaast zijn risicofactoren voor hart- en vaatziekte, waaronder hoge 
bloeddruk, hoog cholesterol, suikerziekte en obesitas, ook risicofactoren voor het 
krijgen van de ziekte van Alzheimer.
In het eerste deel van dit proefschrift wordt beschreven dat het daadwerkelijk 
behandelen van deze vasculaire risicofactoren met medicijnen en adviezen over een 
gezonde leefstijl, helaas niet leidt tot het afremmen van de achteruitgang bij patiënten 
met een vroeg stadium van de ziekte van Alzheimer in combinatie met vaatschade 
in de hersenen. Interessant is dat deze behandeling wel als resultaat heeft dat de 
vasculaire afwijkingen op de MRI-scan van deze patiënten minder snel toenemen 
dan bij patiënten bij wie deze risicofactoren niet zo strikt worden behandeld. Dit zou 
kunnen betekenen dat de behandeling wel aanslaat in de zin dat de afwijkingen op de 
MRI-scan minder snel toenemen, maar dat dit zich niet vertaalt in beter functioneren 
van de patiënten. Mogelijk dat de dementie bij deze patiënten toch al te ver gevorderd 
was, en dat het voorkómen van verdere vaatschade in de hersenen niet meer zinvol was. 
Een belangrijke vraag die dan opkomt is of het eerder instellen van zo’n behandeling 
misschien wel kan leiden tot het voorkómen van cognitieve achteruitgang.
Een onderzoek dat een antwoord op deze vraag probeert te krijgen is in 2007 gestart, 
en de opzet van dit onderzoek wordt beschreven in hoofdstuk 4. Dit onderzoek, onder 
ruim 3500 ouderen zonder dementie, gaat nog vele jaren duren, omdat de uitkomst 
van het onderzoek het al of niet ontstaan van dementie is. Aangezien dementie 
heel geleidelijk over vele jaren ontstaat, zullen we pas rond 2015 kunnen bepalen 
of intensief behandelen van de beschreven vasculaire risicofactoren bij ouderen 
zonder dementie daadwerkelijk beschermt tegen cognitieve achteruitgang of zelfs 
dementie kan voorkomen. Dit onderzoek wordt in huisartsenpraktijken uitgevoerd 
door praktijkondersteuners, die de deelnemers regelmatig op een speciaal spreekuur 
zien. Bij de eerste meting is duidelijk naar voren gekomen dat hier nog veel winst is te 
behalen, aangezien veel ouderen een te hoge bloeddruk hebben en te weinig bewegen.

Behalve kleine en grote herseninfarcten en de genoemde neerslagen van abnormale 
eiwitten in en tussen hersencellen, worden bij patiënten met de ziekte van Alzheimer ook 



126

vaak neerslagen van het eiwit amyloïd-β in de wand van de bloedvaten in de hersenen 
gezien, amyloïd angiopathie genaamd. Hoe deze neerslagen ontstaan is onbekend, en 
er is geen duidelijke relatie tussen de ernst van deze amyloïd angiopathie en de ernst 
van de dementie. Sterker nog, de afwijking wordt ook vaak gevonden bij autopsie in de 
hersenen van mensen zónder dementie. Een klein deel van de mensen heeft opvallend 
veel amyloïd angiopathie in de allerkleinste vaatjes van de hersenen, de zogenaamde 
haarvaten, of capillairen. In het tweede deel van dit proefschrift wordt beschreven 
welke veranderingen in de hersenen direct rondom deze capillaire amyloïd angiopathie 
gevonden kunnen worden. Dit betreft onder andere een toename van ontstekingscellen 
die actiever zijn dan elders in de hersenen. Het blijkt dat deze opvallende afwijking 
niet alleen voor kan komen bij de ziekte van Alzheimer, maar ook bij patiënten met 
de ziekte van Parkinson, en zelfs bij mensen zonder neurologische ziekte. Hoewel er 
dus geen directe samenhang lijkt te zijn met specifieke ziekteverschijnselen, is het 
niet geheel uitgesloten dat de capillaire amyloïd angiopathie indirect wel bijdraagt aan 
het ontstaan van cognitieve achtruitgang. In hoofdstuk 6 wordt een aantal gevallen 
beschreven van patiënten met snel progressieve dementie, waarbij de behandelend 
neuroloog of geriater dacht aan de ziekte van Creutzfeldt-Jakob vanwege de snelle 
verslechtering, maar waarbij de patholoog bij autopsie afwijkingen vond die pasten bij 
de ziekte van Alzheimer, met daarnaast opvallend veel capillaire amyloïd angiopathie. 
Tot slot wordt in hoofdstuk 7 beschreven dat de dichtheid van capillairen in de hersenen 
bij patiënten met de ziekte van Alzheimer niet duidelijk verschilt van die bij ouderen 
zonder dementie. Wel zijn er meer afwijkende capillairen die anders van vorm zijn en 
worden er meer restanten van afgestorven capillairen gevonden. Het is onduidelijk of 
het afsterven van capillairen moet worden gezien als een oorzakelijke factor of juist 
als het gevolg van alle overige hersenafwijkingen die zich bij de ziekte van Alzheimer 
voordoen.

Binnen enkele jaren zal meer bekend zijn over het nut van de intensieve behandeling 
van hoge bloedruk, hoog cholesterol, obesitas en gebrek aan lichaamsbeweging op 
het ontstaan van dementie. Daarnaast kan het onderzoek naar de vaatafwijkingen 
op microscopisch niveau hopelijk bijdragen aan meer inzicht in het ontstaan van 
de abnormale ophoping van het eiwit amyloïd-β in de hersenen en specifiek in de 
vaatwand van patiënten met de ziekte van Alzheimer.
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