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5.1

Prognosis of Alzheimer's disease.
The Rotterdam Study

Abstract

The aim of this study was fo constrict a prognostic model 1o predict the
progression of Alzheimer's disease. Prevalent and incident cases with
Alzheimer’s disease came from the Rotterdam Study, a population-based
prospective cohort study of persons aged 55 years and older, including those
living in institutions. Rate of cognitive decline, as measured by the Mini-Menial
State Examination (MMSE score), was predicted by a random effects model.
Risk of institutionalization and death were estimated with polynomial logistic
regression analysis.

At baseline, 306 subjects were diagnosed with prevalent Alzheimer's disease and
had complete data on living conditions and coguitive fimction. After a mean
Jollow-up of 2.1 years, 95 subjects with incident Alzheimer's disease had been
diagnosed. Prevalent patients showed a slower decline in cognitive function than
incident patients (p = 0.004). For prevalemt and incident Alzheimer's disease
patients high age and low cognitive performance were the strongest predictors
Jor institutionalization and death.

These prognostic risk functions can provide information on the decline of
Alzheimer patients and might be used to better evaluate the effect of treatmnents
Jor Alzheimer’s disease.

Introducfion

Alzheimer's disease (AD), the most frequent subtype of dementia,! is an
important cause of disability in the elderly. Several studies have shown an
exponential increase in the incidence rate of AD with age? 3 and because of the
aging of our western population we may expect a dramatic rise in the number of
patients with AD in the years to come. Since there is as yet no cure for AD, the
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majority of AD patients will need long term care, which imposes a major burden
on the health care system. In the Netherlands, about one tenth of the yearly
health care budget is spent on nursing homes, and in 40% of the nursing home
patients, dementia is the main diagnosis.*

Death and admissions to chronic care facilitics represent two major outcome
events in the natural cowrse of AD with a direct bearing on the costs,?- ¢ Current
knowledge on the prognosis of dementia and AD is limited. Most studies have
focused on relatively young-old adults (65+ years) and reported on hospital or
nursing home populations. ™! Although numerous population based prognostic
studies on prevalent Alzheimer patients have been done,'2-16 studies on incident
Alzheimer patients from population-based cohorts are limited.!7. 18

The aim of this study is to develop a risk function to predict the prognosis of
Alzheimer patients in different disease stages, based on cognitive decline,
institutionalization and death, Because analyses based on prevalent cases include
a mixture of new and long existing cases, this may lead to an overrepresentation
of long existing cases and thus to biased estimates of survival. Therefore, we
studied disease progression separately for incident and prevalent Alzheimer
patients.

Materials and Methods

Study design and population

Patients with Alzheimer’s disease came from the Rotterdam Study, a population-
based prospective cohort study among persons aged 55 years and older,
including those living in institutions.!® Baseline examinations, including a home
interview and an extensive physical examination, took place between 1990 and
1993, Of the 7,983 subjects who participated (response 78%), 7,528 (94%)
underwent extensive screening for dementia. At baseline, 482 subjects were
diagnosed with dementia, of whom 353 had Alzheimer's disease® 29 This
resulted in a cohort of 7,046 subjects at risk for dementia. In 1993 and 1994
follow-up examinations took place. In addition, the cohort was continuously
monitored by means of computerized linkage of the study database with medical
records from general practitioners and the Regional Institute of OQutpatient
Mental Health Care (RIAGG).
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After a mean duration of follow-up of 2.1 years, 162 incident cases of dementia
had been identified, and 116 of them were diagnosed with Alzheimer’s disease.’
Informatton on living conditions, Mini Mental State Examination (MMSE) at
time of study diagnosis and vital status at follow-up was available for 306
patients (80.7 percent) with prevalent AD and for 95 patients (81.9 percent) with
incident AD. Both prevalent and incident patients were followed until the end of
the study period (censoring date was April 1, 1998).

Demeniia diagnosis

Similar screening and diagnostic procedures for dementia were used at baseline
and follow-up?0. First, a brief test of cognition (MMSE and Geriatric Mental
Schedule organic A (GMS)) was administered. Screen-positives (MMSE < 26 or
GMS >0) underwent further neuropsychological testing by one of the study
physicians with the CAMDEX diagnostic interview, which included an
informant interview. Subjects who were suspected of dementia were examined
by a neurologist, tested by a neuropsychologist and, if possibie, underwent a
brain MRI. Dementia diagnosis was made according to DSM-III-R criteria by a
panel that reviewed all existing information. A subdiagnosis of AD was made
according to the NINCDS-ADRDA criteria.2!

At baseline, 18% of the subjects screened in person was screen positive. Of
those, 92% underwent the CAMDEX diagnostic interview. Many subjects with
dementia were resident in_six homes for elderly people, which were included in
the study. These homes had psychogeriatric departments. Often, subjects were
already known to be demented. Of these subjects and 8% of the screen positive
subjects who refused the CAMDEX interview or could not be examined,
diagnostic information was obtained from the general practitioner, physicians in
the homes, neurologists or the RIAGG.

At follow-up examination, 79% of the total cohort at risk to develop
dementia was screened in person for dementia. Of those, 10% were screen
positive on the cognitive screening test. Of those who were not examined at
follow-up and of whom information on dementia was solely obtained through
general practitioners and the RIAGG, 476 had died and 999 refused the
screening test.
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Cognitive finction
To assess cognitive decline we used the Dutch version of the 30-point MMSE,
which was used to screen for dementia,?2 The MMSE includes questions on
orientation to time and place, registration, attention and calculation, recall,
language and visual construction, Although this screening test was originally
created for a clinical setting, it is extensively used in epidemiological studies,
and has proven to be a reliable and valid indicator of cognitive impairment? 23
and cognitive decline. 1% 24,25

Of the 306 prevalent Alzheimer patients who had a MMSE measurement at
baseline, 35% died between baseline and re-examination. At follow-up (on
average 2 years later), 82 or the 199 patients who were still alive had a second
reliable MMSE assessment, On 88 of the 95 incident Alzheimer patients blood
was available for APOE testing and those were invited for additional
standardized follow-up examinations by a neurologist, at intervals of
approximately 15 months, Of the 73 patients who were still alive 15 months
after the first examination, 61 agreed to participate and of the 42 who were alive
at time of the third examination, 40 patients participated.

Activities of daily living

At the baseline home interview we administered the Katz-index?6 (activities of
daily living) and the Lawton scale?? (instrumental activities of daily living).
Because in our questionnaire the question about continence was lacking we
made a five-point scale on the ADL score. The IADL score was categorized in
three groups: 0-6, 6-12, >12, Missing data on one or two items of the ADL or
IADL scale were imputed according to dementia severity class (CDR-score).28
When subjects had more than fwo missing items, the total score was considered
missing.

Institutionalization

Living conditions (living independently, in a home for the elderly or in a nursing
home) were obtained from the municipality for each participant at the baseline
and follow-up examination, at the time of death, and at the censoring date (April
1, 1998). Home for the elderly is defined as medium care (breakfast and diner
are supplied, assistance with dressing). Nursing home is defined as full care. The
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ntidpoint between two dates was used as the date of transition from one
condition to the other,

Mortality

Vital status of the participants was obtained from the municipality and general
practitioners on a biweekly basis, The end of the follow-up period was set at
April 1, 1998.

Other Measurements

As possible predictor variables we considered the following: age, gender, level
of education (completed primary education, lower vocational or general
education, and infermediate or higher vocational or general education, college or
university) (UNESCO), and caregiver availability (living alone or living with a
parther or relative). Apolipoprotein E (APOE) genotyping was performed on
coded DNA samples without knowledge of the diagnosis. The polymerase chain
reaction product was digested with the restriction enzyme Hial, and fragments
were separated by electrophoresis.??

Statistical analysis

To compare baseline characteristics of prevalent and incident Alzheimer cases
we used a t-test {age), nonparametric tests (Kruskall-Wallis) for continuous
variables (MMSE), and chi-square tests for categorical variables,

We first developed a function to estimate an individual's rate of cognitive
decline based on certain initial characteristics with a random effects model (SAS
6.12, PROC MIXED). We assumed a linear rate of decline. We used all baseline
and follow-up MMSE-measurements as outcome variables and age, gender,
education, follow-up time and an interaction term of time with all of the other
variables as covariates. The intercept and time variables were specified as
random effects. Addition of baseline ADL, IADL or caregiver availability did
not statistically improve the model at the o = 0.05 level. APOE genotype did
improve the prediction function and was therefore included in the model.
Separate models were made for prevalent and incident patients. We also made a
combined prediction function for prevalent and incident cases to test whether
they declined at a statistically significant different rate.
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Second, we developed a set of functions to estimate an individual’s absolute risk
of institutionalization and death based on certain characteristics. Several
transitions were considered possible: from living independently to a home for
the elderly, from a home for the elderly to a nursing home, or from living
independently to a nursing home. Furthermore subjects were always at risk of
dying. The follow-up time of each subject was divided in intervals of six
months. We made separate records for every subject at each interval, containing
the living situation at start and end of the interval, and a number of covariables.
Out of these records we composed three datasets, based on the living situation at
the beginning of the interval (subjects living independently, subjects living in a
home for the elderly and subjects living in a nursing home}. Polynomial logistic
regression analysis {SAS 6.12, PROC CATMOD), with age, gender and
predicted MMSE score at start of the interval included as covariates, provided
conditional odds ratios of possible transitions for each of the three living
conditions. QOut of these conditional odds ratios, absolute risks of
instifutionalization or death could be calculated given a certain age, gender, and
MMSE score. To compare the risk of institutionalization and death between
incident and prevalent patients we made a combined function adding interaction
terms of all the covariates with an indicator for prevalent or incident patient.

Results

Baseline characteristics of the prevalent and incident Alzheimer cases are given
in Table 1. Prevalent and incident cases were similar with respect to age and
gender, At time of first examination after diagnosis more prevalent cases lived in
a home for the elderly. None of the dementia cases lived in a nursing home at
baseline. As expected, prevalent patients were in a more severe stage of the
disease and performed worse on the MMSE. They were also less educated, The
mean duration of discase in prevalent Alzheimer patients was 3.1 years (SD 2.6).
After a mean follow-up of 2.2 yrs (SD 1.25) 74.2 percent (n = 227) of the
prevalent cases had died. At time of death or at the end of the study period 15.7
percent (n = 48) lived at home, 60.8 percent (n = 186} lived in a home for the
elderly and 23.5 percent (n = 72) lived in a nursing home, After a mean follow-
up of 2.8 yrs (SD 1.28), 53.7 percent (51) of the incident cases had died, At time
of death or at the end of the study period 25.3 percent (n = 24) of the incident
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cases still lived at home, 44.2 percent (n = 42) in a home for the elderly and 30,5
percent (n =29) in a nursing home.

Table 1, Characteristics of study population at time of first examination after disease onset: Rotterdam Study
(1990-1998).

Prevalent Alzheimer's disease  Incident Alzheimer's discase

N=306 N=095

Mean age (years)(SD) 84.9 (6.5) 84.3 (7.2}
Gender (% women) 77.1% (236) 80.0% (76)
Living in home for elderly at baseline (%} 69.0% (211) 45.3% (43)
Severity of disease (CDR) % (11}

Minimal 17.3% (53) 24.2% (23)

Mild 39.9% (122) 60.0% (57)

Moderate 31.4% (36) 14.7% {14)

Severe 11.4 %(35) 1.1% (1)
Education (%) (n)

Low 77.1{168) 69.1 (56)

litermediate 14.7(32) [LE(9)

High 8.3 (18) 19.8 (16)
Median {range) basehing MMSE 17.2 {0-28) 19.7(11-27)
APOE#*4 (%4} (n) 87(28) 30(32)
APOE*2 (%) (n) 32 (16} 8(8)
APOE#3 (%) {n) 134 (44)* 50 (53}

*53 (17%) of prevalent and 7 (7%6) of incident patients had no information on APOE status
APOE*4: apolipoprotein-E 2/ed, €3/e4, or ed/ed genotype

APQE*2; apolipoprotein-E £2/e2, €2/e3 genolype

APOE#*3: apolipoprotein-E £3/e3 genotype

The variables that were finally included in the prediction function for MMSE
were gender, age, education, ApoE genotype, follow-up time in years and
interaction terms of time with ail those variables (for coefficients see table 2). As
an example, we used these coefficients to calculate the change in the predicted
MMSE-score over time for a prevalent case and an incident case, separately for
a highly educated male and female person aged 80 years (Figure 1). Prevalent
cases started at approximately the same MMSE level as incident cases but
showed less decline in the MMSE score than incident cases (p = 0.004).
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Table 2. Estimated coefficients to predict the MMSE-score at a given point in time for Alzheimer patients:
Rotterdam Study {1990-1998).

Prevalent AD (n = 3006) Incident AD (n = 95)

coefficient coefficient
Intercept 32.92 23,791
Male -0.79 1.10
Female reference reference
Age (years) -0. £S5 -0.05
Primary education -1.05 -0.20
Intermediate education -0.42 .20
High education reference reference
APOE*4 -1.27 0.57
APOE*2 0.55 -0.47
APOE*3 refereiice refereiice
Time (yrs) -4.65 0.45
T*male -0.11 -0.11
T*female reference reference
T*age 0.03 -0.04
T#primary education 0.55 0.36
T*intermediate education 0.92 1.33
T*high education reference reference
T*APOE*4 0.59 -0.28
T*APOE*2 0.02 -§.61
T*APOE*3 reference reference

APOE*4: apolipoprotein-E £2/e4, €3/e4, or ed/ed genotype
APCE*2; apolipoprotein-E €2/e2, £2/e3 genotype

APOE*3: apolipoprotein-E £3/€3 genotype

T = time in years, T*covariate = interaction of time with covariate

In table 3 and 4 the coefficients from the polynomial logistic regression analyses
to estimate the transition probabilitics for living situation are given. Appendix 1
demonstrates how to use the coefficients. For AD cases living at home, age was
the strongest predictor for moving to a home for the elderly. Women with
prevalent AD were at higher risk of entering a home for the elderly after one
year compared to men with prevalent AD, Low MMSE was a major predictor
for instituticnalization and death for prevalent as well as for incident AD

patients.
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Table 3. Coefficients from a polynomiat logistic regression mode! to gstimate transition probabilities for a
prevalemt Alzheimer patient: Rofterdam Study (1990-1998).

Living situation at t=1

Home for elderly Nursing home Death
Living siluation at t =0 estimate  p-value  estimate  p-value  estimate  p-value
At home Intercept -19.48 <0.001 -2.98 0.19 -3.87 0.14
Time -0.07 0,75 0.30 0.04 -0.07 0.70
Age 0.19 < 0.001 -6.01 0.86 0.05 0.08
Female 2.25 0.05 -0.05 0.89 -0.76 0.09
MMSE -0.14 010 -0.001 0.99 -0.18 < (.00t
Home for elderly Intercept -(L80 .80 -5.42 0.002
Time 0.29 0.02 0.08 0.26
Age -0.03 0.46 0.06 0.003
Female 0.54 0.38 -0.61 0.007
MMSE -0.09 0.007 -0.08 < 0.001
Nursing home Intercept -6.31 0.05
Time -0.20 0.35
Age 0.07 0.05
Female -0.19 0.75
MMSE -0.06 0.14

Table 4. Coefficients from a polynomial logistic regression moedel to estimate transition probabilities for an
incident Alzheimer patient: Rotterdam Study (1990-1993).

Living situation att=1

Home for elderly Nursing home Death
Living situation at t =0 estinate  p-value  estimate  p-value  estimate  p-value
At home Intercept -19.64 0.006 2.57 0.44 -6.42 0.26
Time -0.35 0.38 -0.57 0.02 0,15 0.62
Age 0.18 0.01 -0.01 0.71 0.05 0.46
Female -(0.49 0.59 0.10 0.85 0.02 (.98
MMSE 0.06 0.63 -0.21 <0.001 -0.09 0.23
Home for elderly Intercept 13.93 0.09 -8.90 0.04
Time -1.25 0.08 -0.64 0.009
Age -0.21 0.03 0.1] 0.02
Female 6.66 <{.001 -1.00 .13
MMSE -03.30 0.06 -0.10 0.17
Nursing home Intercept -4.96 0.39
Time -0.45 0.19
Age 0.04 0.56
Female 0.02 0.98
MMSE 0.11 0.04

t = 0: time of study diagnesis; t = 1: living sitvation afier one year after study diagnosis
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Female, age 80 Male, age 80
m
]
s
=
0 1 2 3 4 5 0o 1 2 3 4 5
Time (years) Time (years)
—e—prevalent -~ *  incident —+—prevalent - # - incident

Figure 1, Change in MMSE-score over time based on patient characteristics,

Figure 2 shows the transition probabilities for a female patient, with an MMSE-
score of 15, living at home af baseline. Probabilitics are shown for age 70, 80
and 90. The probability to enter a home for the elderly increased with age. This
pattern is observed in both prevalent and incident Alzheimer cases, although less
clearly among incident cases.

Prevalent patient Incident patient
1G0% 100%
80% 80%
60% 60% L

0 80 90 years 70 80 90 years
 staying at home B home for elderly H staying s home Bhome for elderly
[ nursing home Odeath Cnursing home  Odeath

Figure 2, Transition probabilities after one year for a female patient, MMSE = 15, living at home at baseline,
for differcnt ages.
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As an example figure 3 shows the transition probabilities for a female, aged 80
with an MMSE-score of 15 living at home (a), living in a home for elderly (b)
and living in a nursing home (¢). From the combined prediction function we
could estimate that prevalent cases had a slightly higher probability to die than
incident cases, except when they already were living in a nursing home.

Living at home

160%
80%
60%

prevalent incident
HEstaying at home Elhome forelderly

[Inursing home Odeath

Living in home for elderly

prevalent incident

Bhome for elderly Cnaursing home {death

Living in nursing home

100% -

8095 -

60%

prevalent incident

Ooursing home  Odeath

Figure 3. Transition probabilities after
one year for a feinale patient age 80,
MMSE = 5, living at home, in a home

for the elderly or in a nursing home.

Incident cases living in a nursing home had
a 35 percent chance of mortality after one
year, compared to 12 percent among
prevalent cases. These differences,
however, were non-significant (p = 0.84).
Incident cases also seemed to move more
quickly from a home for the elderly to a
nursing home compared to prevalent cases
(p = 0.09). For male subjects these results
were more or less the same, except that the
probability to remain in a home for the
elderly was higher among incident male
compared to incident female cases.

Discussion

In this large population-based study we
developed prognostic risk functions to
predict cognitive decline and & function fo
predict risk of institutionalization and death
based on certain individual baseline
characteristics. Since the prevalent and
incident cases were analyzed separately, the
effect of different stages of disease could
be examined. We observed a steeper
decline in cognitive function for incident
compared fo prevalent AD  cases.
Moreover, incident dementia cases that
lived in a home for the elderly at baseline
were more likely to move to a nursinghome
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during follow-up than prevalent cases.

Major advantages of the Rotterdam Study to investigate progression of
disease include the longitudinal and population-based design and the complete
follow-up with respect to institutionalization and mortality.

A limitation of this study is that the prediction model for cognitive function is
based on a maximum of three measurements of the MMSE. However, with the
random effects model we could include all cases, not just those who survived
long enough to have two or thiee measurements. Another limitation is that we
lacked the power to examine the effect of comorbidity (stroke, myocardial
infarction) on institutionalization and death.

We assumed a linear decline in cognitive function, A frilinear model of
decline has also been proposed, in which rapid change occurs in the midrange of
disease severity with relative plateaus early and late in the disease.?0 This
trilinear model would explain why we find a more rapid decline for the incident
Alzheimer patients compared to the prevalent patients. Cases in the imore severe
stages of disease could have reached the plateau phase late in the disease.
Katzman et al.3! found that only the most severcly demented showed a slower
rate of subsequent decline and attributed the finding to a floor effect.
Furthermore, the non-linear trend appears to be small and linear models seem to
prove the best fit to longitudinal cognitive data in Alzheimer's disease.’?
Therefore, we used the linear model.

Several studies have reported severity of dementia (MMSE score, ADL,
CDR) at study entry to be a major predictor of time to admission to a nursing
home.” 10 [n Alzheimer's disease, several factors have been related to shorter
survival. These include functional disability,”> 33 34 male gender!l: 3% 35 and
increasing age.11, 3435 Agucro-Torres et al.12 found in a longitudinal population-
based study that shorter survival was related to male gender, advanced age, low
education level and functional disability at baseline. In our study we found that
male gender, advanced age and a low MMSE score at the beginning of an
interval were associated with shorter survival. The better prognosis in women
can probably be partly explained by the fact that healthy women have a higher
life expectancy at any age.'! The survival advantage of women with AD relative
to men may also occur as a result of fewer comorbid clinical conditions
associated with the diagnosis of dementia.3” ADL and IADL did not enter the
maodetl for predicting MMSE. Tt is possible that this was partly due to the global
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scales that we used, however, it is also possible that ADL and IADL are less
important in predicting cognitive decline in demented subjects than in predicting
dementia.”: 38 We were not able to evalnate the role of ADL, IADL and caregiver
availability in predicting institutionalization and death because we lacked
detailed information on these items at the beginning of each 6-month interval.

In this study we developed a function to predict an individuals decline in
MMSE score over time and to predict the risk of institutionalization and death.
We showed a major difference in predicted prognosis between prevalent and
incident Alzheimer cases. There probably was an overrepresentation of slowly
progressive dementia and an underrepresentation of rapidly progressive
dementia among the prevalent dementia cases, since the rate of cognitive decline
was lower among prevalent than among incident cases. This might be the result
of a higher mortality among very rapidly progressive dementia cases. Patients
derived from a cross-sectional study tend to be less rapidly progressive with
respect to cognitive decline, instifutionalization, and mortality compared to
patients derived from a longitudinal study.!2 39

Prognostic models from epidemiological studies can provide information on
the decline of a group of Alzheimer patients or can be used to get a prediction
about an individual's prognosis, The coefficients derived from these models can
be used to construct a simulation model of the disease process. Such simulation
models allow the estimation of the possible impact of a treatment, for example
with relation to health costs. Finalily, prediction of the risk of institutionalization
and death of Alzheimer’s discase may be useful for health care planning on a
larger scale.40
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Appendix 1:

Example: What are the probabilities for an 80 year old woman with Alzheimer's
disease who is living at home and has a MMSE score of 15, that one year later

a.

b.
C.
d
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she will live in a home for the elderly
she will live in a nursing home

she will have died

she will stilf live at home

Logodds to move from home to home for the elderly:
intercept+T*1-+age*80+-female* | +MMSE*15 = -3.85

Odds to move from home to home for the elderly:

EXP(-3.85)=0.021

Probability to move from home to home for the elderly:

1/(1+0.021)

Absolute probability to move from home to home for the elderly: 19.4 %
(Formula 1)



Prognosis of dementia

b. Logodds to move from home to a nursing home: -3.13
Odds to move from home to a nursing home:
EXP(-3.13)=0.044
Probability to move from home to a nursing home: 1/(1+0.044)
Absolute probability to move from home to a nursing home:
4.0 % (Formula 2)

¢. Logodds to die when living at home: -3.27
Qdds to die when living at home: EXP(-3.27) = 0.038
Probability to die when living at home; 1/{1+0.038)
Absolute probability to die when living at home:
3.4 % (Formula 3)

d. Absolute probability to stay at home:
I- (Peldcrl)’+Pnurse+Pdealh) =90.7%

Formula 1: Pejgery ™ (1-Prues) *(1-Puaean) (1 -(Peidecty ™ Prusse)- (Petderty ™ Paeam)-
(Prucse™Pacaw)t (2*PetgersyPruses™ Pteann))
Formula 2: Poyre™(1-Peideny) *(1-Peam)/(1-{Peiderty* Prurse)-(Petdeny ™ Pacam)-
(Pourse *Paean) T (2 Prome™Petdgerty *Paurs))
Formula 3: Paean™(1-Prurse) * (1 -Petderts) (- (Peiderty Prusse)-(Peiderty * P gcatn)-
(Pllurse*Pdeath)+ (2 >kPhome*Pelderly$Pnurs))
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General discussion

The aim of the reseairch described in this thesis was to further elucidate the role
of vascular pathology in dementia and Alzheimer's disease and to identity
possible underlying mechanisms,

All chapters in this thesis are based on studies performed within the
Rotterdam Study, a large population-based prospective cohort study that is
ongoing since 1990 and includes 7,983 participants of 55 years and older. The
cohort at risk for dementia consisted of 7,046 persons who have been followed
from baseline up to December 31, 1999. The cohort was re-examined twice
(1993-1994; 1997-1999). In addition, the cohort is continuously monitored
through linkage of the Rofterdam Study database with medical records from
general practitioners and the Regional Institute for Outpatient Mental Health
Care (RIAGG). During 40,441 person-years of follow-up, we identified 395 new
cases of dementia.

In the following we will review owr main findings and discuss them in the
light of other studies and current insights in the relation between vascular factors
and Alzheimer's disease. Subsequently we will discuss the clinical relevance of
our findings. We will end with some recommendations for futore research.

Main Findings

Until December 31, 1999 we identified 395 patients with incident dementia
within the Rotterdam Study cohort, for an overall incidence rate of dementia of
9.8 per 1,000 person-years in those of 55 years of age or over. Alzheimet's
disease was most frequently diagnosed (74%), followed by vascular dementia
(14%). The overall incidence rate of dementia was very similar for men and
women, as were age-specific incidence rates up to the age of 90 years. Women
were more likely to develop Alzheimer's disease, whereas men were more often
diagnosed with vascular dementia, This difference can possibly be explained by
a higher stroke incidence in men or a misclassification of vascular dementia into
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Alzheimer's disease in women, since cerebrovascular pathology may less often
be symptomatic in women.! After 90 years of age the incidence rate of dementia
declined in men but not in women, probably due to more selective survival in

men,

We took two different approaches to address the issue of possible vascular
involvement in the actiology of dementia and Alzheimer’s discase. First, we
investigated the relation between vascular risk factors and markers of vascular
disease and the occurrence of dementia, in particular Alzheimer's disease.
Second, we investigated whether cerebrovascular impairment was associated
with Alzheimer's disease.

Vascular risk factors and markers for vascular disease

We investigated blood pressure, change in blood pressure, alcohol consumption,
and markers of atherosclerosis in relation to the risk of dementia, Alzheimer's
disease and vascular dementia.

At short-term follow-up (on average 2 years), blood pressure was not
associated with risk of dementia in persons younger than 85 yeais of age,
whereas in older persons increasing levels of blood pressure were associated
with lower risks of dementia. Also, use of blood pressure lowering medication
was associated with a lower risk of dementia and vascular dementia. By contrast,
at longer follow-up (on average 6 years), higher baseline blood pressure levels
were associated with an increased risk of dementia, in particular for persons
younger than 75 years. A decline in blood pressure was associated with an
increased risk of Alzheimer's discase and wvascular dementia in the years
thereafter. Our findings fit with results from several other longitudinal studies? 3
and suggest that high blood pressure increases the long term risk of dementia. It
remains a question how a decline in blood pressure is related to risk of dementia.
Some authors suggested that lowering of the blood pressure beyond a critical
threshold increases the risk of dementia through chronic hypoperfusion,
especially in elderly persons with longstanding hypertension® 3 An alternative,
but equally possible, explanation is that a decline in blood pressure is a
consequence of brain lesions associated with dementia, since several areas that
are involved in central blood pressure regulation are affected in Alzheimer's
disease.b 7 In support of this, we found that blood pressure was lower in subjects
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with manifest dementia at baseline and declined more rapidly in this group than
in the non-demented during follow-up. The explanations are not mutually
exclusive.

We found that light-to-moderate alcohol intake (1-3 glasses per day) was
associated with a lower risk of dementia and vascular dementia, irrespective of
the source of alcohol intake. It has been suggested that the association of alcohol
with dementia is through release of acetylcholine in the hippocampus,’
However, the fact that associations were strongest for vascular dementia makes
it more likely that the effect is through reduction of cardiovascular risk factors,?
L1 either through an inhibitory effect of ethanol on platelet aggregation!? or
through alteration of the serum lipid profile.3 The beneficial effect of alcohol
intake was stronger in carriers than in non-carriers of an apolipoprotein €4 allele.
Since the £4 allele is associated with lower levels of HDL cholesterol and higher
levels of LDL cholesterol, light-to-moderate alcohol consumption may protect
against dementia by improving the lipid profile of apolipoprotein €4 allele
carriers.!? Alternatively, alcohol may suppress oxidation of apolipoprotein-E!3
that permits binding to B-amyloid, which is assumed to increase plaque
formation among carriers of the apolipoprotein &4 allele.!6

Plaques in the carotid arteries and thickening of the carotid artery vessel wall
significantly increased the risk of dementia and Alzheimer's discase. The risk of
dementia increased with the amount of atherosclerosis. The same trend was
observed for Alzheimer's disease and vascular dementia. Atherosclerosis can be
related to dementia in several ways. Atherosclerosis may cause hemodynamic
changes leading to neuronal damage in vulnerable areas of the brain. Also,
atherosclerosis may impair the blood-brain barrier function as a result of cercbral
vessel wall damage.!” Finally, vascular damage associated with atherosclerosis
superimposed on already existing Alzheimer pathology may lead to an earlier
detection of otherwise subclinical Alzheimer's disease.

Functional cerebrovascular impairment

Transcranial Doppler is a non-invasive tool to measure cercbral blood flow
velocity and cerebrovascular CO, reactivity in cerebral arteries. We obtained
TCD assessment on 2,107 participants in the second re-examination of the
Rotterdam Study. Cerebral blood flow velocity was significantly lower in
persons with dementia, but also in persons with cognitive decline, without
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dementia. Reduced blood flow velocities may represent consequences of
reduced metabolic needs due to neuronal tissue loss.!8 12 Alternatively, a decline
in cerebral blood flow velocity may be a risk factor for dementia, due to a
decreased delivery of oxygen and resulting hypoxia?® The observation that
cerebral blood flow velocity was already lower in persons with cognitive
decline, without dementia, does fit both explanations. Cercbrovascular CO,
reactivity was lower in persons with cognitive decline and in those with low
cognitive performance and seemed lower in persons with dementia.
Atherosclerosis may disturb the integrity and function of the arterial wall and
thereby affect cerebrovascular CO, reactivity, A low cerebrovascular CO,
reactivity may also indicate small vessel pathology.2! Our findings support the
hypothesis of a role for vascular risk factors and vascular disease in the aetiology
of cognitive decline and dementia. Whether the lower blood flow velocity and
vasomotor response are a cause or a consequence of dementia can not be judged
from this cross-sectionai study.

Main hypotheses

There are at least four mechanisms that may underlie the association between
vascular factors and dementia (see figure).

Alzheimer's disease
Vascular disease, vascular dementia

1. AD pathology
Vascular factors

—
—

2. Vascular factors ——Pp  Alzheimer's disease
—p  Vascular factors

3, Alzheimer's disease

Vascular fictors
4. AD pathology ——p  Alzheimer's discase

1. Co-incidence of Alzheimer’s disease and vascular dementia (co-morbidity):
It is possible that Alzheimer's disease pathology and cerebrovascular disease
are unrelated but co-exist within one person. Vascular damage superimposed
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on existing Alzheimer pathology may act to unmask otherwise subclinical
Alzheimer's disease.”” More than one third of Alzheimer cases exhibit
variable cerebrovascular pathology, even though Alzheimer's discase is
diagnosed at autopsy.23And patients with vascular dementia often have
Alzheimer pathology at autopsy even though there was no clinical picture of
Alzheimer's disease. The pathology that causes clinical symptoms first, may
determine whether the dementia syndrome is classified as Alzheimer's
disease or as vascular dementia, whereas the majority of cases are actually
mixed-type dementias.

Vascular factors cause Alzheimet's disease. Most vascular risk factors
impair or reduce cerebral perfusion in some way. Impaired perfusion will
affect the microcirculation and delivery of energy substrates required for
optimal brain cell function.* Disturbances in the glucose-oxygen delivery to
neurons can fead to abnormal protein synthesis and eventually to production
of senile plaques and neurofibrillary tangles.

Alzheimer’s disease causes vascular factors. The relation may be inverse,
and there is actually some evidence that this is sometimes the case.
Deposited B-amyloid has a toxic effect on vascular endothelium.2* Metabolic
and neuronal changes that occur in the course of Alzheimer's disease may
lead to a disturbed central blood pressure regulation and to autonomic
dysfunction with orthostatic hypotension and decreased heart rate
variability.” 23

Biological interaction between vascular factors and Alzheimer pathology.
Vascular pathology and Alzheimer pathology may enhance each other in
bringing out a dementia syndrome. Vascular disorders, such as chronic
hypertension, are associated with increased vascular permeability with
protein extravasation.l” The impaired blood brain barrier function increases
the possibility that substances from serum penetrate the blood brain barrier
and reach the brain, where they may interfere with neuronal function and
may lead to amyloid accumulation. The distribution of amyloid was found to
be related to blood vessels, suggesting that its origin may be vascular rather
than neuronal. 26 Vascular factors may also accelerate the pathogenesis of
Alzheimer's disease through ischaemia and resulting formation of fiee
radicals.?’
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Which of the four outlined schedules is the correct one? Vascular factors and
Alzheimer pathology may co-exist and probably they do. However, mechanism
I can not explain the consistently and significantly increased risks of
Alzheimer’s disease that are associated with vascular risk factors, unless we
severely misclassify large numbers of patients. Several prospective studies are
now available that show that vascular risk factors increase the long-term risk of
dementia, which suggests that although mechanism 3 may play a role, this most
likely is a limited one. To finther unravel possible mechanisms 1, 2 and 4 we
need more specific disease markers, and repeated assessment of risk factors and
outcome.

Methodological considerations

While epidemiological and other evidence is accumulating that vascular risk
factors and indicators of vascular discase might be important in the cause and
progression of dementia and Alzheimer's disease, some issues that need
particular attention become apparent.

First, the distinction between Alzheimer's disease with vascular pathology
and vascular dementia is often very difficult and maybe even impossible. There
is little agreement on what should be criteria for vascular dementia, and the
criteria that are being used show bad reproducibility.28 Although the NINCDS-
ADRDA criteria for Alzheimet's disease are widely accepted and show good
reproducibility,28 they still do not guarantee that the clinical syndrome of
Alzheimer's discase refers to one clearly delineated disease entity, It may
actually be a mixture of Alzheimer pathology and cerebrovascular pathology.
Until we have better ways to distinguish between subtypes of dementia, it may
be more informative to consider overall dementia and to distinguish according to
acticlogy, without the assumption that these subgroups indeed reflect cleatly
separable diagnostic entities.

A second issue is the time of diagnosis in relation to neuronal damage.
Alzheimer's disease may develop over a long period of time. At time of exposure
assessment, Alzheimer pathology may have already started. Rather than studying
determinants of clinically overt dementia, we may want to investigate
determinants of early markers of incipient dementia. Possible candidates are
cerebral changes that we can detect with neuroimaging, in particular atroply and
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white matter lesions. To the extent that these are indeed early markers of
incipient dementia, they may serve as a proxy measure, An approach that
focuses on the detection of persons at risk for dementia in an early, and
preferably presymptomatic, stage would also make sense from a more clinical
perspective where we want to prevent the development and progression of
dementia. This also calls for identification of markers of early disease (c.g. brain
atrophy, white matter changes, and serum levels of beta amyloid) and for
investigation of determinants of those markers.

A final issue is how to discern the time order of events. Neuronal damage that
eventually leads to Alzheimer's disease may develop over a long period. Since
vascular pathology may also develop over decades it can become difficult or
even impossible to distinguish what is cause and what is consequence. Also,
sitice most vascular risk factors are not stable over time, change in vascular risk
factor level may be more important than actual level. To investigate these
relations, we nced long prospective follow-up studies. By now, several studies,
including our own, have the necessary data to address questions of sequence of
events. The analysis of such complex datasets used to be extremely difficult, but
has become much more feasible due to new methods for analysis of repeated
measurenents and imputation of missing values that have become available over
the last years. 29,30

Clinical relevance

Research on vascular factors in the aetiology of dementia and Alzheimer’s
disease is fostered by the idea that this might offer clues for preventive
intervention. Although observational epidemiological studies are not specifically
designed to give gnidelines for clinical practice, we would like to consider if and
how our findings can bear on current clinical practice.

The studies described in chapter 3 indicate that the relation between blood
pressure and dementia is complicated and time-dependent. High blood pressure
was associated with an increased risk of dementia. A decline in blood pressure
was a risk factor for dementia independent of baseline blood pressure level. Use
of blood pressure lowering medication was associated with a lower risk of
dementia two years later, whereas persons who used blood pressure lowering
medication but also had a low blood pressure were at increased risk of dementia.
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From this study and also from others we might conclude that hypertension
contributes to the development of Alzheimer's disease % 3 31 and thus that
treatment of hypertension would reduce the incidence of dementia, However,
since it is possible that a decline in blood pressure also causes or contributes to
dementia, it is too early to recommend bloed pressure lowering as a means to
prevent dementia.

Light-to-moderate alcohol intake was associated with a lower risk of
dementia. Because of underreporting of alcohol intake in epidemiological
studies it is difficult to set sensible limits for levels beneficial to the development
of dementia. Moreover, we have to be cautious recommending taking alcoholic
beverages in order to prevent dementia, because it has been showa that in a large
population, any increase in alcohol consumption is associated with a
proportionate increase in heavy drinking.3?

Our findings suggest that atherosclerosis is not only associated with a smail
subgroup of vascular dementia, but also with Alzheimer's disease. Screening for
and treatment of risk factors for atherosclerosis may not only lead to a lower risk
of cardiovascular disease but may also contribute to a lower risk of dementia.

Future research

We have tried to further quantify the role of vascular factors in the aetiology of
dementia and Alzheimer's disease.

We studied blood pressure level in relation to dementia. However, blood
pressure measured in late life may not reflect blood pressure levels earlier in fife.
A more direct measure of life time cumulative hypertensive damage, in
particular to the cerebrovascular small vessels, is needed to further elucidate the
role of hypertension in the aetiology of dementia and in particular Alzheimer's
disease. The distinct type of changes that occur in retinal arterioles during
different phases of hypertensive disease may provide such a measure.3>Another
approach to establish a causal relationship between hypertension and dementia is
to perform a double blind randomised trial on the effects of treatment of
hypertension. Recently, the Syst-Eur trial showed that treatment of isolated
systolic hypertension possibly reduced the risk of Alzheimer's discase.3!
However, the primary hypothesis in this trial was that a reduction in blood
pressure would protect against vascular dementia. As placebo controlled trials in
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persons fulfilling established criteria for treatment are not possible on ethical
grounds and considerable lowering of the blood pressure might be harmful, the
only option would be to perform a placebo controlled trial in persons with mild
hypertension.

Our studies indicated the potential role of cerebral hypoperfusion in the
pathogenesis of dementia. Since the research on cercbral blood flow velocity and
cerebral vasomotor reactivity was done cross-sectionally and comprised a
limited number of dementia cases, the objective of future research should be to
assess the role of cerebral blood flow in a prospective study with long follow-up.
Techniques that are used to measure cerebral blood flow include Transcranial
Doppler, structural and functional magnetic resonance imaging (MRI}, single
photon emission computed tomography (SPECT), and positron emission
tomography (PET). However, Transcranial Doppler is probably the only
technique that is suitable for examining persons in large population based
studies.

Alzheimer pathology starts probably long before it causes clinical symptoms.
Future research should aim at identification of very early stages of the disease.
Possible markers of preclinical stages of disease include levels of beta amyloid
or tau in plasma, structural brain changes as white matter lesions and
hippocampal and medial temporal lobe atrophy, and functional brain markers, 3+
36 To the extent that these will be found to indeed reflect incipient Alzheimer’s
disease, they may serve as more specific outcome measures in etiologic studies.

Findings from studies on the combined effect of apolipoprotein-E and
vascular factors suggest that genetic factors may interact with vascular factors in
the development of dementia. Future research should further investigate the
interaction of genetic factors with vascular factors {e.g. angiotensin I converting
enzyme, IL-1A polymorphism).37-39
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Summary

This thesis describes our research to further explore the role of vascular
pathology in dementia and Alzheimer's disease and to identify possible
underlying mechanisms. All studies were performed within the Rotterdam
Study, a population-based prospective cohort study on frequency and
determinants of disease among elderly persons. At basecline (1990-1993) 7,983
inhabitants of Ommoord, a suburb of Rotterdam, the Netherlands, who were 55
years of age or older, participated. Follow-up examinations were done in 1993-
1994 and 1997-1999. In addition, study participants are confinyously being
followed for the development of cognitive problems or dementia through an
extensive monitoring system through medical records from general practitioners
and the Regional Tnstitute for Outpatient Mental Health Care (RIAGG). At
baseline, 482 persons of the 7,528 that were cognitively evaluated were
diagnosed with dementia.

Study participants without dementia at baseline (7,046) were followed for on
average 5.7 years (chapter 2.1). During that period 395 persons developed
dementia. Alzheimer's disease was the most frequent subtype of dementia (293
cases, 74%). Vascular dementia was diagnosed in 57 participants (14%). The
rate at which new dementia develops (incidence) is expressed in cases per 1,000
persons-years of follow-up. The overall incidence rate was 9.8 per 1,000 person-
years for all types of dementia, 7.2 per 1,000 person-years for Alzheimer's
disease, and 1.5 per 1,000 person-years for vascular dementia. The incidence
rate ranged from 0.4 per 1,000 person-years at age 55-59 years to 74.1 per 1,000
person-years at age 95 years and older. Up to age 90 years there was no
difference in dementia incidence between men and women. However, after that
age dementia incidence declined in men but not in women. Across all age groups
women were more likely to develop Alzheimer's disease, whereas men were
more often diagnosed with vascular dementia.

In chapter 3, we studied the relation between blood pressure and the risk of
dementia, and dementia subtypes. We first studied the short-term (on average 2
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years) relation between blood pressure level, blood pressure lowering
medication, and dementia (chapter 3.1). In persons younger than 85 years of age
blood pressure was not associated with risk of dementia, whereas in older
persons increasing levels of blood pressure were associated with lower risks of
dementia. This decreased risk among hypertensive elderly was entirely due to a
strong inverse association in persons using blood pressure lowering medication.
Use of blood pressure lowering medication was associated with a lower risk of
vascular dementia (chapter 3.3). We then studied the relation between blood
pressure level and risk of dementia over a longer period after the baseline
assessment (on average 6 years). Higher baseline blood pressure levels were
associated with an increased risk of dementia, in particular for persons younger
than 75 years of age. This association was observed for vascular dementia as
well as for Alzheimer's disease. Finally, we examined the relation between
change in blood pressure and subsequent risk of dementia. We found that a
decline in blood pressure was associated with an increased risk of Alzheimer's
disease and vascular dementia in the years thereafter, irrespective of baseline
blood pressure level (chapter 3.2).

In chapter 4 we investigated the relation between indicators of vascular
disease and occurrence of dementia and cognitive impairment. In chapter 4.1
we investigated cerebrovascular function as assessed by means of Transcranial
Doppler in relation to cogaitive dysfunction and dementia. We measured
cerebral blood flow velocity, a measure of perfusion of the brain, and
cerebrovascular CQO, reactivity, which reflects the ability of small cerebral
arteries to dilate under the influence of certain stimuli in order to increase
cerebral blood flow in case of increased demands. Atherosclerosis may disturb
the integrity and function of the arterial wall and thereby its capacity to dilate on
these stimuli, Our data suggested that cerebral blood flow velocity and
cerebrovascular CO, reactivity were decreased in persons with dementia and
were already lower in persons with low cognitive performance. In chapter 4,2
we reported our findings on indicators of atherosclerosis and risk of dementia.
Plaques in the carotid arteries and thickening of the carotid artery vessel wall
were significantly associated with an increased risk of dementia and Alzheimer's
disease. The risk of dementia increased with the amount of atherosclerosis. In
chapter 4.3 we evaluated the role of alcohol consumption on the risk of
dementia and dementia subtypes. Persons who drank one to three glasses of
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alcoho! per day had a 40 percent lower risk of dementia as compared to persons
who never drank alcohol. The risk of vascular dementia was even 70 percent
lower. The effects were similar for drinking wine, beer, liquor or fortified wine-
types. The association between alcohol and dementia was modified by the
Apolipoprotein-E genotype in that the risk reduction with moderate alcohol
infake was stronger in persons with an Apolipoprotein €4 allele.

In chapter 5 we described the natural progression of disease among
Alzheimer's disease patients. We constructed a function based on age, gender,
education and Apolipoprotein-E genotype to predict the rate of cognitive decline
in Alzheimer patients. In addition, we developed functions to estimate a
demented individual’s risk of institutionalisation and death based on age, gender
and cognitive performance. We considered prevalent and incident dementia
patients separately. Prevalent patients showed a slower decline in cognitive
function than incident patients, For prevalent and incident Alzheimer's disease
patients high age and low cognitive performance were the strongest predictors
for institutionalisation and death.

In chapter 6 we discussed the results of the studies presented in this thesis,
The possible underlying mechanisms were addressed in the light of our findings
and some directions for future research were given. Various vascular factors, of
which some are modifiable, were significantly associated with the risk of
dementia. Most vascular factors were also related to Alzheimer's discase.
Whether the association reflects co-incidence of Alzheimer’s disease and
vascular disease, a causal relation between vascular factors and Alzheimer’s
disease, or a biologic interaction between vascular factors and Alzheimer
pathology remains unclear.

Future research should aim at further elucidating possible mechanisms in the
relation between vascular factors and dementia. Emphasis should be on studying
determinants of early, preferably preclinical, disease.
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Samenvatting

Dit proefschrift beschrijft onderzock naar de rol van vasculaire factoren in het
ontstaan van dementie en de ziekte van Alzheimer, Het onderzoek werd verricht
als onderdeel van het Erasmus Rotterdam Gezondheid en Ouderen (ERGO)
onderzoek, een prospecticf bevolkingsonderzoek naar frequentic en oorzaken
van chronische ziekten bij ouderen. Het ERGO onderzoek begon in 1990-1993
met 7983 inwoners van Ommoord, een wijk van Rotterdam, die op dat moment
55 jaar en ouder waren. In 1993-1994 en in 1997-1999 werd iedereen opnicuw
onderzocht, Vanaf het begin van de studie zijn deelnemers gevolgd en is
bijgehouden of mensen cognitieve problemen of dementie kregen. Dit vond
onder andere plaats door koppeling van geautomatiseerde huisartsenbestanden
aan het ERGO databestand en door regelmatige controle van medische dossiers
bij het RIAGG. Aan het begin van het onderzock werd bij 482 van de 7528
personen die onderzocht werden op hun mentale functies dementie vastgesteld.

Deelnemers zonder dementie syndroom aan het begin van de studie (7046),
werden gemiddeld 5,7 jaar gevolgd (hoofdstuk 2.1). Tijdens deze periode
ontwikkelden 395 personen een dementie syndroom; bij 293 personen was
daarbij sprake van de zickte van Alzheimer (74%) en bij 57 personen werd een
vasculaire dementie vastgesteld (14%). De incidentie, ofwel het aantal nieuwe
ziektegevallen dat zich in de loop van een tijdsperiode voordoet, voor mensen
van 55 jaar en ouder was 9,8 per 1000 persoonsjaren voor dementie; 7,2 per
1,000 persoonsjaren voor de ziekte wvan Alzheimer en 1,5 per 1,000
persoonsjaren voor vasculaire dementie. De incidentie nam toe van 0,4 per 1000
persoonsjaren voor mensen van 55-60 jaar tot 74.1 per 1000 persoonsjaren voor
mensen van 95 jaar en ouder. De incidentic van dementic was tot 90 jarige
leeftijd gelijk voor mannen en vrouwen; boven die leeftijd leek de incidentie
voor mannen af te nemen, terwiji deze voor vrouwen bleef toenemen. Over alle
leeftijdsgroepen heen werd bij vrouwen vaker dan bij mannen de ziekte van
Alzheimer vastgesteld en bij mannen vaker dan bij vrouwen vasculaire dementic
geconstateerd.
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Hoofdstuk 3 beschrijft ons onderzoek naar de relatie tussen de bloeddruk en de
kans op dementie en subtypen van dementie. Eerst bestudeerden we de korte
termijn (gemiddeld 2 jaar) invloed van de hoogte van de bloedduk en
bloeddrukverlagende medicijnen op het ontstaan van dementie (hoofdstuk 3.1).
Voor personen jonger dan 85 jaar was de hoogte van de bloeddruk niet
gerclateerd aan de kans op dementie. Bij oudere personen daarentcgen was een
hogere bloeddruk gerelateerd aan een lagere kans op dementie, echter alleen bij
mensen die bloeddruk verlagende medicijnen gebruikten. Het gebruik van
bloeddruk verlagende medicijnen bleck geassocieerd met een lagere kans op het
krijgen van dementie, en met name op het krijgen van vasculaire dementie
(hoofdstuk 3.3). Vervolgens onderzochten we welke invioed de hoogte van de
bloeddruk had op het ontstaan van dementie na een langere periode (gemiddeld
6 jaar). Een hoger bloeddruk niveau bleck gerelateerd aan een hogere kans op
dementie, met name bij mensen jonger dan 75 jaar. Dezelfde relaties werden
gevonden voor de ziekte van Alzheimer en voor vasculaire dementie (hoofdstuk
3.2).

In hoofdstuk 4 onderzochten we of afivijkingen aan de vaatwand gerelateerd
waten aan het optreden van dementie en cogaiticve problemen. In hoofdstuk 4.1
bestudeerden we met behulp van een Transcraniéle Doppler functionele
afwijkingen aan de hersenvaten in relatie tot dementie en cognitieve problemen.
Daarbij registreerden we de doorbloedingsnelheid van de hersenen en de reactic
van de hersenvaten op toediening van kooldioxide. Dit laatste geeft het
vermogen van de kieine hersenvaten weer om uif te zetten onder invloed van
bepaalde prikkels en zodoende de doorbloeding van de hersenen te vergroten.
Onder andere aderverkalking kan de functie van de vaatwand, en daarmee het
vermogen om uit te zetten als reactie op prikkels, aantasten. Uit dit onderzoek
bleck dat zowel de doorbloedingsnelheid als het vermogen om uit te zetten
verminderd waren bij demente personen en bij personen met cognitieve
problemen. In hoofdstuk 4.2 rapporicerden we onze bevindingen over
slagaderverkalking en de kans op dementie. Verkalking- en verdikking van de
halsslagaderwand waren gerelateerd aan het ontstaan van dementie en de ziekte
van Alzheimer. De kans op dementie nam toe met toenemende verkalking van
de halssiagader. In hoofdstuk 4.3 bestudeerden we de invloed van het drinken
van alcohol op het krijgen van dementie, de ziekte van Alzheimer en vasculaire
dementie. Personen die 1 tot 3 glazen alcohol per dag dronken hadden 40%
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minder kans op het krijgen van dementie dan personen die geen alcohol dronken.
De kans op vasculaire dementie was zelfs 70 procent lager. Het maakte niet uit
of de alcohol afkomstig was uit bier, wijn, sterke drank of sherry. De associatie
van alcohol met dementie werd beinvloed door ket Apolipoproteine-E genotype.
Dragers van het Apolipoproteine e4 allel hadden meer baat bij het drinken van
alcohol dan niet-dragers van het €4 allel.

In hoofdstuk 5 beschreven we de prognose van de ziekte van Alzheimer, Om
achternitgang in cognitieve functies te kunnen voorspellen maakten we een
predictieve fimctie gebascerd op gegevens over leeftijd, geslacht, opleiding en
Apolipoproteine-E genotype. Daarnaast ontwikkelden we functies waarmee voor
een demente persoon de kans geschat kan worden om te worden
geinstitutionaliseerd of te overlijden, uit gegevens over leeftijd, geslacht en
cognitief functioneren. We maakten aparte functies voor mensen die de zickte al
fanger hadden (prevalente cases) en personen waarbij de ziekte net ontstaan was
(incidente patiénten). Personen met al langer bestaande dementie vertoonden ecen
langzamere achteruitgang in cognitief functioneren dan personen die de zickte
pas hadden gekregen. Hoge leeftijd en lage cognitieve functie waren in beide
groepen de sterkste voorspellers voor institutionalisering en dood gaan.

In hoofdstuk 6 zijn de bevindingen van het onderzoek, beschreven in dit
proefschrift, besproken. Mechanismen die onze bevindingen mogelijk kunnen
verklaren werden genoemd en we deden aanbevelingen voor tockomstig
onderzoek. Diverse risicofactoren voor hart- en vaatziekten, waarvan sommigen
beinvioedbaar, bleken geassocieerd met de kans op dementie. De meeste van
deze risicofactoren waren ook geassocieerd met de kans op de ziekte van
Alzheimer. Of deze associatic veroorzaakt wordt doordat de ziekte van
Alzheimer en vasculaire factoren onathankelijk van elkaar vaak voorkomen,
door een direct corzakelijk verband tussen de ziekte van Alzheimer en vasculaire
factoren of door biclogische interactie van vasculaire factoren met Alzheimer
pathologie blijft onduidelijk. Toekomstig onderzock zal gericht moeten worden
op het ophelderen van mechanismen die ten grondslag kunnen liggen aan deze
relatie. Daarbij dient de nadruk te liggen op het bestuderen van determinanten
van zo vroeg mogelijke stadia van preklinische dementie.
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