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Abstract: The few available studies regarding exercise in older people with
dementia show a positive effect on cognition, probably due to enhanced cerebral
perfusion, mediated via an increase in endothelium-derived nitric oxide levels.
However, due to dysregulation of nitric oxide in Alzheimer’s disease and to
increased blood supply to other organs than the brain, exercise may not be beneficial
for cognition in all people with dementia if cardiovascular disease is present.
Positive effects of exercise on cognition were reported in seven of the reviewed
studies, including three that excluded and two that included patients with
cardiovascular risk factors. These findings suggest that cardiovascular risk factors
may not necessarily undo the beneficial effects of exercise on cognition in
cognitively impaired people, but the risks are not sufficiently known for this group.
When prescribing physical activity programmes to people with dementia, they
should undergo careful physical examination, particularly in order to exclude
cardiovascular risk factors.

Key words: Alzheimer’s disease, cardiovascular disease, cerebral perfusion,
cognition, exercise, hypoperfusion, nitric oxide, physical activity.
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INTRODUCTION

There is a strong association between physical activity and cognition in
older people. Epidemiological studies however preclude conclusions on
causality, which can only be drawn based on controlled randomized
intervention studies. Beneficial effects of exercise on cognition in older
adults result from a review of intervention studies by Colcombe and
Kramer (2003)in which 18 studies were reported. Interestingly, only two of
these studies included older people with cognitive impairment. It is clear
that older people with dementia receive very little attention in physical
exercise studies, which is remarkable becausein this population, cognition
is most affected.

Several underlying mechanisms may account for the beneficial effects of
exercise on cognition. Churchill and colleagues (2002) reviewed the results
of experimental animal studies in which responses to exercise, including
angiogenesis, in the normal aging brain were discussed. It is interesting to
know whether these reactions also occur in people with dementia. In the
present chapter attention will be focussedon vascular plasticity, i.e. cerebral
perfusion, for three reasons: cerebral perfusion is a good read-out system
for neural activity, cerebral hypoperfusion is a hallmark of Alzheimer®
disease (AD) and cerebral perfusion may be enhanced by exercise.

ROLE OF NITRIC OXIDE

A hallmark of AD is areduction in cerebral perfusion which is associated
with cognitive impairment. A key factor in hypoperfusion in AD is
dysfunction of nitric oxide (NO), a potent vasodilator. NO modulates
vascular homeostasis, reduces the risk for atherosclerosis and thrombosis
and improves blood flow by lowering stress on the blood vessel wall. In
other words, NO protects endothelial cell function. Additionally, tissue-type
plasminogen activator (t-PA), the release of which is generated by NO,
enhancesthe production of plasmin. Plasmin is able to degrade amyloid §
(A8) and therefore may attenuate the excessive A8 deposit in AD. In AD,
hypoperfusion below a critical level leads to dysfunctional upregulation of
NO. Disturbance of NO levels damages endothelial cells and induces
vascular injury. The vascular injury leads to an even more pronounced
hypoperfusion, initiating a vicious circle.

A relation exists between NO, cerebral perfusion and exercise.In animal
experimental studies, NO release is increased by exercise. Enhanced NO
leads to vasodilatation and consequently to increased cerebral perfusion,
which improves cerebrovascular function. In addition, t-PA is alsoincreased
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by exercise and can restore endothelial fibrinolytic function and be of
benefit to cerebral perfusion. For a schematic representation seeFigure 1.1In
sum, cerebral hypoperfusion may be ameliorated by exercise by means of
NO and t-PA enhancements.

Figure 1
AlzheimerQs disease (AD) leads to disturbed nitric oxide (NO) metabolism resulting
in hypoperfusion. Exercise may attenuate this disturbance by upregulating NO,
increasing cerebral blood flow (CBF) and therefore protecting endothelial function.
Exercise increases t-PA and consequently plasmin activity, which leads to amyloid §
degradation. However, in the presence of heart disease, a reduced cardiac output
during exercise may rule out an increase in CBF and negatively affect CBF.
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It is crucial to realize however that there is a growing acceptance of a
vascular basis of AD. More specifically, ischaemic infarctions and
cardiovascular risk factors such as hypertension are common.
Cardiovascular risk factors may lower cerebral perfusion and affect NO
metabolism, already disturbed in AD, even more. This cascade of events
may attenuate the positive effects of exercise on cognition in older people
with dementia. The question arisesto what extent these cardiovascular risk
factors play arole in the selection of older people with dementia in clinical
studies on physical activity.

CLINICAL STUDIES

In order to examine the literature on physical intervention studies in
people with dementia, searches were performed in Pubmed, Web of
Science,PsycINFO and BioMed Central. Key words used in the searchwere
physical activity, exercise, fitness training, aerobic, physical therapy in
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combination with cognition, cognitive function, cognitive functioning
neuropsychological, memory, executive functioning. Thesekey words were
combined with the following words dementia, demented, Alzheimer®
disease, nursing home residents, cognitive impairment, cognitively
impaired, mild cognitive impairment, memory impairment. The inclusion
criteria were (1) studies that included participants with cognitive
impairment or a diagnosis of dementia (2) studies that offered a programme
that focussed exclusively on exercise,physical activity or fitness training; (3)
studies using cognition asthe dependent variable. Studies were excluded if
(1) they were not written in English; (2) no details were reported on the
cognitive status of the participants; (3) when besides exercise, also another
type of sensory stimulation was offered as an intervention, e.g. music. The
combination of two types of sensory stimulation may improve cognition in
people with dementia, but it remains uncertain to what extent a possible
effect is caused by the exercise, by the other type of stimulation, or by both.

Studies evaluating treatment effects after a single sessionof exerciseshow
equivocal results. In one study, 20 psychogeriatric patients underwent one
exercisesessionfor 40 minutes containing bending/stretching exercisesand
a game of throwing and kicking a ball and knocking down skittles. A
significant improvement in memory performance compared with a control
group was shown. In another study, one 20-minutes session of physical
activity (walking or arm and leg extensions) was not found to lead to
statistical differences in language ability, word retrieval or verbal
recognition in a group of 25 AD patients. Differences in study design, e.g.
treatment time and aetiology of the cognitive impairment may explain these
conflicting results. Moreover, in both studies cardiovascular risk factors
were not controlled for.

A few studies have been described in which older people with dementia
were given exercisefor a longer period. In a randomised controlled study,
20 geriatric mental patients were divided into two treatment groups, one
group being given conventional social therapy and one exercise therapy,
and one control group. Exclusion criteria for participation were
hypertension and history of heart trouble for which drugs were being
administered. The exercise programme was performed 5 days a week for 1
hour and consisted of mild activities such as walking, callisthenics, and
rhythmical movements. After 12 weeks of treatment the exercise group
showed improved logical reasoning and memory performance compared
with the control group. The results of another memory test and two
behavioural assessmentsdid not show significant improvement. In another
study, 15 males diagnosed with possible AD rode on an exercisebicycle for
more than 20 minutes a day, 3 days a week, for 3 months. No abnormalities
were shown on an electrocardiography (ECG) measurement at rest and
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during exercise.Their performance on three tests of short-term memory and
one of global cognitive functioning was found to have improved after the
intervention period. Another group of 23 AD patients also showed
significantly improved performance on global cognitive functioning also
after a programme of endurance exercise that consisted of walking and
riding an exercise bicycle for a mean of 7 weeks (range 5-12 weeks). It is
noteworthy that patients with cardiac disease were excluded from
participation. It should be noted however that a control group was lacking
in both of these studies. In another study 30 AD patients took part in either
a 30-minute walking and conversation programme or a conversation-only
programme for 10 weeks. Patients with cardiovascular risk factors such as
diabetes mellitus and hypertension and patients with congestive heart
failure were not excluded from the study. After the treatment period,
communication improved only in the group with combined walking and
conversation. Another study in which patients with cardiovascular risk
factors were among the participants also showed an improvement of
cognition after an exercise programme. Forty-three older individuals with
mild cognitive impairment, a transitional stage to AD, were randomly
divided into three treatment groups: a walking group, a group performing
hand and face movements and a control group that received social visits.
The intervention was applied 3 times a week for 30 minutes. After 6 weeks,
performance on tasks that measure executive functioning improved in both
the walking group as well as the hand/face group.

In sum, 7 of the 8 studies reviewed above suggestthat exercisedoes have
a positive effect on cognition in older persons with cognitive impairment.
Most studies however, should be interpreted cautiously in view of the
limited sample sizes and methodological flaws. Nevertheless, it is
interesting to investigate which role cardiovascular diseaseplayed in study
outcomes. Positive effects were shown in the 5 studies that mentioned
cardiovascular risk factors: 2 of the studies included, 2 studies excluded
patients with cardiovascular disease before study onset, and in 1 study
participants showed no abnormalities on an ECG measurement. Two of the
3 studies that did not control for cardiovascular risk factors revealed a
positive effect of exercise. Since there is no reason to assume people with
cardiovascular risk factors were completely absent in those studies, it is
argued that the presenceof cardiovascular risk factors may not rule out a
beneficial effect of exercisetreatment per se, but there are neither enough
data on the positive effects nor on the risks involved available for this
group. This argument corroborates with the findings of the other 2 studies
in which patients with cardiovascular risk factors were present and a
positive effect of exercise was observed. However, presence of
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cardiovascular disease may be a plausible explanation for the lack of
effective treatment in other cases.In the one study in which physical activity
did not yield a positive effect on cognition in AD patients, information
about vascular diseasewas absent. Also in other studies in which walking,
combined with another type of intervention such as verbal stimulation or
memory training, did not improve cognition in AD patients, information
about vascular disease was lacking.

DISCUSSION AND CONCLUSION

The consequence of vascular disease, e.g. cardiac disease, is
cerebrovascular diseasewhich co-existencewith AD has been confirmed in
many studies. NO metabolism, already disturbed in AD, may be even more
affected in caseof cardiovascular diseasecausing additional damage to the
endothelium. Furthermore, it should be noted that increased plasmin levels
by enhanced t-PA release may also reduce the level of laminin, a protein
that decreases neurotoxicity in AD. Particularly in ischaemic lesions,
plasmin degradeslaminin and can causeneuronal damage (seeFigure 1).In
order words, (high-intensity) physical activity may lead to laminin depletion
and hence to neuronal damage. It is therefore of great importance to
maintain the laminin concentration at physiologically normal levels.
Moreover, in patients with a reduced cardiac output resulting from cardiac
disease, the blood supply to the large muscle cells may preclude increased
cerebral blood flow (seeFigure 1). The positive effects of exerciseon cerebral
perfusion therefore appear to rely on the presence of cardiovascular risk
factors and the patientOs cardiac condition.

It is recommended that future researchinto the effects of physical activity
in older people with cognitive impairment should control for vascular
diseaseand cardiovascular risk factors. Not only in clinical studies, but also
in practice, people with dementia should undergo careful physical
examination, particularly aimed at cardiovascular risk factors, before
entering a physical training programme of any sort. Theserisk factors might
attenuate or undo beneficial effects of exerciseon cognition, or be an extra
risk for the patient in exercise. Furthermore, even in the absence of
cardiovascular risk factors, it seems important to keep the intensity of a
physical activity programme within normal physiological limits, implying
that age, gender and comorbidity should be taken into consideration. In
conclusion, participation in exercisenext to oneOsisual physical activities is
not necessarily beneficial for all patients with dementia. A take-home
message for those advising persons with dementia on possible exercise
regimens may thus be Omore could actually be lessO.
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