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A number of factors, including physical activity, may
contribute to prevention of cognitive decline and de-
lay the onset of dementia. In addition to its convincing
multiple benefits, an increasing body of evidence sug-
gests that an active life has a protective effect on brain
functioning in elders. Physical activity may also slow
down the course of Alzheimer’s disease. These hy-
potheses have led to increasing research in this specific
area during the past decade. This review systematically
analyzes the current literature on Alzheimer’s disease
and the effect of physical activity. Epidemiological
studies, short-term randomized controlled trials (RCTs)
in nondemented participants, and biological research
suggest that physical activity improves cognitive func-
tion in older subjects. The limitations of these works

are discussed. No RCTs have yet demonstrated that
regular physical activity prevents dementia. Addi-
tional challenging clinical interventional studies are
needed to demonstrate this relationship, but accumu-
lating evidence from biological research is available.
Defining the optimal preventive and therapeutic strat-
egies in terms of type, duration, and intensity of phys-
ical activity remain an open question. In the future,
the prevention of Alzheimer’s disease may be based
on rules governing lifestyle habits such as diet, cogni-
tive activity, and physical activity. (J Am Med Dir Assoc
2008; 9: 390-405)
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During the past 2 decades, epidemiological research has
emphasized that modifiable lifestyle factors such as inactivity
may affect the development and progression of Alzheimer’s
disease (AD). Research in this specific area has therefore
intensified. At the present time, evidence suggests that po-
tential preventive strategies such as a physically active life-
style may help to delay the onset of cognitive decline and slow
down disease progression. During AD, physical activity may
also prevent various devastating and frequent complications
of the disease such as falls, behavior disturbances, mobility
disability, or weight loss. Such a nonpharmacological thera-
peutic approach may be an appealing low-cost, low-risk alter-
native treatment for this major public health priority. In 2007,
more than 5 million people in the United States suffered from
Alzheimer’s disease and there is still no pharmacological treat-
ment. Even a modest effect on the disease would thus result in
a significant impact on social and economic cost. In addition
to the multiple reasons for engaging in physical activity,
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preserving brain health could be a strong and convincing
argument to promote activity in the population and one that
could have a major impact on medical practice and public
health education. The risk of numerous chronic diseases such
as congestive heart disease! or cancer of the breast® or colon’
can be reduced by increased physical activity. In the future,
prevention of Alzheimer’s disease may target multiple aspects
of lifestyle habits such as diet, cognitive activity, and physical
activity.

Our purpose is to review the literature concerning the
association between physical activity and its potential impact
on the risk of Alzheimer’s disease. This review focuses on the
epidemiological data and fundamental hypotheses currently
debated. The limitations of these works will be discussed. In
addition, it examines the potential benefits of physical activ-
ities in Alzheimer’s disease patients. Finally, we will try, based
on the current scientific literature, to make practical recom-
mendations regarding physical activities to prevent cognitive
decline or the disease in healthy subjects, and to slow down
disease progression and prevent its complications in patients
who already have AD.

METHODS

This review was conducted by identifying the relevant
articles published between January 1966 and October 2007
and referenced in PubMed, Medline, and BIOSIS, using the
following key words: Alzheimer, cognitive decline, dementia,
physical activity, and exercise. Manual research and cross-
referencing from previous literature, reviews, and original
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articles were also performed. Retrospective studies, such as
case-control studies,*” are only briefly cited here because they
are subject to important methodological drawbacks such as
survival bias and recall bias, especially in demented popula-
tions. Articles in languages other than English were excluded
from the review.

RESULTS

Physical Activity and the Prevention of Dementia,
Alzheimer's Disease, or Cognitive Decline

All evidence related to the prevention of dementia or
Alzheimer’s disease by means of physical activity is derived
from case-control studies and cross-sectional and longitudinal
epidemiological studies. We found 24 longitudinal epidemio-
logical studies that evaluated the possible impact of physical
activity on cognitive decline, dementia, and/or Alzheimer’s
disease. There is currently no evidence based on RCTs relat-
ing to the efficacy of physical activity in preventing or delay-
ing the onset of dementia or Alzheimer’s disease.

Longitudinal Epidemiological Studies

Since 1991, and the first report by Li et al,® the results of
these studies have been inconsistent. However, 20 of the 24
longitudinal epidemiological studies (Table 1) analyzed in our
systematic review suggested a significant and independent
preventive effect of physical activity on cognitive decline or
dementia. All these results were adjusted for various con-
founders (Table 2). On the other hand, only 3 longitudinal
epidemiological studies have failed to find any association
between physical activity and cognitive decline.!"'>2° All 24
studies are summarized in Table 1. Most investigated the
relationship between physical activity and the risk of demen-
tia or Alzheimer’s disease in particular. Others examined the
relationship between physical activity and risk of cognitive
decline. Despite similar outcomes, these longitudinal epide-
miological studies differ in many respects.

Case-Control Studies

Case-control studies also suggest that mentally demanding
occupations or physical activities may have a direct influence
on the neuropathology of Alzheimer’s disease.’*>! In 1990,
Broe et al* reported that a low level of physical activity in
both the recent and the distant past was associated with AD.
Others have reported that Alzheimer’s patients were less
active during their adulthood than nondemented sub-
jects.>?7 These case-control studies are subject to important
methodological bias; however, they all found that elderly
participants who performed better on cognitive testing self-
reported higher levels of physical activities in their past.

Randomized Controlled Trials

The beneficial effects of physical exercise on the cognitive
performances of nondemented participants have also been
reported in several randomized trials*®~** while others found
no cognitive improvement in physically active groups.®>*~*
These RCTs were all based on small samples of young-old
participants, and were short-term trials, none of which were

designed to assess incidence of Alzheimer’s disease or demen-
tia as the main outcome. Most of these RCTs concluded that
compared with controls, individuals assigned to a physical
exercise program improved**~* or maintained® their cog-
nitive function. In a young-old population, Molloy et al’® also
suggested that the acute effects of an exercise program on
neuropsychological function were not long lasting.

Other small RCTs, in community-dwelling elderly or nurs-
ing-home residents, have failed to demonstrate any improve-
ment of cognitive function.’”*"*3175¢ One explanation may
be that most exercise programs last a few months, whereas
physical activity may protect cognitive function in the long
term.

Colcombe and Kramer’” in 2003 carried out a meta-
analysis of 18 interventional studies published between
1966 and 2001 and reported a significant but selective
effect of fitness training on cognitive function, with the
main benefits occurring in executive-control processes. In
2006, Colcombe et al®® reported a significant increase in
brain volume in volunteers aged 60 to 79 years who par-
ticipated in a 6-month aerobic program.’® Their findings
provide convincing support for the hypothesis that physical
activity prevents age-related cognitive decline.

5

Other Epidemiological Arguments

It has been suggested that physical activity reduces the risk of
cognitive decline and dementia in the elderly. Epidemiological
studies have reported that low physical performances’ ¢! are
associated with higher rates of cognitive decline and de-
mentia. Low physical activity is one of the main factors of
poor physical performance. A poor score on tests such as
walking speed’® ! or poor results on the timed chair-stand
test, standing balance, or grip strength tests®! are associated
with higher rates of cognitive decline and dementia. In cross-
sectional studies, cardiovascular fitness was associated with
attention and executive function®*®® or visuospatial func-
tion.** In the Sydney Older Person Study, participants with
both cognitive impairment and slow gait speed were most
likely to progress to dementia during a 6-year period.”> On the
other hand, during the 7-year follow-up of the Hispanic
Established Population for the Epidemiological Study of the
Elderly (EPESE), participants with poor cognition had a
steeper decline in physical performance than those with good
cognition.®® These results reinforced the growing evidence of
the links between physical performance and cognition.

Basic Research

Numerous studies on rodents suggest that exercise improves
acquisition and retention in memory-dependent tasks such as
the radial arm maze,®’ the Morris water maze,*®® passive
avoidance,’® and object recognition.”! There is no clear ex-
planation for this relation between physical activity and brain
function. However, numerous hypotheses have been put for-
ward and growing evidence from animal research suggests that
physical activity may directly modulate the formation of beta-
amyloid protein through several biological mechanisms. A
review published in 2007 by Cotman et al”* examined the
multiple underlying mechanisms promoted by physical activ-
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Table 1. Observational Studies of Physical Activity and Risk of Alzheimer’s Disease or Dementia
Author and Year of Longitudinal Maximal Assessment of Outcome Summary of Major Findings
Study Name Publication Nondemented Follow-up Physical Activity Measure (Adjusted for Confounders)
Population-based Study Period
Li et al® 1991 1090 individuals aged 3 years Self-reported questionnaire Dementia Individuals with limited physical activity
60 years or over (no details) had a higher risk for developing
dementia
Stern et al” 1994 593 individuals aged 60 4 years Questionnaire of Dementia and AD Individuals with low lifetime
years or over occupational attainment occupational attainment had a
higher risk for developing dementia.
RR 2.25, 95% ClI 1.32-3.84
Yoshitake et al® 1995 828 individuals aged 65 7 years Active group: daily exercise Dementia and AD  Physical activity was a significant
Hisayama Study years or over during the leisure period preventive factor for AD
or moderate to severe
physical activity at work.
Albert et al® 1995 1192 individuals aged 2.5 years Questionnaire including Cognitive decline  Strenuous physical activity but not
MacArthur Study 70 to 79 years frequency and level moderate physical activity was
associated with a reduced risk of
cognitive decline
Fabrigoule et al’® 1995 2040 individuals aged 3 years 10 social and leisure Dementia Physically active individuals had a lower
Paquid study 65 years or over activities risk of dementia
Physical activity: yes/no RR 0.33, 95% Cl 0.10-1.04 (gardening
only = RR 0.53, 95% Cl 0.23-0.99)
Broe et al"’ 1998 327 individuals aged 75 3 years Self-reported questionnaire  Cognitive decline, No association
Sydney Older years or over (no details) dementia and
Persons Study AD
Schuit et al'? 2001 347 individuals aged 65 3 years “Maximal 1 hour per day” Cognitive decline  Low physical activity group a two-fold
years or over versus “more than 1 hour risk of cognitive decline
per day” OR 2.0, 95% Cl 0.9-4.8 especially for
ApoE4 carriers
OR 3.7,95% Cl 1.1-12.6
Laurin et al'® 2001 6434 individuals aged 5 years Score based on frequency, Cognitive High levels of physical activity were
Canadian Study 65 years or over and intensity impairment and associated with reduced risks of
of Health and High level of activity = =3 dementia cognitive impairment, OR 0.58, 95%
Aging time/week at an intensity Cl 0.41-0.83, Alzheimer disease, OR
greater than walking. 0.50, 95% Cl 0.28-0.90 dementia of
any type, OR 0.63, 95% Cl 0.40-0.98
Scarmeas et al’* 2001 1772 individuals aged 7 years 13 leisure activities Dementia and AD Subjects with high leisure activities (>6/

Health Care
Financing
Administration
Study

65 years or over

including walking for
pleasure, physical
conditioning

monthly)

RR 0.62, 95% Cl 0.46-0.83

Walking for pleasure or going for an
excursion RR 0.73, 95% Cl 0.55-0.98
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Table 1. Continued
Author and Year of Longitudinal Maximal Assessment of Outcome Summary of Major Findings
Study Name Publication Nondemented Follow-up Physical Activity Measure (Adjusted for Confounders)
Population-based Study Period
Ho et al’® 2001 2030 individuals aged 3 years Questionnaire (no details) Cognitive No exercise was associated with an
70 years or over impairment increased risk of cognitive
impairment
Yaffe et al'® 2001 5925 individuals aged 8 years Self reported blocks Cognitive decline  Highest quartile compared with the
Study of 65 years or over Active, 1 block = 160 lowest quartile of blocks walked:

Osteoporotic meters walked/week OR 0.66 (0.54-0.82)

Fractures Total energy: OR 0.74 (0.60-0.90)
Lindsay et al'” 2002 6434 individuals aged 5 years Participants were asked AD Regular physical activity was associated
Canadian Study 65 years or over. whether they engaged in with a reduced risk of AD, OR 0.69,

of Health and regular exercise (yes/no), 95% Cl 0.5-0.96

Aging but “regular” was not

explicitly defined
Pignatti et al'® 2002 364 individuals aged 12 years Active = walking at least 2 Cognitive decline  Inactivity was associated with a higher
Brescia Study 70-85 years km risk of cognitive decline

RR 3.7,95% CI 1.2-11.1
Wang et al'® 2002 776 individuals aged 75 9 years Frequency (daily, weekly, Dementia Less than daily physical activity
Kungsholmen years or over monthly, annual) of RR 0.97, 95% Cl 0.42-2.22
Project swimming, walking, or Daily physical activity

gymnastics RR 0.41, 95% C1 0.13-1.31
Yamada et al*° 2003 1774 individuals 30 years Self-assessment of physical ~ AD and vascular No effect of physical activity on the risk
Radiation Effect activity dementia of dementia

Research

Foundation

Adult Health

Study
Verghese et al*’ 2003 469 individuals aged 75 21 years Score based on frequency Dementia and Leisure cognitive activities were
Bronx Aging years or over of 6 cognitive activities AD, vascular associated with a reduced risk of

Study and 11 physical activities dementia, dementia but physical activity was

mixed and not
other types Dancing was the only physical activity
associated with a lower risk of
dementia
HR 0.24, 95% C1 0.06-0.99
Dik et al*? 2003 1241 individuals aged Retro-spective  Physical activity from 15to  Processing speed  Active men at low or moderate level
62 to 85 years 25 years old displayed faster processing speed
Barnes et al*® 2003 349 individuals aged 55 6 years Peak oxygen consumption  Cognitive decline  Lowest VO2 tertile = —0.5 (—0.8——0.3)
Sonoma study years or over (mean MMSE Middle VO2 tertile = —0.2 (—0.5-0.0)
decline) Highest VO2 tertile = 0.0 (-0.3-0.2)
P = .002 for trend over tertiles
Lytle et al** 2004 1146 individuals aged 2 years “High exercisers” = aerobic Cognitive decline  “High exercise” OR 0.39, 95% Cl 0.19-
Monongahela 65 years or over exercise of =30 min, =3 0.78.

Valley times/week or number of Threshold = 5 times per week

Independent training per week

Elders Survey

(MoVIES)
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Table 1. Continued
Author and Year of Longitudinal Maximal Assessment of Outcome Summary of Major Findings
Study Name Publication Nondemented Follow-up Physical Activity Measure (Adjusted for Confounders)
Population-based Study Period
Abbott et al*® 2004 2257 men aged 71-93 8 years Average distance walked Dementia and Men who walked <0.25 mile/day
Honolulu-Asia years per day AD, vascular experienced a 1.8-fold excess risk of
Aging Study dementia and dementia compared with those who
other types walked more than 2 mile/day;
RR 1.77, 95% ClI 1.04-3.01.
Weuve et al®® 2004 18,766 women aged 70 15 years Estimated energy Cognitive decline  Women in the highest quintile of
Nurses’ Health to 81 years expenditure in leisure- activity had lower cognitive decline
Study time physical activities/ OR 0.80, 95% Cl 0.67-0.95.
week during the past Walking at least 1.5 hours/week at a
year. pace of 21-30 min/mile was
associated with a significantly higher
cognitive score
Podewils et al*’ 2005 3375 individuals aged 8 years Leisure-time energy Dementia Individuals in the highest quartile of
Cardiovascular 65 years or over expenditure based on physical energy expenditure had
Health the modified lower risk of dementia, RR 0.85, 95%
Cognitive Minnesota Leisure Time Cl 0.61-1.19 compared with those in
Study Activity and number of the lowest quartile, individuals
different physical engaging in >4 activities had lower
activities based on the risk of dementia, RR 0.51, 95% ClI
Index of Physical Activity 0.33-0.79 compared with those
engaging in 0-1 activity
Rovio et al*® 2005 1449 individuals aged 21 years “How often do you Dementia Leisure-time physical activity, at least
Cardiovascular 65 to 79 years participate in leisure- twice a week, was associated with a
risk factors, time physical activity that reduced risk of dementia and AD, OR
Aging and lasts at least 20-30 min 0.48, 95% C1 0.25-0.91 and 0.38
Incidence of and causes breathlessness (0.17-0.85), respectively
Dementia and sweating?” at
(CAIDE) midlife
Larson et al*® 2006 1740 individuals aged 10 years Number of days/week Dementia, AD, Active (>3 times/week) compared with

Adult Change in
Thought

65 years or over

subjects did aerobic

activities for =15 minutes
at a time during the past

year

vascular disease
other types

<3 times/week: HR 0.68, 95% Cl
0.48-0.96 for dementia and 0.69,
95% Cl 0.45-1.05 for AD

AD, Alzheimer’s disease; 95% Cl, 95% confidence interval; HR, hazard ratio; MMSE, mini-mental status; OR, odds ratio; RR, relative risk; VO2, maximal oxygen consumption.



Table 2. Some Potential Confounding Factors between Physical

Activity and Cognition

Age Health Condition
Gender Diabetes
Ethnicity Depression
Education Hypertension
Spouse’s education Cholesterol

Family history of dementia

Physical functioning

Physical activity decline
since mid-adulthood

Balance

Visual or hearing

Congestive heart failure
COPD
Parkinson’s disease

Heart attack
Angina pectoris

impairment
Pain Stroke
Baseline cognitive function BMI
Lifestyle Osteoarthritis
Income Fatigue
Marital status Hypothyroidism
Smoking Kidney disease
Alcohol Hip fracture
Social network and Cancer
productive activities
Diet Body composition (lean mass,
fat mass)
Stress ApoE4 allele carriers
Medication (NSAI or other  Brain white matter grade
treatments)
Postmenopausal hormone  Carotid thickness
therapy

ity to ensure brain health. The common pathway of these
mechanisms may be a preventive effect of physical activity on
the inflammatory pathway and its deleterious consequences
on growth factor signaling. The major findings of basic re-
search on physical activity in healthy animals or models of
AD are shown in Table 3. This evidence suggests that the
brain retains the capacity to regenerate new connections and
new neurons. An external stimulus such as physical activity
may influence the age-related neurological process or the
neuropathological AD processes. Participation in physical ac-
tivity may thus lower the risk of cognitive decline and de-
mentia by improving cognitive reserve, 013 14.19:42,120

Physical Activity for Alzheimer’'s Disease Patients

Falls,'?! malnutrition,'?> behavioral disturbances,'?®> and

depression'?* are some of the multiple devastating complica-
tions that often develop during the course of AD. They result
in a high rate of hospitalization, disability, institutionaliza-
tion, and death. Some RCTs suggest that physical activity
may be a key component in the prevention and management
of AD complications. In addition to the well-known benefits
of physical activity on health and quality of life, preventing
the complications of the disease may also be a realistic ap-
proach to delay cognitive decline. Depression, poor physical
performance, malnutrition, and behavior disturbances are all
linked to faster cognitive decline.'?” RCTs on physical activ-
ity in AD patients are scarce, but most report significant
improvement in psychological and/or physical performance as

well as in mobility, balance, strength, gait speed, sleep, agita-
tion, mood, and cognitive function (Table 4). Interactions
between these factors are difficult to assess in AD patients. It
is however quite conceivable that higher levels of physical
activity have an orexigenic effect, improve bowel movement,
increase energy expenditure, facilitate access to nutriment or
to human relationships, and may result in increased food
intake, less fatigue, and better sleep, mood, and quality of life
and finally better cognitive functioning. A meta-analysis per-
formed in 2004 by Heyn et al'* has shown that even in
people with cognitive impairment or dementia, exercise train-
ing improved behavior disturbances, physical function, and
cognitive function. The mean time required to achieve these
results was short. Most training programs lasted less than 4
months. It is very unlikely that physical activity reverses the
pathophysiological process of dementia during this lapse of
time. A program including even a small amount of physical
activity may improve cognitive reserve in AD patients. These
reports also highlight the sedentary way of life of the elderly,
especially in institutions. In nursing homes, residents are
frequently physically inactive.'*® In institutions, demented
residents spent only 12 minutes a day in any constructive
activity other than watching television. Even modest physical
training can effect a radical change in life. Most evidence
relies on studies of small sample size, nursing home residents,
participants with moderate to severe AD, and frail or depen-
dent demented residents. However, these trials highlighted
the benefits of nonpharmacological approaches such as phys-
ical activities in the management of AD patients.'*’

DISCUSSION

Physical Activity and Prevention of Alzheimer’s
Disease

This review suggested that physical activity could result in
better brain health, prevent cognitive decline, and reduce the
incidence of AD. Physical activity could protect against cog-
nitive decline and dementia through a reduction of various
cardiovascular risk factors such as hypertension, diabetes, hy-
percholesterolemia, and obesity. However, most of the epide-
miological studies reported a protective effect after adjustment
for these cardiovascular risk factors, suggesting that physical
activity has an independent preventive role. Higher cognitive
reserve may help the subject engaged in regular physical
activity to cope with the first cognitive symptoms of AD. This
effect may delay the onset of the clinical manifestations of the
disease, which may become apparent only later. Although
most evidence on the effect of physical activity on cognitive
decline is based on human epidemiological studies, recent
basic research has yielded convincing arguments that physical
activity acts as a stimulus of neurogenesis, enhances the brain
cytoarchitecture and electrophysiological properties, and may
influence neuropathological processes such as the formation
of beta-amyloid protein during AD.

With a view to preventing cognitive decline, dementia,
and AD, it remains to be assessed how much physical activity,
of what type and at what time of life, is optimally effective in
preventing cognitive decline and dementia. Although con-
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Table 3. Major Findings in Biological Research on Enriched Environment (including Physical Activity) in Animals, including Models of Alzheimer’s

Disease™
References
Reduction of general risk factors
Decreased cardiovascular risk factors: hypertension, glucose tolerance, insulin resistance, lipid 74-78
profile, overweight
Reduced risk of stroke 79
Improved cerebral blood flow and oxygen delivery 42,80
Promotion of endothelial nitric oxide production 81
Reduction of inflammation 82
Decreased accumulation of radical oxidative proteins 83
Promotion of brain plasticity 84, 85
Increased cognitive reserve 45, 84, 86, 87
Greater social activity 88
Enhanced brain cytoarchitecture
Increased dendritic length, neural progenitor proliferation, dendritic complexity 89
Growth of blood vessels in the hippocampus 68
Growth of blood vessels in the cortex 90
Growth of blood vessels in the cerebellum 91
Increased microglia proliferation 92
Enhanced short- and long-term potentialization in the dentate gyrus 93
Increased cerebral capillary density 91
Promotion of expansion of neural fibers 80, 94
Proliferation of microglia in the cortex 92
Increased neurogenesis and proliferation 95
Reduced loss of hippocampal brain tissue 58
Increased number of differentiating neurons %
Enhanced electrophysiological properties
Enhanced potentialization in response to high-frequency stimulation 71,97
Increased synapsin and synaptotrophin level 98
Increased glutamate receptors (NR2b and GIuR5) 93
Increased brain growth factors
Increased brain-derived neurotrophic factor (BDNF) 73, 99-102
Down-regulation of hippocampal neurotrophin (NT3), BDNF and hippocampal neurogenesis* 103
Increased insulin-like growth factor-1 (IGF-1) 104, 105
Increased vascular endothelial-derived growth factor (VEGF) 106
Increased serotonin 107
Increased acetylcholine 108
Inducing fibroblast growth factor 109
Impact on amyloid loading*
Reduced amyloid burden 110, 111
Stabilized amyloid burden 112
Enhanced hippocampal functioning despite elevated APP level 113
Higher amyloid burden 114
Other mechanisms
Higher expression of hippocampal enzymes involved in glucose use 115
Change in gene transcript 73,116-118
Increased level of calcium in the central nervous system 119

clusive evidence is lacking to answer these questions, current
epidemiological and animal studies suggest under what con-
ditions physical activity (intensity, type, frequency, and du-
ration) may reduce the risk of dementia.

Intensity and Frequency

In most longitudinal studies, arbitrary approaches are used to
distinguish exercisers from nonexercisers. A relevant measure of
intensity and duration or a standardized physical activity assess-
ment scale is generally lacking. These epidemiological studies
(Table 1) have not been designed to determine a threshold of
physical activity that starts to protect against cognitive decline
or AD. Although some studies have based their cut-off on

previous recommendations for health-promoting physical activ-
ity,”® an optimal dose-response effect of regular physical activity
can only be suggested from these reports.

Whether low-intensity physical activity, such as walking,
cycling, or swimming, or high-intensity activity, such as
weight bearing, protects brain function is an important prac-
tical question. High-intensity activity such as resistance train-
ing may be difficult to organize in the community and has less
appeal for sedentary elders in the long term than low-intensity
aerobic training. Albert et al” reported that strenuous, but not
moderate, physical activity was associated with less cognitive
decline in a prospective study. However, in frail elderly peo-
ple, organizing high-intensity activity may be challenging.
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Table 4. Randomized Controlled Trials on Physical Activity in Demented Populations

Author (Reference) Year Participants Intervention Main Outcome Measures Summary of Major Findings
Molloy et al®’ 1988 15 NH residents Two groups: Neuropsychological performances  No significant improvement except
Mean MMSE = 24/30 Light aerobic training or no for word fluency
intervention 45 min once a week
over 2 weeks
Friedman et al'° 1991 30 NH residents Two groups: Communication performances Improvement of communication
Moderate to Walking or conversation, 30 min 3 performances
severe AD times/week over 10 weeks
Mulrow et al'®' 1994 194 dependent NH Two groups: Disability, self-perceived health, Modest mobility benefits: 15.5%
residents Physical therapy including strength, ADL, falls improvement in the mobility
Mean MMSE = 21/30 balance, transfer, mobility exercise, subscale of the PDI
or friendly visit 45 min 3
times/week over 16 weeks
Fiatarone et al'®? 1994 100 NH residents Four groups: Gait speed, stair climbing power, Improved physical performance
Mean MMSE = 22/30  Resistance training or nutritional muscle mass and muscle mass in the exercise
supplementation or both or groups
neither, 45 min 3 times/week over
10 weeks
Tappen'33 1994 42 demented NH Three groups: Performance Test of ADL Greatest functional improvement
residents Skill training, traditional stimulation in the skill training group and
Mean MMSE = 6/30 approach or no intervention 150 modest improvement in the
min 5 times/week over 20 weeks traditional stimulation group
Alessi et al'3* 1995 65 NH residents Two groups: Endurance, physical activity, Improved mobility, no
Mean MMSE = 14/30  Sit-to-stand, walking, and nighttime sleep, daytime sleep improvement in night or day
transferring exercise 120 min 5 sleep disruption
times/week or rowing and walking
60 min 3 times/week over 9 weeks
McMurdo et al'3® 1995 55 dependent NH Two groups: Quadriceps strength, climbing Improved quadriceps strength, no
residents Seated exercise or reminiscence stairs, cognitive function change in cognitive function
Mean MMSE = 15/30 exercise 45 min, 2 times/week over
6 months
Schnelle et al'3® 1995 76 incontinent NH Two groups: Endurance, physical activity, Reduced agitation in both groups
residents Functional Incidental Training (FIT) or agitation Improved endurance and physical
Mean MMSE = 12/30 prompted voiding 30-55 min 5 activity
times/week over 8 weeks
MacRae et al'3” 1996 37 NH residents Two groups: Walking distance and speed, Improved endurance and walking
Mean MMSE = 20/30 Walking program or social visit 30 timed up and go, mobility, distance per day
min 5 times/week over 12 weeks quality of life
Schnelle et al'®” 1996 97 NH residents Two groups: Endurance, speed, strength Low compliance, improved
Mean MMSE = 10/30  Walking or wheelchair movement or endurance, strength for those
no exercise 20-35 min 3 who completed the exercise
times/week over 9 weeks
Pomeroy et al'38 1999 81 hospitalized Two groups: Southampton Mobility No significant improvement

demented patients
MMSE/NA

30 min 5 times/week over 2 weeks

Assessment Test, 2-minute walk
test
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Table 4. Continued

Author (Reference) Year Participants Intervention Main Outcome Measures Summary of Major Findings
Lazowski et al'®° 1999 68 NH residents with  Two groups: Mobility, balance, flexibility, Improved mobility, balance,
mild dementia Seated ROM exercises or Functional lower extremities strength flexibility, lower extremities
MMSE/NA for Long Term Care (FFLTC) strength in the FFLTC group
program 45 min 3 times/week over
4 months
Alessi et al'?° 1999 29 NH residents Two groups: Daytime physical activity, physical  Improved sleep and decreased
Mean MMSE = 13/30  Daytime aerobic exercise plus function, sleep agitation
nighttime intervention to decrease
noise or nighttime intervention
only over 14 weeks
Tappen et al'?’ 2000 65 AD NH residents Three groups: Modified 6-minute walk test More compliance and less
Mean MMSE = 11/30  Walking or walking + conversation functional mobility decline in
or conversation only 30 min 3 the walking + conversation
times/week over 16 weeks group
Schnelle et al'*' 2002 256 incontinent NH Two groups: Distance walked per day, Improved continence and physical
residents Incontinence care and exercise every continence, strength performance
Mean MMSE = 12/30 2 hours 60 min 5 times/week over 8
months or no intervention
Cott et al*? 2002 74 AD NH residents Three groups: Communication skills, 2-minute No significant improvement
Mean MMSE = 6/30 Walk and talk or talk only or no walk test, London
intervention 30 min 5 times/week Psychogeriatric Rating Scale
over 16 weeks
Teri et al'2® 2003 153 community- Two groups: Physical and functional health, Fewer days of restricted activity,
dwelling AD Exercise and caregiver training depression, mobility improved physical function, less
participant program or routine medical care 30 depression
Mean MMSE = 17/30 min 2 to 4 times/week over 12
weeks
Baum et al'%2 2003 20 NH and LTC Two groups: Cognition, timed get-up and go, Improved physical performances
residents Seated range of motion (ROM) and Berg Balance Scale, Physical and MMSE
Mean MMSE = 21/30 strength training or recreational Performance Test (PPT)
therapy 60 min 3 times/week over 6
months
Van de Winckel 2004 15 demented Physical activity + music or daily Cognition, behavior Improved MMSE, no effect on
et al'#? women conversation 30 min/day over 3 behavior
Mean MMSE = 13/30 months
McCurry et al'?® 2005 36 community- Specific recommendations about Sleep Improved sleep
dwelling AD sleep hygiene including daily walk
patients or no intervention over 6 months
Mean MMSE = 12/30
Stevens et al'43 2006 75 NH residents with  Three groups: Clock drawing test, Revised Slower cognitive and disability

mild dementia
MMSE = 9-23/30

Physical activity, social visit or no
intervention 30 min 3 times/week
over 12 weeks

Elderly Persons Disabilities Scale

decline in the physical activity
group



Table 4. Continued
Author (Reference)

Summary of Major Findings

Main Outcome Measures

Intervention

Participants

Year

The whole-body exercise program
had a positive effect on mood

Mood

Supervised walking or walking plus

Three groups:

90 AD NH residents
Mean MMSE = 10/30

2007

Williams et al'#*

strength, balance, flexibility

exercises or social conversation 30
min 5 times/week over 16 weeks

Two groups:

Slower disability decline, increased

ADL, balance, 4-meter walk test,

134 AD NH residents
Mean MMSE = 9/30

2007

Rolland et al'?®

gait speed

behavior disturbances,
depression, MNA

Usual care or collective exercise

(walk, strength, balance, and

flexibility) 60 min 2 times/week

over 12 months

AD, Alzheimer’s disease; NPI, Neuro-Psychiatric Inventory; PDI, Physical Disability Index; ADL, Activities of Daily Living; ADQRL, Alzheimer Disease-Related Quality of Life; CRAI, Copper Ridge

Activity Index; MMSE, Mini-Mental Status Examination; MNA, mini-nutritional assessment;ROM, range of motion; SF-36, 36-item Short-Form Health Survey; NH, nursing home; LTC, long-term

care; NA, not applicable.

Recommendations on physical activity have to be easily
adopted by the population to be pertinent.

Most data suggest, however, that the intensity threshold of
physical activity required for a clinically relevant impact on
cognitive decline or dementia prevention is low. Moderate
physical activity such as playing golf, walking 1.6 km per day,
or playing tennis twice a week was associated with a reduced
risk of cognitive decline in the Study of Osteoporotic Frac-
tures.'® Schuit et al'? reported that compared with the elderly
who did less than 1 hour of physical activity per week, the risk
of cognitive decline was decreased twofold in those who did
more than 1 hour daily. Scarmeas et al'* have shown that
physical activity, mainly assessed on the basis of walking
activities, was associated with a reduced risk of dementia.
Yaffe et al'® also reported in a large cohort of women that
those who walked were less likely to develop cognitive decline
over a 6- to 8-year follow-up. According to the Adult
Changes in Thought (ACT) data, subjects who exercised at
least 3 times per week had a lower risk of dementia than the
less active subjects.”” In the Nurses’ Health Study, walking at
least 1.5 hours a week at a pace of 21 to 30 minutes per mile
was associated with higher cognitive score.?® Doing at least 15
minutes of activity at a time, 3 times a week, and per year
among the physical activities of walking, hiking, bicycling,
aerobics or calisthenics, swimming, water aerobics, weight
training or stretching, or other exercise was associated with a
significantly lower risk of dementia in the ACT study.”’ In
this study, being active (at least 3 activities per week) seemed
sufficient to reduce the risk by 32%. In RCTs, improved
cognitive performances followed even a small increase in
aerobic fitness.*> Colcombe et al’® also reported that a 1-hour
aerobic exercise training session (40% to 50% heart rate [HR]
reserve increasing to 60% to 70% HR reserve over the course
of the trial) 3 times per week over 6 months increased brain
volume. In this study, no dose-related response between phys-
ical activity and prevention of cognitive decline was found.?’

Other authors reported significant trends for increased pro-
tection with greater intensity of physical activity. In the
Canadian Study of Health and Aging, regular physical activ-
ity was associated with lower risk of AD than no activity. In
addition, an increasing level of physical activity was associ-
ated with a decreasing risk of cognitive impairment and de-
mentia."” In this cohort, risk of AD was reduced by half in
subjects with higher levels of physical activity (odds ratio
[OR] = 0.5, 95% confidence interval [CI] 0.28—0.98).3

These results all suggest that the threshold of intensity that
reduces the risk of cognitive decline and dementia is probably
low. Previous studies have suggested that moderate activity
could reduce dramatically the risk of other chronic diseases
such as coronary heart disease.'*® The same appears to be true
for brain health. However, the optimal intensity of physical
activity required to maximize the slowing of cognitive decline
and reduce the risk of dementia remains unclear.

Type of Activity

The American College of Sports Medicine (ACSM) and
the Centers for Disease Control and Prevention (CDC) sug-
gest that the benefit of physical activity is related to the
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amount of activity per day (energy expenditure), rather than
to the type and modality of activity. Most epidemiological
studies have investigated the role of physical activity on
cognition using a composite score. Other studies have also
combined leisure time and occupational physical activity.*
None of these approaches make it possible to assess the
influence of any specific activity on cognition.

Yet, in addition to the increased energy expenditure, some
specific physical activities may result in better brain function-
ing through social interaction and cognitive training. The
beneficial effects of social, cognitive, and physical activities
on cognitive decline and the prevention of dementia seem to
have common pathways.'*” The psychological dimension of
physical activity appears an important issue. In rodents, vol-
untary exercises benefit more than forced exercises.”> Engage-
ment in various physical activities, but not total energy ex-
penditure, was significantly associated with the risk of
dementia’’ in the Cardiovascular Health Cognition Study
(CHCS). Compared with participants engaged in 1 or no
activity, risk of dementia decreased by half in those engaged
in 4 or more different activities, even after adjustment for
energy expenditure.”’ In the Bronx Aging study, dancing was
the only physical activity that significantly reduced the risk of
dementia."”® Among the 13 different leisure activities of the
Health Care Financing Administration (HCFA) study, walk-
ing for pleasure or going for an excursion was one of the
activities most strongly associated with a reduced risk of
incident dementia.'* These results reinforce the hypothesis
that physical activity may affect cognition through its social
interactions or cognitive training during the activity.

However, other studies also suggested that simple tasks of a
physical activity program such as walking prevent cognitive
decline. Barnes et al®’ reported that peak VO2, a value that
corresponds to the ability of an individual to perform aerobic
exercise, was associated with reduced risk of cognitive decline
in a 6-year follow-up. Results from the Nurses’ Health Study
suggest that benefits from physical activities are not restricted
to vigorous activities.?® Among nurses who were not engaged
in vigorous physical activity, women who walked at an easy
pace 6had higher cognitive scores than those who walked
less.”

Duration

Most studies assessed physical activity at baseline but did
not assess subjects’ life-long involvement. Currently, we do
not know at what period of life physical activity may have the
most benefit on the risk of dementia. However, the patho-
physiological process of AD begins long before cognitive
decline is evident and the diagnosis established. It is probably
necessary to begin being physically active early in life. Most
authors suggest that the protective effect is not a short-term
but a long-term one, such as those reported in cardiovascular
or cerebrovascular disease.”” According to the cognitive re-
serve hypothesis, physical activity performed across the whole
lifespan may contribute to maintain cognitive function in old
age.'* However, results from epidemiological studies also
suggest that even in late life, involvement in physical activity
is of benefit in brain functioning.

Other Considerations

Apo E4. Several studies have suggested that ApoE4 may
modify the association between physical activity and the risk
of dementia. Schuit et al'? found that the risk of cognitive
decline was higher in participants who reported less than 1
hour of physical activity daily and were also Apo E4 carriers.
In the CAIDE study, the association between midlife leisure-
time physical activity and reduced risk of dementia was also
more pronounced in ApoFE4 carriers.”® Subjects with E4, a
high AD risk genotype, may have less effective neuronal
protection mechanisms and so may be more dependent on
lifestyle-related factors.”®> On the other hand, the associa-
tion between dementia risk and physical activity was signifi-
cant in ApoE4 noncarriers but absent in carriers in the Car-
diovascular Health Cognition Study.?? Previous studies have
reported less benefit from physical activity in ApoE4 car-
riers than in noncarriers in terms of lipid pattern and blood

pressure.15 =153

Gender. In the Canadian Study of Health and Aging,
physical activity was found to have a greater protective effect
against dementia in women than in men.!"” Interactions be-
tween hormones and physical activity in women have been
suggested to explain a greater enhancement of cognitive tests
in women.’”">1>* Estrogen replacement, like physical activ-
ity, increased levels of brain-derived neurotrophic factor
(BDNF), a molecule involved in neurogenesis and neuropro-
tection. Estrogens and physical activity may have a synergic
effect on brain functioning. However, these results may also
be related to the smaller number of men studied and thus the
lower statistical power of these epidemiological analyses.
Moreover, Barnes et al”’ reported that men were more pro-
tected than women.

Limitations

Current clinical evidence of the benefits of physical activity
on the prevention of AD relies on epidemiological studies.
These approaches are exposed to many sources of bias. First, in
most studies, the reliability of the physical activity assessment
is questionable. Assessment relies on one single question, a
composite score based on physical activity during leisure and
at work, and estimated average energy expenditure. Very few
research protocols have used validated standardized physical
activity scales. The collection of self-reported activities intro-
duces reporting bias. The exact type, frequency, and duration
of activity are usually not quantified. Physical activity is
assessed at study baseline but this assessment may not corre-
spond to a mean stable regular activity in the long term and
even less to activity over the subject’s past lifetime. The time
elapsing between physical activity assessment and the onset of
dementia or cognitive decline is variable. Mean follow-up
between physical activity assessment and cognitive assess-
ment varies from 2.5 to 21 years. Second, one important
limitation of these epidemiological studies is that initial cog-
nitive decline is associated with functional decline.!”>™57 In
fact, inactivity may be a manifestation of the early phase of
dementia rather than a risk factor. Most epidemiological
studies have tried to reduce this potential effect of behavior
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changes on physical activity in the early phase of Alzheimer’s
disease by excluding subjects with low cognitive function at
baseline or those who converted to AD in the early phases of
follow-up. However, behavior disturbances such as depression,
not assessed at baseline, usually precede Alzheimer’s disease
and result in low physical activity. Third, the mean follow-up
is relatively short (3 to 7 years) compared with the decade
before pathophysiological changes begin to be symptomatic
and enable the diagnosis of dementia to be confirmed. Only
one study investigated the long-term association between
midlife physical activity and the risk of dementia or AD.?
Fourth, another main limitation in interpreting these epide-
miological studies is that despite adjustment for several po-
tential confounders, sedentary participants differ from exer-
cisers in many ways. There exist numerous other potential
confounders that may influence the relationship between ex-
ercise and risk of dementia (Table 2). Fifth, physical activity
involves cognitive functions (in addition to energy expendi-
ture and mobility) that may enhance cognitive performances.
Physical, social, and cognitive activities usually overlap. It is
thus difficult to ascertain the specific and individual impact of
each component on brain functioning.

Physical Activity in AD Populations

Current research on Alzheimer’s disease and physical ac-
tivity has demonstrated the feasibility of physical training
even in severely demented nursing home patients (Table 4).
Most RCTs reported promising benefits in terms of cognitive
function or prevention of various complications. However,
these RCTs are few, are short-duration trials with small sam-
ples of participants, and leave many questions unresolved.
They need to be replicated in large future RCTs. Moreover, in
most of these trials, physical activity was part of a combined
intervention such as physical activity plus sensory environ-
mental stimulation,'*® behavior management,'?° or social in-
teraction.'?” The impact of physical training on improved
physical health, mood, or functional mobility is then impos-
sible to ascertain.

The physical activity training ranges from 150 minutes 5
times per week to 20 minutes 3 times per week. Population-
based studies differ in terms of age, cognitive impairment
severity or type of dementia, and outcomes of the trial. Most
studies have been organized in nursing home facilities, and
few in the community (Table 4). It is thus difficult to propose,
on the basis of the literature, a specific kind of physical
program for AD patients. However, intensive exercise pro-
grams may not be practical in some nursing home settings in
the long term. Simple programs such as an aerobic exercise,
twice a week, have been reported to slow disease progression
in nursing home residents.'*® Most RCTs suggest that aerobic
exercise such as walking may promote cognitive and func-
tional capacities in people with AD.

Compliance is another key issue for physical activity pro-
grams. In this population, compliance seems to be a major
limitation, more than cognitive status. The physical program
has to be enjoyable and accessible.'?? Individualized exercises,
based on the participant’s behavioral readiness for the pro-
posed training, and music during the session’>” seem to in-

crease compliance. Successful and safe interventions includ-
ing strength, flexibility, and balance training have been
reported in this frail and cognitively impaired popula-
tion. 129128160 Compliance with the physical activity program
appeared better when the staff assigned to this task commu-
nicated with the resident at the same time.'*’

CONCLUSION

Regular physical activity is a key component of successful
aging. In addition to its convincing multiple benefits, increas-
ing evidence suggests that an active life has a protective effect
on brain functioning in the elderly population. Physical ac-
tivity may also slow down the course of AD.

Epidemiological studies, short-term RCTs in nondemented
participants, and biological research suggest that physical ac-
tivity improves cognitive functioning in older subjects. How-
ever, no RCTs have yet demonstrated that regular physical
activity prevents dementia. Additional interventional studies
are needed to examine this relationship. Moreover, type,
duration, and intensity of physical exercise need to be deter-
mined in challenging RCTs, as well as its precise impact on
the different aspects of cognitive function. Future research
should focus on developing specific exercise programs that
will best postpone or reduce the risk of dementia, or slow
down disease progression. In the coming decade, large on-
going RCTs will probably provide some of the answers to
these questions. Preventive approaches to dementia could
then be the basis of recommendations in the community. The
main problem, however, is how to change lifestyle habits and
promote physical activity in the older population in the long
term. Yet, in primary care, prevention of many diseases should
already rely on a healthy diet and lifestyle, control of cardio-
vascular risk factors, on-going learning experiences, and reg-
ular physical activity. Prevention of cognitive decline and
dementia could well be a decisive argument to convince our
patients and modify public health policy.
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