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Sedentary Lifestyle

A Metabolic Conditions
I Obesity, Type 2 DM, dyslipidemia
A Cardiovascular Diseases
I CAD, MI, Hypertension, Stroke, heart failure
A Cancer
I Breast, colon, prostate
A Musculoskeletal disorders
| Back pain, osteoporosis, osteoarthritis
A Mood / Depression

A Mortality



Exercise and the Brain

A Accumulating evidence that exercise benefits
the brain

A Physical activity and exercise is associated wif
I Cognitive outcomes

I Reduced dementia risk
I Brain structure
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Occurrence of AD increases
exponentially with age

Total number of persons age 65 or older, by age group,
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Note: Data for the years 2000 to 2050 are middle-series projections of the population.
Reference population: These data refer to the resident population.
Source: U.S. Census Bureau, Decennial Census Data and Population Projections.

The population is aging at an
unprecedented rate
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Aging Population
A 6% of US population is 75 years and older
I Projected to increase 80% in the next decade

I 1in 10 have moderate cognitive impairment
I 1in 5 have functional limitations
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A 5.2 million Americans have AD in 2008

A One in eight (13 percent) over 65 have AD
A Every 71 seconds someone develops AD

A $148 billion in direct and indirect costs to Medicare,
Medicaid, and businesses.




Current Recommendations

A 25 hrS a WGEk Of moderate Moderate-level activities

effort aerobic activity

I Activity should be at least 10
minutes at a time

A Strengthening activities two

days a week

I Pushups, situps, lifting

weight.

-

Biking slowly

- Canoeing

-
-

LU

LU

Dancing

General gardening
(raking, trimming
shrubs)

Tennis (doubles)
Using your manual
wheelchair

Using hand cyclers—
also called arm
ergometers
Walking briskly

Water aerobics



Exercise and Physical Activity

A Majority of older adults do not achieve
recommended levels of physical activity

i 1/3" of older adults have no leisutéame physical

activity

i 1/3'9 have insufficient levels of physical activity
ptain recommended levels

I Lessthan 1/3 0

A Critical need to
INn older adults

oromote more

ohysical activity



Exercise i1s Good For Us?
Why do we care?

1. Importance of precisely defining role of
exercise in maintaining health and disease

2. Proof is important for public health policy
(l.e. program development).

3. What types of exercise are best?
4. How much Is enough?

5. Mechanisms: why does exercising the body
Influence the brain?



Exercise as Medicine?

A Promote healthy brain aging
A Prevent dementia
A Therapeutic strategy for dementia



Brain Benefits of Exercise are
Biologically Plausible

I Increased trophic factors
ABDNF, IGE

I Increased blood flow, angiogenesis
I Neurogenesis

I Enhanced neuronal survival

I Increased synaptic development



Exercise and Neurogenesis

A Voluntary wheel
running in mice Number of New Hippocampal Neurons
J Young 613 Old 117
' Increased Young Exercise 2355  Old Exercise 656

neurogenesis in
dentate gyrus

I Associated with
Improved learning

Old Controls Old Runners

Van Praag et. al., J Neurosci, 2005




Physical Activity and Cognitive Outcomes
Longitudinal Studies

A Multiple longitudinal, prospective studies
suggest increased physical activity Is

associated with reduced cognitive decline

AAlbert et al, 1995
ALaurin et al, 2001
AYaffe et al, 2001
APignatti et al, 2002
AWeuve et al, 2004



Nurses Health Study

A Nurses Health Study

I 18,766 women, age /081
APhysical activity estimate / questionnaire
A Cognitive performance andy&ar change / decline (TICS)

I Higher levels of physical activity associated with hig
cognitive function and less cognitive decline.

APhysical activity associated with 20% lower risk of cogniti
Impairment

AEven modest activity (walking for 90 minutes at slow pace
associated with better cognitive performance.

Weuve et. al., JAMA 2004



Exercise and Cognition:
Randomized Controlled Trials

A Multiple RCTs suggest exercise has cognitive benef
although literature I1s mixed

A Meta-analysis of 18 randomized controlled trials
A Aerobic exercise, Age > 55, fitness measures, cognition
A 197 effect sizes

I Overall cognitive effect size 0.48 for exercise vs. 0.16 for
controls
I Evidence that benefits of exercise are greatest for
Ad h 2 R R éc 8dyeaws)
A Moderate session durations (3145 minutes)
A 6 months or greater

Colcombe and Kramer, Psychological Science, 20



Does Exercise Delay the Onset o
Dementia?

A Delaying dementia onset would result in large
r6a2ftdziS RSOfAYS Ay |
A Direct evidence needed

I Would represent a key strategy for reducing
cognitive and functional decline



Exercise and Dementia Risk

Multiple epidemiological studies have demonstrated an association beWren

physical activity and reduced risk of dementia

A 1,740 participants without

cognitive impairment >65 B e o
years

A Evaluated longitudinally TR
over 6.2 years | R\

A Reduced incidence of At
dementia in those i -
exercising > 3 times aweek i
(HR 0.62). S

A Limitations: selfeported
activity measures to assess Age duing the Sty y

p hyS I Cal aCtIVIty an d fltneSS Perscns whio exercized 3 or more dmes per week were more Likely to be

demenria-fres than those who ecercised fewer than 3 times per week

Larson et al, Arch Intern Med 144:-83, 2006



Exerci§e as a Therapy for
{1 KSAYSNXa !



Exercise Reduces Amyloid Load in AD Mic

E

2
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Adlard et al., Journal Neurosci, 2C



Exercil se

A Studies limited by

I Poorly defined samples
T Variable exercise interventions

T Outcome measures not well
defined, lacking rigor

A Few assess cognition

A 2008 Cochrane Review:

I Insufficient evidence to
determine effectiveness of
physical activity for
cognition, function,
behavior for dementia.

I Forbes et al, 2008

Il N Al z he

A Meta-analysis

i 30 randomized trials In
iIndividuals with
cognitive impairment

I Exercise associated with
modest benefits In

A Strength
A Fitness

A Function
A Cognition

Heyn et al., Arch Phys Med Rehab, 200



Limitations of Previous Studies

A Direct evidence is lacking

A Reverse causation?

I Disease may influence physical activity rather
than physical activity influencing disease

A Flawed measures of physical activity and
fitness



KU Alzheimer and Memory Program

A Objective: Define the role of exercise as
an AD therapy and in promoting healthy
brain aging
I What are the benefits of exercise in early AD?
I Is exercise disease-modifying?

I What are the mechanisms relating exercise
with AD?



Cardiorespiratory Fithess

A Cardiorespiratory Fitness

I Standard, objective measure of
fitness

I Oxygen Consumption at peak
work load (VO,Pea)
A Treadmill exercise test

I VO2peak determined by
analysis of expired CO, and O,

I Strongly associated with health
outcomes (mortality, CVD)

T Outcome measure for exercise
clinical trials T response to
exercise




Cardiorespiratory fitness associated
with less cognitive decline over 6 years

= -
A 349 nondemented E:
participants over ¥ 05
55 years followed E§ 0.4 -  [WLowest tertile
for 6 years $E 0.3 - 50 | |[OMiddle tertile
] o E B ' |DOHighest tertile
A Increasing VO,Peak  § 027 ]
. . W 0.1 L
associated with 2
less cognitive < PeakVoa  Treaimi  OUES

decline.

Baseline Cardio rmph:l ory Fiimess

Barnes et al, JAGS 51: 45365, 2003



Fithess Associated with Less Age
Related Brain Atrophy

A 55 communitydwelling
older adults (55 and
older, MMSE >2Q
mean 28.6)

A Increasing fitness levels
modified age related

d ecl | nes | n b ral N Map of gray matter revealing regions that
] show preservation with cardiovascular fitness.
de NSItv on MRI Clusters with largest peaks are in
y frontal/prefrontal cortex (BAs 46,9.6), parietal

cortex (BA 40) and temporal cortex (BAs
21,22.38).

Colcombe et al, Journal of Gerontology, 2003



Study Participants

Nondemented Early AD

(nh=71) (n=72) p value
Age, years 73.6 (7.3) 74.8 (6.6) 0.30
Education years 16.6 (2.7) 15.3(3.3) 0.01
Female % (n) 56.3 (40) 58.3 (42) 0.87
ApolipoproteinE4 Carrier?o (n) 27.5 (19) 58.8 (40) <0.001
MMSE 29.4 (0.9) 26.1 (3.5) <0.001
Global Cognitive Performangc&-score 0.0 (0.6) -1.7 (1.1) <0.001
Activities of Daily Living 48.5 (3.3) 40.2 (7.7) <0.001
Whole Brain Volume, %ICV 78.0 (2.9) 75.3 (3.3) <0.0L



Cardiorespiratory Fitness in Early AD

A CR Fitness testing is feasible, valid and reliabl
In early AD

I AD participants demonstrate similar effort and
performance as controls (perceived effort,
respiratory exchange ratio, max. heart rate)

I Burns et al, ADAD 2008

I Testretest in 14 AD participants demonstrated

high reproducibility (r=0.97, p<0.002; ICC 0.96)

I Anderson et al, Submitted



Physical Activity and CR Fitness a
Reduced in Early AD

A Individuals with early AD have significant
reductions in daily levels of physical activity

I Not due to decline in physical frailty

A Reduced Physical Activity associated with
I Reduced CR Fitness
I Reduced muscle mass, bone density



Cardiorespiratory Fitness Associated
with Beneficial Health Markers

A Increased fithess associated with
I Less body fat

I Lower BMI

I Reduced triglycerides

I Lower glucose and insulin levels

Burns et al, ADAD 2008



Cardiorespiratory Fitness and
Brain Structure



Brain Atrophy

A Begins in # decade and continues through
lifespan at-0.4% a year annually.

A Reflects loss of cortical and subcortical neurons
axonal dropout, and shrinkage of large neurons
A AD associated with twice rate of brain atrophy
I 2% per year in AD vs. 1% in nondemented controls
I Brain atrophy rate reflective of AD pathology burder



Regional Brain Atrophy in AD:

VBM comparison with nondemented

A. Gray matter volume loss in
AD vs. nondemented elderly

B. Areas of reduced gray matter
volume in AD:
A Hippocampus, superior

temporal cortex, medial
frontal, precuneus

C. Areas of white matter volume
loss in AD: parahippocampal
gyrus, posterior cingulate,
superior temporal cortex

rlonea at al,, In Press




2-year Brain Atrophy in AD




Fitness and Brain Volume in AD

A Individuals with higher
fitness levels have less
brain shrinkage (atrophy)

A Controlling for additional covariates
of sex, dementia severity, physical
activity, and physical frailty

A Higher fitness
associated with cognitive
performance

A Delayed memory
A Digit symbol in early AD

Normalized Whole Brain Volume
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Burns et al, Neurology, 2008



Fitness Is associated with Less Atrophy In
Hippocampal and Parietal Regions in AD

WM WM

Honea et al, Alz Dis Assoc Dis, 2009



Fitness and Medial Temporal Lobe Volume:

Region-of-Interest Analysis

nonea et a|., 2555 |n Press



