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Sedentary Lifestyle

ÅMetabolic Conditions

ïObesity, Type 2 DM, dyslipidemia

ÅCardiovascular Diseases

ïCAD, MI, Hypertension, Stroke, heart failure

ÅCancer

ïBreast, colon, prostate

ÅMusculoskeletal disorders

ïBack pain, osteoporosis, osteoarthritis

ÅMood / Depression

ÅMortality



Exercise and the Brain

ÅAccumulating evidence that exercise benefits 
the brain

ÅPhysical activity and exercise is associated with

ïCognitive outcomes 

ïReduced dementia risk

ïBrain structure



!ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ ƛǎ LƴŎǊŜŀǎƛƴƎ 
Dramatically

Occurrence of AD increases 

exponentially with age

The population is aging at an 

unprecedented rate



!ƎƛƴƎ ŀƴŘ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ

Aging Population

Å 6% of US population is 75 years and older
ï Projected to increase 80% in the next decade

ï 1 in 10 have moderate cognitive impairment

ï 1 in 5 have functional limitations

!ƭȊƘŜƛƳŜǊΩǎ CŀŎǘǎ

Å5.2 million Americans have AD in 2008

ÅOne in eight (13 percent) over 65 have AD

ÅEvery 71 seconds someone develops AD

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



Current Recommendations

Å2.5 hrs a week of moderate 
effort aerobic activity

ïActivity should be at least 10 
minutes at a time

ÅStrengthening activities two 
days a week

ïPush-ups, sit-ups, lifting 
weight.



Exercise and Physical Activity

ÅMajority of older adults do not achieve 
recommended levels of physical activity

ï1/3rd of older adults have no leisure-time physical 
activity

ï1/3rd have insufficient levels of physical activity

ïLess than 1/3rd obtain recommended levels

ÅCritical need to promote more physical activity 
in older adults



Exercise is 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 
(i.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?

ÅPromote healthy brain aging

ÅPrevent dementia

ÅTherapeutic strategy for dementia



Brain Benefits of Exercise are 
Biologically Plausible

ïIncreased trophic factors
ÅBDNF, IGF-1

ïIncreased blood flow, angiogenesis
ïNeurogenesis
ïEnhanced neuronal survival
ïIncreased synaptic development



Exercise and Neurogenesis

ÅVoluntary wheel 

running in mice

ïIncreased 

neurogenesis in 

dentate gyrus

ïAssociated with 

improved learning

Old Controls Old Runners

Van Praag et. al., J Neurosci, 2005

Number of New Hippocampal Neurons

Young 613 Old 117

Young Exercise 2355 Old Exercise 656



Physical Activity and Cognitive Outcomes:
Longitudinal Studies

ÅMultiple longitudinal, prospective studies 
suggest increased physical activity is 
associated with reduced cognitive decline
ÅAlbert et al, 1995

ÅLaurin et al, 2001

ÅYaffe et al, 2001

ÅPignatti et al, 2002

ÅWeuve et al, 2004



Nurses Health Study

ÅNurses Health Study

ï18,766 women, age 70 ς81

ÅPhysical activity estimate / questionnaire

ÅCognitive performance and 2-year change / decline  (TICS)

ïHigher levels of physical activity associated with higher 
cognitive function and less cognitive decline. 

ÅPhysical activity associated with 20% lower risk of cognitive 
impairment

ÅEven 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

ÅMultiple RCTs suggest exercise has cognitive benefits, 
although literature is mixed

ÅMeta-analysis of 18 randomized controlled trials
ÅAerobic exercise, Age > 55, fitness measures, cognition
Å197 effect sizes

ïOverall cognitive effect size 0.48 for exercise vs. 0.16 for 
controls
ïEvidence that benefits of exercise are greatest for 
ÅάhƭŘ-ƻƭŘέ όтм ς80 years)
ÅModerate session durations (31 ς45 minutes)
Å6 months or greater

Colcombe and Kramer, Psychological Science, 2003



Does Exercise Delay the Onset of 
Dementia?

ÅDelaying dementia onset would result in large 
ŀōǎƻƭǳǘŜ ŘŜŎƭƛƴŜ ƛƴ !ƭȊƘŜƛƳŜǊΩǎ 

ÅDirect evidence needed

ïWould represent a key strategy for reducing 
cognitive and functional decline



Exercise and Dementia Risk

Larson et al, Arch Intern Med 144: 73-81, 2006

Å1,740 participants without 
cognitive impairment >65 
years 

ÅEvaluated longitudinally 
over 6.2 years

ÅReduced incidence of 
dementia in those 
exercising > 3 times a week 
(HR 0.62).  

ÅLimitations: self-reported 
activity measures to assess 
physical activity and fitness

Multiple epidemiological studies have demonstrated an association between 
physical activity and reduced risk of dementia



Exercise as a Therapy for  
!ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜΚ



Exercise Reduces Amyloid Load in AD Mice

Å5 months of voluntary 
exercise in mouse 
model of AD (TGCRND8)

ÅReduce AB plaque 

ÅEnhanced learning

Adlard et al., Journal Neurosci, 2005



Exercise in Alzheimerôs Disease

ÅMeta-analysis

ï30 randomized trials in 

individuals with 

cognitive impairment

ïExercise associated with 

modest benefits in

ÅStrength

ÅFitness

ÅFunction

ÅCognition

ÅStudies limited by
ïPoorly defined samples

ïVariable exercise interventions

ïOutcome measures not well 

defined, lacking rigor

ÅFew assess cognition

Å2008 Cochrane Review: 

ïInsufficient evidence to 

determine effectiveness of 

physical activity for 

cognition, function, 

behavior for dementia. 
ïForbes et al, 2008

Heyn et al., Arch Phys Med Rehab, 2004



Limitations of Previous Studies

ÅDirect evidence is lacking

ÅReverse causation?  

ïDisease may influence physical activity rather 

than physical activity influencing disease

ÅFlawed measures of physical activity and 

fitness



KU Alzheimer and Memory Program

ÅObjective: Define the role of exercise as 

an AD therapy and in promoting healthy 

brain aging

ïWhat are the benefits of exercise in early AD?

ïIs exercise disease-modifying?

ïWhat are the mechanisms relating exercise 

with AD?



Cardiorespiratory Fitness

ÅCardiorespiratory Fitness

ïStandard, objective measure of 

fitness

ïOxygen Consumption at peak 

work load (VO2
peak)

ÅTreadmill exercise test

ïVO2peak  determined by 

analysis of expired CO2 and O2

ïStrongly associated with health 

outcomes (mortality, CVD)

ïOutcome measure for exercise 

clinical trials ïresponse to 

exercise



Cardiorespiratory fitness associated 

with less cognitive decline over 6 years

Å 349 nondemented 

participants over 

55 years followed 

for 6 years.

Å Increasing VO2
peak

associated with 

less cognitive 

decline.

Barnes et al, JAGS 51: 459 ï465, 2003



Fitness Associated with Less Age-
Related Brain Atrophy

Å55 community-dwelling 
older adults (55 and 
older, MMSE >20 ς
mean 28.6) 

ÅIncreasing fitness levels 
modified age related 
declines in brain 
density on MRI

Colcombe et al, Journal of Gerontology, 2003



Study Participants

 Nondemented  Early AD    

 (n = 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 

Apolipoprotein E4 Carrier % (n) 27.5 (19) 58.8 (40) <0.001 

 

MMSE 29.4 (0.9)  26.1 (3.5) <0.001 

Global Cognitive Performance, Z-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) <0.001 



Cardiorespiratory Fitness in Early AD

ÅCR Fitness testing is feasible, valid and reliable 
in early AD

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

ïBurns et al, ADAD 2008

ïTest-retest in 14 AD participants demonstrated 
high reproducibility (r=0.97, p<0.002; ICC 0.96)

ïAnderson et al, Submitted



Physical Activity and CR Fitness are 
Reduced in Early AD

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

ïNot due to decline in physical frailty

ÅReduced Physical Activity associated with 

ïReduced CR Fitness

ïReduced muscle mass, bone density



Cardiorespiratory Fitness Associated 
with Beneficial Health Markers

ÅIncreased fitness associated with 

ïLess body fat

ïLower BMI

ïReduced triglycerides

ïLower glucose and insulin levels

Burns et al, ADAD 2008



Cardiorespiratory Fitness and 

Brain Structure



Brain Atrophy

ÅBegins in 4th decade and continues through 
lifespan at -0.4% a year annually.  

ÅReflects loss of cortical and subcortical neurons, 
axonal dropout, and shrinkage of large neurons

ÅAD associated with twice rate of brain atrophy

ï2% per year in AD vs. 1% in nondemented controls

ïBrain atrophy rate reflective of AD pathology burden.



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:  

Å Hippocampus, superior 

temporal cortex, medial 

frontal, precuneus

C. Areas of white matter volume 

loss in AD:  parahippocampal 

gyrus, posterior cingulate, 

superior temporal cortex

Honea et al., In Press



2-year Brain Atrophy in AD



Fitness and Brain Volume in AD

ÅIndividuals with higher 

fitness levels have less 

brain shrinkage (atrophy)
ÅControlling for additional covariates 

of sex, dementia severity, physical 

activity, and physical frailty

ÅHigher fitness 

associated with cognitive 

performance
ÅDelayed memory 

ÅDigit symbol in early AD

Burns et al, Neurology, 2008



Fitness is associated with Less Atrophy in 

Hippocampal and Parietal Regions in AD

Honea et al, Alz Dis Assoc Dis, 2009



Fitness and Medial Temporal Lobe Volume:
Region-of-Interest Analysis

Honea et al., 2008 In Press


