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Agenda 
ÅSignificance  

ÅKey Concepts 

ÅSlowing: a universal clinical 
indicator   

ÅPreclinical indicators:  

ü variability   

ü loss of reserve (multi-
tasking)  

üaltered motor learning  

ÅMechanisms 

Win Animated GIF 

http://giphy.com/gifs/win-funny-dancing-OwGMuG7bCc5Dq


An 
Unrecognized 
Clinical Reality   

 An 86 year old man is brought to clinic by his son for 
a several year history of decline. He has 
withdrawn from life and spends all his time 
sitting in a chair dozing. He has had several 
recent falls.  

PMH diabetes on oral agent, HBP 

Meds HCTZ, glipizide 

Exam shows deficits in cognition specifically 
construction, sequencing, recall and language. 
He has a slow shuffling gait and increased tone. 
His affect is flat and he states that life is not 
worth living.  

He is diagnosed with dementia and depression and 
given a cane. 

Brain-related gait abnormalities in 
older people are often ignored or 
ŀǘǘǊƛōǳǘŜŘ ǘƻ άƴƻǊƳŀƭ ŀƎƛƴƎέΦ  

άǎŜƴƛƭŜ Ǝŀƛǘέ 



An unexplained and disabling problem  

άaȅ ƭŜƎǎ ŘƻƴΩǘ ƳƻǾŜ 
when my brain tells 
ǘƘŜƳ ǘƻΦ LǘΩǎ ǾŜǊȅ 
frustratingέ 
 
GHW Bush 
 



5ƻŜǎ ǘƘŜ /b{ Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ǘƘƛǎ ǿƻƳŀƴΩǎ ǿŀƭƪƛƴƎΚ  



!ƎƛƴƎ ŘƻŜǎƴΩǘ ƘŀǾŜ ǘƻ ƳŜŀƴ ǎƭƻǿ ǿŀƭƪƛƴƎ 



Population Impact 
The ability to think and to move are essential for independent living.   

Loss of either or both lead to disability and dependence. 
Disorders of cognition and movement are common and often coexist 

in older people 
 
 

Cognitive Impairment 
Å Prevalence age 75: 5% M and F  

Å Prevalence age 85:  12% M 20% F  

Å Major contributor to disability, need 
for caregiver, long term care 

Mobility Impairment 
Å Prevalence age 75 20% M 30% F 

Å Prevalence age 85 40% M 60% F 

Å Major contributor to disability, 
need for caregiver, long term care 

 

Guralnik and Ferrucci Epidemiology of Aging in Hazzard text 6th  Ed 



 
Thinking and Moving  

must be studied 
together 

ÅExtensive epidemiological evidence supports  
interrelationships between cognition and movement 

ÅBrain networks for movement overlap with networks for 
cognition   

ÅThinking and Moving share behavioral and etiological factors 
that can drive new insights into prevention and treatment 



Epidemiology: Gait speed predicts decline 
in cognitive function  

Health ABC 

Inzitari  et al 
Neuroepidemiology 2007 

Many others starting in 2002 with Verghese NEJM 



Epidemiology: Baseline cognition 
predicts 3 year change in gait speed 

Health ABC Atkinson 2010 

Atkinson et al 
JGMS 2007 



The Alzheimers Association discovers 
walking predicts dementia  

Ryan Jaslow CBS News July 16, 2012, 10:35 AM 
Slowed walking speed may be early predictor of Alzheimer's 
decline 
 
(CBS News) New research suggests how a person walks may 
predict whether they'll develop Alzheimer's disease, a 
degenerative, incurable brain disease that affects 5.4 million 
Americans. 
 
Four new studies presented at the Alzheimer's Association 
International Conference in Vancouver, Canada, tied walking 
ability to memory and cognitive decline, and may one day 
help doctors diagnose the disease earlier, researchers say.  
 

 

http://www.alz.org/aaic/sun_1030amct_gait.asp
http://www.alz.org/aaic/sun_1030amct_gait.asp


The effect of reduced prefrontal brain area on 
slow gait is mediated by information processing 
speed 

M Albert (personal communication): DSST is the 
strongest predictor of future dementia in their cohort 



A model of lifespan effects  
on motor control 

Molecular basis of age-related loss of neuroplasticity  

Decreased learning 
Increased variability  
Loss of brain reserve 

Slowed movement and cognition 

Dementia 
  Dismobility   

Structural and functional  brain changes 



Motor 
Skill 

a link between 
gait and cognition 



What is Motor Skill? 
Smooth efficient learned movement 

created through motor maps 
 Characteristics of Novice and Skilled Motor Actions 

Novice movement Skilled movement 
Behavioral and Peripheral factors 

o guided, discontinuous movement, irregular velocity profile 

o task-oriented practice necessary for acquisition of motor 

sequence learning 

o multiple muscles often activated in a cocontraction 

pattern 

o movement sequence variable 

o submovements, with stops and starts redirecting path to 

movement target 

o non-guided, continuous movement, smooth velocity profile 

o practice necessary to achieve and maintain motor expertise 

(automaticity) 

o multiple muscles activated sequentially in brief bursts  

o preplanned motor sequence 

o movement acceleration and deceleration programmed 

together  

 

Central factors 

o brain activity in fronto-parietal [cortico-cortico] pattern of 

connections 

o sustained, generalized pattern of  brain activity 

o cingulate motor area activity high 

o brain activity in cortico-basal ganglia, cortico-cerebellar 

circuits 

o ōǊƛŜŦΣ ǎǇŜŎƛŦƛŎ ΨŜŦŦƛŎƛŜƴǘΩ ǇŀǘǘŜǊƴ ƻŦ  ōǊŀƛƴ ŀŎǘƛǾƛǘȅ 

o reduced cingulate motor area activity  

Vanswearingen and Studenski JGMS 2014 



Walking is a learned motor skill 



Motor Learning: theory of neuroplasticity and 
long term potentiation 

Effect of aging? 
Response in the setting of brain pathology? 
 


