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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withdrawn from life and spends all his time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 gsitt sthiormaitiesmn
older people atcodfteniggpesddor
btitibutNdto® “dounalRging”’2 a Yy 2

aaSyAats



An unexplained and disabling problem
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Population Impact

Theability to think and 1o moxeaatceessaiildFbian thaepelade it ingn(
Lossof either or both leatittodisadllibiyaaddependience.
Disordiersof cogpition antimuaenaant ssdeaamoroanansfeficio edsXi
in older pegike

Cognitive Impairment Mobility Impairment
A Prevalence age 75: 5% MandF A Prevalence age 75 20% M 30% F
A Prevalence age 85: 12% M 20% F A Prevalence age 85 40% M 60% F

A Major contributor to disability, need A Major contributor to disability,
for caregiver, long term care need for caregiver, long term care
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Thinking) antiNvbeymgg
must be stutled
together

A Extensive epidemiological evidence supports
Interrelationships between cognition and movement

A Brain networks for movement overlap with networks for
cognition

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



Epidemiology: Gait speed predicts decline
IN cognitive function
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Fig. 2. Risk of decline in DSST [>1 SD (9 points) from mean

change] over 5 years, across quartiles of usual gait speed (m/s). Inzitari et al

Logistic regression model, adjusted for age, gender, race, educa- ) )

tjci, u-.'engﬁ, physical actjvit}-'{ cnrdjm‘asiﬂﬁ comorbidity, high Neuroepldemlolog)ZOO7
blood pressure, diabetes, chronic obstructive/restrictive pulmo-

nary disease, depressive symptoms, baseline DSST, baseline 3MS,

and change in 3MS over time.

Many others starting in 2002 wittlergheseNEJM
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Epidemiology: Baseline cognition

predicts 3 year change In gait speed
Health ABC Atkinson 2010
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TheAlzheimersAssociation discovers

walking predicts dementia

RyanJaslowCBS News July, 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.

Fournew studies presented at th&lzheimer's Association
International Conferencen 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

Ape and Ageing 2012; 41: 5854 © The Author 201 |. Published by Osdford University Press on behalf of the British Gernatrics Sodety.
doi: 10,1093/ ageing/afr] |3 All Aights reserved. For Permissions, please email journals permissonsi@oup.com
Published eledronically 28 September 201 |

Slower gait, slower information processing and
smaller prefrontal area in older adults

CaTeERINA RosanMo!, STEPHANIE A, STUDENSK?, HowaRD |. AZENSTEING, RoBerT M. BouDreAU',
WVILLIAM T, LOMNGSTRETH JR*YS, AnrE B, NEwMAar'

Background: slower gait in older adults is related to smaller volume of the prefrontal area (PEAv). The pathways under-
lying this assodation have not yet been explored. Understanding slowing gait could help improve function in older age. We
examine whether the assodation between smaller PFAv and slower gait is explined by lower performance on numerous
neuropsychological tests,

Hypothesis: we hypothesise that slower information processing expliins this association, while tests of language or
memory will not.

Table 2. Assodation of neuropsychological tests with X . - . L.
prefrontal area volume and time to walk Table 3. Results of non-parametric bootstrapping test of indirect effect to test mediators of the assodaton between

prefrontal area volume (PFAv, independent variable, X) and time to walk in seconds (dependent variable, Y)

Ageadjusted smndardised

repression cocficients” and Prvalue Srandardised B coefficient Change of § mefficient, mean Change of § Bootsrap test of
Domain Test name Time to walk Prefrontal area (standard error), P-value (95% confidence interval)” coefficient, %o indirect effect

Im T
"""""""""""""""""""" Total effect of X (PEA) on Y (dme to walk) —0.15 {0.06) P=0.02 nfa nfa n/fa

nformaton Dyigir symbal

—0.18, P=0.01 028, P=0.0001 Test for candidare explanarory £
Effect of X on Y after adjusis

poassing substirution s’ -0.10 0.07) P=10.1 -0.05 (~0.10, —0.005) k. P=004
fae Lol ) 0.0Z, P=0.8 0.008, P=0.9 Effec of X on Y after adjusting for Raven's marrices 0,13 (0.06) P= 0,06 ~0.02 {-0.05, 0,001) 16 P=01
Steoop —015,P=002 009, F=0.2 Effect of X on Y after adjusting for Rey-Ostereeih  —0.13 [0.06) P= 0,06 —0.02 (~0.06, 0.002) 16 P=01
Visuospatal and  Ravens Coloured —{0.16, P=10.02 015, P=0.03 delaved wcall ) i
pereprzal Progressive Effec of X on Y after mius@ for finger mp ) ~0.12 [0.06) P=0.08 ~0.03 (—0.08, —0.002) 2 P=006
attention Matrices < i - :
Rey-Ostermith —0.16, P=0.02 006, P=04 Each row reports results from separate models,
figure copy
Memory Rey—Orstermith —0.15, P=0.03 —016, P=0.02 .
e ks The effect of reduced prefrontal brain area on
recal
California Verbal 011, P=01 008, P=0.2 - = = - - -
Largags o slow gait is mediated by information processing
Language Word generaton —0.16, P=0.02 006, P=0.4
(letters) d
Other brain function tests S p ee
Mond CESD 012, P=0.08  0.11,P=0.09
Global Modified —010,P=02  —010,P=0.1
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on motor control

Molecular basis of ageslated loss of neuroplasticit)l
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Motor
Skill

a link between
gait and cognition




What is Motor Skill?

Simaatih effid et eansechmoovsraent
created tihvwoughmuatormaaes

Characteristicof Novice and Skilled Motor Actions

Novice movement Skilled movement

Behavioral and Peripherdhctors

0|16 [=To S [S{elol il B (oI SR Ra ) (=l SlaleR =l [FIETAVEI bl elfelil 0  non-guided continuous movement, smooth velocity profile
s celd(Salle RoEleie=Rp oSt Aol g oo U [ileliHe) R lelle]dl O  practice necessary to achieve and maintain motor expertise
sequence learning (automaticity)

multiple muscles often activated in aocontraction o0  multiple muscles activated sequentially in brief bursts
pattern 0 preplanned motor sequence

movement sequence variable 0 movement acceleration and deceleration programmed
submovements with stops and starts redirecting path to together

movement target

ol IV AT RiTelp e o TR ST 1B [olel i [eloZolelgilolo] foEli=gRel & 0 brain activity incortico-basal gangliagortico-cerebellar
connections circuits

sustained, generalized pattern of brain activity 0 ONRARSTEI ALISOAFAO WSTFAOASYHQ
cingulate motor area activity high 0o reduced cingulate motor area activity

Vanswearingemand StudenskiGMS 2014



Walking Is a learned motor skKill




Motor Learning: theory of neuroplasticity and
long term potentiation

Review Article
Cortical Plasticity during Motor Learning and Recovery after
Ischemic Stroke

Jonas A. Hosp"? and Andreas R. Luft">?

on, Department of Neurology, Univ

ity, Baltimore, MD 21231, USA

1 Neural Plasticity

Anatomical plasticity ‘ ‘ Synaptic plasticity Motor map plasticity
Training starts
Day1 Enhanced spine formation
within layer I1/1II dendrites [28]
Days Enhanced spine elimination TP lke plastcity in M1
within layer II/ITT dendrites [28] horizontal connections
in vivo and fn vitro [33; 33]
Day7 Increased numbers of
synapses per PMN within
MI19]
Day3 Enlargement of cortical
representations of
trained limb [16; 21
Day 14 Spineturnover within layer Previously enlarged cortical
[I/IIT dendrites returns representations
to baseline levels [28] Tetract to normal size [21]
and enlarged dendritic fieds
in layer [U11] and layer V of
PMNs [26; 27,29
2 months Ability to form LTP is restored in
synapses of horizontal cortico-
cortical connections within layer
111 while synapses remain

strengthened 34

Ficuze 1: Schematic timescale of plasticity in M1 of rodents at different levels induced by a skilled reaching task. PMN: pyramidal motor
neuron; LTP: long-term plasticity.

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



