H VI CURSO DE EGRESADOS DE ALMA

A | !\‘»'.‘ ‘ol “ACTIVIDAD FiSICA, CAIDAS Y FRACTURAS”
I g SANTA MARTA, COLOMBIA

# 1 February 26, 2020 Del 25 al 28 de febrero de 2020
ALMA Santa Marta

Cognitive Impairment and Falls

Evidence, assumptions, and
therapeutic options

Manuel Montero-Odasso MD, PhD, FRCPC, AGSF, FGSA

Professor, Departments of Medicine (Geriatrics), and Epidemiology and Biostatistics
Director, Gait and Brain Lab, Parkwood Institute
Division of Geriatric Medicine, The University of Western Ontario

Scientist, Lawson Health Research Institute, London ON '*"
©STOSEPH:  \6R9
LAWSON § T IRE >
[T ——— N T Wesiern

1

Alma 2002 (Chile) y 2003 (Mexico)

6/04/2020



Alma... dos decadas despues

Outline

1- To review the role of cognitive deficits in falls risk
2- Assumptions in current fall prevention management

3- Cognitive treatment is complementary to reduce risk of falls

. Wheaiorii
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What makes a person look old?

e Slow Gait

* Mental Slowing

Falls & Fall-related Injuries Special Interest
Group: a Call to Action

Mzl Montero-Odasso, M0 Pl 4655 FRCE, nad David B. Hogan, MD. FROPCS
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Gaps ldentified: Falls in Cognitively Impaired

Why are falls so common in the cognitively impaired?

Why does fall prevention not work in this population?

Are we assuming facts?

Are we missing a treatment component?

o Wheaiorii
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Evidence and Assumptions in Fall prevention

* Evidence

Cognitive impairment is a risk factor for falls

« Assumption
Falls are not related to cognitive problems when a normal MMSE/MoCA is

present

o Wheaiorii
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ARE FALLS A MANIFESTATION OF BRATN
FAILLIRE?
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Falls in the Cognitively Impaired - Facts

 Falls are two-fold in people with Dementia’-

+ Fallers with cognitive problems have

1 risk of injuries & fractures
| functional outcomes

| access to rehabilitation

1 institutionalization

1 mortality

+ Fall prevention is not successful in those with MMSE < 204

1.Tinetti et al. N Engl J Med 1988
. @ 2. Shaw. J Neural Transm 2007
3. Montero-Odasso et al. JAGS 2012, 2018

Wheaiorii

4. Oliver et al. BMJ 2007
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Falls in the Cognitively Impaired - Interventions

Meta-analysis for multifactorial
interventions in care homes

8 Studies fulfill criteria for inclusion

The relative risk reduction for fallers
was 0.92 (0.82-1.03)

Confidence intervals included 1

. Wheaiorii
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Oliver et al. BMJ 2007
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EYSTEMATIC REVIEW

and meta-analysis

Ot Murass M Hesras Dloasy

The role of cognitive impairment in fall risk
among older adults: a systematic review

Key points

Fall Outcome

Odd Ratio(95%Cl) | [2(%)

Any fall

1.32 (1.18,1.49) 74.3%

Serious injury

2.33 (1.61,3.36) 5.9%

Fractures

1.78 (1.34,2.37) 0%

Any fall — low
executive function

1.44 (1.20,1.83) 70.9%

‘ Weaiorn

Age and Ageing, 2012

1-Cognitive impairment (MMSE<26)

confers high risk of serious injury from

a fall OR=2.33

risk OR=1.44

2- Executive dysfunction increases fall

3- Executive dysfunction can be present

despite normality in “global cognition”

in falls risk evaluation

4- Executive function should be assessed

12
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Deficits in executive function (EF)
predict future falls (2 years of follow up)

HERMAN ET AL
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Herman T, Mirelman A, GiladiN, Schweiger A, Hausdorff JM .Executive control deficits as a prodrome to fzlls in healthy older adults: a prospective study
linking thinking, walking, and falling. ) Gerontol A Biol Sci Med Sci. 2010 Oct;65(10):1086-92.

. S airTin Herman et al. J Gerontol Med Soc 2010
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How cognitive deficits may increase
risk of falls, at early stages?

. Weaiorn
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Crant and Cognition: A Complementary Approach to
Understanding Bram Function and the Risk of Falling

Alrrnad ] MosdteraDldggen, ML, PRl AGSE™ L

e Ve, BB, BY," Chinier Beawehest, M
Pl E st lefirey M. Haosdonf, PRLIE5

Slow Gait{Velocity

Mobility Impairment

Falls-Fractures

Traditional View
><] Emerging View

Cognitive Impairment

Dementia

o Weaiorn
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J Am Geriat Soc 2012; 60(11):2127-36.

Gait and cognition:
Is there a relationship?

» Gait is an automatic process

* Adults can talk, walk, chew gum at the same time

* Descerebrate cats can walk, why not humans?

BUT...

o Weaiorn
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“Stops walking when talking” as a predictor of falls in elderly people
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Tiw observation “stops walking when talking”™ is simple,
‘#last, costs nothing, and needs o equipaeent. The positive
.Erlrrﬂn'ii\'r* value s higher than that of previously reponted
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Walking When Talking

Unmonitored conversations

Reciting names

Counting backward/serial subtractions
Naming animals

Reaction time to auditory stimuli
Q&A

Alphabets

<D
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YES!

o Weaiorn

Gait and cognition:
Is there a relationship?

» Patients often explain that they fell when they became distracted

» While performing more that one task in the kitchen, bathroom, etc.

18
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Gait Assessment: quantitative

oy ﬁ"‘thd':. Wiy =g e T
Rl R R T

o Weaiorn
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A. Usual gait: right and left step lengths approximately equal.

B. asymmetric gait (limp): right step length consistently shorter than left step
length.

Red = Left footprints, Green = Right footprints

20
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Gait patterns and ‘stress tests’

Gait variability

» With age increasing fluctuation in a gait from one step to
the next = intra-individual gait variability’

* More sensitive predictor of falls risk2?
» Under less conscious control

Walk ratio (step length/cadence)

Change in speed (walking speed reserve)

Dual-task gait initiation

1 Callisaya ML et al Age and Ageing 2010
2 Callisaya ML et al Age and Ageing 2011

21
Gait patterns and risk of multiple falls
Preferred speed
* Step length variability? RR 2.01 95%Cl 1.07, 3.80
* Double support phase variability? RR 2.08 95%Cl 1.06, 4.08
Fast speed and change in speed

* Longer steps, slower cadence? RR 0.7395% Cl 0.63, 0.85
b h AN, i

1Callisaya ML et al Age and Ageing 40 2011;
2Callisaya ML Gait and Posture 36 2012

22
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Which cognitive domains are associated with
increased risk of falls?

23

23

Cognition an

Executive function/attention

Victoria Stroop O . .
Hat  Bed

Blue Yellow
Controlled Oral Word Association Test

falls risk

Visuospatial ability

ST
T ’?‘H\ !%I

-

Digit span =t
Rey Complex Figure
Processing speed Memory
Digit symbol coding Hopkins Verbal Learning Test
Immediate
Symbol search Delay
Recognition

Rey Complex Figure - Delayed

Martin K et al ..Callisaya ML J Gerontology Med Sci 2013
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Risk ratio per mm of postural sway

Risk of multiple falls per mm of sway at three levels of each of

the four cognitive domains

1.06 1.06
1.05 1.05
1.04 1.04
1.03 1.03
1.02 1.02

1 1
0.98 High Medium Low 0.98 High Medium Low
0.97 0.97

Executive Function Processing speed

1.06 1.06
1.05 1.05
1.04 1.04
1.03 1.03
1.02 1.02
1.01 - 1.01

; . /=
0.99 0.99
0.98 High Medium Low 0.98 High Medium Low
0.97 0.97

Memory Visuospatial Ability

High=Better performance; Low=poorer performance

Kardin K ol g8 | Colisags ML J Geniniology Med S 20103
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“Gait may provide a window into the brain”

JUST AN ORDINARY CHICAGO. GAIT.

Montero-Odasso JAGS 60:2012

26
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Executive function/attention

¢ Victoria Stroop O . .
Hat  Bed
e Controlled Oral Word Assoge“ilc% TesyeI low

* Digit span

Processing speed/attention
« Digit symbol coding

* Symbol search

Cognitive domains

Visuospatial ability

L =

SR (e

#‘&k%

Rey Complex Figure

Memory

* Hopkins Verbal Learning Test
Immediate
Delay
Recognition

. * Rey Complex Figure - Delayed

Martin K et al ..Callisaya ML J Gerontology Med Sci 2013
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CIENCES
s

Gait Processing speed
Gait speed (cm/s)
Cadence
Step length (cm)

Support base (cm)

LAAAS

DSP (ms)

Gait variability
Step time (ms)
Step length (cm)

Support base (cm)

S\

DSP (ms)

Cognitive Function, Gait, and Gait Variability in Older
People: A Population-Based Study

Kara L. Martin,' Leigh Blizzard,' Amanda G. Wood.”? Velandai Srikanth,"” Russell Thomson,'
Lauren M. Sanders.’ and Michele L. Callisaya'

Multivariable linear regressions between cognition and gait measures

Executive function

v

Visuospatial function

v v

Morris R. Neuroscience and Biobehavioural reviews 2016
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Gait velocity: 1.46 m/sec
Gait variability: 2.83% CoV

160
140

Single-Task Gait Example

Dual-Task Gait Example (Serial 7s

Gait velocity: 1.03 m/sec

Single gait — Dual task gait Gait variability: 13.06% CoV
= x 100= 30%

’\‘;120 !
~— 100
80 A
60 -
40 -
20
0

cm,

Gait velocity

G‘ Dual task cost

Single task gait

Dual task gait

Usual gait

29

Single task

. Weaiorn

Walking

Dual-task paradigm - How does it work?

Brain areas activated while...

Single task

Cognitive task

resources

Dual-task

Pashler H. Psychol Bull. 1994

30
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Dual-Task Complexity Affects Gait in People With Mild
Cognitive Impairment: The Interplay Between Gait

Variahility, Dual Tasking, and Risk of Falls

HWenpel Mosirre-dldacca, WIE, PRI Yocon W Wear, PRIE Mlard Speecdley, PRIF
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MCD: minimal clinical difference

Arch Phys Med Rehabil. 2012 Feb;93(2):293-9
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Dual-Task Complexity Affects Gait in People With Mild
Cognitive Impairment: The Interplay Between Gait
Variahility, Dual Tasking, and Risk of Falls
HWenpel Mosirre-dldacca, WIE, PRI Yocon W Wear, PRIE Mlard Speecdley, PRIF

- Risk for falling +

: 4
- +
Gait control
subcortical and
Automaticity automatic Attentionnal

load

- Stride time variability +

sty Py Bige] Besivg bid wod B, Febroapry H1F
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Dual-Task Complexity Affects Caait in People With Mild
Cognitive Impairment: The Interplay Between Gait
Variahility, Dual Tasking, and Risk of Falls

LY T vl Moniere-dldorca, WIE PP, Socon W Waar, PRIE Slard Speecklery, PRIF

- Risk for falling +

Automaticity

Gait control Attentionnal
cortical and non-i load
automatic

=+

sty Py Bige] Besivg bid wod B, Febroapry H1F

- Stride time variability +
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Dual-task paradigm - Why is it relevant?

'?.}L'Il-g-]-al-ﬂr'l‘h‘_'.l . J—
Raproductien righie :u Cils inekaba SO
i Rt nonSack com

* Dual-task paradigm

» Observing gait/balance while
performing a secondary task

» “Walking while talking”

* Relevant

 Daily activities involve the
simultaneous performance of two
or more cognitive/motor tasks

R o » Represents real life situations
7 SR ;
N— . where falls are likely to occur
"How long have you baen multitasking ¥ y

o Weaiorn
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~ Working memory

i__..

Walking is
cognitively
demanding!

. @ - _— Inhibition
Whp=arrTi

How does gait-cognitive interaction
may increase the risk of falls?

Obstacle negotiation , gait variability and so on

. Weaiorn
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Mild Cognitive Impairment Affects
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Results from “Gait and Brain Study™
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Non-rhythmic domains
* Gait speed and Stride time variability

Rhythmic domains
* Swing time and cadence
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Mapping Associations between Gait Decline and Falls Risk in MCI

Less automatic control

More automatic control
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Pieruccini-Faria et al. JAGS 2019 (in press)
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White matter integrity, gait, and falls

weprd g

CLINICAL

* Corpus callosum WMI significantly (p<0.05) correlated(+) with
single- and dual-task gait velocity and with gait variability(-).

SnirJ et al,
Neuroimage Clin,
2019

41

Results: Voxel-wise

P <0.05
Corrected for multiple comparisons

42

Lower WM integrity on the left versus right brain hemispheres (FA —

“Sourrdeuge
CEINHOAL

red, MD — blue)
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Results: Voxel-wise oo

Lower WM integrity (lower FA) correlation with falls

43

White matter integrity, gait, and falls s

* Poor WM integrity in the corpus callosum predicted a 3
year gait decline.

G v gy JGait velocity P Gait variabiliy

* Poor WM integrity predicted fall incidence.

a4 v % 4 s
Snir J et al,

ﬁ Neuroimage Clin,
a I"‘ﬁ"'. 2019
Hhirai
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White matter integrity, gait, and falls e

DTI Gait ‘ Falls
WM integrity Performance

\/

Precursor of White Matter Lesions Snir J et al,
Neuroimage Clin,

2019

'|'n alerii
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Conclusion and framework

How cognition, executive processes, may affect
gait and posture before falling?

How is the neurobiology of falls ?

o Weaiorn
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Ankle/hip strategy
Trunk Ankle/hip

mgbile fixed ) & .
_
Stepping stratégy g% %

5 .II ‘

Ankle
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Muscle weakness Rescue reaction SN A
‘: Frote Ve d
- reaction

joint problems
time

parkinsonism

fall

Montero-Odasso & Speechley. J Am Geritr Soc 2018
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If we purposely target cognition,

can we improve gait & reduce falls?

‘ Weaiorn
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Effect of Cognitive Remediation on Gait in Sedentary
Seniors

Foe Verghese, ! Jeannetie Mahoney,'? Anne FAndbeose.” Cuiling Wing,* and Boese Holieer!

RCT

« 24 sessions, 45-60 min each, 3 times/week
for 8 weeks

* N= 10 intervention/10 control

» Computerized ‘Mindfit’ program (n = 10)
Each training session included a mixture of 21
visual, auditory and cross-modality tasks
compared with wait-list controls (n= 10)

49

A Control remediation therapy versus waitlist control
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Benefits of Cognitive Dual-Task Training on Balance
Performance in Healthy Older Adults

Karen 72 H. Li.! E. Roudain? M. Lussier.®* L. Bherer 34 AL Leroux ® and P AL McKinley®

* N=20 healthy older adults (76y/0)

* Randomly assigned to attentional
training or no-treatment

* 5 (1-hour) sessions x 3 weeks

Modidalars Peak-lo-pask

Excursion

0z Transfer effect!

-

Pris- 1o puil- st |505)
=2
Rin

Traaifs Cawritind Training Gt

Ul
[uEN

Attentional training method
{Bherer, Kramer, et al., 2005; Erickson et al., 2008)

Single tasks

Cognitive Training

Dual task

+ 30 minutes of single and
dual-task blocks A

» Task A: celestial bodies
» Task B: Animals

» Adaptive increase in difficulty
over sessions

52
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Donepezil Improves Gait Performance in

A Phase Il Clinical Trial

Munsc] Momero-Ohdasso® "% Sgean W, Mule-Hunter'*, Afun( meng- Amoabo®, Karen Gopsil®,
A Bk Michee! Borric”, Jennic Wells™ and Mark Sposchiey’

Arpaair i Brads Lal =, Prbiond Boapdial sad Laveon Mealnk Reseud dostinire, Losdos, O, Camndi

" ematment el Mladivines, Divinon of Geretne Wedivae, Scimlick Shonl of Meadvcome swa! Degtivren, [inivernty
ol Westerm Chiaards, Livalas, (0, Conala

Y Depariment of Epsdemiology & Bros i nieaor, Sobwlich Inieiaomt Progrom e Pl Bealth, BenersuyaMerem
Danavio, Lomdbos, O, Canata

Design: Phase Il clinical trial
Participants: 43 seniors with mild AD received donepezil.
Primary outcome: Gait velocity and variability under single and dual-tasking using an
electronic walkway
Secondary outcomes: Attention and executive function
Intervention: 5 mg/day of donepezil for 1 month
10 mg/day for the subsequent 3 months (4 month follow-up)

Older Adults with Mild Alzheimer’s Disease: I*

53

Donepezil Study

Participants took donepezil/placebo for 6 months

Donepezil group had lower number of falls, lower participants who fell, and lower risk of falls

6 months prior to intervention 6 months after intervention

Placebo Donepezil Placebo Donepezil value
(n=29) (n=31) (n=25) (n=20) P
Total # of falls 6 5 21 13 0.209
# participants who fell (%) 5 (17%) 5 (17%) 12 (41%) 7 (23%)
0.159
Falls per participant 0.21 0.17 0.72 0.42
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Phase Il RCT Study
2013-2018

. Wheaiorii
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BMC Neurology iotied Corta

Study protocol Open Access
Can cognitive enhancers reduce the risk of falls in older people with
Mild Cognitive Impairment? A protocol for a randomised controlled
double blind trial

Manuel Montero-Odasso® 123, Jennie L Wells!3, Michael | Borne! and

Mark Speechley?

hiblico: VDepainmecnl of Sboelidne, Diveion of Cofiaime Seodeies, Maibe ood Breoespiiel. Uiiivemiay of Weodsin Owlaio, Loiklon, O, Chinads
S parineis of Fjidemmieoekogy and Wicmtpmrnmon, Daieersiny of Wosnegm Chipares, Dowalon, W, Canada sinl Yawson Vealih Besegch Lipsgens
Janadon, C%;, Cameda

Fonsil bdd el Bloniore-bddasss™ - BManuel Momered Vdesc@abe landon onooe lennie L ells - lennie Wellls@iabe londnn o i
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ORIGINAL ARTIC

Donapazil for gait and falls in mild cognitive impalrmeant:
randomized controlled trial
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Mixed effects model with repeated measures for the primary outcomes comparing the effect between
placebo and donepezil treatments at T6.
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Donepezil Study and Falls

Donepezil group had lower number of total falls and lower
participants who fell, although not significant

fe mionihs Preor Lok inECTvC EEo & months alfler inicrvention
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Donepezil Study and Falls

Dual-task cost (DTC) mean change for A) counting, B) serial sevens subtractions, and C)

naming animals conditions. Error bars represent +1 S.E.
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Donepezil Study and Falls

Falls during intervention/follow up
A) changes in number of falls after intervention
B) Kaplan-Meier survival curve for falls.
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Final Summary

Cognitive deficits exacerbate falls risk even in “cognitively normal”

Falls risk screening should include assessment of cognitive processes, in
particular selective attention, inhibition, conflict resolution, and dual-tasking

Falls prevention should consider intervention components that target
cognition, specifically executive function

Complementary Approach: Improve Cognition to Reduce Falls
Enhancing attention/executive function may reduce falls risk
(caution: publication bias, small studies, larger RCTs are needed)

Final Summary

P Nl
LEH TILARETE S R - 1 14

HELDROLAOICAL DIGRESSHIN

Preludes to bhrain Faillure: executive dyvsfunction and sait
disturbances

Mlamool Slosdero-Lida=a - Vigdimer | Ipchisdi

Impairment in cognition and gait and falls may have a common pathological mechanism

Evidence show this machains can be at brain shared networks betrem motro control and cogntive

processes

White matter disease affects theses networks , but is not the only mechanism

Neurol Sci. 2014 Apr;35(4):601-4. doi:

10.1007/510072-013-1613-4. Epub 2013 Dec 24.
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Gait & Brain Team
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If you want to learn more!

Falls and Cognition
in Older Persons

. Wheaiorii
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Summary, so far!

» Cognitive frailty = slow gait + cognitive impairment

« Common brain mechanisms underlie gait and cognitive impairments before
dementia

+ Identification of common modifiable risk factors for gait, motor and cognitive
interaction will help develop targeted interventions to prevent cognitive decline
and delay progression to dementia

* How can we treat these impairments together?

@z
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If we purposely target cognition,

can we improve gait & reduce falls?
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Falls in Cognitively Impaired Older Adults: Implications for
Risk Assessment And Prevention

Manme! Montero-Odasso, MD, PRD, AGSF,*™ and Mark Speechley, PRI
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If we purposely target cognition,

can we improve gait & reduce falls?
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Donepezil Studysvmposiasession e

Cognitive Motor Approaches To
.. . Assessing and Treating Galt and Falts
Participants took donepezil/placebo for 6 months Hall 68 Leved 1
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Final Summary

+ Cognitive deficits exacerbate falls risk even in “cognitively normal”

» The effect of proven strategies to reduce falls, including exercises and
vitamin D, can be also mediated via cognitive enhancement

* New Approach: Improve Cognition to Reduce Falls
Enhancing attention/executive function may reduce falls risk
(caution: publication bias, small studies, larger RCTs are needed)

* Not the only approach and it is complementary of existing strategies
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Take Home Messages

1- Falls risk screening should include assessment of cognitive processes,

in particular selective attention, conflict resolution, and dual-tasking

2- Falls prevention strategies should consider intervention components

that target cognition, specifically executive function

Thank you!!ll
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If you want to learn more!

Falls and Cognition Thank you!!!!
I Older Persons

mmontero@uwo.ca

76

6/04/2020



Gait & Brain Team
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Effect of Cognitive Remediation on Gait in Sedentary
Seniors
Foe Verghese, ! Jeannetie Maboney.'? Anne B Anbeose.” Cuiling Wing,* and Bose Holieer'

RCT
« 24 sessions, 45-60 min each, 3 times/week
for 8 weeks

* N= 10 intervention/10 control

» Computerized ‘Mindfit’ program (n = 10)
Each training session included a mixture of 21
visual, auditory and cross-modality tasks
compared with wait-list controls (n= 10)
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A Control remediation therapy versu

s waitlist control
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Attentional training method
{Bherer, Kramer, et al., 2005; Erickson et al., 2008)

Cognitive Training

+ 30 minutes of single and
dual-task blocks

>
—

» Task A: celestial bodies
» Task B: Animals

» Adaptive increase in difficulty
over sessions

. Weaiorn

Single tasks

Dual task
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Final Summary

» Cognitive deficits likely exacerbate falls risk even in those labeled as
“cognitively normal”

» The effect of proven strategies to reduce falls, including exercises and
vitamin D, can be also mediated via cognitive enhancement

* Novel Approach: Improve Cognition to Improve Mobility
Enhancing attention/executive function may reduce falls risk
(caution: publication bias, small studies, larger RCTs are needed)

Not the only approach and it is complementary of existing strategies

. Wheaiorii
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Evidence and Assumptions in Fall prevention

» Evidence 1

Cognitive impairment is a risk factor for falls

* Assumption 1

Falls are not related to cognition when a normal MMSE/MoCA is present

* Emerging view 1
Executive dysfunction, even in “cognitively normal’, is associated with
higher risk of falls (OR=1.32) and injury due to falls (OR=2.33)

87

Evidence and Assumptions in Fall prevention

« Evidence 2

Exercise reduces falls

* Assumption 2

Exercise reduces fall due to a physical effect
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Results: Exercise Programs to Reduce Falls
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No. of

trials

No. of
participants

Multi-component Exercise Programs Reduce Falls

Rate ratio
(95% CI)

Reduction
in falls (%)

Group classes 16 3622 0.71 (0.63 10 0.82) 29%
Home based 7 951 0.68 (0.58 to 0.80) 32%
Tai Chi classes 5 1563 0.72 (0.52 to 1.00) 28%
Tai Chi classes, not 3 1008 0.59 (0.45 to 0.76) 41%
at high risk of falls

Gillespie et al. Cochrane Database Sys Rev 2012

www.cochranejournalclub.com

90

6/04/2020



Cathal Walsh®, Sabina Brennan?
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Meta-analyses on Exercise to Improve Cognition

» Etnier JL, Salazar W, Landers DM, et al. Journal of Sport & Exercise Psychology, 1997;19:249-77
* Colcombe S, Kramer AF Psychol Sci 2003;14(2):125-30

* Heyn P, Abreu BC, Ottenbacher KJ. Arch Phys Med Rehabil 2004,;85(10):1694 —704

» Etnier JL, Nowell PM, Landers DM, et al. Brain Res Rev. 2006 Aug 30;52(1):119-30

» Angevaren M, et al. Physical activity and fithess to improve cognitive function. COCHRANE Review, 2008

The impact of exercise on the cognifive functioning of healthy older
adults: A systematic review and meta-analysis

hlichelle E. Kelly %+, David Lowghrey, Brian A Lawlor?, lan H. Robertson?,

*Thr M E Fropmiane, Ieeiur of Mrvromieocr. Thin'dy Colvpe Dubiic, Cudie 2 freimed

Ageing Research Reviews 16 (2014)
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Ortago Home-Based Strength and Balance Retraining Improves W AT
Executive Functioning in Older Fallers: A Randomized Controlled -
Trial
Terese Liv-Ambroze, PRD, PT*7 Meghan G, Doweldsow, P Yasmin Ahuemed, MSc"

Peter Graf, PRD,” Wendy L. Cook, MID," Tacqueting Clage, MIDN®® Stepies R Lord, PGS and
Farim M, Kb, MD, PED®T

Tabde 2. Physiclogical Falls Risk, Fancoonal Mokl and Exsosive Foncoons ar Baseline and a-Month Follow-Up Pilot RCT found that the OEP

M=5 reduced falls by 47% in the
CEF anm Ciilerd At i = 23} absence of significant
Bassine Sl Moriks: Basaira Six Wanihe improvement in physical

function (i.e., balance and

el = o I L Musani ¢ Shan dand Dwekilios
muscle strength)

Pryszknpcd Probls Agsert -acaw 0413 18417 18413 18417
Timee p and (G0 Teat, scconds 13+ 4B 116 48 174 + 104 184+ 105 . . .
il Making Tst Port B, seconds T MAieMR3 | AT+ 1084 BIE + 1371 Attention and conflict resolution
Verbal Dt feackowand st [rraneveet 1 podnizd 11+ 18 it improved in the OEP group as
Earmey: Ciber-ord Test, secondy | A5LE & HAQ 374 2 HE I 51T & ddi BT+ HZA* .

—_— compared with the usual care
* SmbBsanily Alwan fum g Esesie rogan oOEN grap o P=01

Liu-Ambrose et al. J Am Geriatr Soc 2008
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Evidence and Assumptions in Fall prevention

» Evidence 2

Exercise reduces falls

* Assumption 2

Exercise reduces fall due to a physical effect

* Emerging view 2
Exercise also has an effect on brain function
Studies evaluating brain and muscle function together show improvement

in brain related functions

94
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Evidence and Assumptions in Fall prevention

e Evidence 3

Vitamin D supplementation may reduce falls

* Assumption 3

This effect is mediated by a “muscle effect”

95

Effect of Vitamin D on Falls A Meta-analysis

Prirary Arakms
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Meta-analysis identified 5 RCTs with 1237 subjects looking at the effect of vitamin D on falling
Three on Vitamin D3, two on metabolite 1,25(0OH)2D3. Vitamin D3 dose was 800IU for two studies,

4001U for one

Found a 22% reduction in falling risk

In LTC the falling rate correlates with vitamin D levels.

Bischoff-Ferrari et al. JAMA. 2004
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Vitamin D Supplements

All trials community living 7 9324 1.00 (0.90to 1.11) 0%

Selected for low levels 2 260 0.57 (0.37 t0 0.89) 43%
Not selected for low levels 5 9064 1.02 (0.93 to 1.13) (+2%)
Aged care residents 5 4603 0.63 (0.46 to 0.86) 37%

No need for a blood test. Assume low level of vitamin D if housebound, requires
support services, resident in aged care, or frail.

Gillespie LD et al. Cochrane Database Sys Rev 2012
Cameron ID et al. Cochrane Database Sys Rev 2012

97

Vitamin D

LASA Study
* 1008 older adults
+ 3y follow-up

el
o W

and Muscle function

Higher vitamin D levels
predicted physical
performance (SPPB)

Oy 400 B EE- ] s O emslY
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Flnamsl psrbmmancy sesriil-1
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S rmny PR UHRTF porr 8 gy

Vitamin D deficiency
predicted loss muscle
mass and strenght

Visser et al. JCEM 2003
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Vitamin D and
Brain Function

Vitamin D and Caudal Primary Motor Cortex: A Magnetic
Resonance Spectroscopy Study

Codric Anmwalter’ ™%, Dlivier Boauchet’, Robert Bartha®, Wadimir Hachinski®,
Manuel Montero-Odassa’. on behalf of the WALK Team: [Working group Angers-London for Knowbedgel
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Meta-Analysis of Memory and Executive
Dysfunctions in Relation to Vitamin D

Low Vitamin D/ Vitamin D
deficiency is associated with:

1: Low cognitive function

VAN

Lo 2: Brain structural changes

Vv, = 2 ey Hlasiad laben’ bupn fwed Bempmar

T e O T e T L i S T
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Meta-Analvsis

OBJECTIVES: To sysmemarically review and quanritativels
syithesee the effecr of vimmin IY supplementarion an
wische stremgth, g, and balinee in older adulis,
THESHEGN: Srstemat roviow and mcta-analyss,

SETTING: MEDLINE, EMBASE, Cochrane Library,
biblmgraphies af selecred armicles, and previoos spstemanc
reviews were scarched bemween Januacy 1980 and Novem
b 20010 Fror eligible antaclis,

Effect of Vitamin D Supplementation on Muscle Strength, i B
Gait and Balance in Older Adults: A Systematic Review and

Swsan W, Mutr, PO, and Mamie! Montero-Odasso, MD, PRD, AGSE

demonsramd.  althoogh  fumher evalmtion s recam
mended, | Am Geriair Soc 92192300, 011,

Koy wondss vitaniin [ aped; sysonmatic rovicw; ram-
domieed comprolled erialss mscke sirenpih; balanoe; pan

Muir & Montero-Odasso J Am Geriatr Soc 2011
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Balance Sway
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Bischoff-Ferrari HA et al.; JAMA 2004

6/04/2020
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pooled corrected OR = 0.78; 95% CI [0.64, 0.92]

(13 studies)

* No significant reduction in fall rates or risk
+ Subgroup analysis showed significant reduction in fall rate of 43% if

participants had low Vitamin D levels at recruitment
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Recent Vitamin D Data

= 2017 JAMA meta-analysis of 33 RCTs companng "calciurm, viteamin O or combined
calcium and vilamin D" in communmty-cwalling adulis agead 50+ reporis no effect on
fracture incidence (Zhao -5, JAMA 2097378 2466}

= 2017 Lancet DHab Endoer; Primary BCT of 100,000 U monthly oral D, va placebo

did mot reduce falls or fracture incidence despite good adherence and tolerance
fhaw K-T, Lance! Cvab Endocr 2017 -5 438)

= 2017 JAMA Primary RCT of 2000 1L of vitamin D3 and 1500mg'd of calcium for
dy in women aged 55+ did not significantly reduce cancer outcomes (HR 070, 95%
CI 047 1o 102, p=0.0E) (Lappe J, JAMA 2047 31T(12112340)

= 2018 Lancet Diab Endocr, Mata-analysis and trial-saquential analalysis of vitamin D
studias finds intervention "does not prevent fractures or falls, or have clinically

meaningful effects on bone mineral density" (Batand, Lancet Ddab Endocr 2078).

- 2018 NEJM VITAL study (fraciure data not yel avallable) D, 2,000 IE daily o not
result in a8 lower incidenos of invasive cancers or cardiovascular events
fldmnzon JE MNE 20180
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Evidence and Assumptions in Fall prevention

e Evidence 3

Vitamin D supplementation may reduce falls

* Assumption 3

This effect is mediated by a “muscle effect”

* Emerging View 3
Vitamin D supplementation (>8001U/day) improves balance and

neuromuscular function, but not muscle strength, mainly in those with
deficiency

Is this a brain effect?

105

Gait & Brain Study - Design and follow-up

Design and Participants:
N =130 N =270 « Ongoing cohort, up to 15 years
(1st wave (2" wave + Seniors (>65 y/o) with SCI, MCI, Cognitive
2007-2010) 2010-ongoing) Healthy controls
* No frailty, no dementia at baseline, able to
ambulate independently

Mean follow-up: 34 months

Total Since 2007 Range follow up: 6 months to 78 months

N =414 Bi annual assessments:
MCI=211, SCI=115,Controls=88 * Battery of Cognitive tests
» Gait (electronic walkway), Balance, Blood tests,
MRIs every 18 mo

N = 57 progressed to dementia

g } . S|
i N =16 decenned
A = ecease
Montero-Odasso M, et al. BMC Geriatr. 2009 Sep 1;9:41 In fo"OW' up
Montero-Odasso M et al. J. Am Geriatr Soc 2012
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Gait & Brain Study — Methods and Assessments

» Gait performance
i i e B C P SN Y
T ol el ga gy g o

»Electronic walkway (zeno Mat® and GAITRite® System)
» Gait velocity (cm/s)
» Dual-task gait test

» Cognitive Assessments:
» MoCA, MMSE , CDR, Neuropsy battery

» Brian Magnetic Resnce Imaging:

» Structural, Spectrospcopy,
Tension Diffusion, and Resting State i - —
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Mild Cognitive Impairment
&
Gait Velocity (GV)

. Sheairrn Montero-Odasso M, Bergman H, Phillips NA, Wong CH, Sourial N, Chertkow H. BMC Geriatr. 2009 Sep 1;9:41.
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u -
g 4 Normal aging
Asymptomatic

E [pre-clinical E
E- Subjective memory complain E
E Objective memory problem
% Normal ADLs §.
& [ Absence of dementia i,
E — S S S S S SRR S S S— — g
g H
£ | Dementia
g
< >

— progression of deficits from normal aging to dementia

=-=eeeee threshold to symptomatic phase: amnestic MCI

— — threshold to dementia: cognitive + functional impalrment

el progression of neuropathological events

Petersen RC. Mild cognitive impairment as a diagnostic entity. J Intern Med. 2004 Sep;256(3):183-94.
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Mild Impairment as a Predictor
of Falls in Community-Dwelling
Older People
i Dliaaere, P, Nicaks i dschan Fo0. bropmalles CT. Cass, S0,
dmneyine 0 Meesiad, Pl Plabaw ¢ Ourekedg B0 ey Ereslaly 00,
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Gait Assessment

Gait Velocity was measured as the time taken to walk 6 meters.
Subjects were instructed to perform 3 walking tasks:

Gait Test Pace

Dual-Task

Usual Gait (uGV) Usual and comfortable pace

None

Verbal Gait (vGV) Usual pace, participant can be prompted

Naming animals

Counting Gait (cGV) Usual pace, participant can be prompted

Counting backwards
from 100

10m

1.Montero Odasso M et al. J Nutr Health Aging. 2004;8(5):340-3.
2.Montero Odasso M, Schapira M, Duque G et al. BMC Geriatrics, 2005. 5:15
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Gait & MCI

Associations between performance in cognitive tests and GV under single and dual-

task (multivariate logistic regression adjusted by age, sex and history of falls)

e Usual GV Verbal GV Count GV
Hypotheses (SR U T2 p-value p-value p-value
1. Gait is affected by specific
" e L[ 0.37 0.75 0.77
cognitive domains in MCI (memory) : ' :
TMTA
2. Dual-task cost is associated (attention) 0.61 0.24 0.10
to specific cognitive domains IVMT B 013 0.06 *
(executive) ’ 0.04
Methods —
. . -A (pure
60 participants with MCI executive) 0.18 0.12 0.09
mean age 75.2 y/o igi
9 y D'%'stp?;’;‘)“' 0.361 0.065 0.06
LNS (workin
me(mo,y) d 0.009" 0.017" 0.017"

Montero-Odasso M, Bergman H, Phillips NA, Wong CH, Sourial N, Chertkow H. BMC Geriatr. 2009 Sep 1;9:41.

*
Statistically significant
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Hypotheses
1. Gait is affected by specific
cognitive domains in MCI

2. Dual-task cost is associated
to specific cognitive domains

Methods
60 participants with MCI
mean age 75.2 y/o

MMSE>26
MoCA<26

@z

Gait & MCI

Associations between performance in cognitive tests and GV under single and dual-
task (multivariate logistic regression adjusted by age, sex and history of falls)

Cognitive Tests

Usual GV
p-value

Verbal GV
p-value

Count GV
p-value

MoCA
(memory)

TMT A
(attention)

TMT B
(executive)

TMT B-A (pure
executive)

Digit Symbol
(speed)

LNS (working
memory)

0.009*

0.017*

0.017*

Montero-Odasso M, Bergman H, Phillips NA, Wong CH, Sourial N, Chertkow H. BMC Geriatr. 2009 Sep 1;9:41.

*
Statistically significant

attention.

walking condition

function

Dual-tasking in MCI: first results

e Cognitive correlates of gait are complex and NOT limited to
e Association between cognition and gait varies as a function of

e Working memory was constantly associated with gait slowing

e Possible shared brain networks of cognitive and motor

@z
114
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Mild Cognitive Impairment
& Gait Variability (Gva)

115
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Walking is fundamental

117

Unrecognized
Clinical Reality

An 86 year old man is brought to clinic for several years 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: Il Diabetes, HTN

Meds: HCTZ, glipizide

Exam shows deficits in cognition, construction, sequencing, recall
and language. He has a slow shuffling gait and increased
tone. His affect is flat, 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 attributed to “normal aging-.

“senile gait”

118
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Healthy Ageing: the process of developing and
maintaining the functional ability that enables
well-being in older age.

It is made up of the intrinsic capacity of the
individual, relevant environmental
characteristics and the interactions between
the individual and these characteristics.

Intrinsic capacity: composite of all the physical
and mental capacities of an individual.

Environments: factors in the extrinsic world that
form the context of an individual’s life.
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. Pt i Cesarl M et al. ) Gerontol A Biol Sci Med 5ol 2019

121

. iiatais Cosari M et al. 7 Gerontal A Biol Sci Med 5¢i 2019
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What about in the clinic?

123

123

124
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Single and dual task gait are equivalent in predicting falls risk

¢ Single and dual task were equivalent in predicting falls
* No change in subgroups (e.g slow vs fast walkers)
* Types of secondary cognitive tasks not important

MenantJ et al Ageing Res Rev 2014

125

Clinical observation

126
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Possible underlying mechanisms of cognition, gait & falls

Cerebral small vessel disease

Subcortical Infarcts White matter Microbleeds Healthy Atrophic

hyperintensities brain brain
(WMH)

127

WMH are associated with cognition (EF and processing speed)?!
WMH are associated with gait?3, gait variability and falls®*

af G e ard HUL soiume i WINICEEY SN 0 WL e

L ot

1 Debette BMJ 2010

2 Srikanth Stroke 2009;40;175-180

3 Callisaya ML et al 61:2013

4 Callisaya ML J Gerontol A Biol Sci Med Sci 2015
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Bilateral frontal and periventricular WMH are associated with poorer gait

Srikanth V et al Annals Neurology 2010

129
Subcortical infarct are associated with cognition (EF & processing speed)
Subcortical infarcts are associated with gait! and falls?
A 52, WMLw and gail
| -_— —— o
s 1 TASCOG and MAS Multiple falls
i > e RR 95% Cl
p— i infarcts
B ME. WMLw ond galt 0 1.00
o = 1 1.15 0.69, 1.90
j o - —— 2 1.15 0.57, 2.31
i >3 1.89 1.03, 3.46
Highest infarct probability: frontal, subcortical (claustrum, putamen)
1 Choi P..Callisaya ML...Srikanth Stroke 2012
2 Callisaya ML...K. Delbaere Int J of stroke 2014
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Lower brain volume in multiple areas is associated with gait speed (step
length)

WG LA SR RO TRY - FEGEOHAL )
BGEOCHTIONS BETWESH GRAY MATTER
STREH Y A G T

ST T

W v - Attention/cognitive control
eprefrontal, insula, temporal lobe, subcortical nuclei, limbic

Gait initiation and requlation
*basal ganglia, Supplementary motor area (SMA)

Execution
*premotor, SMA

Sensory
*parietal, precuneus, thalamus, occipital, cuneus

Pl e

Balance
e cerebellum

Consistent with the notion that gait requires the
complex interaction of distributed brain cortical
networks

Callisaya ML ....Srikanth VL PLOS ONE 2014
Callisaya ML Brain Structural Change and Gait Decline: A Longitudinal Population-Based Study JAGS 61:2013
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Disruption of frontal-subcortical circuits

—

Figure adapted from Bonelli R Translational Research 2007

Primary motor, Dorsolateral - ; - 3
SMA, premotor prefrontal Medial frontal Orbital frontal -f_- L
A4 L4 v A I_ -\‘-‘I- ﬂ
5 ! = ¥ I}
Putamen Caudate e Caudate - o
accumbens
L [ 3 1] - 1.:'.--:
Globus pallidus Globus pallidus Globus pallidus Globus pallidus
L 2 . L 2 A
— Thalamus Thalamus Thalamus Thalamus
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What scope do we have for interventions (non-
pharmacological)

LT k“':ll"l htl__‘l‘\:‘,?]'l.h S

FASMANI

133
Vascular risk factors
Osteoporosis
Osteo-cisel * Physical activity — aerobic/resistance

High-challenge balance exercises y

Moderate impact weight-bearing

(e.g., step-ups or mini jumps).

High speed (“power training”), with
a focus on the muscles around the

hips

1Gianoudi®i; | Daly: RV ¥ BoA& MindFRes. 2013 Jun

Blood pressure management
Diet
Weight loss
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K
o
-

=
-

P
-

134

134

6/04/2020



Balance exercise

Exprcise to prreent fally in alder adults: an updabed ﬂ !
syiematic mvirw and meta-analysis el [ | |

P = =

ey 5 & L ki P
B o Bl i) — + B
T

Summary/conclusions Exercse as a singhke - i
migrvention can prevent Tl i community-chwelling - —
older peaple. Exercise programmes that chalkenge
balance and are of 3 higher dose have larger effects
The impact of exerdse as a single imterverition in climcal
qrinips and aged cane faciity residents requines further
mvestigataon, but promising results are ewdent for
people with Parkinson's disease and coqgnitie
aTapalment

Br J Sport; Ofl 6:Q¢ti4 Fpiiiz bjBOKS-30164 1 10 e
10.1136/bj 0160965417 /. 4 1 1 qu‘::;]:b-b
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Weight Bearing Exercise for better balance (WEBB) N i
1. Movement of the centre of mass,
2. Narrowing of the base of support

3. Minimising upper limb support ‘ﬁi
=LiFE

L - ¥

B prir

Himicemng Islls nnd mprenng
Rization

LaFeE Fartinpass Huamnl

Lol Tremmessl . Sards Fid movr Feal
i b s

The LIFE principles of improving your balance are:
Prof Catherine Sherrington et al 1. Reduce your base of support

2. Shift weight to the limits of sway
3. Shift weight from foot to foot

4. Stepping over objects

5. Turning and changing direction
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Randoanised Factorial orial of falls [rres ertion AnOng
older people living in their own homes

Lesbey Dy, Frpon Fibdes, Tan oo, Michesel Figbooms, ekl Fluer, Siephen Lond

Riofals peogram . TEame emphecs

v mrenche eniereta by sl 5o g leewr cegree, gt i by
« e of muncles ool Boe poiune Bnad Dalenoe

* propnooepion (Weosgh e g of rosckerbanardi]

+ il afel wertFular il sion. (e 1eska)

= rasciian imme | kerhaasrch and groap werk)

*  pEaETIGE The Semern of & Balane task.
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What makes a person look old?

* Slow Gait

* Mental Slowing
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Prevalence of falls

Community setting
* + 65 yrs: 28-35% at least one fall over one year
* +75yrs: 32-42%

* between 10 and 31% are recurrent fallers

with dementia: up to 66%

* Alzheimer’s disease: 47%

» vascular dementia: 47%

* Lewy body dementia: 77%

* Parkinson’s disease dementia: 90%

|
‘ Masud et al, Age Ageing 2001; Milisen et al, TGG 2004; CBO/NVKG guideline 2004; Kannus et al, Lancet 2005; Allan et al, PLoS 2009
Wr=arrm
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. A desire w0 eradicate the fenm mechamical f1l =7
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L T 4 There were s gmnbesr of cosumeors mede about enercise
['rnull: 'a La]l ' There wam uncertantfy on how o prescrbe roeeciae o
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Gaps ldentified: Falls in Cognitively Impaired

Why are falls so common in the cognitively impaired?
Why does fall prevention not work in this population?

Are we missing a treatment component?

' I
Wp=oprm
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Age avd Ageimg (19TH), 7, Bupplement

ARE FALLS A MANIFESTATION OF BREATN
FAILURE?

B, Isancs

The probability that members of this sudience will rzach the age oi eighty & about one
in chree, e ||r-:|:ah:.'i'.l.. thot, having done si, they will suller o damugang failis u.I:m_'. Lhe
Mo P B E1-|.”—ltl.|.t, et alune therefove dictutes an aeiive thrust towards fall presention, Yet
is the ability to prevent falls in old age a res |.||*-I.|'.- reacarch ohjective for the |'hl'|'- gigian or
for the pharmcologwe? LS TE v AT K
external hazards ||1-.I unsuitable .J s

[n the hope of answering thess questions [ propose 10 review briefly some aspects of
falls ten <l :I_l-lq,:u-}l-ﬂ:::. o st Tosward a clussefication af fallks based on mechanical Pl i.l'll\.'l'r.'\ll-;":i.
to discuss the research implications of this clasifestion; and b speculuie on a possible

plasrrrracolde: cal apdriveacy 6 Tall preverstion,

' I
Wp=oprm
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