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Outline
• Michelle Cameron
– Cognitive dysfunction in MS
– Mechanisms underlying cognitive motor
interference in neurodegenerative diseases

• Kathleen Zackowski
– Assessment of cognitive interference during gait
and balance
– Evidence of cognitive‐motor interference in MS:
recommendations for assessment and treatment
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Objectives
• Describe and discuss mechanisms underlying
cognitive motor interference in MS
• Describe and discuss assessment and treatment
of cognitive motor interference in MS
• Describe and discuss methods for assessing
cognitive‐motor interference as it affects gait and
balance
• Describe and discuss the evidence, and gaps in
knowledge, regarding cognitive motor
interference in persons with MS

Cognitive Dysfunction in MS
Summarized from John DeLuca, PhD, ABPP
• Cognition: The mind’s
ability to organize, recall,
and store information
• Charcot – 1877
“Patients with MS
demonstrate “a marked
enfeeblement of memory;
conceptions are formed
slowly; the intellectual and
emotional faculties are
blunted in their totality.”
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History and epidemiology of cognitive
impairment in MS
• 1960’s – cognitive impairment is NOT characteristic of
MS
• 1970’s – cognitive impairment occurs in MS but is rare
(~3%)
• Today – cognitive impairment is common in MS (~50%)
but does not develop in all patients (Peyser et al, 1990)
• MS can produce severe dementia but usually cognitive
impairment is mild to moderate
– Live independently
– Difficulties with daily activities

Cognitive Impairment in MS
• Can occur early in the disease
• Does not correlate with physical disability
• May be subtle
• May be under‐recognized by patient,
family, friends, or employers
• Deficits are not diffuse or global such as
seen in Alzheimer’s Disease
Crayton H, et al. Neurology. 2004;63(11 Suppl 5):S12‐S18.
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Etiology of cognitive impairment in MS
Multifactorial
• Demyelination, axonal transection, cerebral atrophy
– Some studies support correlation between cognitive dysfunction and
MRI lesion burden, black holes, and brain atrophy

• Medication side effects, e.g.
–
–
–
–
–
–

Baclofen
Benzodiazepines
Opiates
Anticholinergics
Muscle relaxants
Antiepileptics

• Mental fatigue (DeLuca 2006)
• ? Mood – depression, anxiety, stress
• ? APOE

Cognitive Domains Affected
• Speed/efficiency of information processing
• Learning and memory
– Working and long‐term memory > semantic or
procedural memory
– Encoding > retrieval
• Complex attention – multi‐tasking
• Executive function
– Planning, organizing, initiation
• Perceptual processing/ conceptualization
• Note: degree of impact varies among domains and
individuals
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Processing speed is affected more than
working memory
All MS vs healthy control

Odds Ratio

Processing speed index

10.4

Working memory index

2.7

RRMS vs healthy control

Odds Ratio

Processing speed index

5.3

Working memory index

1.3

SPMS vs healthy control

Odds Ratio

Processing speed index

65.2

Working memory index

9.0
DeLuca et al, JCEN, 2004

Effects of slowed processing speed
• Processing speed slowing impacts:
– Learning
– Memory
– Executive function performance e.g. color word interference
(Stroop), trails B (performance is not impaired if time is not
limited)
– Associated with brain atrophy

(De Luca et al., 2004; Balsimelli et al., 2007; Macniven et al., 2008)
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Cognitive Evaluation
 Neuropsychological testing:
 Practical applications
 Supports employment, legal cases
 Clarifies that problems do or do not exist
 Performed by a neuropsychologist, occupational
therapist, or speech/language pathologist
 Self-report is NOT reliable and likely reflects
depression/emotional distress > cognitive
impairment

Crayton H, et al. Neurology. 2004;63(11 Suppl 5):S12‐S18.

Cognitive Evaluation
• MACFIMS
Minimal Assessment of Cognitive Function
in MS (Benedict et al., 2002b) ~ 2 hours
– PASAT (Paced auditory serial addition test)
– SDMT (symbol digit modalities test)
– California Verbal Learning Test-II (verbal
memory)
– Brief Visuospatial Memory Test-Revised
– Delis-Kaplan Executive Function System
– COWAT (controlled oral word association test
– verbal memory and fluency)
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Cognitive Evaluation
• Brief Repeatable Battery: (Rao 1991) ~ 45 minutes
– Selective Reminding Test X 12 trials (Verbal
memory)
– Spatial Recall Test (Spatial Memory)
– PASAT (Attention-concentration)
– Controlled Oral Word Association Test (verbal
fluency)

Management of Cognitive
Dysfunction
 Cognitive rehab – restorative and compensatory
 Improve acquisition/learning



Allow more time and more practice/repetitions
Reduce distractions

 Optimize cognitive reserve/intellectual
enrichment (Sumowski, 2013)


“Cognitive reserve independently protects against disease‐related cognitive
decline over and above brain reserve. Lifestyle choices protect against cognitive
impairment independently of genetic factors outside of one's control.”
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Medications for cognitive impairment
All off label
• Donepezil produces a moderate improvement in
verbal memory (Krupp et al., 2004)
• Methylphenidate single dose improved attention,
working memory and processing speed (Harel et al,
2009)

• ? Modafinil
• Gingko Biloba not effective (Lovera et al., 2007)
• Memantine can worsen symptoms (Villoslada et al., 2009)

Practical Tips
•
•
•
•
•

Repeat information
Control the pace of information
Check patient “got it”
Write things down
Minimize distractions
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Mechanisms underlying cognitive‐motor
interference in neurodegeneration
Summarized from Anat Mirelman, PhD

Elderly

Parkinson’s
disease

Multiple
Sclerosis

Common features of neurodegenerative diseases

Motor

Cognitive

Autonomic

• Muscle
weakness

• Reduced
attention

• Urinary and bowl
control

• Postural changes

• Cardiac
denervation

• Balance

• Impaired
executive
function

• Gait

• Memory

Affective
• Depression
• Loss of
motivation
• Loss of initiation
• anxiety

• Mobility
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Common gait characteristics
•
•
•
•
•
•
•
•

Slower speed
Shorter strides
Decreased arm swing
Longer double support
Step inconsistency
Fear of falling
Cautious gait
Gait unsteadiness

•
•
•
•
•

Weakness
Sensory impairment
Abnormal tone
Balance difficulties
Fatigue

• small shuffling steps
• start hesitation
• difficulty in maneuvering through tight
spaces
• Increased stride‐to‐stride variability
• Deficits in “Internal cueing”

Common cognitive deficits
15‐40% of patients with PD suffer some degree of cognitive
impairment mostly in the domains of EF and attention
43‐65% of patients with MS present cognitive impairments: processing
speed, attention, EF, learning and memory.
Memory, EF and attentional deficits are associated with aging

Deficits manifest as a difficulty in motor planning, reduced performance on
attentional tasks, difficulty in problem solving, dual tasking and functioning in
complex environments
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Falls

30% of community-dwelling elderly over age 65 fall at least
once a year
60–80% of PD patients report falling at least once a year

50% of MS patients will require an assistive device within 5
years of onset of the disease

Traditional View
Instability

Falls - Fractures
Slow Gait

Cognitive
Impairment

Dementia
MCI

Emerging View
Instability

Slow Gait

Cognitive Impairment
executive function‐working memory

Falls ‐ Fractures

Dementia
MCI

Montero-Odasso et al. 2012
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FALLS

Gait

Cognition

A priori: why might dual tasking affect
balance / gait?
 Patients often explain that they walk slower or
fall when they became “distracted”
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“stops walking while talking” in the
elderly

Lundin-Olsson et al Lancet 1998

Gait Variability
Prospectively Identifies Fallers
Risk Assessment

Stride Time Variability (msec)

150

p < .04
125

Likelihood of falling
increases 5-fold with
1 SD increase in
variability

100
75
50
25
0

Fallers Non-Fallers
Hausdorff et al., 2001
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Cognitive challenge / dual tasking increases gait
variability
200, 193, 186, 179,
172,165, 159, 152,
145, 138, 131…

Effects of Cognitive Loading on Gait
Variability in Elderly Fallers

Springer et al. Mov Disord, 2005
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Dual-task effects on gait variability
Single task

Dual task

Usual walk

Walking while serial
subtracting

Healthy
control

Patient with
PD

Swing CV=1.3

Swing CV=1.2

Swing CV=2.7

Swing CV=6.5

Swing CV=2.7

Swing CV=6.5

Yogev et al, 2005

Working Hypothesis
Aging & Disease ‐> Disturbed internal cueing and
Gait is less “automatic”

To generate a “normal” gait pattern,
increased reliance on cognitive/attentional
resources
Cognitive Deficits

Sensitivity to Dual Tasking
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Assessment of Cognitive‐Motor
Interference in Gait and Balance
Summarized from Jacob Sosnoff, PhD
Cognitive‐motor interference
Changes in outcomes during the simultaneous performance of
cognitive and motor tasks
Operationalized as Dual Task Cost (DTC)
((Single‐Dual)/Single)*100

Cognitive Task
• What cognitive task can be simultaneously
performed with a walking and balance task?
• Cognitive Assessments in MS
– Symbol Digit Modality tests
– Brief Visuospatial Memory Test revised
– Paced Auditory Serial Addition Test (PASAT)

Benedict et al., 2012
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Cognitive Task Classifications
(Al‐Yahyaet al., 2011)

1. Reaction Time tasks
– Processing speed
2. Discrimination and decision making task
‐ Stroop(Jacob & Kasser; Kalronet al., 2011 )
3. Working memory
‐ holding information (Hamilton et al., 2009)
4. Mental Tracking tasks
‐ holding information and performing mental
process on it (Learmonth et al., 2013;Gunn et al.,
2013)

Pragmatic and Theoretical Considerations
1. Stimulus Response
‐ How does a participant respond? Can they do that
during a motor task?
2. How measure performance
‐ words uttered, % correct
* How calculate DTC
3. Time to complete motor task
‐ 10 s walking, 30 s balance task, 6 minute walk
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Cognitive‐Motor Interference
• Changes in outcomes during the simultaneous
performance of cognitive and motor tasks
• Operationalized as Dual Task Cost (DTC)
• ((Single‐Dual)/Single)*100

(Plummer et al, 2013)

Dual Task Cost of Walking and Disability
(Sosnoff et al,2011)

• Examined if dual task cost was associated with
disability level (EDSS) in persons with MS.
• Hypothesis: Persons with greater disability would
have greater impairments in walking function with
concurrent cognitive task.
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Methods: (Sosnoff et al, 2011)

• Sample
‐ 78 ambulatory persons with MS
‐ Mild disability (EDSS 2‐3) n=21
‐ Moderate disability (EDSS 3.5‐4.5) n=25
‐ Severe disability (EDSS 5‐6.5) n=32
• Procedure
‐ 4 trials 26 foot walk (self‐selected speed)
*GAITRite™ electronic walkway
Gait Velocity
‐ Dual task: Word List Generation

Dual Task Cost
What gait parameters to measure?
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Dual Task Cost and Disability
(Sosnoff et al, 2011)

Discussion
(Sosnoff et al 2011)

Severe and moderate disability group had greater DTC
than mild group
‐DTC that was ~two times greater than the mild
disability group
‐ Moderate disability similar to severe disability
group under dual task conditions
‐More challenging walking tests needed to
illicit gait impairment (Nieuwenhuiset al., 2006)
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Disability and Dual Task Cost Walking
1. Cognitive function declines with disease
progression (Lynch, Parmenter& Denney, 2005)
‐ Severe group greater cognitive impairments
2. Increased walking impairment requires more
cognitive resources to walk
3. Use of an walking aid increases cognitive demand
of walking (Wellmonet al., 2006)

Manipulation of Walking Task
(Wajda et al., 2013)

• Forward walking, forward walking with a
dual task, backward walking and backward
walking with a dual task.
‐ Word list generation
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Impact of Cognitive
task regardless of
gait challenge

DTC and Gait
• Individuals with MS –greater DTC than controls
‐ Across disability spectrum
‐ Walking strongest correlate
• Minimal impact of symptoms
• Impact cognitive domain needs to be further
examined
‐ Changes to cognitive performance understudied
(2/14 studies)
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New Directions in CMI of Gait and Balance
• Transition between steady‐state and dynamic
movement
‐ intrinsically unstable condition

• Falls likely during transitions (Matsuda et al.,
2012)
• CMI during transitions not clear

Evidence of cognitive‐motor
interference in MS:
Recommendations for assessment and
treatment
Summarized from Alon Kalron, PhD, PT
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Duration ?
Intensity ?

Memory
Executive
function

Yoga

Cognitive
Performance
Attention

Motor
Intervention

Information
processing

Progressive
resistance
exercises

Balance

Computerized
cognitive
training

Gait

Cognitive
intervention
Motor
imagery

Aerobic
program

Medication

Endurance

Motor
performance
Coordination
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Exergaming

Cognitive
Performance

Motor
Performance

Combined
Motor and
Cognitive
Intervention
Dual‐task

Cognitive
Performance

Motor
Intervention
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Cardiorespiratory fitness: A predictor of cortical
plasticity in multiple sclerosis
Prakash RS, et al 2007; NeuroImage

Paced Visual Serial Addition Test (PVSAT).

Peak oxygen
consumption (VO2 max)

Scores on the PVSAT were significantly
correlated with VO2peak

Higher levels of fitness were associated
with a greater recruitment of right
IFG/MFG during task performance along
with a reduction in activity in the ACC.
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Aerobic fitness is associated with gray matter
volume and white matter integrity in MS
Prakash et al 2010; Brain research

A clear triple association between fitness, cognitive
functioning and preserved GM and WM structures.

Cognitive
Intervention

Motor
Performance
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Methylohenidate trade names
= Concerta, Methylin, Ritalin

Cognitive performance

Stride time variability

TUG
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Cognitive
Performance

Motor
Performance

Combined
Motor and
Cognitive
Intervention

Dual‐task interventions
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Exergaming

2014

MS patients (EDSS range <6)
(n=61)
Exergaming
group (n=21)

Posturomed
group (n=20)

Conventional
group(n=20)
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Participants trained over a period of 3 weeks, with a total of
9 supervised training sessions lasting 30 minutes each.
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Significant Group X Task interaction effect, that is,
the DT cost decreased for Exergaming Group

Balance training type the participants
adhered to in the 6 months after the
rehabilitation training.

75% of participants
in the exergaming
group adhered
to some kind of
home‐based
balance training
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Percentage of participants who fell (Yes) at least once
during the 6 months after the rehabilitation training

Cognitive motor
interference for clinical
assessment in MS
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Should the dual‐task
test be performed
while walking or
standing ?

2013

2014
“no significant correlations between DTC of
balance and any of the outcome measures in
the entire sample”.
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2013
Bilateral coordinated
movement +
postural control

Bilateral coordinated
movement

Postural control

The effects of dual tasking were largest for walking,
intermediate for cycling, and smallest for standing.
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Metrics that quantify the consistency of the
motor task are more sensitive to the impact of
dual tasking, as compared to metrics that quantify
the magnitude of the motor task

Take home messages
‐ Motor interventions, especially aerobic programs,
have a positive impact on cognitive performance.
‐ Cognitive interventions (e.g. cognitive rehab) can
potentially improve walking abilities in PwMS.
‐ Dual task interventions are beneficial according to
dual‐task measurements.
‐ However, not always according to independent
measures of cognition or motor performance.
‐ For clinical assessment, dual‐task tests should be
performed while walking with a cognitive task that
involves internal interfering factors.
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