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The International
Classification of
Functioning, Disability and
Health (ICF) framework
(WHQO ) as it can be used
to understand the impact
of MS on overall
functioning

Body function \chvities
and structure
(CNS and cognitive eating, and making

orocesses)

Health Condition
(Multiple Sclerosis)

Harticipation

(work, schooling,

civic activities

{e.q. dressing,

meal)

Environmental Personal
Factors Factors




Initial Insomnia
-Inability or difficulty falling asleep

-Mayv be caused by neuropathic or

Middle Insomnia

-Waking during the night and
being unable to fall back asleep

Terminal Insomnia
-Waking up too early

-May be caused by lack
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Jois How Poor Sleep
Impacts Cognitive
Function

Short-Term Vs.

Effects of sleep deprivation
can appear in the form of:

@ Difficulty concentrating

@ Decline in mood

D Impaired memory

-
g @ Visible signs of fatigue

Long-Term

Sleep deprivation or fragmented
sleep over long periods of time
can result in:

performance

I]jﬁ Poor work

ﬂﬂ_ Cognitive decline

o) Heightened risk
of dementia




Sleep and Mental Health

A negative feedback loop can worsen sleep and mental health.

Stress
and Worry

Declining &=
Mental Health %3

Difficulty
Focusing

Insomnia and

Poor Sleep k@}

Feelings
of Fatigue




Immune consequences of sleep deprivation.

| Sleep
. deprivation

'Inﬂammatory cytokines
: IL-1,IL-6, TNF-a

Systemic circulation Lymphoid tissue
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Pro-inflammatory molecular pathways induced by sleep deprivation.

' inflammatory cytokines
IL-1, IL-6, TNF-a
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Changes in
circadian rhythm of
gene expression

NF-xB — mRNA . ‘_,_,/Aduposehssue
] Jy L"' ¢ 0\ ' Cytokine, chemokine,

_» CYytokine receptor, TLR,
pro-oxidant and
inflammatory enzymes,
adhesion molecule,
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genes) Immune cell Th2 phenotype
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' TLR4;
miR-23b;
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4+ Adiponectin
*Th-17 response
fTreg response
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T glucose tolerance l Fatty acid synthesis

N T ¥
T Biogenesis
T Fatty acid oxidation

T Oxidative respiration

v

|

o
tie | TLRresponse | Cell proliferation ! Adiponectin
l Fatigue l ROS/RNS lTn1 Ty2 ratio 1 Leptm

| Cytokines 1 Teeg count M1-like
macrophage

T Anti-oxidants infiltration

¥

Immunosuppression and regeneration in MS

Impact of exercise on
immune-inflammatory
response and metabolic
function.



Exercise in MS models

Ll auga

Exercise paradigms
(Preventive or therapeultic)

*

% Forced exercise  + Environmental Enrichment <+ Voluntary exercise

Animal models
EAE-LPC-Cuprizone EAE-Cuprizone

1 1 !

Activation of innate and Neuroinflammation Direct neuroprotection
adaptive immune system in

the periphery oo @ BDNF
T cell Astrogliosis @ NGF

APCs
( ") CNS o
@@‘.I’ -a ° - == GDNF

(o]
emyelin ) © @
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Neurodegeneration

Demyelination Axonal damage Synaptic dysfunction
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Improvement of clinical disability
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Gait Speed

6 MWT

5STS

TUG

Berg balance
test




Aerobic

Strength

Balance Exercise

Flexibility
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FITT RECOMMENDATIONS FOR
INDIVIDUALS WITH MULTIPLE

SCLEROSIS

Aerobic

Frequency 2-5d » wk1

Intensity  409%-70% V
O5R or HRR;
RPE 12-15

Increase
time initially
to a
minimum of
10 min
before
increasing
intensity.
Progress to
30-60 min
as tolerated.
Prolonged,
rhythmic
activities
using large
muscle
groups (e.g.,
walking,
cycling,
swimming)

Resistance
2de. wkl

60%-80% 1-RM

Begin with 1
and gradually
work up to 2
sets of 10-15
repetitions.

Multijoint and
single-joint
exercises using
machines, free
weights,
resistance
bands, or body
weight

Flexibility
5-7d
wk~1, one to
two times «
d-1

Stretch to
the point of
feeling
tightness or
mild
discomfort.
Hold 30-60
s, 2-4
repetitions.

Static
stretching

1-RM, one repetition maximum; HRR, heart rate reserve; RPE, rating of

perceived exertion; V' O2R, oxygen uptake reserve.

Based on data from (258).
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This figure illustrates the model of physical activity facilitation
and inhibition on MS related fatigue. This model is illustrated
by a two-cycle process. The outer cycle illustrates a six-stage
process of enabling physical activity. This cycle captures a
process of positive management of MS related fatigue and
exercise facilitation. The inner cycle identifies how individuals
may succumb to the effects or experiences of MS related
fatigue. When different domains of the inner cycle are
experienced, this may develop into a vicious cycle of inactivity.
The inner cycle is informed and created by negative influences
from the outer cycle. Each domain of the cycle has a bi-
directional link to other parts within it. The cycle may be
initiated by any single stage. For instance, poor choice or a lack
of knowledge about beneficial type, intensity or time
committed to physical activities may cause physical decline.
This in turn may create negative feelings and result in further
experiences of fatigue as well as physical decline, amotivation
and social isolation. Alternatively, MS related fatigue may lead
to inactivity and inhibit participation in social activities, so
elicits negative feelings and further physical decline.
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