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1. Summary

This is a review of the evidence from various research studies. All the studies have
looked at how physical activity could affect the health and wellbeing of people with
multiple sclerosis (MS).

We’ve mainly considered previously published reviews of the research (‘systematic’
and ‘meta’ reviews) and reports from randomised control trials. We’ve included
smaller studies if they provided results that would otherwise be unreported results or
if they gave particularly useful context.

The studies included in this review show that:

o exercise is well tolerated by people with MS with few negative impacts on
health and wellbeing

e in the studies we looked at, participants did on the whole keep with the
programmes for the duration of the study period (usually between 6 and 12
weeks)

¢ when taken together the evidence shows an overall benefit for people with MS
on a number of different measures including walking, balance, strength,
fatigue, cognition and memory, and general wellbeing

e however, the evidence is not clear enough to identify specific guidelines for
prescribing physical activity when it comes to duration, intensity or type of
physical activity

¢ the evidence is weighted towards people with relapsing remitting MS and those
with lower levels of disability

e more specific research is needed on the duration, intensity and type of physical
activity in order to develop specific guidelines for clinicians and people with MS

e more specific research is needed on the benefit of and guidelines for physical
activity for people with progressive forms of MS and those with more advanced
disability

In recent years, clinical guidance has been to promote physical activity for people with
MS. There are specific benefits to general health and wellbeing, as well as MS specific
symptom management.

MS might mean people can’t exercise as much as others — on average, people with MS
are said to have a ‘reduced tolerance for strenuous physical activity’. Many people
notice their symptoms get worse if their body temperature rises with exercise. But for
most people this tends to go away soon after finishing exercise.

The evidence in this review suggests that physical activity benefits people with MS.
But there’s not enough evidence to give clear guidance for the type of activities,
length or intensity that would be most beneficial for people with MS.




The recommendations for people with MS from this review are:

- Follow the general public health guidance and try to be physically active every

day

- Some activity is better than none

- Speak with your specialist team about doing both aerobic and strength exercise
to ensure a range of benefits. This should be tailored to suit how you're affected

by MS and your abilities.




2. Background

Definitions

Physical activity is any form of bodily movement that results in an increase in
the amount of energy used.

Exercise is a type of physical activity that’s planned, structured and repetitive. It
also has a purpose: to improve or maintain one or more components of physical
fitness.!

The evidence so far

The evidence-base around physical activity and the health of people with MS has been
growing and changing in recent years. Previously, physical exhaustion including
exercise was proposed as a potential cause of faster progression of the disease and a
deterioration of MS-related symptoms.? Rest and avoidance of exercise was the
treatment of choice.3

But for some time now, it’'s been shown that people with MS can obtain many health
benefits from exercise, that exercise is safe and well-tolerated® °, and the potential
worsening of symptoms after exercise only lasts for a short time and is reversible.% 7
A review of ‘Exercise therapy for Multiple Sclerosis’ included nine randomised control
trials (RCTs) and concluded that exercise leads to improved outcomes in people with
MS.® In addition, a systematic review found that people with MS undertaking exercise
training had fewer relapses per year than those not doing exercise.®

Participation in physical activity, particularly exercise training, has increasingly been
recommended for people with MS to manage symptoms, restore function, optimise
quality of life, promote wellness, and boost participation in activities of daily living.®

Despite the growing evidence of these benefits, the research has also shown that
people with MS generally do less ‘moderate-to-vigorous’ physical activity than the
general population.1® It also shows that people with MS do less physical activity over
time, as their MS develops.t 10:12

But in studies of structured, supervised exercise training, more than 80% of people
with MS completed the programme as prescribed.®




Deconditioning in MS

Definitions

Deconditioning is a loss of physical fitness because there hasn’t been the right
amount of physical activity.

Inactivity may lead to deconditioning. For example, a person placed on bed rest for
a long time might develop deconditioning of the skeletal, muscular, circulatory, and
respiratory systems.

‘Exercise tolerance’ is how long and hard a person can exercise without
becoming exhausted or experience negative effects

People with MS often have poor exercise tolerance and exertion fatigue which limit
their daily living activities'?: 14

Studies have shown that even people with MS who are considered mildly disabled
have weaker arms and legs and an impaired cardiorespiratory response when walking
at their own pace, and that this might be related to deconditioning, cardiovascular
autonomic dysfunction, and altered breathing control*®.

Deconditioning may play a key role reducing how much people with MS can exercise —
their exercise tolerance. To minimise fatigue, people with MS often limit their physical
activity'® 14, This, in turn, can lead to deconditioning and disuse that makes limb
weakness and fatigue even worse?®.

Researchers have looked to measure differences in components of fitness,
particularly:

- aerobic capacity

- muscular strength

- balance

They’ve compared people with MS and the general population and, in some cases,
compared people with MS of different disability levels. The evidence generally
indicates that significant deconditioning in the body happens in people with MS,
particularly as disability progresses?'’.

There’s evidence that people with MS with all levels of disability can gather less
oxygen when they exercise compared to the general population.18: 19: 20




There’s evidence that people with MS have worse musculoskeletal fitness (that’s
measuring how strong muscles are, and how quickly they get tired) than the general
population ©: 7: 2% 22 And there’s evidence that people with MS have worse balance than
the general population?3: 24: 25,

People with MS with more advanced disability show greater losses in aerobic capacity,
muscle strength, and balance?’.

Symptoms related to the disease process itself can’'t be reversed by exercise, but if
they’re caused by deconditioning, they often can be. 2% 27,

Health-related fitness

Health-related fitness is made up of several parts, including:
- cardiorespiratory fitness
- muscular fitness
- motor skills (using muscles to move) and balance

Cardiorespiratory fitness

Cardiorespiratory fitness is how much aerobic or endurance activity someone can do,
like walking, cycling, or jogging. It's often measured by peak aerobic capacity
(VOZpeak).

VOzpeak is measured by analysing the air breathed out by someone exercising until
they feel they have to stop (known as ‘exertional fatigue’, and the ‘maximal voluntary
exertion’).

Cardiorespiratory fitness has been shown to be important for maintaining health in the
general population?’.

Rampello et al. showed that cardiorespiratory training is better than
neurorehabilitation for improving the walking ability and exercise tolerance in people
with MS who had an Expanded Disability Status Scale (EDSS) of less than 7.1°

In another study, Swank et al. (2013) showed that cardiorespiratory training can lead
to an improved quality of life and emotional wellbeing for people with MS28,

Cardiorespiratory training can increase aerobic fitness and reduce tiredness in people

with MS that have some degree of disability?®. But it's not clear if people with more
advanced disability have the same positive response.?’; 30

Muscular fithess




Muscular fitness is how much physical activity someone can do that needs muscle
strength and muscle endurance.

Muscle strength is how much force a specific muscle or a muscle group can generate.
Muscle endurance is how well a muscle can generate force several times, doing the
same action (‘across success repetitions’)’. Studies have shown that strength training
exercises can benefit people with MS?2¢: 31,

Motor skills — including balance

Motor skills — in particular upright balance — is how well someone can keep a good
standing posture. It's often measured by ‘posturography’. That tests how the whole
body sways in response to changes in what someone sees (‘visual cues’) or with
moving platforms, for example.

Generally, balance training has a small, but statistically significant effect on improving

stability and reducing the risk of falls for people with MS with moderate disability?7: 32
33; 34

3. Physical activity and fatigue

The influence of exercise on fatigue was assessed in a large meta-analysis that
included 17 RCTs.*® The meta-analysis found that exercise training led to a moderate
reduction in fatigue levels.

A major limitation of the meta-analysis is that many of the studies were very specific
in the types of exercise they used and the types of people they tested. This makes it
difficult to suggest that the results can be applied to everyone with MS. Most of the
studies in the analysis involved people with relapsing remitting MS and the studies
used different kinds of exercises, different levels of activity, and for different lengths
of time.3®

Not all studies showed positive effects on fatigue from exercise. Smaller studies failed
to demonstrate this, though the limitation in these studies was a lack of consistency in
study design.3¢

4. How often should people with MS exercise?

A systematic review published in 2018 looked at published studies in an effort to
make recommendations on how much and what type of exercise could benefit people
with MS.2 They found three studies that had good quality data. One in Canada, one in
the United States and one in the UK. Although individually they were good studies




with clear, well-evidenced recommendations, taken together their recommendations
were extremely varied and didn’t form a coordinated set of guidelines.

The authors of the systematic review stated that the least evaluated area in the
studies they looked at was ‘applicability’ — how recommendations for people would
work in the real world. None of the reports described what would help or hinder
people trying to use their guideline. They also didn’t offer ways to monitor or audit the
effects if their guidelines were followed. The authors concluded that
recommendations need to be applicable, clear and ready for use?.

5. Evidence for people with MS with advanced disability

Most studies on the effects of physical activity have involved with people with
relapsing remitting MS with minimal to moderate disability.

But one systematic review, by Edwards and Pilutti in 2017, did look at the effect of
exercise training in adults with MS with severe mobility disability®’. They included 19
articles, from 18 studies. The studies included various types of exercise training
ranging from conventional aerobic and strength training, to exercise using ‘supported
devices’, like a body—weight support treadmill and functional electrical stimulation
cycling. Edwards and Pilutti concluded that there’s limited evidence on the role of
exercise training in people with MS with severe mobility disability.

Exercise using supported devices may have benefits on disability, physical fitness,
physical function, and symptom management. But this type of exercise is often
expensive and only available in specialized settings.

One study looked at two different types of supported exercise aids:
- bodyweight supported treadmill training (BWSTT)
- total body recumbent stepper training (TBRST)

BWSTT allows someone with reduced mobility to walk on a treadmill while they’re
partly supported by an overhead pulley system. It needs trained staff and assistance
to operate. 38

TBRST helps people exercise both their arms and legs by using connected arm levers
and foot pedals. People can operate this themselves, without assistance. 38

Both of these types of exercise showed benefits for people’s fatigue and quality of life,
over 12 weeks of training.3® But considering the limited evidence, further research is
needed to determine the most effective exercise for people with MS with severe
mobility disability.




6. Is one type of exercise better than others?

From the evidence, it’s not clear that any one type of exercise should be
recommended for a particular improvement or outcome. It appears that any exercise
can result in varying levels of improvement. There are studies that have looked at
specific outcomes, including walking speed, balance and cognition. But there’s little
consistency across the studies in terms of how often people exercised and how intense
the exercise was. So it’s difficult at this stage to give recommendations on a
programme of exercise that would work, even based on personal situation and desired
outcome.

Aerobic and resistance training (walking, running, cycling, rowing)

There is a good body of evidence showing the benefit of both aerobic and resistance
exercise on walking, balance and fatigue in people with MS with moderate levels of
disability. 39 40: 41: 42: 43

Most studies last between 8 and 12 weeks and include people with relatively low levels
of activity at the outset. Often, improvements are reported at the end of the
treatment programme. It’'s less clear whether there are long-term benefits if people
stick with an exercise routine for longer.

In a 2017 review, Miller and Soundy found that 68% of the studies on aerobic
exercise showed an improvement in fatigue levels for participants.

One randomised control trial looked at the impact of aerobic exercise on people with
severe fatigue. They found a reduction in fatigue at the end of a 16-week exercise
programme. But when they followed up at 6 and 12 months there was no longer any
difference.**

In another 12-week randomised control trial, training run by community-based health
professionals improved aerobic capacity, functional mobility, memory, fatigue, and
quality of life in people with MS*2,

Studies have shown that treadmill walking (assisted and unassisted) can increase
walking speed and improve mood and cognition in people with MS.4; 44: 45; 46

A 2016 study looked at aerobic exercise and Pilates. Thirty-five people with MS with
an EDSS of 6 or less were randomly put into two groups. One group followed an
aerobic exercise course (each session lasting 40 minutes to 1 hour, 2 times per
week). The other group did Pilates (each session lasting 45 min to 1 hour). Both
groups did this for 8 weeks. Aerobic exercise and clinical Pilates exercises revealed
moderate changes in cognition, physical performance, balance, depression, and




fatigue levels in people with MS. Pilates was shown to be more effective at improving
cognition than aerobic exercise.*°

A similar study was highlighted by Motl et al in their review of the evidence. In that
study, the researchers compared treadmill training with yoga. They saw
improvements in walking over 10 metres in the treadmill group, but not in the yoga
group. Both the treadmill and yoga group were compared to a control group who did
neither exercise. °

A randomised control trial assessed the impact of stationary cycling twice a week for
12 weeks. They saw a trend towards improvements in walking speed at 6 weeks. But
there were no significant differences at 12 weeks.*

Another randomised control trial, published in 2018, looked at arm and leg cycling for
8 weeks, 3 days a week. They found that the exercise programme was well tolerated,

and they saw improvements in fatigue and depression, aerobic capacity and walking.
47

One randomised control trial compared 3 different training regimes to a control group
doing no exercise: cycling, arm exercises or rowing. Improvements were seen in
walking (who fast people walked a certain distance) and cognition (learning and
memory) for all 3 exercise groups, but not in the control group who did no exercise.
They didn’t see any differences between the different exercise groups.

Reviews of the evidence show improvement in walking ability or fatigue from several
trials of resistance exercise training, including upper and/or lower body exercises.3%: 48

Mixing aerobic and resistance training

A randomised control trial with people with MS with walking difficulties used a
‘multimodal approach’ — the programme included different kinds of exercise (aerobic,
strength and resistance). The programme was supervised and lasted 6 months.
Improvements were seen in endurance walking performance and cognitive processing
speed. These might have been because of improvements in cardiorespiratory capacity
in people with MS who had substantial difficulty walking.*®

Another study used a mixture of aerobic, resistance and balance exercises. They saw
significant improvements in walking ability compared to a control group who did no
exercise.*®

In a 2017 review of the evidence, Miller and Soundy reported that 87% of studies with
a combination exercise approach showed improvements in fatigue for people with
MS.#8 But the studies included in that review weren’t consistent in the type and
frequency of exercise that they used So at the moment, it’s not possible to




recommend a particular combination exercise approach that would be best for people
with MS.

High Intensity Interval Training (HIIT)

High Intensity Interval Training (HIIT) involves short bursts of exercise at very high
intensity, with either a complete rest or ‘working rest’ in between bursts.

The total time for training sessions is typically around 20 minutes, made up of:
- 1 to 4 minutes of exercising at almost maximum effort (80 to 95% of
maximum)
- asimilar time spent at rest, or ‘working recovery’
- all of this repeated 4 to 6 times®°®

HIIT has been shown to have positive effects on cardiovascular fitness for people who
are healthy, and people with health conditions..%!

HIIT has been recommended as a possible effective intervention for people with MS.
Because it’'s done over a shorter period of time than regular aerobic training, it can
allow people to exercise at higher intensities while potentially avoiding heat stress. 3°
A review of studies published in 2018 found that overall, the seven studies included
showed positive evidence for the use of HIIT in people with MS. High intensity interval
training was well tolerated (people with MS didn’t show any negative effects and
completed the course of training) . People with MS had positive improvements in
cardiovascular fitness. All four studies included in that review that measured muscle
strength reported improvements.

Further investigation of HIIT is needed with people with progressive MS and those
with a moderate and severe level of disability.%°

Yoga/Pilates

In a review of the evidence in 2017, Miller and Soundy reported that 81% of studies
showed yoga to have a positive effect on fatigue for people with MS.48

Another systematic review of published studies found 4 studies that showed a positive
improvement in balance for people with MS who practiced yoga between once every
two weeks, and up to 5 times a week for 8, 12 or 16 weeks.>2

Two studies that looked at 6 months of yoga training in people with MS. They showed
a positive effect on balance was in one study. In the other, walking speed, fatigue and
depression improved.>3




A systematic review and meta-analysis carried out in 2019 found that, among the 14
studies they included, the effect of Pilates on people with MS was varied. Individually,
the studies reported that Pilates resulted in positive effects on physical functioning,
including balance, walking, strength, flexibility and core stability. The review authors
concluded that Pilates is a feasible therapy for people with MS; it can lead to
improvements in people’s physical function; and it might be helpful for reducing
fatigue. In one study, improvements in walking were seen after people with MS
completed a 12-week Pilates and massage course, compared to those who only
received massage. No differences were seen between the two groups when the
researchers looked at other measures such as flexibility, endurance and muscle
strength.%®

The potential benefits from Pilates are not significantly greater than benefits from
other types of exercise or physiotherapy. Further high quality randomised control
trials are needed to confirm the existing scientific evidence regarding the impact of
Pilates on people with MS.5*

Tai Chi

A systematic review was carried out in 2017. It identified 10 relevant studies on the
effect of Tai Chi for people with MS. Although the quality of across studies varied, the
researchers concluded that Tai chi is effective for improving quality of life and balance
in people with MS. A small number of studies also reported the positive effect of Tai
chi on flexibility, leg strength, gait, and pain. The effect of Tai chi on fatigue isn’t
consistent across studies.®®

Aqua aerobics/ water-based exercise

Results from a randomised control trial published in 2018 showed that aqua aerobics
gave women with MS with a low EDSS score (3.5 or less) significant improvements in
walking speed, balance, and perceptions of fatigue. This was an 8- week course, with
3 sessions a week. The group doing aqua aerobics were compared with people who
continued with their regular routine but were asked not to participate in any exercise
programmes during the trial®’

A smaller study, published in 2017, looked at the effect of water-based exercise for
people with different levels of disability. The researchers didn’'t separate the results
according to levels of disability or EDSS score. But looking at everyone in the study
they reported positive improvements in strength, balance and walking speed.®®




/. Conclusions

Taken together, the evidence appears to show that exercise is well tolerated by
people with MS. This means that there were few negative effects for people with MS
from the exercise and in general people completed the course of exercise. It's likely to
show some benefit for people’s wellbeing and functional abilities such as walking,
balance and muscle strength.

The evidence is too varied to allow us to make clear recommendations on what type of
exercise, how intense or how long it should last to get a particular result. Like the
guidelines for the general public, people with MS should try to be physically active
every day. Some activity is better than none. As there is no clear guideline on the
type of activity that is most beneficial for people with MS, it would be a good idea to
incorporate both aerobic and strength exercise into your routine if possible.




8. References

10

11

World Health Organization, Global Recommendations on Physical Activity for Health. Switzerland.
2010.

GEIDL, W. et al. A systematic critical review of physical activity aspects in clinical guidelines for
multiple sclerosis. Mult Scler Relat Disord, v. 25, p. 200-207, Oct 2018. ISSN 2211-0356. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/30103172 >.

HOOGSTRATEN, M. C.; CATS, A.; MINDERHOUD, J. M. Bed rest and ACTH in the treatment of
exacerbations in multiple sclerosis people. Acta Neurol Scand, v. 76, n. 5, p. 346-50, Nov 1987. ISSN
0001-6314. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/2827426 >.

CHARRON, S.; MCKAY, K. A.; TREMLETT, H. Physical activity and disability outcomes in multiple
sclerosis: A systematic review (2011-2016). Mult Scler Relat Disord, v. 20, p. 169-177, Feb 2018.
ISSN 2211-0356. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/29414293 >.

PILUTTI, L. A. et al. The safety of exercise training in multiple sclerosis: a systematic review. J
Neurol Sci, v. 343, n. 1-2, p. 3-7, Aug 2014. ISSN 1878-5883. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/24880538 >.

SMITH, R. M. et al. Symptom change with exercise is a temporary phenomenon for people with
multiple sclerosis. Arch Phys Med Rehabil, v. 87, n. 5, p. 723-7, May 2006. ISSN 0003-9993.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/16635637 >.

BJARNADOTTIR, O. H. et al. Multiple sclerosis and brief moderate exercise. A randomised study.
Mult Scler, v. 13, n. 6, p. 776-82, Jul 2007. ISSN 1352-4585. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17613606 >.

RIETBERG, M. B. et al. Exercise therapy for multiple sclerosis. Cochrane Database Syst Rev, n. 1, p.
CD003980, Jan 2005. ISSN 1469-493X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/15674920 >.

MOTL, R. W.; PILUTTI, L. A. The benefits of exercise training in multiple sclerosis. Nat Rev Neurol, v.
8,n.9, p.487-97, Sep 2012. ISSN 1759-4766. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22825702 >.

KLAREN, R. E. et al. Objectively quantified physical activity in persons with multiple sclerosis. Arch
Phys Med Rehabil, v. 94, n. 12, p. 2342-8, Dec 2013. ISSN 1532-821X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/23906692 >.

. Patterns and Predictors of Change in Moderate-to-Vigorous Physical Activity Over Time in

Multiple Sclerosis. J Phys Act Health, v. 14, n. 3, p. 183-188, 03 2017. ISSN 1543-5474. Disponivel

em: < https://www.ncbi.nlm.nih.gov/pubmed/27918703 >.



https://www.ncbi.nlm.nih.gov/pubmed/30103172
https://www.ncbi.nlm.nih.gov/pubmed/2827426
https://www.ncbi.nlm.nih.gov/pubmed/29414293
https://www.ncbi.nlm.nih.gov/pubmed/24880538
https://www.ncbi.nlm.nih.gov/pubmed/16635637
https://www.ncbi.nlm.nih.gov/pubmed/17613606
https://www.ncbi.nlm.nih.gov/pubmed/15674920
https://www.ncbi.nlm.nih.gov/pubmed/22825702
https://www.ncbi.nlm.nih.gov/pubmed/23906692
https://www.ncbi.nlm.nih.gov/pubmed/27918703

12

13

14

15

16

17

18

19

20

21

22

MOTL, R. W. et al. Descriptive epidemiology of physical activity rates in multiple sclerosis. Acta
Neurol Scand, v. 131, n. 6, p. 422-5, Jun 2015. ISSN 1600-0404. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25598210 >.

FREAL, J. E.; KRAFT, G. H.; CORYELL, J. K. Symptomatic fatigue in multiple sclerosis. Arch Phys Med
Rehabil, v. 65, n. 3, p. 135-8, Mar 1984. ISSN 0003-9993. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/6703889 >.

COMI, G. et al. Physiopathology and treatment of fatigue in multiple sclerosis. J Neurol, v. 248, n.
3, p. 174-9, Mar 2001. ISSN 0340-5354. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/11355149 >.

RAMPELLO, A. et al. Effect of aerobic training on walking capacity and maximal exercise tolerance
in patients with multiple sclerosis: a randomized crossover controlled study. Phys Ther, v. 87, n. 5,
p. 545-55, May 2007. ISSN 0031-9023. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17405806 >.

SCHUBERT, M. et al. Walking and fatigue in multiple sclerosis: the role of the corticospinal system.
Muscle Nerve, v. 21, n. 8, p. 1068-70, Aug 1998. ISSN 0148-639X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/9655126 >.

MOTL, R.; PILUTTI, L.; SANDROFF, B. The Importance of Physical Fitness in Multiple Sclerosis. J Nov
Physiother, v. 3, n. 141, 2103.

WHITE, L. J.; CASTELLANO, V. Exercise and brain health--implications for multiple sclerosis: Part 1--
neuronal growth factors. Sports Med, v. 38, n. 2, p. 91-100, 2008. ISSN 0112-1642. Disponivel em:
< https://www.ncbi.nlm.nih.gov/pubmed/18201113 >.

MOTL, R. W.; FERNHALL, B. Accurate prediction of cardiorespiratory fitness using cycle ergometry
in minimally disabled persons with relapsing-remitting multiple sclerosis. Arch Phys Med Rehabil,
v. 93, n. 3, p. 490-5, Mar 2012. ISSN 1532-821X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22225573 >.

PONICHTERA-MULCARE, J. A. et al. Change in aerobic fitness of patients with multiple sclerosis
during a 6-month training program. Sports Medicine, Training and Rehabilitation, v. 7, n. 3-4, p.
265-272,1997/08/01 1997. ISSN 1057-8315. Disponivel em: <
https://doi.org/10.1080/15438629709512089 >.

NG, A. V. et al. Blunted pressor and intramuscular metabolic responses to voluntary isometric
exercise in multiple sclerosis. J Appl Physiol (1985), v. 88, n. 3, p. 871-80, Mar 2000. ISSN 8750-
7587. Disponivel em: < https://www.ncbi.nIm.nih.gov/pubmed/10710381 >.

NG, A. V.; MILLER, R. G.; KENT-BRAUN, J. A. Central motor drive is increased during voluntary
muscle contractions in multiple sclerosis. Muscle Nerve, v. 20, n. 10, p. 1213-8, Oct 1997. ISSN
0148-639X. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/9324075 >.



https://www.ncbi.nlm.nih.gov/pubmed/25598210
https://www.ncbi.nlm.nih.gov/pubmed/6703889
https://www.ncbi.nlm.nih.gov/pubmed/11355149
https://www.ncbi.nlm.nih.gov/pubmed/17405806
https://www.ncbi.nlm.nih.gov/pubmed/9655126
https://www.ncbi.nlm.nih.gov/pubmed/18201113
https://www.ncbi.nlm.nih.gov/pubmed/22225573
https://doi.org/10.1080/15438629709512089
https://www.ncbi.nlm.nih.gov/pubmed/10710381
https://www.ncbi.nlm.nih.gov/pubmed/9324075

23

24

25

26

27

28

29

30

31

32

33

CHUNG, L. H. et al. Leg power asymmetry and postural control in women with multiple sclerosis.
Med Sci Sports Exerc, v. 40, n. 10, p. 1717-24, Oct 2008. ISSN 1530-0315. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/18799980 >.

SOSNOFF, J. J.; SHIN, S.; MOTL, R. W. Multiple sclerosis and postural control: the role of spasticity.
Arch Phys Med Rehabil, v. 91, n. 1, p. 93-9, Jan 2010. ISSN 1532-821X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/20103402 >.

BOES, M. K. et al. Postural control in multiple sclerosis: effects of disability status and dual task. J
Neurol Sci, v. 315, n. 1-2, p. 44-8, Apr 2012. ISSN 1878-5883. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22236888 >.

SANDOVAL, A. E. Exercise in multiple sclerosis. Phys Med Rehabil Clin N Am, v. 24, n. 4, p. 605-18,
Nov 2013. ISSN 1558-1381. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/24314679 >.

HALABCHI, F. et al. Exercise prescription for patients with multiple sclerosis; potential benefits and
practical recommendations. BMC Neurol, v. 17, n. 1, p. 185, Sep 2017. ISSN 1471-2377. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/28915856 >.

SWANK, C.; THOMPSON, M.; MEDLEY, A. Aerobic exercise in people with multiple sclerosis: its
feasibility and secondary benefits. Int J MS Care, v. 15, n. 3, p. 138-45, 2013. ISSN 1537-2073.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/24453776 >.

SURAKKA, J. et al. Effects of aerobic and strength exercise on motor fatigue in men and women
with multiple sclerosis: a randomized controlled trial. Clin Rehabil, v. 18, n. 7, p. 737-46, Nov 2004.
ISSN 0269-2155. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/15573829 >.

DALGAS, U.; STENAGER, E.; INGEMANN-HANSEN, T. Multiple sclerosis and physical exercise:
recommendations for the application of resistance-, endurance- and combined training. Mult Scler,
v.14,n. 1, p. 35-53, Jan 2008. ISSN 1352-4585. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17881393 >.

MOTL, R. W.; MCAULEY, E.; SNOOK, E. M. Physical activity and multiple sclerosis: a meta-analysis.
Mult Scler, v. 11, n. 4, p. 459-63, Aug 2005. ISSN 1352-4585. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/16042230 >.

CAMERON, M. H.; LORD, S. Postural control in multiple sclerosis: implications for fall prevention.
Curr Neurol Neurosci Rep, v. 10, n. 5, p. 407-12, Sep 2010. ISSN 1534-6293. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/20567946 >.

KARGARFARD, M. et al. Effect of aquatic exercise training on fatigue and health-related quality of
life in patients with multiple sclerosis. Arch Phys Med Rehabil, v. 93, n. 10, p. 1701-8, Oct 2012.
ISSN 1532-821X. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/22609300 >.



https://www.ncbi.nlm.nih.gov/pubmed/18799980
https://www.ncbi.nlm.nih.gov/pubmed/20103402
https://www.ncbi.nlm.nih.gov/pubmed/22236888
https://www.ncbi.nlm.nih.gov/pubmed/24314679
https://www.ncbi.nlm.nih.gov/pubmed/28915856
https://www.ncbi.nlm.nih.gov/pubmed/24453776
https://www.ncbi.nlm.nih.gov/pubmed/15573829
https://www.ncbi.nlm.nih.gov/pubmed/17881393
https://www.ncbi.nlm.nih.gov/pubmed/16042230
https://www.ncbi.nlm.nih.gov/pubmed/20567946
https://www.ncbi.nlm.nih.gov/pubmed/22609300

34

35

36

37

38

39

40

41

42

43

CATTANEO, D. et al. Effects of balance exercises on people with multiple sclerosis: a pilot study.
Clin Rehabil, v. 21, n. 9, p. 771-81, Sep 2007. ISSN 0269-2155. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17875557 >.

PILUTTI, L. A. et al. Effects of exercise training on fatigue in multiple sclerosis: a meta-analysis.
Psychosom Med, v. 75, n. 6, p. 575-80, 2013 Jul-Aug 2013. ISSN 1534-7796. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/23788693 >.

SHARIF, K. et al. Physical activity and autoimmune diseases: Get moving and manage the disease.
Autoimmun Rev, v. 17, n. 1, p. 53-72, Jan 2018. ISSN 1873-0183. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/29108826 >.

EDWARDS, T.; PILUTTI, L. A. The effect of exercise training in adults with multiple sclerosis with
severe mobility disability: A systematic review and future research directions. Mult Scler Relat
Disord, v. 16, p. 31-39, Aug 2017. ISSN 2211-0356. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/28755682 >.

PILUTTI, L. A. et al. Exercise Training in Progressive Multiple Sclerosis: A Comparison of Recumbent
Stepping and Body Weight-Supported Treadmill Training. Int J MS Care, v. 18, n. 5, p. 221-229, 2016
Sep-Oct 2016. ISSN 1537-2073. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/27803637
>,

MOTL, R. W.; SANDROFF, B. M.; DELUCA, J. Exercise Training and Cognitive Rehabilitation: A
Symbiotic Approach for Rehabilitating Walking and Cognitive Functions in Multiple Sclerosis?
Neurorehabil Neural Repair, v. 30, n. 6, p. 499-511, 07 2016. ISSN 1552-6844. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/27261483 >.

KARA, B. et al. Different types of exercise in Multiple Sclerosis: Aerobic exercise or Pilates, a single-
blind clinical study. J Back Musculoskelet Rehabil, v. 30, n. 3, p. 565-573, 2017. ISSN 1878-6324.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/27911284 >.

HEINE, M. et al. Does aerobic training alleviate fatigue and improve societal participation in
patients with multiple sclerosis? A randomized controlled trial. Mult Scler, v. 23, n. 11, p. 1517-
1526, Oct 2017. ISSN 1477-0970. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/28528566 >.

FEYS, P. et al. Effects of an individual 12-week community-located "start-to-run" program on
physical capacity, walking, fatigue, cognitive function, brain volumes, and structures in persons
with multiple sclerosis. Mult Scler, v. 25, n. 1, p. 92-103, 01 2019. ISSN 1477-0970. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/29113572 >.

SANDROFF, B. M. et al. Multimodal exercise training in multiple sclerosis: A randomized controlled
trial in persons with substantial mobility disability. Contemp Clin Trials, v. 61, p. 39-47, 10 2017.
ISSN 1559-2030. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/28732757 >.



https://www.ncbi.nlm.nih.gov/pubmed/17875557
https://www.ncbi.nlm.nih.gov/pubmed/23788693
https://www.ncbi.nlm.nih.gov/pubmed/29108826
https://www.ncbi.nlm.nih.gov/pubmed/28755682
https://www.ncbi.nlm.nih.gov/pubmed/27803637
https://www.ncbi.nlm.nih.gov/pubmed/27261483
https://www.ncbi.nlm.nih.gov/pubmed/27911284
https://www.ncbi.nlm.nih.gov/pubmed/28528566
https://www.ncbi.nlm.nih.gov/pubmed/29113572
https://www.ncbi.nlm.nih.gov/pubmed/28732757

44

45

46

47

48

49

50

51

52

53

54

ENSARI, I.; SANDROFF, B. M.; MOTL, R. W. Effects of Single Bouts of Walking Exercise and Yoga on
Acute Mood Symptoms in People with Multiple Sclerosis. Int J MS Care, v. 18, n. 1, p. 1-8, 2016 Jan-
Feb 2016. ISSN 1537-2073. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/26917992 >.

. Intensity of treadmill walking exercise on acute mood symptoms in persons with multiple
sclerosis. Anxiety Stress Coping, v. 30, n. 1, p. 15-25, Jan 2017. ISSN 1477-2205. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26828264 >.

SANDROFF, B. M. et al. Systematically developed pilot randomized controlled trial of exercise and
cognition in persons with multiple sclerosis. Neurocase, v. 22, n. 5, p. 443-450, 10 2016. ISSN 1465-
3656. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/27671243 >.

NEGARESH, R. et al. Effect of Short-Term Interval Exercise Training on Fatigue, Depression, and
Fitness in Normal Weight vs. Overweight Person With Multiple Sclerosis. Explore (NY), v. 15, n. 2, p.
134-141, 2019 Mar - Apr 2019. ISSN 1878-7541. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/30122328 >.

MILLER, P.; SOUNDY, A. The pharmacological and non-pharmacological interventions for the
management of fatigue related multiple sclerosis. J Neurol Sci, v. 381, p. 41-54, Oct 2017. ISSN
1878-5883. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/28991714 >.

SANGELAIJI, B. et al. Effect of combination exercise therapy on walking distance, postural balance,
fatigue and quality of life in multiple sclerosis patients: a clinical trial study. Iran Red Crescent Med
J,v.16,n.6, p.el7173, Jun 2014. ISSN 2074-1804. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25068045 >.

CAMPBELL, E.; COULTER, E. H.; PAUL, L. High intensity interval training for people with multiple
sclerosis: A systematic review. Mult Scler Relat Disord, v. 24, p. 55-63, Aug 2018. ISSN 2211-0356.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/29936326 >.

FLEG, J. L. Salutary effects of high-intensity interval training in persons with elevated cardiovascular
risk. FLOOORes, v. 5, 2016. ISSN 2046-1402. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/27635241 >.

GREEN, E. et al. Systematic Review of Yoga and Balance: Effect on Adults With Neuromuscular
Impairment. American Journal of Occupational Therapy, v. 73, n. 1, p. 7301205150p1-
7301205150p11, 2019. ISSN 0272-9490. Disponivel em: <
https://doi.org/10.5014/ajot.2019.028944 >. Acesso em: 9/16/2020.

DE OLIVEIRA, G. et al. Yoga Training Has Positive Effects on Postural Balance and Its Influence on
Activities of Daily Living in People with Multiple Sclerosis: A Pilot Study. Explore (NY), v. 12, n. 5, p.
325-32, Sep-Oct 2016. ISSN 1550-8307.

SANCHEZ-LASTRA, M. A. et al. Pilates for people with multiple sclerosis: A systematic review and
meta-analysis. Mult Scler Relat Disord, v. 28, p. 199-212, Feb 2019. ISSN 2211-0348.



https://www.ncbi.nlm.nih.gov/pubmed/26917992
https://www.ncbi.nlm.nih.gov/pubmed/26828264
https://www.ncbi.nlm.nih.gov/pubmed/27671243
https://www.ncbi.nlm.nih.gov/pubmed/30122328
https://www.ncbi.nlm.nih.gov/pubmed/28991714
https://www.ncbi.nlm.nih.gov/pubmed/25068045
https://www.ncbi.nlm.nih.gov/pubmed/29936326
https://www.ncbi.nlm.nih.gov/pubmed/27635241
https://doi.org/10.5014/ajot.2019.028944

55 DUFF, W. R. D. et al. Impact of Pilates Exercise in Multiple Sclerosis: A Randomized Controlled Trial.
Int J MS Care, v. 20, n. 2, p. 92-100, Mar-Apr 2018. ISSN 1537-2073 (Print)

1537-2073.

56 Z0U, L. et al. Tai chi for health benefits in patients with multiple sclerosis: A systematic review.
PLoS One, v. 12, n. 2, p. e0170212, 2017. ISSN 1932-6203.

57 KARGARFARD, M. et al. Randomized Controlled Trial to Examine the Impact of Aquatic Exercise
Training on Functional Capacity, Balance, and Perceptions of Fatigue in Female Patients With
Multiple Sclerosis. Arch Phys Med Rehabil, v. 99, n. 2, p. 234-241, 02 2018. ISSN 1532-821X.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/28735720 >.

58 AIDAR, F. J. et al. Influence of aquatic exercises in physical condition in patients with multiple

sclerosis. J Sports Med Phys Fitness, v. 58, n. 5, p. 684-689, May 2018. ISSN 1827-1928. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/28462574 >.



https://www.ncbi.nlm.nih.gov/pubmed/28735720
https://www.ncbi.nlm.nih.gov/pubmed/28462574

We’re the MS Society.

Our community is here for you

through the highs, lows and
everything in between.

We understand what life’s like with MS.

Together, we are strong enough to stop MS.
mssociety.org.uk

Contact us

MS National Centre 020 8438 0700
info@mssociety.org.uk

MS Helpline Freephone 0808 800 8000 (weekdays 9am-9pm)
helpline@mssociety.org.uk

Online

mssociety.org.uk www.
facebook.com/MSSociety
twitter.com/mssocietyuk

MS Society Scotland
0131 335 4050
msscotland@mssociety.org.uk

MS Society Northern Ireland
028 9080 2802
nireception@mssociety.org.uk

MS Society Cymru
mscymru@mssociety.org.uk

Multiple Sclerosis Society.

Registered charity nos. 1139257 / SC041990.
Registered as a limited company by guarantee
in England and Wales 07451571.

P Let’s stop MS together



mailto:info@mssociety.org.uk
mailto:helpline@mssociety.org.uk
http://mssociety.org.uk/
http://facebook.com/MSSociety
http://twitter.com/mssocietyuk
mailto:msscotland@mssociety.org.uk
mailto:mscymru@mssociety.org.uk

	1. Summary
	2. Background
	Deconditioning in MS
	Health-related fitness
	Cardiorespiratory fitness
	Muscular fitness
	Motor skills – including balance

	3. Physical activity and fatigue
	4. How often should people with MS exercise?
	5. Evidence for people with MS with advanced disability
	6. Is one type of exercise better than others?
	Aerobic and resistance training (walking, running, cycling, rowing)
	Mixing aerobic and resistance training
	High Intensity Interval Training (HIIT)
	Yoga/Pilates
	Tai Chi
	Aqua aerobics/ water-based exercise

	7. Conclusions
	8. References

