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Abstract
Multiple sclerosis (MS) is the most common autoimmune disabling neurological conditions of young adults and affects more than 2.3 million
people worldwide. Given the high likelihood for disability and decreased
neurological function, there have been concerns about the role of exercise in MS patients with a fear of increased injury. This article looks at
recent articles evaluating the role of exercise in MS and can hopefully be
used by patients, caregivers, and health care providers to guide decision
making about the role of exercise in patients with MS.

Introduction
Multiple sclerosis (MS) is an immune-mediated, demyelinating disease that affects the central nervous system
(CNS)Vleading to considerable physical disability (1). MS
currently affects more than two million people worldwide
according to the National Multiple Sclerosis Society, and
current estimates state that more than 400,000 individuals
are affected in the United States (1). Recent data show that
MS affects more women than men by a two-to-one ratio
(2). Patient age at diagnosis is traditionally between 20 and
50 yr (1).
Numerous hypotheses exist as to which individuals get
MS, but most experts agree that it is a combination of genetic and environmental factors. Genetic factors comprise
mainly ethnicity and sex, with current research directed
toward specific single-nucleotide polymorphisms and histocompatibility complexes (3,4). Environmental factors include geography and vitamin D exposure: generally, the
closer that patients live to the equator, the less likely they
are to get MS; additionally, higher levels of vitamin D are
thought to be protective against MS (5Y7). The role of exercise in MS has been controversial, with some thinking that
it could lead to increased morbidity due to injuries, but new
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research is showing benefits of exercise
regardless of disability level secondary
to MS (8). The purpose of this article is
to review new research relating to this
topic and to consider new recommendations for our patients with MS.

Diagnosis
The diagnostic criteria for MS have
gradually changed over the years; however, the general principle has remained
the same: CNS lesions must be disseminated both in time and space. These can be demonstrated
either clinically or with radiographic imaging, typically
magnetic resonance imaging (MRI). The McDonald criteria,
first developed in 2001, and have since undergone two revisions, is the best evidence-based tool that clinicians have
for the diagnosis of MS (9). For the 2010 revision to the
McDonald criteria, the goal was to simplify the ability to
show lesions in space and time with the help of MRI. Dissemination in space requires one or more lesions in at least
two regions of the CNS on a T2-weighted MRI, or clinical
demonstration of attacks involving two distinct areas of the
CNS. Dissemination in time requires two separate, distinct,
clinical attacks or presence of new lesions on MRI on follow-up
scans (9). There are additional or supplemental requirements
that must be met for those patients whose clinical course are
more complicated or in those whose diagnosis is not certain/
unclear, but that is beyond the scope of this article.
Multiple sclerosis is classically divided into four phenotypes: clinically isolated syndromes (CIS), Relapsingremitting, secondary progressive, and primary progressive
(10). These revisions were made in 2013 with CIS being a
new addition. Clinically isolated syndrome is the first attack
of a condition typically seen with MS (i.e., optic neuritis)
that has yet to fulfill McDonald MS criteria via a lack of
demonstration of lesions in space or time. The odds of
progression to MS depend on MRI findings during the first
attack and which areas of the CNS are affected. For example, if there are positive MRI findings after an attack of
optic neuritis, odds of progression to MS are 56%, with a
normal MRI of 22% (11). Relapsing-remitting MS is defined by attacks and relapses with clearly defined intervals
of time between attacks, whereby the patient may or may
not return to complete baseline. This accounts for 80% to
90% of MS cases (12). Secondary progressive MS is when
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the patient initially has relapsing remitting type, followed
by gradual worsening and progression of disease without
remissions. Primary progressive MS is characterized by
progression from the onset with only temporary plateaus.
Treatment
Treatment of MS is divided into two categories with very
different pharmacotherapy: acute attacks and diseasemodifying agents. For acute attacks, used mainly to combat
relapses in relapse-remitting MS, high-dose glucocorticoids
are the mainstay of therapy (13). This is typically done via a
3- to 7-d course of intravenous (IV) methylprednisone or oral
prednisone with or without a short prednisone taper. In regard to disease-modifying agents, these are different forms of
immunomodulatory agents that can be given via differing
routes depending on patient preference and disease activity.
The goal of disease-modifying agent therapy is to decrease the
risk of long-term disease progression and the amount of relapses (14). Which agent to use should be a choice between
the patient and their neurologist, tailored to the patient’s
goals of therapy. Currently, there are three main classes of
disease-modifying agents used (15). One is infusion therapy
with natalizumab. This therapy is more targeted to patients
who desire effectiveness over safety and convenience. Two is
an injectable medication (interferon beta) that patients can do
at home once a week. This therapy is targeted to patients who
prefer safety over convenience and maximum efficacy because these are some of the best-studied disease-modifying
medications. The last class is for patients who prefer convenience, that is, daily oral disease-modifying agents (dimethyl
fumarate). The role of exercise in MS therapy is currently
being explored, and current literature will be reviewed in the
coming sections.
Resistance Training in MS
Resistance training is an exercise that causes muscles to
contract against a form of resistance, such as lifting weights
or using exercise bands. There are various types of resistance training, but most have the purpose of increasing the
strength and function of the muscles exercised. Previous
advice for patients with MS was to avoid exercise (endurance and resistance) all together with fear that it may
worsen or accelerate disease progression. However, over the
last 10 to 15 yr, there have been multiple studies examining
the effects of resistance training in patients with MS. The
research that has been done has shown promising results
with the potential to improve the lives of patients suffering
from MS. Most of the studies have been 8- to 12-wk programs with a progressive resistance training (PRT) program,
meaning that the further they get into the program the more
the resistance is increasing for the exercises. All of these
studies have shown that patients who complete the PRT
program have increased strength compared with the controls (16Y24) as well as increasing muscle fiber size and the
power generated from their muscles (16,17,24,25). The research also has shown that resistance training programs in
patients with MS improve their balance and functional
ability while at the same time decreasing their disability
status (16Y23,26). A few studies also have looked at more
intense resistance training with High-Intensity Interval Training (HIIT) and found similar outcomes to a PRT program with
32
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improved strength and quality of life (32) and found that it
only took 3 wk of training to see these improvements (27).
In resistance training programs that are solely home based
without in person instruction, patients only saw increases in
strength but not in balance and functional capacity (28).
However, it also was shown that patients who completed a
resistance training program, were able to successfully continue
the training program at home and maintain their improved
strength and quality of life (23).
Researchers also have studied resistance training in MS to
see if there is any change on a physiological level. One study
looked at a multitude of inflammatory markers before and
after a 12-wk PRT program and found that there were no
significant changes in either group, but a study in women
with MS did show that yoga can improve inflammation
showing decreased cortisol levels and increased ACTH levels
(29). Another group did find increased cortical thickness on
brain MRI after a 24-wk PRT, indicating that resistance
training may have a neuroprotective or neuroregenerative
effect on MS (20).
These studies have shown significant decreases in the
patient’s disability status by improving their strength, balance, and functional capacity. It is important to note that
there were no significant setbacks or injuries shown in the
patients in these studies meaning that not only can resistance training improve the quality of life in patients with
MS it also is very safe. With a multitude of studies showing
decreased disability scores, resistance training may serve as
a therapy to delay functional deterioration in people with
MS (17).
Aquatic Therapy and MS
Aquatic exercise and swimming have been particular
topics of interest in regard to the MS literature because it
theoretically has some advantages over equal exercise on
land. The three main advantages of aquatic exercise are
buoyancy, viscosity, and thermodynamics (30). Buoyancy is
beneficial because it reduces weight on joints and creates a
much smoother and lower impact exercise environment.
Viscosity creates drag, and an environment in which exercises can be done in all directions rather than a single plane.
Resistance is easily increased simply by increasing speed of
movement. The third, thermodynamics, may play the most
important role in MS patients, who often have difficulties
with thermoregulation due to Uhthoff phenomenon. Uhthoff
phenomenon is the worsening of MS symptoms in the setting
of increasing temperature (31). Precooling MS patients before
exercise can prevent the crossing of the critical temperature
threshold and improve exercise tolerance (32). Aquatic exercise programs can more precisely maintain a patient’s body
temperature during exercise due to the water’s high heat capacity and rate of heat transfer compared with air.
Aquatic exercise therapy has several studies not only
looking at patient function and reported subjective improvements but also in animal studies and at an immunologic and biochemical level. One study showed improvement
in short-term memory in rats and another showed increased
serum levels of brain-derived neurotrophic factor (BDNF) in
humans (33,34). Two small cohort studies have shown mixed
results which appear to be related to the number of aquatic
exercise sessions attended. Roehrs and Karst (35) showed
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very minor improvements in Modified Social Support Survey
(MSSS) and Modified Fatigue Impact Scale (MFIS), but
overall minimal changes in a 12-wk aquatic exercise program
which had high dropout and low attendance to exercise sessions (over half withdrew or attended G50% of sessions).
Salem et al. (36) showed significant improvements in 10-m
walk test, Berg Balance Scale (BBS), and Timed Up and Go
(TUG) test, and had much better attendance (88%) during a
5-wk program.
Several randomized controlled trials have been done
looking at aquabiking, aquatic aerobics, and Ai-Chi. Ai-Chi
is a combination of Tai-Chi and Qigong, and is performed
in water. Bansi et al. (34,37) published two articles showing
improvements in exercise tolerance and cardiorespiratory
values with aquabiking compared with stationary bike for 3
wk, but did not improve fatigue scores during daily life.
Two studies looked at aquatic aerobics. One study showed
improvements in fatigue and quality of life compared with
control after 8 wk of aquatic exercise (38). Another study
found the aquatic aerobic cohort’s improvements to be
equivalent to land-based Pilates (39). Two studies have
looked at Ai-Chi versus strength exercises combined with
abdominal breathing exercises (40,41). Both studies were
small, but with promising results. Bayraktar et al. (40) showed
improvement in TUG, one leg stance, 6-min walk, and fatigue
severity scores after an 8-wk program. Castro-Sanchez et al.
(41) showed improvements in pain scores with 20 wk of
Ai-Chi which were sustained 4 wk after stopping the exercise and still improved from baseline 10 wk later. These
patients also had improvements in disability, depression,
and fatigue.
In all studies, both aquatic- and land-based exercises
were beneficial. It is still debatable whether the aquatic aspect is significantly better, though the studies do lean toward suggesting aquatic exercise is more beneficial. The
main advantage appears to be the thermoregulatory benefits
of water. None of the studies specifically monitored body
temperature during exercise, and this could potentially be a
further area of research

[CVLT-II], Brief Visual Memory Test Revised [BVMT-R]) in the
patient who went through the exercise program.
A systematic review and meta-analysis of 11 studies done
by Paltamaa et al. (43) showed improvements in balance for
MS patients with mild and moderate disabilities after
implementing an aerobic exercise program. There was no
statistically significant difference for patients with severe
disabilities before starting an exercise program. In the conclusion of their article, they discuss the need for many
more studies as the studies they included ranged from 4 to
40 participants.
In another systematic review assessing fatigue management and impact of different modalities of therapy on fatigue, Asano and Finlayson (44) reviewed 25 articles and
came to the conclusion that aerobic exercise therapy had a
more significant impact on reducing patient-reported levels
of fatigue compared with fatigue education and pharmacotherapies. Similarly, in a comprehensive Cochrane review,
which resulted in 45 included studies, Heine et al. (45)
showed a statistically significant difference between exercise and control groups when it came to fatigue reduction.
On average, fatigue was reduced to 53% across all studies.
This study also addresses some of the previously perceived
negative side effects of exercise. They showed that there was
no difference in number of relapses between the intervention
and control groups, although the authors’ acknowledge this
was not reported in all of the studies included. Additionally,
there was only one fall across all studies, which encompassed
over 2000 patients.
In a comprehensive review assessing multiple modalities
to combat fatigue, Rottoli et al. (46) came to a conclusion
that exercise plays a key role in preventing and treating fatigue in MS patients. In their review, they state that 80% of
all MS patients suffer from fatigue, regardless of disability
level, and 55% of patients report that it is the most debilitating symptom they suffered from. Of note, the fatigue
scales used in their systematic review varied greatly among
the included studies; however, they conclude that the best
therapeutic approach to fatigue in MS patients includes
exercise as part of a multidisciplinary approach.

MS and Aerobic exercise
There are numerous studies that highlight the benefits of
exercise in the setting of MS with many of them having
limitations in terms of number of participants, subjective
scoring systems, and duration of study. As this field has
evolved, especially over the last decade, many papers have
been published showing the benefits of exercise in patients
with MS across a litany of quality of life measures. As such,
we will review some of the more interesting, poignant, and
applicable papers here, with an emphasis on meta-analyses
and systemic reviews because these significantly increase the
power of our data.
Leavitt et al. (42) conducted a study that showed increased
hippocampal volume in an MS patient who underwent a 3month aerobic exercise program. They cite numerous studies
that show an increase in hippocampal volume in nonhuman
animals after exercise, and their comparison between two MS
patients showed a 16.5% increase in hippocampal volume
and 53.7% increase in memory (assessed with verbal and
nonverbal tasks (California Verbal Learning Test-second edition

Conclusion
Overall, it can be reasonably concluded based on current
research that exercise should be a mainstay of treatment for
patients with MS. Each type of exercise listed above was
shown to have positive impacts across a variety of symptoms typically encountered by patients with MS, most
prominently fatigue and balance. This leads to a perceived
increase in the quality of life without any negative effects as
all studies that have tracked adverse outcome show no increase in falls or accidents. Of note, exercise does not seem to
prevent or cause a decreased frequency of relapses, but this
has been poorly studied so far. This should be a more focused
area of research going forward as studies that have relapse
rates have an inadequate number of patients and inadequate
duration of study to make significant conclusions.
When it comes to trying to determine if one form of exercise is superior compared with others, there are very few
studies that have attempted to evaluate this. One article, done
by Kerling et al. (47) attempted to assess if there was a difference between aerobic exercise and a combined program of
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aerobic exercise plus resistance training on the impact of
quality of life and fatigue. They showed that, although each
group that exercised showed statistically significant differences from the control group of no exercise, there was no
significant difference between the two groups. As stated
above, aqua therapy is an evolving field with great potential
in patients with MS due to its ability to allow for a wellrounded exercise regimen, all while keeping body temperature lower than similar exercise on land. This thereby reduces
chances of MS patients having to stop exercise due to flair ups
of symptoms relating to increased body temperature.
This is still an evolving area of study, but there has been
much progress in the last 5 to 10 yr regarding evidencedbased approaches to exercise in MS patients. We would
recommend further research include multicenter studies to
have a significantly higher number of patients in one study
that uses that same subjective measures for fatigue, depression, quality of life evaluation, and so on. It also would be
best for studies to use the same subjective measures to allow
for greater comparison across studies, which would thereby
improve the quality of meta-analyses. Additionally, these
studies all typically range from 2 to 6 months in duration,
and current evidence is lacking if effects of exercise plateau
after a certain duration, or maybe even decrease over time;
as such, longer-duration studies are necessary. Regardless,
the evidence is clear that exercise, in addition to appropriate
pharmacotherapy, should be a part of a multidisciplinary
approach in the treatment of MS.
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