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Abstract
Purpose of Review For many years, exercise was controversial in multiple sclerosis (MS) and thought to exacerbate symptoms
and fatigue. However, having been found to be safe and effective, exercise has become a cornerstone of MS rehabilitation and
may have even more fundamental benefits in MS, with the potential to change clinical practice again. The aim of this review is to
summarize the existing knowledge of the effects of exercise as primary, secondary, and tertiary prevention in MS.
Recent Findings Initial studies established exercise as an effective symptomatic treatment (i.e., tertiary prevention), but recent
studies have evaluated the disease-modifying effects (i.e., secondary prevention) of exercise as well as the impact on the risk of
developing MS (i.e., primary prevention).
Summary Based on recent evidence, a new paradigm shift is proposed, in which exercise at an early stage should be individually
prescribed and tailored as “medicine” to persons with MS, alongside conventional medical treatment.
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Introduction

Multiple sclerosis (MS) is a chronic, autoimmune-mediated,
physically and cognitively debilitating disorder of the central
nervous system (CNS), with no existing cure [1]. More than
2.3 million people live with MS worldwide [2], and it is the
most prevalent non-traumatic neurological disorder in youn-
ger people [3], most frequently affecting women and has its
onset around age 20–40 [4]. Since life expectancy in MS
patients is reduced by 6–10 years when compared to the

general population [5, 6], approximately 80% of patients will
live with MS for more than 35 years [7]. The vast majority of
these patients will experience the deleterious physical and
cognitive consequences associated with the disease [8], which
will ultimately affect their quality of life. Looking beyond the
individual patient perspective toward an economic societal
perspective, MS is further associated with substantial health
care costs [9, 10]. Altogether, identification of effective symp-
tomatic treatments (attenuating symptoms of the disease, i.e.,
tertiary prevention [11]), disease-modifying treatments (de-
creasing the severity of MS or slowing/halting progression
of the disease by affecting the underlying pathology/patho-
physiology, i.e., secondary prevention [11]), and potentially
even preventive treatments (preventing development of the
disease or stopping individuals from becoming at high risk,
i.e., primary prevention [11]) is therefore highly warranted in
MS.

So far, 16 disease-modifying drugs, primarily aimed at re-
ducing relapse rates, have been approved [12]. However, these
disease-modifying drugs are only partially effective in reduc-
ing progression and affecting symptoms of MS, such as im-
paired physical function [13]. In fact, symptoms such as fa-
tigue [14] and cognition [15] are most often unaffected by
medical treatment. Moreover, disease-modifying drugs are
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often associated with substantial side effects [16]. Therefore,
effective non-pharmacological treatments with few side ef-
fects are of particular interest in MS, with one of the most
promising candidates being exercise [17]. This is in line with
the current international focus, in which exercise prescription
is now considered “medicine” for 26 chronic conditions [18].
However, this paradigm shift has yet to gain momentum in
MS, as addressed in a recent editorial [19]. This is likely be-
cause exercise was, for many years, a controversial interven-
tion thought to exacerbate symptoms and fatigue in these pa-
tients [20]. Today, it is known that exercise is safe [21••] and
that the incidental exacerbation of symptoms during exercise
is a transient phenomenon that is normally fully reversed with-
in 30 min after exercise cessation [22]. Furthermore, exercise
may improve chronic fatigue rather than worsen it [23].
Consequently, previous concerns related to exercise in MS
are unfounded.

Over the past 15 years, strong scientific interest in exercise
has arisen, resulting in a substantial body of new research and
evidence. While the initial studies considered exercise as an
interesting symptomatic treatment (i.e., tertiary prevention),
more recent work has started to evaluate aspects of exercise
as also being disease-modifying—slowing/halting disease
progression (i.e., secondary prevention) [24•] and even reduc-
ing the risk of MS (i.e., primary prevention) [25••]. Despite
holding the potential to change clinical practice, no previous
review paper has collected and summarized the existing
knowledge on the effects of exercise as primary, secondary,
and tertiary prevention against MS, which is therefore the aim
of the present narrative review. Based on this summary, we
will propose a paradigm shift in which exercise at an early
stage should be individually prescribed and tailored as “med-
icine” for persons with MS, along with conventional medical
treatment.

Definitions and Exercise Framework

According to Caspersen et al., physical activity is defined as
“any bodily movement produced by skeletal muscles that re-
sult in energy expenditure.” Physical activity in daily life can
be categorized as occupational, sports, conditioning, house-
hold, or other activities, whereas exercise is defined as “a
subset of physical activity that is planned, structured, and re-
petitive and has as a final or an intermediate objective – the
improvement or maintenance of physical fitness” [26]. While
many different types of exercise exist, these can be classified
according to the relative content of the two extremes of phys-
ical exercise modalities: resistance training and aerobic train-
ing [27]. Resistance training is characterized by a limited
number of muscle contractions against heavy loads, primarily
taxing the neuromuscular system [28]. Aerobic training is
characterized by a large number of muscle contractions

against low-resistance loads, primarily taxing the cardiovas-
cular system [29]. While resistance and aerobic training (or
combinations of the two) have been extensively evaluated in
MS [30, 31], other exercise modalities, including yoga [32],
Pilates [33], and balance training [34], have also attracted
attention. No matter the type of exercise, the foundation of
prescription is composed of four underlying exercise princi-
ples: (1) individual tailoring, (2) application of specific exer-
cises (adhering to the goal of the exercise program), (3) pro-
gressive overload, and (4) regular and continuous moderate-
to-high intensity efforts to sustain effects [35].

As exercise is only a subset of physical activity, an inter-
esting, yet non-investigated, aspect is whether physical activ-
ity and exercise lead to comparable effects (i.e., preventive,
symptomatic, and/or disease-modifying effects) following an
intervention period. To avoid any unfounded conclusions on
the potential superiority of either, we here use the conception
that physical activity containing moderate-to-vigorous activi-
ties and moderate-to-high intensity exercise have comparable
effects, as has been shown for outcomes of physical function
in older healthy individuals [36].

Exercise (and Physical Activity) as Primary
Prevention in MS—Risk Reduction

A combination of genetic and environmental factors have
been shown to be associated with MS [37]. Modifiable life-
style risk factors, such as smoking and obesity, have also
gained attention [38], and, in recent years, much interest has
been directed toward physical activity and exercise as well.
While two small-scale case-control studies did not find an
association between physical activity (subjectively evaluated)
and the risk of developing MS [39] or the first clinical demy-
elinating event [40], two large-scale case-control studies pro-
vided evidence that physical activity is associated with a re-
duced risk of MS. The EnviMS study [25••]—a multinational
case-control study—showed a significant inverse association
between the level of vigorous physical activity (subjectively
evaluated) and the risk of MS (crude odds ratio (95% CI) =
0.74 (0.63–0.87); odds ratio = 0.72 (0.59–0.87) when adjusted
for infectious mononucleosis, body size, smoking, and out-
door activity). In support, a study of almost the entire male
Norwegian population (born 1950–1975) showed a signifi-
cant inverse association between cardiorespiratory fitness (ob-
jectively assessed, yet indirectly determined from a 3000-m
maximal run test) and the relative risk of MS (relative risk =
0.69 (0.55–0.88)) [41]. Of note, this study provided indirect
evidence that a high cardiorespiratory fitness level is most
likely achieved through participation in moderate-to-
vigorous physical activities and/or moderate-to-high intensity
aerobic exercise training.
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Although the direction of causality can be questioned, these
large-scale studies taken together suggest that physical activity
and exercise are factors that can be associated with a lower
risk of developingMS in some individuals. However, whether
they act as preventive factors by reducing the relative risk of
MS or whether they simply postpone the onset of the delete-
rious physical and cognitive symptomatic changes leading to
diagnosis is difficult to ascertain. In two prospective cohorts of
women in the Nurses Health Studies, Dorans and colleagues
[42] found a 27% lower incidence of MS when comparing
quartiles with the highest versus the lowest levels of physical
activity at baseline. However, this lower incidence was not
found when the same cohorts were assessed at follow-up
6 years later. This suggests that (1) baseline findings may have
been due to a subclinical reduction in the physical activity
level and/or (2) physical activity and exercise do not prevent
MS per se, but simply postpone the deleterious physical and
cognitive symptomatic changes leading to diagnosis. Related
to this, we introduce here the exercise-induced postponement
theory, which is illustrated in Fig. 1. This theory suggests that
long-term regular moderate-to-high intensity exercise (and/or
moderate-to-vigorous physical activity) can potentially post-
pone the onset of clinical MS diagnosis and postpone the
occurrence of disease activity and progression (including
symptoms) in those who have MS. This is supported by the

positive effects of physical activity and exercise onMS symp-
toms and disease activity, which will be presented and
discussed in the following sections.

Exercise as Secondary Prevention
in MS—Disease-Modifying Effects

While the existing evidence to support exercise (and physical
activity) as offering MS risk reduction is scarce and still in its
infancy, another line of recent research has investigated the
hypothesis that exercise and physical activity may have neu-
roprotective effects that ultimately impact the progression of
MS [24•] (i.e., secondary prevention [11]). Encouragingly,
this notion has also been voiced by leading experts within
the field of exercise and MS and has been emphasized in
numerous reviews presenting exercise as a potentially
disease-modifying treatment (i.e., affecting the underlying
pathology/pathophysiology of the disease) and/or as an ad-
junct neuroprotective treatment [17, 43–46].

The basic idea—that exercise and physical activity hold
neuroprotective capabilities—is predominantly founded in
studies originating from basic sciences, but more recent clin-
ical studies have also offered some support. The basic sciences
involved studies investigating widely used animal models of
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Fig. 1 Conceptualization of “exercise-induced postponement theory”
showing the MRI activity, clinical disability, and brain volume
development for patients following a traditional course of MS (red
lines), for patients engaging in exercise after diagnosis (green lines),
and for patients who have been engaged in regular lifelong exercise
(blue lines, i.e., MS patients doing exercise throughout their life and
thus long before the time of diagnosis). The green and blue lines thus
visualize the “exercise-induced postponement theory” presented in the

main text. Arrows denote new or active lesions, whereas vertical bars
denote relapses. Time of diagnosis is shown as the vertical dotted lines
originating from the encircled symbol D, which occur at a later point in
MS patients doing regular exercise. The horizontal “clinical threshold”
line denotes the hypothetical threshold for performing activities of daily
living, i.e., when clinical disability (≈ EDSS score) has worsened to an
extent where the ability to walk, rise from chairs, etc. has deteriorated
significantly.
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MS that, similar to MS, involve inflammatory neurodegener-
ation. Using these models, several studies have added consis-
tent support to a neuroprotective effect of both aerobic training
[47••, 48, 49, 50] and resistance training [47••], as well as of
increased physical activity achieved through “enriched envi-
ronments” [51]. In brief, these studies demonstrate that exer-
cise impacts the main pathological hallmarks of MS: demye-
lination and axonal injury [47••, 48–51]. Consequently, (non-
medicated) exercising animals develop a less severe neurolog-
ical disease score/course and, in line with the proposed
exercise-induced postponement theory, a later onset of disease
than sedentary animals [48]. Of note, the exercise intervention
is often initiated on the same day as, or prior to [47••], disease
inducement, providing an early treatment regime, which adds
further support to the exercise-induced postponement theory.
Furthermore, a recent study suggested that high-intensity ex-
ercise might have greater benefits than moderate-intensity ex-
ercise on attenuating the progression and pathological hall-
marks of MS [50]. By translating such results to human pa-
thology, it seems evident that promoting engagement in
moderate-to-vigorous physical activity and exercise in per-
sons with MS may be a non-pharmacological tool that can
help control disease progression [49]. However, while such
findings point toward the neuroprotective effects of exercise
and physical activity inMS, it is important to acknowledge the
fundamental limitations of the existing animal exercise re-
search, which limits the potential translation to humans [52].
As an example, the “exercising animals”were often compared
with sedentary control animals, resulting in a comparison be-
tween “normal” behaving animals and sedentary animals [48].
Furthermore, the aforementioned early exercise intervention,
with exercise being initiated on the same day as, or prior to
[47••], disease inducement, is very hard to copy in humans.

The existing human clinical studies that have investi-
gated the disease-modifying effects of exercise include
cross-sectional [53–56], (pilot/exploratory) interventional
[24•, 57–60], and review studies [61–64] primarily ad-
dressing EDSS (expanded disability status scale) scores,
relapse rates, and magnetic resonance imaging [65] out-
comes as markers of disease activity/progression. Notably,
none of these studies was designed to assess these out-
comes, thus limiting the impact of the study findings. In
the cross-sectional studies, cardiorespiratory fitness was
suggested as a predictor of cortical plasticity [53] and
was associated with gray matter volume [54], deep gray
matter structures [56], and white matter integrity [54].
Moreover, measures of muscle strength were associated
with brain corticospinal tract pathology/sensorimotor dis-
ability [66, 67]. In the interventional studies, progressive
aerobic training [60], combined exercise (aerobic training
and resistance training) [59], and balance exercise [58] led
to improved functional connectivity [59], viscoelasticity
[60], and white matter plasticity in people with MS [58].

These findings are supported by studies demonstrating
improvements in neuromuscular activation—a proxy mea-
sure of neural plasticity—following progressive resistance
training [68–70]. Such findings suggest that exercise-
induced neural plasticity is possible despite MS being a
chronic CNS disease.

Providing further encouraging support, an MS case
study [57] involving 12 weeks of aerobic training demon-
strated increased hippocampal volume, while a recent pi-
lot RCT, involving 24 weeks of high-intensity progressive
resistance training [24], showed increased thickness in
several cortical regions and a trend toward preserved total
brain volume. When compared to medical imaging studies
that often apply total brain volume change as an essential
paraclinical outcome [71–73], the latter finding is of great
interest and justifies long-term trials further investigating
this effect of exercise on brain morphology, which is like-
ly a slowly responding tissue. Such long-term studies will
help expose whether exercise can indeed complement
disease-modifying medical therapies by further slowing
or reversing total brain atrophy in MS patients—a primary
target in halting disability progression in MS [73].

In further support of a disease-modifying effect of ex-
ercise—although the reporting of this outcome is incon-
sistent given its secondary role in most studies—previous
literature reviews have identified a markedly reduced re-
lapse rate in intervention groups, when compared with
control groups across existing MS exercise studies [61,
62]. Although the pathways underlying the potential
(long-term) effects of exercise on MS pathophysiology
are incompletely understood [17], these findings suggest
that exercise is capable of exerting a prophylactic effect
on factors mediating disease activity in MS (see section
“Potential Pathophysiological Effects Underlying the
Exercise-Induced Postponement Theory” below for fur-
ther details). Lastly, a recent systematic review investigat-
ed the pooled effect of exercise interventions on EDSS
scores but did not find a benefit compared to untreated
control groups [63]. However, using baseline-adjusted da-
ta for a sensitivity analysis, the results favored the exer-
cise intervention groups, but the combination of the low-
quality evidence underlying this result and the psychomet-
ric properties of the EDSS (i.e., insensitive to change
[74]) must be kept in mind when interpreting this finding
[63].

Despite the current absence of solid evidence from
long-term large-scale human studies, the combination of
consistent findings in animal models of MS and the over-
all effect of exercise on relapse rates in MS patients sup-
ports exercise as a potential disease-modifying treatment
in MS. This is illustrated in Fig. 1 as a postponement of
MRI activity and a slower rate of brain atrophy in persons
with MS who are exercising.
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Exercise as Tertiary Prevention
in MS—Symptomatic Treatment

A large number of studies have examined the effects of exercise
as a symptomatic treatment. A hallmark ofMS is that the disease
manifests with a wide variety of symptoms [1]. The combination
and severity of symptoms differ and depend on the size, location,
and number of lesions [75], but the physical activity level of the
patients is also of importance [76, 77]. Importantly, the physical
activity level of MS patients is substantially lower than that of
matched healthy controls [78, 79]. Therefore, most MS symp-
toms could be the result of either the disease process per se (i.e.,
demyelination and axonal degeneration in the CNS [80]), the
reduced physical activity levels per se, or a combination of the
two. Exercise likely affects the combination of the two, eliciting
improvements among the most frequent and (from a patient per-
spective) disabling symptoms of MS [81, 82•], such as fatigue,
pain, mobility, and cognition. Table 1 summarizes existing re-
views and/or meta-analyses of the effects of exercise on different
symptoms, taking exercise modality into account [17].

As seen in Table 1, the overall pattern shows that general
exercise (i.e., reviews and meta-analyses that pool different exer-
cise modalities) can positively impact most of the listed symp-
toms, which are rated among themost important bodily functions
by persons with MS [81, 82•]. When separated by exercise mo-
dality, the picture is less clear, although aerobic and resistance
training show overall positive effects leading to a reduction (or

even a normalization) of most listed symptoms. Exercise modal-
ities such as Pilates and yoga have become more popular and
have attracted recent research interest, but the existing evidence is
still scarce [32, 33, 100]. So far, yoga has shown minor positive
effects on fatigue and mood in MS patients, although the effects
could not be confirmed in a subsequent sensitivity analysis con-
trolling for selection and attrition bias [32]. In addition, a study of
Pilates inMSpatients suggested a positive impact on balance and
pain, whereas no effect was found on quality of life, mood, and
functional capacity [33].

The fact that the existing studies do not support an effect of
a certain exercise modality on specific symptoms may not
mean that the exercise modality is unable to impact the spe-
cific symptom. As an example, only two studies have inves-
tigated the effects of resistance training on balance, which
applied different outcomes, had balance as a secondary out-
come, and enrolled patients who were not necessarily charac-
terized by balance impairments at baseline [34]. In fact, most
of the cited reviews listed in Table 1 note two noteworthy
limitations. First, most studies evaluated the short-term effects
of exercise on a specific symptom as a secondary outcome
rather than as the primary outcome, suggesting that many
studies may have been underpowered. Second, most studies
did not enroll participants based on their baseline status of a
particular symptom. Consequently, not all participants may
have suffered from, for example, clinical fatigue or impaired
cognition at baseline. In patients free of a symptom of interest

Table 1 Summary of the effects of different exercise modalities on disabling symptoms, physiological impairments, and disease activity/progression.
Only findings from reviews and/or meta-analyses are shown

General exercise** Aerobic training Resistance training Yoga and Pilates

Symptoms

Fatigue* ↑ [23, 83, 84] ↑ [23] → [23] ↑ [32], → [33]

Pain* ↑ [85] → [85] ↑ [33]

Depressive symptoms ↑ [86, 87] ↑ [86] ↑ [86] ↑ [32], → [33]

Functional capacity (walking)* ↑ [88–90] ↑ [31, 88, 90] ↑ [88, 91, 92], → [90] → [32, 33]

Balance/falls ↑ [34, 90], ↑ [93] → [34] ↑ [91], → [34] ↑ [33]

Cognition* → [94, 95] → [32]

Physiological impairments

Muscle strength ↑ [96] → [31, 96], ↑ [97] ↑ [90–92, 96, 98] ↑ [33]

Aerobic capacity (VO2-max) ↑ [96] ↑ [31, 96, 97] → [91, 96]

Disease activity/progression

Relapse rate ↑ [21••]

Disease progression (EDSS) → [63] → [91]

Health-related quality of life (HrQoL)

HrQoL ↑ [99] ↑ [99] → [91] → [32, 33]

↑ = beneficial effect of exercise on the listed parameter; → = no effect of exercise on the listed parameter; empty field = no evidence could be located

*Symptoms being rated among the most important bodily functions by persons with MS [81, 82•]

**General exercise covers studies that pool findings from different exercise modalities or that use exercise interventions combining different modalities
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at baseline, there is likely not much room for a meaningful
improvement (ceiling effect), which would therefore dilute the
potential effects seen in patients having that symptom at base-
line. Nonetheless, in summarizing the effects of exercise on
most symptoms across the existing studies, the general finding
is that exercise has beneficial effects on most of the symptoms
listed in Table 1 and induces a postponement of clinical dis-
ability, as illustrated in Fig. 1. Furthermore, there is evidence
supporting the beneficial effects of resistance training or aer-
obic training on many symptoms, allowing more tailored in-
terventions to be delivered.

Potential Pathophysiological Effects
Underlying the Exercise-Induced
Postponement Theory

A number of studies have looked into the explanatory factors/
pathways believed to be involved in mediating the exercise-
induced symptomatic, disease-modifying, and primary pre-
ventive effects in persons with MS. This is often termed
neuroprotection, as assessments have exclusively focused on
exercise-induced effects on the CNS/brain. While this is a
complex area of research involving a myriad of potential fac-
tors that interact with each other, most research has focused on
factors associated with inflammation and/or neurodegenera-
tion—both hallmarks of the pathology of MS [101].

Beyond MS, it has been argued that exercise can (1) normal-
ize the imbalance between pro- and anti-inflammatory cytokines
and thus reduce overall inflammation [102, 103] and (2) increase
the levels of brain-derived neurotrophic factor (BDNF) and other
neurotrophic factors (e.g., insulin-like growth factor 1, nerve
growth factor, and neurotrophin-3 and neurotrophin-4/5 [102,
104]). Interestingly, studies using MS animal models provide
strong evidence confirming that aerobic training and resistance
training, along with increased levels of physical activity, can
reduce inflammation and/or increase the expression of neuro-
trophic factors (BDNF in particular) within the CNS/brain, there-
bymediating partial protection against demyelination and axonal
injury [47••, 49–51, 105]. These positive exercise-induced effects
of cytokines and neurotrophic factors on the CNS/brain are be-
lieved to be of both central and peripheral origin. In the former,
direct effects occur in the brain, plausibly due to increased neu-
ronal activity [106]. In the latter, indirect effects occur through
the release of myokines (i.e., cytokines or peptides, such as ca-
thepsin B, PGC1-alpha, and irisin) from exercising skeletal mus-
cles, which are subsequently transported to the CNS/brain, where
they increase levels of BDNF and other neurotrophic factors
[104, 107].

However, recent systematic reviews summarizing the existing
randomized controlled exercise studies in persons with MS re-
veal that both resistance and aerobic training have minor or neg-
ligible effects on acute/chronic systemic levels of pro- and anti-

inflammatory cytokines [108] and neurotrophic factors (BDNF
in particular) [64]. Consequently, the current evidence in persons
with MS does not support the evidence fromMS animal studies,
which strongly support a pathogenic relationship between
exercise-induced changes in neurotrophic/inflammatory factors
and preservation of CNS/brain structure and function [47••, 49,
50, 105]. Several aspects likely explain this discrepancy, includ-
ing small study sample sizes, short durations of intervention pe-
riods that do not induce chronic effects, and the fact that blood
samples are used as surrogate markers to interpret neuroprotec-
tive effects occurring within the CNS/brain. Different research
groups—including ours—have voiced their concerns over the
latter [109, 110], i.e., whether blood samples/biomarkers are suf-
ficiently precise/sensitive in reflecting events taking place in the
cerebrospinal fluid. As an example, recent studies have reported
that handling of blood samples (clotting time and centrifugation
strategy) [111] and available blood sample kits vary in precision,
sensitivity, and detection range [112], which markedly influence
the magnitude and direction of changes in systemic BDNF
levels.

Among other potential factors, a growing interest in the
blood-brain barrier (BBB) and cerebral perfusion have
emerged, as both factors are vital for CNS/brain structure
and function [113–116]. Specifically, BBB and cerebral per-
fusion play important roles in maintaining homeostasis within
the CNS/brain, with the former controlling the entry of periph-
eral mediators (e.g., myokines/cytokines and neurotrophic
factors) and the latter ensuring adequate delivery of oxygen
and nutrients along with the removal of waste products [117,
118]. As with inflammation and/or neurodegeneration, BBB
disruption and cerebral hypoperfusion are also common and
viewed as hallmarks of MS [113, 114, 117, 119–121].
Importantly, both BBB disruption and cerebral hypoperfusion
are present in very earlyMS and likely precede symptoms and
changes in brain morphology/volume [120–122].

In contrast to cytokines and neurotrophic factors, only
a few studies have addressed the effects of exercise on
BBB disruption and cerebral hypoperfusion in persons
with MS. Studies that have examined markers of BBB
function/disruption have reported divergent exercise-
induced effects. Specifically, both neutral and positive
findings have been reported for metalloproteinases [123,
124] along with positive findings for S100 calcium-
binding protein B and neutral findings for neuron-
specific enolase (but only in a subgroup of normal-
weight persons with MS) [125]. While we were unable
to identify any studies examining the effects of exercise
on cerebral hypoperfusion in persons with MS, a study in
older individuals with mild cognitive impairments—a
population that also experiences neurodegeneration and
deterioration of cognitive function—reported a normaliza-
tion of cerebral blood flow that was associated with im-
provements in cognitive performance after 12 weeks of
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moderate-intensity aerobic training [126]. Obviously,
these findings need to be verified in persons with MS.

Taken together, evidence from animal studies strongly sup-
ports a pathogenic relationship between exercise-induced
changes in both neurotrophic/inflammatory and brain homeo-
stasis factors and the preservation of CNS structure and func-
tion, whereas the evidence from persons with MS is less clear.
A general observation of the existing studies in persons with
MS is that they are small, of short duration, and often inap-
propriately designed with regard to target mechanisms, and
they rarely combine measures of explanatory factors (e.g.,
cytokines and neutrophic factors) with measures of neuropro-
tection (e.g., brain MRI outcomes). Interpretation is thus quite
challenging, suggesting that future studies should apply more
rigorous methodologies, e.g., by using study designs that are
of much longer duration (we recommend more than a year)
and specifically address the explanatory factors of interest
(with relevant sample size calculations) concomitant with
measures of neuroprotection.

Future Perspectives for Research and Clinical
Practice

Over the past two decades, exercise (and physical activity) has
shifted from being controversial and cautiously prescribed to
being an integrated part of MS rehabilitation, due to the evi-
dent symptomatic benefits. Obviously, exercise effects will
depend on the delivery of exercise stimulus that is sufficient
in terms of frequency, intensity, time, and type and is aligned
with the intended goals and the patient’s current level. Here,
much work still needs to be done to further understand dose–
response relationships in different patient categories.
Furthermore, the predominant focus on the symptomatic ef-
fects of exercise (i.e., tertiary prevention) has led to an unin-
tentional knowledge gap, as all existing MS exercise studies
have included patients with a mean disease duration of >
4.9 years—leaving an uninvestigated “window of opportuni-
ty” for exercise early in the disease course of MS [127].
Combining the potential early “window of opportunity” with
the recent indications of preventive and disease-modifying
effects of exercise (i.e., primary and secondary prevention,
respectively) suggest that it is time for a paradigm shift in
how exercise is applied in persons with MS.

First, if exercise holds the potential to modify the disease
course of MS, it should be considered a standard treatment
option supplementing medical treatment in clinical practice.
One could argue that early-phase prescription of exercise
should already be established as a standard recommendation
based on the current knowledge, although definite high-
quality evidence supporting the primary and secondary pre-
ventive effects of exercise in MS is still lacking. Given the
many known beneficial effects of exercise [128], in

combination with the well-established safety profile that in-
cludes few, if any, side effects [21••], there are no strong ar-
guments against early exercise prescription in MS. As such,
application of an inverted precautionary principle should be
considered in this case. A further perspective arises when
combining this with the knowledge that “time matters in
MS” [129] and that early medical treatment initiation is supe-
rior to later treatment initiation [130, 131]. This offers addi-
tional support for prescribing exercise along with medical
treatment as early as possible in the disease course to gain
maximal exercise-induced postponement—although it is like-
ly never too late to gain some effects [77].

Second, medical treatment and exercise can be hypoth-
esized to act in a synergistic way through different path-
ways that address both the underlying pathophysiology
and the most prominent symptoms of MS. Ultimately,
the combination of early medical and exercise interven-
tion will likely postpone disability progression (i.e., sec-
ondary prevention) more than medical treatment alone, as
indicated by Kjølhede et al.’s study, in which all patients
received first-line medical treatment but still saw the
disease-modifying effects of exercise [24•]. To facilitate
and support this shift in paradigm, continuous efforts
should be made to further elucidate the potential
disease-modifying effects of exercise and the underlying
mechanisms, especially in the early window of opportu-
nity. Finally, much work lies ahead to ensure long-term
adherence to exercise interventions, as this seems to be
one of the major challenges for successful implementation
of exercise in the daily lives of MS patients [132].

Conclusion

Exercise is a safe and well-recognized symptomatic treat-
ment option that has beneficial effects on a variety of
symptoms (i.e., tertiary prevention) in persons with MS.
However, recent evidence suggests that exercise may also
have disease-modifying effects (i.e., secondary preven-
tion) in persons with MS and may even have preventive
effects by lowering the disease risk (i.e., primary preven-
tion). By incorporating this knowledge, we here propose
the exercise-induced postponement theory and suggest
that long-term regular moderate-to-high intensity exercise
(and/or moderate-to-vigorous physical activity) can poten-
tially postpone the onset of clinical MS diagnosis and
postpone the occurrence of disease activity and progres-
sion (including occurrence and worsening of prominent
symptoms) in those who have MS. We therefore propose
a paradigm shift in which tailored exercise should be pre-
scribed from an early stage as “medicine” to persons with
MS, alongside conventional medical treatment.
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