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Purpose: To test the hypothesis that combined resistance and endurance training would

improve muscle strength, fatigue, depression, and quality of life in persons with MS.

Methods: Twenty-seven women with MS were randomly assigned to either control

(CON, n = 13) or the experimental (EXP, n = 14) group. The participants in the EXP

group trained twice a week for 12 weeks, followed by 12 weeks of detraining. Both CON

and EXP groups were tested before and after 12 weeks of the intervention period, as

well as 12 weeks after training cessation (follow-up), where measures of muscle strength,

fatigue, depression, and quality of life were evaluated.

Results: There were significant changes in maximal voluntary isometric contraction

(MVIC), 1RM leg extension, and 1RM chest press following the intervention period in the

EXP group (P < 0.05), but not in the CON group (P > 0.05). These changes persisted

after 12 weeks of detraining. Similar findings were found for fatigue, depression, and

physical and mental composites of quality of life.

Conclusion: These results suggest that combined exercise training, at a minimum,

prevents the disease-related deterioration of muscular performance and quality of life

and well-being in persons with MS.

Keywords: multiple sclerosis, strength training, aerobic training, training adaptation, muscle strength

INTRODUCTION

Multiple sclerosis (MS) is described as a chronic autoimmune, inflammatory neurologic
disease of the central nervous system. In most persons with MS, the onset of the disease is
characterized by sporadic episodes of reversible neurological deficits, followed by progressive
neurological deterioration over time (1). MS is currently considered the most common
inflammatory neurological disease in young adults and typically presents in persons 20 to
45 years of age, with occasional cases in childhood or late middle age, potentially causing
severe neurological disability throughout adult life. Of note, like many other autoimmune
diseases, women are affected two to three times more often than men (2). Data from the
Global Burden of Diseases study estimates that in 2016, MS may have affected 2.2 million
people worldwide, mainly from North America and European countries. MS also contributed
0.04% of total disability-adjusted life year and 0.05% of all lost years of life in 2016 (3).
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The clinical manifestations of MS have been well documented
and include sensory, motor, cerebellar, or visual system
abnormalities. The occurrence of MS-related manifestations
varies between individuals, based on the extent and location
of the lesions and disease exacerbations and progression
(4). Most persons with MS may experience, for example,
reduced muscle strength during dynamic and isometric muscle
contractions (5). The reasons for the strength impairments in
this population are complex and still not completely understood.
Previous research, however, has shown that mechanisms of
both neural and muscular origin appear to be involved (6).
Such mechanisms include decreased motor unit firing rates
(7), abnormal motor unit recruitment patterns (7), prolonged
central motor conduction time (8), slowing of muscle contractile
properties (9), impaired muscle oxidative capacity (9), among
others. There is mounting evidence that strength impairments in
people with MS are also related to the loss of muscle mass per se
(10). Whether these MS-related changes in terms of structure
and function of skeletal muscle occur due to the disease, muscle
disuse, or both are uncertain. It is recognized, however, that
detrimental changes in muscle mass and muscle strength impact
negatively on the quality of life and overall well-being of persons
with MS.

Both pharmacologic and non-pharmacologic approaches are
used to manage symptoms experienced by persons with MS,
with the scope of maintaining or improving function while
preserving the quality of life. Pharmacologic interventions are
likely to control inflammatory activity but not neurodegenerative
processes, as there is no cure for the disease (11). Hence,
most people with MS still experience residual symptoms
and dysfunctions. Non-pharmacologic interventions, otherwise,
might be useful as behavioral approaches for managing clinical
manifestations of the disease, with minimal adverse side-
effects. Some non-pharmacologic approaches, such as resistance
training, can be beneficial in maintaining muscle mass and
muscle strength in persons with MS (12–14). Resistance training
has also proven to be effective in reducing muscle weakness (6),
improving balance (15), and decreasing perceived fatigue (12,
14), with positive impacts on activities of daily living, quality of
life, and well-being of people withMS (12, 13). Resistance training
is, therefore, an effective and well-tolerated non-pharmacologic
intervention in this population, with exciting possibilities in the
management of MS-related manifestations.

Endurance training is another appropriate non-
pharmacologic intervention for persons with MS. There
is mounting evidence that endurance training induces
improvements in aerobic fitness (16, 17) and measures of
health-related quality of life (17, 18), with discrete effects on
functional capacity (17). The reported effects of endurance
training on muscular performance (18, 19) and perceived fatigue
(16) are also modest. However, it has been speculated that
endurance training, combined with resistance training, may
further augment the adaptations to exercise training in persons
with MS (20). Unfortunately, to the best of our knowledge,
there are currently few published reports (19, 21, 22) on the
effects of combined exercise training in this population, making
robust conclusions on the issue difficult without further research.

The purpose of this study was, therefore, to investigate the
effects of the combined endurance and resistance training on
muscle strength, perceived fatigue, depression, and quality of
life in women with MS. The residual effects of the combined
exercise training were also investigated following a period of
training cessation. We hypothesized that, compared with the
control condition, combined endurance and resistance training
would promote gains in muscle strength (12–14, 18, 19) and
improvements in quality of life (12, 17, 18), in combination
with attenuated symptoms of both perceived fatigue (14)
and depression (23). We also hypothesized that a subsequent
detraining period would reduce, but not mitigate, most of the
benefits caused by the combined exercise training (12).

MATERIALS AND METHODS

Experimental Design
This study used a randomized controlled trial design to test the
effectiveness of a combined endurance and resistance training
to improve muscle strength, perceived fatigue, depression,
and quality of life in women with MS. Before and after
training, participants were tested using identical protocols
(see MEASUREMENTS section for details). Baseline testing was
completed during the first week of the study, during which time
no endurance or resistance training was carried out. This was
followed by a 12-wk period of supervised, combined endurance
and resistance training, with the testing procedures repeated after
the last week of training. The residual effects of the combined
exercise training were further investigated following a 12-wk
period of training cessation, with the testing procedures repeated
after the last week of detraining (see Figure 1 for details). The
total duration of the present study was, therefore, 27 weeks,
consisting of a 12-wk combined exercise training period followed
by a 12-wk detraining period, with the measurements repeated at
12-wk intervals (i.e., weeks 1, 14, and 27).

Ethical Approval
The current research was reviewed by the reference Ethical
committee (protocol number 20170002431) and conducted
following the latest revision of the Declaration of Helsinki.
All volunteers gave their written, informed consent before the
commencement of the study, once the experimental procedures,
associated risks, and benefits of participation had been explained
in detail.

Participants
A group of women were recruited to participate in this
study. To be eligible, they needed to fulfill the following
criteria: definite relapsing-remitting MS according to 2010
McDonald’s criteria (24); Expanded Disability Status Scale
score <4, with pyramidal function between 1 to 3 (25);
independent ambulation without uses of unilateral assistance;
age >18 and <60 years; and acceptance of treatment (see
Supplementary Table for details). Potential participants were
also excluded if they had neuropathic pain of the lower limbs,
severe cognitive impairments, alcoholism, medical comorbidities
and/or a medical condition contraindicating participation in the
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FIGURE 1 | Schematic overview of study timeline.

study, had experienced an MS attack within the past eight weeks,
or were pregnant. They were also excluded if they have engaged
in regular exercise over the past six months. All participants were
recruited from those referred to the neurologist of the IRCCS
Casimiro Mondino Foundation of Pavia for periodic clinical and
electrophysiological evaluations.

Procedures
Before starting the study, participants reported to the laboratory
on two separate occasions over a 2-wk period. During
the first visit, they underwent screening and anthropometric
measurements. Height (cm) and weight (kg) were measured
using a portable stadiometer and a calibrated scale, respectively.
Body mass index (BMI; kg.m−2) was calculated as weight
divided by height squared. Fat mass and fat-free mass were
estimated (kg) using a standard tetrapolar technique (BIA101,
Akern, Firenze, Italy). During the second visit, participants were
familiarized with the experimental procedures. They were also
instructed to refrain from exercise and to avoid alcoholic and
caffeinated products 24 h preceding the testing procedures. The
preliminary visits were scheduled on different days with at least
48–96 h in-between.

After baseline testing, participants were ranked on one-
repetition maximum (1RM) action on the leg extension, and then
matched pairs were randomly allocated to either the experimental
(EXP) or the control (CON) group. A trained research staff
member, blinded to this group allocation, conducted the baseline
and follow-up testing procedures. The participants in the
EXP group were asked to report to the training facility on
nonconsecutive days, two times per week for 12 wk, to perform a
combination of endurance and resistance training, lasting from
45 to 60 minutes. Each training session began with a 5-min
warm-up, where participants completed a moderate-intensity
aerobic exercise (∼50% heart rate reserve, HRR) on either a
motorized treadmill or a cycle ergometer. All participants were

then asked to complete a 25-min aerobic training at a moderate-
to-vigorous exercise intensity (50–70%HRR), with the heart rate
being monitored continuously throughout each session. The
exercise intensity was progressively increased or decreased every
2-wk based on heart rate responses (26). The endurance training
was followed by resistance training, consisting of calisthenics,
dumbbells, and elastic band exercises for the major muscle
groups, with participants being instructed to complete three sets
of 8–12 repetitions for each exercise. The rest period between sets
and exercises was 60–90 s. The load was increased when three
sets of 12 repetitions of an exercise could be easily completed
(26). All training sessions were conducted at the same time of
the day under similar environmental conditions and supervised
by a trained research staff member. All participants had to
attend a minimum of 90% of the scheduled training sessions to
be considered compliant. During both training and detraining
periods, participants were instructed to maintain their normal
daily activities and dietary patterns.

Measurements
Maximal voluntary isometric contraction (MVIC) is a common
method of measurement of muscle strength in persons with
MS (27). A calibrated load cell (MuscleLab, Ergotest technology,
Norway) recorded muscle force (N) during an isometric
voluntary contraction of the knee extensors in a leg extension
machine (Technogym, Gambottola, Italy). All participants were
instructed to sit with hips and knees flexed 90◦, with the
axis of the lever arm of the leg extension machine visually
aligned with the center of rotation of the knee joint. The tibial
pad was adjusted proximal to the medial malleolus, and the
average distance between the axis of rotation and the tibial
pad was recorded for each participant. During contractions,
all participants were encouraged to maintain maximal strength
against the fixed lever arm of themachine for 5 s. They performed
two attempts interspersed with 3min recovery, and the highest
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value of muscle force was considered for analysis. Torque
(N.m−1) was calculated as the product of the highest value of
muscle force and the distance between the axis of rotation of the
knee joint and the tibial pad (27).

Maximal dynamic strength was assessed using 1RM actions
on the bilateral leg extension, chest press, and seated row
exercise machines (Technogym, Gambottola, Italy). In brief,
1RM is currently defined as the heaviest load that can be lifted
only once through a full range of motion. Additionally, 1RM
testing procedures are recommended by the American College
of Sports and Medicine (26) and have been previously used in
MS-related studies (12, 28). Before each 1RM test, participants
were allowed to perform a standard warm-up, consisting of five
repetitions at loads varying from 40 to 60% of the perceived
maximum. Four to five separate, single attempts interspersed
with 3min recovery in-between were then performed, with
the load increasing after each successful performance. The last
acceptable attempt with the highest possible load was defined as
1RM. Standardized instructions and strong verbal encouragement
were given throughout the 1RM testing procedures.

The Italian version of the Modified Fatigue Impact Scale
(MFIS) (29) was used to measure perceived fatigue. This 21-
item self-reported questionnaire is commonly used in clinical
and research practice and assess how MS-related fatigue affects
everyday life (30). Participants were asked to rate how often
fatigue has affected them during the past four weeks using
a 5-point Likert scoring system varying from 0 (never) to 4
(almost always). The total MFIS score, therefore, can range
from 0 to 84, with higher scores indicating a greater impact
of MS-related fatigue on their daily life. Besides a total MFIS

score, scores for the physical (9 items), mental (10 items),
and psychosocial (2 items) dimensions of fatigue can also
be determined. In the present study, however, emphasis was
placed on total MFIS score because a complete description
of fatigue is essential to examine the relationship between
exercise training and MS-related manifestations. Participants
with a total MFIS score above 36 were categorized as being
fatigued (31).

The presence and severity of depressive symptoms were
assessed using the Italian version of the Beck Depression
Inventory-II (BDI-II) (32). This 21-item self-reported
questionnaire is commonly used in clinical and research
practice and describes somatic and cognitive-affective symptoms
(33). Participants were asked to rate how they felt during the past
two weeks using a 4-point Likert scoring system varying from 0
(symptom absent) to 3 (severe symptoms). The total BDI-II score,
therefore, can range from 0 to 63, with higher scores indicating
greater symptom severity. A total BDI-II score of 19 or above is
indicative of depressive symptoms (33).

The Italian version of the Multiple Sclerosis Quality of Life
Questionnaire (MSQOL-54) (34) was used to measure health-
related quality of life. This self-reported questionnaire consists
of 54 items divided into 12 multiple-item subscales and two
single-item scales (35). Scores for each subscale can be weighed
and summed to generate physical and mental health composite
scores. Scores for physical and mental health composites can
range from 0 to 100 and with higher scores indicating a better

health-related quality of life (17). There is no single total MSQOL-
54 score, but the criteria of minimum clinically significant
differences of 1.5 and 2.5 points, respectively for the physical and
mental health composites, was adopted (36).

Statistical Analyses
Data are reported as mean ± SD unless otherwise stated.
The normality of all data was checked by the Shapiro-
Wilk test. Two-tailed, paired t-tests were used to determine
whether the post- minus preintervention change score within
each group was significant. Analysis of covariance (ANCOVA)
using baseline values as covariates was used to determine if
there were significant between-group differences. This method
is recommended for controlling for baseline differences in
randomized controlled trials (37). When the ANCOVA was
significant, Fisher’s post hoc analysis was used to determine
differences between groups. 95% confidence intervals (CI) were
calculated from postintervention means and SD’s. Two-tailed,
paired t-tests were also used to determine whether the post-
minus predetraining change score within the EXP group was
significant. P < 0.05 was set as the criterion for statistical
significance. Test-retest reliability for all studied variables
was examined for the preintervention vs. postintervention
measurements from the CON group, using the 2k model of Weir
(38) for mean differences (systematic error; repeated-measures
ANOVA) and intraclass correlation coefficients (ICC’s). Statistical
analyses were performed using a commercially available software
package (SPSS for Windows version 24.0, IBM R©, Chicago, USA).

The sample size was estimated using G Power software,
version 03.1.9.2, based on a previous study by Dalgas et al.
(15) that reported a significant improvement in MVIC following
resistance training in persons with MS. It was estimated that a
sample size of 12 per group was required to achieve a statistical
power of 80% at an alpha level of 0.05, with a moderate Cohen’s
effect size of 0.49 (15).

RESULTS

A total of 27 women with MS were eligible to participate in this
study, being randomized to either the CON group (n = 13) or
the EXP group (n = 14). There were, however, dropouts due
to episodes of sensory disturbances (n = 1) and circumstances
unrelated to the study (n = 3). An overall attendance rate of
∼94% was reported, with no exclusion of participants due to
poor compliance.

Table 1 shows descriptive data of the participants in the
CON and EXP groups. There were no significant differences in
participant characteristics between the groups (P > 0.05).

Table 2 shows baseline and change scores for each group, as
well as the P values for the two-tailed, paired t-tests that indicate
which within-group change scores were significant. There were
significant increases in MVIC (119.5N.m−1, 95% CI 47.8–191.2),
1RM leg extension (13.3 kg, 95% CI 6.3–20.4), and 1RM chest press
(5.7 kg, 95% CI 2.4–9.1) following the intervention period in the
EXP group (P < 0.05), but not in the CON group (P > 0.05). There
were, however, no significant between-group differences in MVIC

and 1RM chest press, despite a trend toward significance for 1RM
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TABLE 1 | Descriptive characteristics of the participants at baseline.

Variable CON group (n = 9) EXP group (n = 14)

Age (yr) 48.3 ± 6.1 45.4 ± 7.2

Height (cm) 161.4 ± 7.0 161.7 ± 7.6

Weight (kg) 61.1 ± 13.1 57.8 ± 12.7

Body mass index (kg.m−2 ) 23.3 ± 4.1 21.9 ± 4.0

Fat mass (kg) 19.2 ± 9.6 15.4 ± 8.7

Fat-free mass (kg) 41.9 ± 4.7 42.4 ± 5.0

Values are means ± sd. n, number of participants. There were no significant differences

between groups.

leg extension [F (1, 23) = 2.655, P = 0.119] (Figure 2). There
were also no significant within- or between-group differences in
1RM seated row (see Table 2, Figure 2 for details). Of note, there
were no significant baseline differences between groups for all
variables (P > 0.05).

Table 3 shows baseline and change scores for each group, as
well as the P values for the two-tailed, paired t-tests that indicate
which within-group change scores were significant. There were
significant reductions in perceived fatigue (−16.3 units, 95%
CI −25.9–−6.7) and depressive symptoms (−7.0 units, 95% CI

−10.3–−3.8) and improvements in both physical- (10.0 units,
95% CI.6 – 19.5) and mental (11.1 units, 95% CI −0.3–22.5)
composites of the health-related quality of life following the
intervention period in the EXP group (P < 0.05), but not in
the CON group (P > 0.05). There were also between-group
differences in fatigue [F (1, 23) = 6.103, P = 0.023] and the
mental composite of quality of life [F (1, 23)= 5.660, P = 0.028].
There were, however, no significant between-group differences
in depression and the physical composite of the quality of life
(P > 0.05) (Figure 3). There were also no significant baseline
differences between groups for all variables (P > 0.05).

The residual effects of the combined exercise training were
also investigated following a 12-wk period of training cessation,
and thus all participants in the EXP group were asked to
discontinue exercise training for 12 weeks after their last training
session. Two-tailed, paired t-tests indicated no significant
changes for any of the measures of muscle strength, depression,
and quality of life following the detraining period (see Tables 2, 3
for details), except for fatigue.

Test-retest reliability for all studied variables was examined
for the preintervention vs. postintervention measurements from
the CON group. The ICC values for measures of muscle strength
(0.95, 0.81, 0.86, and 0.96, respectively for MVIC, 1RM leg
extension, 1RM chest press, and 1RM chest press), fatigue (0.96),
and the physical composite of the quality of life (0.83), were
relatively high. The ICC values for both depression (0.57) and
the mental composite of the quality of life (0.52), otherwise, were
relatively low.

DISCUSSION

In recent years, endurance training has emerged as an effective
and well-tolerated non-pharmacologic intervention for persons

with MS (16, 20). It has been speculated, however, that
endurance training, combined with resistance training, may
further augment the adaptations to exercise training in this
population (20). Unfortunately, to the best of our knowledge,
there is scarce information on the effects of combined exercise
training in people with MS (19, 21, 22). The present study,
therefore, examined the effectiveness of a 12-wk combined
endurance and resistance training program on muscle strength,
perceived fatigue, depressive symptoms, and health-related
quality of life in women with MS. The residual effects of this
combined training regimen were also investigated following a
12-wk period of training cessation. The major finding was that
the combination of endurance and resistance training caused
significant increases in MVIC, 1RM leg extension, and 1RM chest
press. These improvements in muscle strength following the
intervention period occurred in tandem with beneficial effects
on measures of fatigue, depression, and quality of life. These
changes, however, were only significant for the EXP group and
persisted after 12 weeks of detraining (see below for details). The
results of the present study, therefore, have potentially important
clinical implications and suggest that combined exercise training,
at a minimum, may prevent the disease-related deterioration
of muscular performance and quality of life and well-being in
persons with MS.

Previous research has reported that most people with MS

may experience reduced muscle strength during dynamic and
isometric muscle contractions (5). The reasons for the strength
impairments in this population are still unclear but may be
related to mechanisms of both neural and muscular origin (6).
Whether MS-related decreased muscle strength occurs due to
the disease, muscle disuse, or both is also uncertain (9), but
many researchers believe that detrimental changes in muscle
strength may contribute to functional limitations and mobility
impairments in people with MS (15, 39). Some reports suggest
that resistance training, alone or combined with endurance
training, can be beneficial in maintaining or improving muscle
strength (12–14), with potential clinical implications for persons
with MS. The current results support this notion and suggest
that a 12-wk combined endurance and resistance training
program promoted changes in muscle strength. These significant
changes represented average muscle strength changes of ∼27%
(SD 29.0), ∼23% (SD 26.8), and ∼40% (SD 48.8), respectively
for MVIC, 1RM leg extension, and 1RM chest press. Despite
the large variability, the magnitude of these changes was
as great as the changes observed in an earlier work (15),
where significant increases of ∼15% for MVIC and ∼37%
1RM leg press after a progressive resistance training regimen
were reported. The findings of increases in muscle strength
following combined exercise training, along with those from
other recent investigations (12–15, 38), may have important
implications in MS rehabilitation for counteracting the well-
documented disease-related manifestation of muscle weakness in
persons with MS.

The improvements in muscle strength persisted after 12
weeks of detraining. It is essential to point out, however, that
these positive changes following both training and detraining
were only significant for the EXP group, and no significant
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TABLE 2 | Baseline values, changes scores, and significance of change scores in both CON and EXP groups.

Variable EXP group (n = 14) a CON group (n = 9)

Baseline Change P value Baseline Change P value

Training

MVIC (N.m−1) 461.0 ± 284.9 119.5 ± 124.2 <0.01 535.9 ± 302.9 54.2 ± 118.8 0.20

1RM leg extension (kg) 52.6 ± 18.6 13.3 ± 12.2 <0.01 54.7 ± 28.0 2.8 ± 17.8 0.64

1RM chest press (kg) 30.4 ± 10.4 5.7 ± 5.7 <0.01 27.7 ± 12.3 2.6 ± 8.5 0.37

1RM seated row (kg) 37.2 ± 9.7 2.5 ± 4.6 0.06 34.3 ± 14.7 1.4 ± 4.9 0.40

Detraining

MVIC (N.m−1) 573.6 ± 293.7 33.6 ± 128.8 0.36

1RM leg extension (kg) 65.8 ± 26.5 −6.3 ± 12.4 0.08

1RM chest press (kg) 36.9 ± 10.0 −2.4 ± 7.2 0.24

1RM seated row (kg) 39.4 ± 10.3 −2.0 ± 3.9 0.09

Values are means ± SD. n, number of participants. MVIC, maximal voluntary isometric contraction. 1RM, one repetition maximum. aThere were no significant baseline differences

between groups. The values per detraining refer to participants who have both baseline and detraining data, and, therefore, the number of participants in detraining (n = 13) is lower

than in training (n = 14).

FIGURE 2 | Mean and individual change scores in maximal voluntary isometric contraction (MVIC; top left), 1RM leg extension (top right), 1RM chest press (bottom left),

and 1RM seated row (bottom right) after combined endurance and resistance training for both control (CON; n = 9) and experimental (EXP; n = 9) groups. The values

are post- minus pretraining (means ± SEM). There were no significant differences between groups.

differences in change scores among the groups were reported.
Some possible explanations exist. It is possible that with fewer
participants in the CON group (n = 9, compared with n
= 14 for the EXP group), there was decreased power to
detect significant between-group differences in muscle strength.
Alternatively, in most cases, there were noticeable variations

in the change scores (as indicated by the SD of the changes;
see Table 2 for details), which would indicate that the large
data variability somewhat mitigated both training and detraining
effects. The reasons for this large variability are unclear, but
clinical manifestations of MS broadly vary between individuals,
based on the extent and location of the lesions and disease
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TABLE 3 | Baseline values, changes scores, and significance of change scores in both CON and EXP groups.

Variable EXP group (n = 14) a CON group (n = 9)

Baseline Change P value Baseline Change p value

Training

Perceived fatigue (0–84) 39.9 ± 15.0 −16.3 ± 16.6 <0.01 44.8 ± 16.3 −4.5 ± 5.8 0.47

Depressive symptoms (0–63) 16.6 ± 9.3 −7.0 ± 5.6 <0.01 15.4 ± 7.2 −2.3 ± 9.2 0.05

QOL mental composite (0–100) 48.6 ± 19.3 11.1 ± 18.9 <0.05 51.5 ± 18.2 −5.2 ± 14.1 0.29

QOL physical composite (0–100) 57.5 ± 22.4 10.0 ± 15.5 <0.05 55.4 ± 23.8 3.3 ± 27.7 0.72

Detraining

Perceived fatigue (0–84) 23.7 ± 16.4 9.2 ± 11.0 <0.05

Depressive symptoms (0–63) 10.3 ± 7.7 −0.6 ± 5.3 0.64

QOL mental composite (0–100) 59.7 ± 14.6 −6.5 ± 18.0 0.21

QOL physical composite (0–100) 67.6 ± 17.7 −5.1 ± 13.9 0.20

Values are means ± SD. n, number of participants. QOL, health-related quality of life. aThere were no significant baseline differences between groups. The values per detraining refer

to participants who have both baseline and detraining data, and, therefore, the number of participants in detraining (n = 13) is lower than in training (n = 14).

FIGURE 3 | Mean and individual change scores in perceived fatigue (top left), depressive symptoms (top right), and both mental-(bottom left) and physical-(bottom

right) composites of health-related quality of life after combined endurance and resistance training for both control (CON; n = 9) and experimental (EXP; n = 9) groups.

The values are post- minus pretraining (means ± SEM). There were no significant differences between groups.

exacerbations and progression (4). Both hypotheses, however,
are naturally speculative and await further investigation. Another
explanation could be that the training stimulus was not high
enough to promote favorable changes in muscle strength in
persons with MS. Whether the endurance training mitigated
the gains in muscular performance promoted by the resistance

training – or vice-versa - is also uncertain. These hypotheses,
however, are plausible since the ICC values for measures of
muscle strength were relatively high and, hence, are not due to
poor test-retest reliability (38).

Another surprising finding is that no correlations were
found between training-induced changes in muscle strength
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and perceived fatigue (unpublished data; range r = −0.21 to
0.26, p > 0.05). Muscle weakness and fatigue are the most
common MS-related manifestations and occur at all stages of the
disease. The prevalence of fatigue in people with MS is elevated,
occurring at a rate as high as 55% (40). The neurobiology
of fatigue in MS, however, is still not well understood but
appears to be related to pathological processes underlying MS,
with a significant contribution of multiple psychological factors
(41). It is clear, otherwise, that fatigue is a multidimensional
construct that influences both physical and mental ability and
effort. Previous research has indicated that resistance (12–
14, 42) and endurance training (16) can positively impact
both physical and mental manifestations of fatigue in persons
with MS. The results of the present study are in line with
these reports and confirm attenuated symptoms of fatigue after
combined exercise training. Notably, eight participants defined
as fatigued at baseline (MFIS score above 36) reported discrete
fatigue symptoms following the intervention period. These
beneficial effects in terms of fatigue, however, were not sustained
over time.

Psychological depression is an important public health
problem and is considered one of the leading causes of disability
worldwide. The prevalence of depression in persons with MS

is high, occurring at a rate ∼5 times that of the general
population (43). Because of its high prevalence, importance
to the quality of life and well-being (43), and impact on
the disease course itself (44), depression has been intensively
studied in MS. Unfortunately, there are scarce information on
the usefulness of resistance training, alone or combined with
endurance training, to prevent depression in MS. Some reports
have indicated that both resistance (23, 42) and endurance
training (17, 18) can impact psychological depression in persons
with MS. The results of the present study are in line with
these findings and confirm that a significant reduction in
depressive symptoms after combined exercise training was
evident. Notably, four participants at considerable risk for
depression at baseline (BDI-II score of 19 or above) reported
discrete symptoms of depression following the intervention
period. Similar findings were observed in health-related quality
of life, where improvements in physical and mental composites
of quality of life were found. These results are consistent with
previous reports (12, 17, 18, 42) and are essential because the
quality of life is often reduced in persons with MS (45). Health-
related quality of life is also important because it reflects how
a person feels in the physical, mental, and social aspects of life
after an intervention such as exercise (18). It is largely unknown
whether the protective effects of a combined exercise regimen
on measures of depression and quality of life are sustained
over time, but most effects persisted even after cessation
of training.

Some strengths and limitations within the present study
warrant mention. Themost prominent strength was the nature of
the combination program, permitting to describe the synergistic
effects (and their residual effects) of both endurance and
resistance training. The randomized controlled trial design is
another strength of this study since few MS-related studies have
embraced this methodological approach (20, 42, 46). The sample

is, otherwise, the primary limitation of this study. The current
sample is relatively narrow in terms of disease status, with
most participants defined as mildly disabled “patients” (mean
EDSS score 2.25, SD 0.8; see Supplementary Table for details).
It is, therefore, difficult to generalize our findings to people
with advanced MS and progressive clinical courses (11). The
small sample size is another limitation of the current study.
The reasons for the high dropout (n = 3 of 13 volunteers)
in the CON group are uncertain, but previous work (15, 42)
suggests that participants in the “waiting list” may feel they are
deselected at the expense of the participants in the experimental
group. The current findings should, therefore, be interpreted
with caution until they have been confirmed by adequately
powered follow-up studies. Lastly, a variety of common fluid
and serum markers of clinical importance in people with MS

were not assessed in the current study. Future studies are
therefore necessary to further elucidate the impact of both
endurance and resistance training on molecular markers in
this population.

This study provides the first description of the effectiveness
of implementing a combined endurance and resistance training
program for persons with MS. The current results suggest
that this exercise training regimen results in increases in
measures of muscle strength, which are accompanied by
improvements in perceived fatigue, depressive symptoms,
and health-related quality of life. These changes persisted
even after 12 weeks of detraining. The findings of the
present study, therefore, have potentially important clinical
implications for the management of MS and encourage
exercise professionals, physicians, and other healthcare
providers to support combined exercise training as a
non-pharmacologic approach capable of preventing the
disease-related deterioration of muscular performance and
quality of life and well-being.
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