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ABSTRACT
L :  Purpose: Multiple sclerosis is an autoimmune disease with a very high prevalence all over the
Article info: :  world in recent years. Therefore, this research intended to examine the impact of resistance and
Received: 21 Jul 2023 . aerobic exercises on selected functional capacities and cognitive indicators in depressed women
Accepted: 19 Agu 2023 - with multiple sclerosis (MS).

Available Online: 01 Oct 2023 Methods: The current study was semi-experimental with a pre-test and post-test design. In this

survey, 30 women with MS (25-50 years old) with an expanded disability status scale range
between 0-5.5, and depression among those who visited the neurology clinic at Guilan University
of Medical Sciences (Bethat) were selected. The study included a control group (n=10) and two
intervention groups: resistance (n=10) and aerobic (n=10) exercises. To evaluate the variables of
stress, depression, fatigue, and functional capacities, the following questionnaires and tests were
used: Perceived stress scale, Beck’s depression inventory, fatigue severity scale, 10-meter walk
test (10MWT), 6-minute walk test (6MWT), timed up and go (TUG), and 30-second chair stand
(30 CST) tests. Exercises of aerobic were done at an intensity of 40_60% of the maximum rate
of heart for 10-30 minutes. Home-based resistance training, including a hypertrophy phase (four
weeks), and strength and power phase (four weeks) was conducted at an intensity of 0.5-1.5%
of the subjects’ body weight. The duration of the training for both groups was eight weeks. The
data were analyzed by repeated-measures two-way ANOVA by SPSS software, version 26. The
significance level was set at 0.05.

Results: Both resistance and aerobic training had a significant intra-group impact on various

. factors (P<0.05). Specifically, perceived stress (P=0.01) and depression level (P=0.001), and 10-

Keywords: : MWT (P=0.01), 6MWT (P=0.001), and 30 CST (P=0.001) results showed statistically notable
Aerobic training, improvements. Regarding the inter-group effect, notable dissimilarities were seen in depression
and functional strength of lower limbs (30 CST) among the three groups (P<0.05). Noteworthy,

Resistance training, i ower .
variations were also found in fatigue and the timed up-and-go test.

Functional capacities,
Depression, Multiple . Conclusion: Both aerobic and resistance exercises can be considered effective interventions for
sclerosis :  improving depression, perceived stress, and functional capacity in individuals with MS.
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Highlights
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* Both resistance and aerobic training improve depression in MS patients.

* Both resistance and aerobic training reduce perceived stress in patients with MS.

* Aerobic and resistance training increase selected functional capacities in patients with MS.

Plain Language Summary

Patients with MS experience many physical and psychological problems. Also, in these patients, acrobic and resistance
exercises reduce depression and stress by increasing happiness hormone secretion and increasing self-confidence and
positive sensations. They also enhance functional capacities and reduce physical risks in individuals with MS.

1. Introduction

n estimated 2.8 million people worldwide

were affected by multiple sclerosis (MS)

in 2020. Recognition of pediatric MS has

increased dramatically, with 30,000 MS

cases being diagnosed in people under the

age of 18 in 47 countries. MS is the central
nervous system (CNS) inflammation, specified by repre-
sentative focal lesions, as well as scattered tissue altera-
tions [1]. MS is an autoimmune illness linked to adap-
tive immune deregulation, directing to the periodical
entrance of immune cells into the CNS and consequent
tissue lesions with signs of neurologic malfunction [2].
MS etiology is not yet known [3]. The nervous system
is generally damaged in MS, including the nerve fibers,
the cells that produce myelin, and the myelin sheath. The
mentioned permanent changes are called sclerosis and
since these lesions occur in different parts, the disease is
known as MS [4]. Excessive muscular fatigue, muscular
weakness, spasticity, and imbalance difficulty walking,
sight problems, changes in cognition, etc. are some com-
plications of MS [4, 5]. The muscle mass and strength
loss, primarily in the lower limbs, has been related to
a lack of functionality, leading to physical passivity
and subsequently affecting balance and gait, which are
already present in patients recently diagnosed with the
disease. Disturbance in walking is especially notice-
able for resistance and speed [6]. These disorders are
often evaluated using measures of performance, like the
timed up-and-go (TUG) test and the 6-minute walk test
(6MWT), which assess walking endurance and speed
[7]. The risk of falling is considered one of the most de-
bilitating symptoms, despite reducing the individual’s
independence and mobility, so it immediately affects and
especially reduces the quality of life of the individual [8].
Motor fatigue is a current sign mentioned by patients

with MS and can considerably affect their capability to
carry out everyday tasks. Many studies have observed
positive results using exercise interventions on fatigue,
depression, and stress in people with MS [9-11]. Due
to the conditions of the coronavirus pandemic and the
particular conditions of MS patients who suffer from im-
munodeficiency, the home-based exercise protocol was
designed to ensure that the subjects are under safe condi-
tions. Also, these patients often suffer from depression.
Depressed people usually have problems, such as anxi-
ety and lack of self-confidence, and for this reason, they
usually do not want to participate in groups or sports in
the community or clubs. In addition, people with MS
have muscle weakness and fatigue and do not show in-
terest in physical activity and movement. Also, few stud-
ies have drawn an analogy between the effectiveness of
these two kinds of exercises on these patients and there
are very few studies based on exercises at home, as the
positive exercise effectiveness on patients with MS have
been proven many times. Suitable bodily exercises are
advised by many healthcare experts, which affect vari-
ous aspects related to fitness in MS sufferers, like flexi-
bility, muscle strength, cardiovascular fitness, cognition,
and respiratory function [12]. Exercise affects markers
of immune system function in the whole population of
adults with MS. Overconcentration of almost all proin-
flammatory cytokines is associated with CNS inflam-
mation seen in the pathogenesis of MS and can exacer-
bate demyelinating processes in the CNS. Therefore, it
is important to regulate the balance between cytokines
and reduce inflammation by exercise [13]. Aerobic ex-
ercise has a positive relationship with the increase in the
subcortical gray matter structures’ volume, like the basal
ganglia and hippocampus, among people with MS [14].
Low- and moderate-intensity resistance training in MS
has been demonstrated to be secure. They do not acceler-
ate the progression of the condition and are effective in
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maintaining aerobic capacity and muscle strength [15].
Resistance exercise, in the rehabilitation of people suf-
fering from this disease, is known as an effective tool in
the recovery of people suffering from this disease, and it
affects basic processes, such as changes in muscle mor-
phology, cytokines, and neurological adaptations [16].
Combined aerobic and resistance exercises provide more
psychological benefits independent of disease status and
related symptoms [17]. Thus, the current research aimed
to examine the effectiveness of resistance and aerobic
exercises on selected functional capacities and cognitive
indicators in women with MS experiencing depression.

2. Materials and Methods
Design

The current research was a semi-experimental, single-
blinded study with a pre-test and post-test design. All
stages of the study were accepted by the Ethics Commit-
tee of the Sport Sciences Research Institute (SSRI), and
subsequently, the selected subjects, after being informed
well about the purpose of the research and completing
the training protocol, were randomly selected and com-
pleted the consent form. They were randomly placed in
one out of the three resistance training, control, and aero-
bic groups.

Participants

The statistical population was women with MS from
the Ba’ath Hospital, Guilan selected by the available
sampling, but the division of the samples into groups
was randomized. Thirty individuals with depression
and no contraindications for exercise were included in
the study. The participants had an expanded disability
status scale (EDSS) score range of 0-5.5 and were aged
between 25 and 50 years. The study employed a single-
blind method under the monitoring of a neurologist. The
subjects were divided into three 10-people groups (re-
sistance exercises, aerobic exercises, and control). The
control group did not do any exercises during the proto-
col and followed their inactivity lifestyle until the end of
the protocol. The inclusion criteria were as follows: 1)
Age of 25 to 50 years old; 2) Body mass index (BMI)
equal to or bigger than 18.5 kg/m? and less than 40 kg/
m?; 3) Not taking medication without coordination; 4)
Performing physical activity or physical exercises in the
last six months or being inactive; 5) No recent change in
diet; 6) Suffering from depression; 7) The EDSS score
range of 0-5.5.
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Measurement

The training was designed to be conducted at home.
Six virtual briefing sessions were held, covering topics,
including how to perform stretching, warming up, cool-
ing down, and the main body of each exercise. In the
resistance group, participants were also given orders on
how to properly wear the vest and position the weights.
Also, training videos were provided to all participants.
Functional tests were taken two weeks before the start of
the protocol. It should be noted that the resistance group
was trained three days a week and the aerobic group two
days a week, and at the end of each session, the evalua-
tor made a phone call for both groups, and the subjects’
heart rate, fatigue intensity, and exercise intensity of the
patients were recorded based on the Borg scale (RPE).
The protocol entirely was performed under a neurolo-
gist, a clinical psychologist, and a PhD in sports physi-
ology supervision. This research was conducted during
the COVID-19 pandemic, taking into consideration that
individuals with MS may experience weakness and dis-
ability. All exercises and answers to questionnaires were
done in completely hygienic conditions at home. Two
weeks before the start of the exercise protocol, the sub-
jects recorded their menstruation time in the personal
information form. The Beck depression inventory (BDI-
1) [18], perceived stress scale (PSS) [19], fatigue sever-
ity scale (FSS) [20], and International physical activity
questionnaire (IPAQ) [21] were provided to the subjects
in a virtual form through the Porsline website at a certain
time after the premenstrual syndrome (PMS). Numerous
symptoms have been attributed to this syndrome, and it
covers a wide spectrum that includes behavioral, emo-
tional, and physical domains [22]. All questionnaires and
functional tests were re-evaluated in the post-stage after
eight weeks.

Questionnaires

IPAQ: IPAQ evaluates the intensity, duration, and fre-
quency of bodily activity during the last week. It focuses
on four areas: (1) during leisure time (2) during transpor-
tation, (3) at work, and (4) during household activities.
The severity of referred diverse activities can be consti-
tuted in metabolic equivalents (METs) which makes the
energy cost several times the resting energy cost. One
minute of moderate home activity included three METs
and eight robust severity activities. Sedentary perfor-
mance is assessed as an additional area provided in min-
utes each week. This questionnaire was used to assess
the physical activity of the subjects during a phase before
the start of the protocol to ensure the immobility of the
subjects [23].
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PSS: The perceived stress was assessed via the 10-item
PSS. By scoring a total of 10 items, ranging from 0 to
40, a total score was measured. To obtain a dichotomous
variable, a threshold of 14 was utilized, a score of less
than 14 was classified as “low perceived stress” and a
score of 14 or more was classified as “high perceived
stress” [24].

FSS: FSS is a 9-item self-report scale to evaluate fa-
tigue, its intensity, and its effect on particular activities.
The answers were classified, varying from one (strongly
disagree) to seven (strongly agree) based on a 7-point
scale. Higher scores on the FSS show more severe fa-
tigue symptoms and interference with daily activities
[25].

BDI-II: BDI-II is one of the most utilized self-report
scales to evaluate the severity of depressive symptoms.
Severity cutoff scores were originally proposed by Beck
et al. in 1996 and can be defined as 0 to 13 as minimal,
14 to 19 as mild, 20 to 28 as moderate and severe, and 29
and above as depression [26].

Functional capacity

TUG: A widely accessible assessment of overall physi-
cal function, the TUG test, measures the time spent to ac-
complish a specific task. In the TUG, participators stand
up from a chair, go around a cone 3 meters away, and
turn back to the chair once again to sit down [27].

10-minute walk test (I0OMWT): A simple and com-
monly used assessment is the I0MWT where the patient
is instructed to walk at their usual speed for a distance
of 10 m. The outcome is the time required to finish the
task [28, 29].

6-minute walk test (6MWT): A famous device, the
6MWT, is to assess stamina in the sub-maximal status
and capacity to walk. The distance of 6MWT is related
to health-related quality of life, maximal workload mea-
sured on a cardiopulmonary exercise test, and peak oxy-
gen consumption [28, 30].

30-second chair stand test (30 CST): Using the 30 CST,
the strength of the functional lower limb was measured.
With the patient positioned on an armless chair, the test
was administered.

According to the order of the examiner, the patient
stood straight up and immediately sat down once more
till the back reached the chair backrest. The repetition
of the referred process was as often as feasible in a half
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minute. The examiner was upright near the patient to
prevent any potential issues, like fallings but did not help
the patient during the test. The total number of complete
standings was noted This assessment was conducted two
weeks before the commencement of the training.

Training protocol
Resistance training

Based on the periodization model, a 2-week pilot and
eight-week training were carried out, with a focus on
strengthening people’s mobility, balance, and strength.
The periodic model contained training sessions for two
weeks and exercise for eight weeks at home. This period-
ic technique is used by both athletes and people without
aregular training history [32]. The training duration was
eight weeks, which included a hypertrophy phase (four
weeks) and a strength and power phase (four weeks),
and three sessions were held per week. The participants
engaged in a warm-up routine consisting of 5-10 min-
utes of movements, such as walking, slow jogging, and
gentle-to-moderate-intensity stretching exercises [33,
34]. This was followed by 25-30 minutes of main exer-
cises, and finally, 5-10 minutes of stretching movements
to cool down the entire body [35]. Participants were
asked to do the exercises at their own speed and relax
between sets if essential. To increase the intensity of the
training, in the resistance training program, weight vests
were used. The training repetitions and intensity were
different for each person and changed every two weeks.
There was a 4-2-minute rest between each set. The initial
resistance of the vest was 0.5% of each person’s body
weight. According to the person’s score of EDSS and the
initial results of the performance evaluation tests (TUG,
6MWT, I0MWT, 30 CST), the initial number of repeti-
tions for each individual’s movements was determined.
Movements contained leg curls, forward lunges, heel-toe
raises (legs standing), step-ups, and chair raises.

The training program in the first and third weeks in-
cluded exercises in two sets with repetitions ranging
from 8 to 12, which the person performed with the mini-
mum ability of eight repetitions and the maximum abil-
ity of 12 repetitions. The number of repetitions of each
movement was determined according to the doctor’s
prescription and the patient’s clinical symptoms.

It should be noted that in the third week, according to
the patient’s ability (clinical symptoms during the last
two weeks), based on the research team’s prescription,
and the individual’s EDSS score, an additional weight
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ranging from 0.5 to 1.5 percent of their body weight was
added to the weight of the vest.

In the second and fourth weeks, the number of sets in-
creased from two to three sets (hypertrophy phase), and
the repetition of each movement was modified between
8 and 12 repetitions according to the patient’s reports,
clinical symptoms, and the accompanying doctor’s pre-
scription.

The fifth to eighth weeks are the strength and power
phase, where the exercises are done in two sets with 8-10
repetitions. The way to increase intensity and repetition
was the same as before, according to the individual’s
performance, but the maximum number of repetitions
was ten [36].

Aerobic training

The type of aerobic exercise of these patients was
walking (with a treadmill or outdoors), which started
two days a week for 10 minutes and over time was per-
formed for 30 minutes in eight weeks. According to their
abilities, they were able to divide their walking time into
five parts. The intensity of the training was between 11
and 13 of 20 or 40-60% of HRpeak (the maximum heart
rate) according to the rating of perceived exertion (RPE)
during all public sessions. The duration of exercise was
adjusted based on the individual’s tolerance level for
MS. Subjects were asked to add 5 minutes to their walk-
ing time once every two weeks, if they were compatible
with the intensity and duration of the previous exercise,
and take a maximum of 1-2 minutes of rest every five
minutes. At the end of each session, before and imme-
diately after the activity, the heart rate was measured in
each session [37].

Statistical analyses

To assess the normality of the data distribution, the
data were analyzed by the Shapiro-Wilk test, and the
repeated-measure ANOVA was conducted to determine
alterations both within and between groups. Additional-
ly, the Bonferroni post hoc test was employed for further
analysis. Inferential tests were performed using SPSS
software, version 26, and drawing shapes were made us-
ing the Word software. A level of significance of P<0.05
was considered.

3. Results

The results of two-way ANOVA indicated no notable
dissimilarity among the three groups in height, weight,
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age, BMI, IPAQ score, and EDSS score (P>0.05), and
for all the above factors, the three groups were homoge-
neous (Table 1).

Considering the results of the two-way ANOVA, there
were significant differences between the resistance, aer-
obic and control groups in perceived stress (P=0.01), the
6MWT (P=0.001), depression level (P=0.001), 30 CST
(P=0.001), and the I0OMWT (P=0.01) (Table 2).

As shown in Table 3, the Bonferroni test results on
within-group changes between the pre-test and post-test
of each group indicated that resistance exercises had
a significant effect on the perceived stress (P=0.04),
IOMWT speed (P=0.01), depression level (P=0.001),
6MWT (P=0.001), and 30 CST (P=0.001) had. Also,
aerobic exercises had a significant effect on perceived
stress (P=0.03), depression level (P=0.001), 6MWT
(P=0.001), and 30CST (P=0.04). The between-group
results of the Bonferroni post hoc test demonstrated a
significant difference between the control and resistance
(P=0.001) and the control and aerobic (P=0.006) groups
in the level of depression. It had a significant effect on the
functional strength of the lower limbs (30 CST). How-
ever, no notable dissimilarity was seen in other variables.

4. Discussion

The aim of this research was to survey the effectiveness
of eight weeks of aerobic and resistance exercises on se-
lected cognitive and functional capacities in women with
MS. The results of the current research demonstrated
that aerobic and resistance training had a notable effect
on depression, perceived stress, and selected functional
capacities of patients with MS. However, no significant
effects were found on the level of fatigue and functional
balance test concerning other variables. Studies focused
on home-based training for individuals with MS are rela-
tively scarce, and there is no consensus concerning the
effectiveness of training on cognitive and physical fac-
tors in this population. Also, limited studies have been
conducted on the intervention effectiveness of education
in some factors of the present research in this type of
patient. Therefore, the current research was carried out to
examine the effect of two training types on these factors
in patients with MS.

In a systematic review including articles published from
2010 to the present that support the present study, exer-
cise as a single, adjunctive, or combined treatment was
shown to be effective for depression in all age groups
(mainly 25-45 years) and the advantage of exercise ther-
apy was similar to conventional depression therapy. To
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Table 1. Demographic characteristics of the subjects

Variables Group Mean1SD Statistics P
Control 34.11+3.40
Age (y) Aerobic 35.11+3.29 0.74 0.29
Resistance 35.00+1.92
Control 63.77+£13.51
Weight (kg) Aerobic 71.33+14.39 0.41 0.91
Resistance 63.62+13.14
Control 1.64+0.05
Height (m) Aerobic 1.66+0.04 0.21 1.64
Resistance 1.61+0.06
Control 23.50+4.56
Body mass index (kg/m?) Aerobic 25.67+4.77 0.53 0.59
Resistance 24.17+4.33
Control 2.16%1.17
Expanded disability status Aerobic 1.6140.60 0.44 0.83
scale (EDSS) score
Resistance 2.12+1.15
Control 406.77+107.22
International physical
activity questionnaire (IPAQ) Aerobic 276.77+80.24 7.94 0.20
score
Resistance 447.75%+90.04
Control 27.88+3.01
Depression Aerobic 28.66+4.35 0.92 0.41
Resistance 26.25$3.65

PHYSICAL TREATMENTS

diminish depressive signs moderate-intensity exercise is
sufficient; however, higher-dose exercise is generally an
improvement in functioning. Exercise therapy has be-
come more widely used because of its benefits for sys-
temic functions, emotional states, and the cardiovascular
system [38]. A narrative review of systematic reviews
and meta-analyses on the current state of evidence for
three common treatments for depression in people with
MS (i.e. exercise, cognitive-behavioral therapy, and an-
tidepressants) found that there is no gold standard for
depression and single therapy and combination therapies
have been suggested for depression management in MS.
However, there is little evidence for the use of combina-
tion therapy for depression and its outcomes in people
with MS [39].

Studies aimed at investigating the effect of exercise
training on perceived stress in patients with MS are very
few; thus, relatively relevant studies were examined. For
example, 60 participators with MS were randomly as-
signed to cognition-targeted exercise (CTE) and the symp-
tom-targeted exercise (STE). Participants in the control
group, in addition to the STE program (standard physical
therapy program), also performed eight 50-minute ses-
sions of weekly cognitive-behavioral therapy (CBT). In
contrast, participants in the experimental group underwent
eight weekly 50-minute CBT sessions in addition to the
CTE program. The hospital anxiety and depression scale
(HADS) and the PSS were utilized and there was a signifi-
cant difference between the groups during follow-up and
post-test visits regarding all clinical outcomes [40]. In an-
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Table 2. Results of repeated-measure analysis of variance

October 2023. Volume 13. Number 4

Variables Source F P n?

Time 0.87 0.77 0.004

Perceived stress scale
Timexgroup 4.93 0.01" 0.30
Time 1.52 0.22 0.06

Fatigue severity scale
Timexgroup 1.92 0.16 0.14
Time 47.12 0.001" 0.67

Beck depression inventory
Timexgroup 24.26 0.001" 0.67
Time 0.94 0.34 0.03
Timed up and go
Timexgroup 0.63 0.54 0.05
Time 7.17 0.01" 0.23
10-meter walk test
Timexgroup 1.27 0.29 0.10
Time 90.8 0.001° 0.79
6-Minute walk test

Timexgroup 24.10 0.001" 0.67
Time 13.06 0.001" 0.36

30-second chair stand
Timexgroup 3.53 0.04 0.23

"Significant difference (P<0.05).

other study with inconsistent results with the current study
on 47 women with relapsing-remitting multiple sclerosis
(RRMS), physical activity prevented the occurrence of re-
lapse or inactivity could lead to relapse. There were weak
and inconsistent results regarding perceived stress as a me-
diator or moderator of the relationship between physical
activity and relapse in MS [41].

The evidence of examining the frequency and severity
of fatigue in 100 patients with RRMS and its relationship
with general physical activity and disease-related disability
showed that fatigue is a common symptom in MS patients;
patients with less physical activity and more MS-related
disabilities, suffer significant fatigue that negatively affects
cognitive, psychosocial, and physical functioning [42]. In
another study involving 68 patients with MS, two groups
were investigated: An exercise intervention of 24 weeks of
progressive aerobic exercise (PAE) followed by self-direct-
ed physical activity, and a wait-list control group (24 weeks
of conventional lifestyle followed by PAE) The PAE group
performed exercises in two sessions of 30-60 minutes per
week with an intensity of 65-95% of the maximum heart
rate and the 24-week waiting list control subjects had nor-
mal life followed by aerobic exercise. The aerobic exercise
was not effective in the intensity of fatigue; however, signif-
icant effectiveness was seen in the 6SMWT [43]. In a study
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conducted by Grazioli et al. on the effectiveness of a 12-
week merged training intervention (aerobic and resistance
exercise) on the quality of life, fatigue perception, walking
ability, severity of disease, and balance in MS patients,
bodily activity was effective in MS patients and supported
the combined utilization of aerobic and resistance exercises
to attain psychological and functional therapeutic results.
Also, an increase in the ability to walk, balance, reduction
of severity, fatigue, and depression of the disease was ob-
served [44]. The results of a study including 66 people with
MS performing eight weeks of intermittent exercise with
a maximum of 60% to 75% W, supported exercise as an
effective therapeutic intervention to improve functional pa-
rameters, depression, and fatigue apart from the beginning
regardless of the baseline weight status in people with MS
[45]. The effectiveness of physical activity on the fatigue
of people with MS is different. In the research by Riemen-
schneider et al., the results of 48 weeks of aerobic training
on physical and cognitive performance, including mea-
suring aerobic fitness, 6(MWT, upper limb dexterity, and
fatigue did not show significant differences between the
groups; however, all measures of upper extremity function
and gait showed low to moderate results in supporting exer-
cise. The general state of disability as well as cognition was
not affected by exercise, but the understanding of illness
and the effect of weariness decreased in both groups [46].
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Table 3. Bonferroni’s post hoc test results to compare within-group and between-group differences

Within-group Between-group
Variables Group
Time Mean+SD P Group Mean Difference P
Pre-test 14.77+5.21
Control 0.59 Control-aerobic -4.50 0.23
Post-test 15.44+5.15
p wved st Pre-test 21.00+4.97
erce;\gles ress Aerobic 0.03" Control-resistance 0.23 1.00
Post-test 18.22+6.59
Pre-test 16.25+4.52
Resistance 0.04" Aerobic-resistance 4.73 0.22
Post-test 13.5046.30
Pre-test 28.44+11.66
Control 0.09 Control-aerobic 2.88 1.00
Post-test 34.77+12.94
Fati it Pre-test 26.2249.75
a Igl::;ve” ¥ Aerobic 0.18 Control-resistance 4.42 1.00
Post-test 31.32+9.82
Pre-test 32.35+18.69
Resistance 0.39 Aerobic-resistance 1.53 1.00
Post-test 29.25+18.29
Pre-test 27.88+3.01
Control 0.10 Control-aerobic 8.16 0.006"
Post-test 31.55+7.89
Beck d . Pre-test 28.66%4.35
ec. epression Aerobic 0.001" Control-resistance 11.28 0.001"
inventory
Post-test 14.44+6.22
Pre-test 26.25%3.65
Resistance 0.001° Aerobic-resistance 3.11 0.62
Post-test 10.62+8.65
Pre-test 9.05+2.23
Control 0.95 Control-aerobic 0.59 1.00
Post-test 9.70+2.85
Pre-test 9.16+1.21
Timed up and go Aerobic 0.15 Control-resistance 0.39 1.00
Post-test 7.73+2.01
Pre-test 9.84+3.48
Resistance 0.77 Aerobic-resistance -0.19 1.00
Post-test 8.45+2.78
Pre-test 5.63+1.17
Control 0.69 Control-aerobic 0.05 1.00
Post-test 5.54+1.09
10-met Ik Pre-test 5.71+0.72
—m(tae:tr wa Aerobic 0.12 Control-resistance 0.35 1.00
Post-test 5.35+0.90
Pre-test 5.55+1.06
Resistance 0.01" Aerobic-resistance 0.29 1.00
Post-test 4.93+0.63
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Within-group Between-group
Variables Group
Time Mean+SD P Group Mean Difference P
Pre-test 326.50+£115.16
Control 0.71 Control-aerobic -39.60 0.49
Post-test 321.72+155.48
6-minut I Pre-test 364.50+58.96
-mlts‘: wa Aerobic 0.001" Control-resistance 23.76 1.00
Post-test 455.801+163.31
Pre-test 331.50+£79.30
Resistance 0.001" Aerobic-resistance 63.36 0.10
Post-test 429.12+63.37
Pre-test 9.44+2.06
Control 0.85 Control-aerobic -2.16 0.03"
Post-test 9.55+1.66
30 d chai Pre-test 11.00+2.17
-sesctc;:dc ar Aerobic 0.04" Control-resistance -1.12 0.55
Post-test 12.33+1.80
Pre-test 9.37+2.19
Resistance 0.001° Aerobic-resistance 1.04 0.65
Post-test 11.87+1.55

"Significant difference (P<0.05).

In a study involving 30 men and women with MS,
the effect of eight weeks of home-based neurofunc-
tional training (HBNFT) TUG, 6MWT, and 10MWT
was compared with home-based resistance training
(HBRT) performed in three sessions per week. The re-
sults showed only a significant effect on 6MWT, while
no significant changes or differences were observed in
the other factors, which is in line with the findings of
the current research [47]. Therefore, additional study is
guaranteed to discover the role of various factors, such
as exercise type, exercise environment, different exer-
cise intensities, gender, age range, sample size, sample
characteristics, and the severity and type of the disease.
Investigating these aspects is important to gain a deeper
understanding of their impact on outcomes related to
exercise interventions. In MS, people with more severe
fatigue use extra hours during the day without physical
activity. People who have more day-to-day bodily activi-
ties have better physical and neuromuscular functions.
This interrelationship between body function, sedentary
behavior, and fatigue draws attention to the importance
of reducing the perception of fatigue in MS patients [48].
Among people with MS, there is evidence that these ele-
ments are factors in response to physical activity inter-
ventions and exercises. For example, the development
of lower limb muscle strength is related to an increase
in neural drive after a 12-week continuous resistance
training program among people with MS [49]. Regard-
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ing primary fatigue, attention is paid to changes in the
CNS under the effect of regular exercise (reduction of
neurodegeneration, improvement of synaptic plasticity
and neurogenesis through increased BDNF level), im-
munological changes (decrease of inflammation), and
neuroendocrine changes via normalization of hypotha-
lamic—pituitary—adrenal axis dysfunction [50].

Some factors are recognized to affect the cognitive
dysfunction level. Orderly bodily activity, a healthy diet,
an absence of addiction, and appropriate comorbidities
control can have a positive effect on the cognition of MS
patients [51]. Exercise can promote molecular alteration
that diverts a chronic pro-inflammatory state to an anti-
inflammatory state in the central and peripheral nervous
systems [52]. Regarding the effectiveness of mind-body
interventions, it can be attributed to the level of GABA
in the thalamus, which naturally acts as an anti-anxiety
agent. In addition, relevant evidence shows that medi-
tation induces interior relief of the autonomic nervous
system, without leading to lethargy, while increasing
the activity of the immune system, modulating various
neurotransmitters, like norepinephrine and serotonin,
thereby enhancing various psychological and cogni-
tive features containing depression [53]. Also, physical
activity probably increases self-confidence and good
sensation in a person, which leads to an improvement
in depression. In addition, exercise may improve anti-
oxidant defenses and neurotrophic factors, which can
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reduce CNS susceptibility to neurodegeneration. Exer-
cise exposure (preconditioning) may act as a mechanism
to increase stress resistance and may maintain neuronal
survival under severe stress conditions. Given that cere-
bral atrophy and axonal loss appear early in the disease,
exercise administration in the acute phase can increase
neuroplasticity, neurodegeneration, and neuroprotection
and reduce long-term disability [54]. People with MS
are challenged to lead an active lifestyle through fitness.
Although exercise prescription has been considered a
therapeutic strategy to minimize the loss of functional
capacity in chronic illness, it is underused as an interfer-
ence strategy in the MS population.

5. Conclusion

Scientific, medical, and sports evidence has shown that
MS patients suffer from physical and mental problems
due to lack of movement and exercise. It is possible to
reduce many complications of MS by performing sports
movements and basic mobility, according to the physical
conditions of each person. Home-based physical activ-
ity, including resistance and aerobic exercises, can affect
some factors, including depression, perceived stress,
6MWT, 10-MWT, and 30 SCT in people with MS. Thus,
sports trainers, clinical exercise physiologists, therapists,
and physiotherapists are recommended to use resistance
and aerobic exercises to improve the physical and mental
condition of patients with MS.

Limitations

Some limitations of this study included the absence of
dietary assessment, the limited sample size before and
during the intervention protocol, and the lack of exami-
nation and control of stressful factors during exercise
performance. It has been reported that stress manage-
ment treatment can reduce inflammation and enhance
neuroprotection in conditions, such as MS, which is
exacerbated by stress. Therefore, future studies should
consider factors, such as age, the severity of MS, exer-
cise intensity and type, duration of the exercise protocol,
gender, and geographic location of the subjects. Also,
this research was carried out throughout the pandemic
of COVID-19 and it is better to conduct the protocol in
a more controlled environment. Depression, fatigue, and
other variables should be measured by accurate tools
along with sports interventions. Taking these factors
into account can provide valuable insights for further re-
search in this field.
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