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Accepted: Background and Objective: Multiple sclerosis (MS) is a chronic inflammatory and

May 28, 2026 neurodegenerative disorder of the central nervous system characterized by demyelination and
progressive neurological dysfunction. Fatigue, muscle weakness, and impaired functional capacity
are among the most prevalent symptoms experienced by individuals with MS and can substantially
impair their quality of life. Exercise interventions have increasingly been recognized as effective
non-pharmacological strategies for improving neurological function and alleviating MS-related
symptoms. Nerve growth factor (NGF), a key member of the neurotrophin family, plays an
important role in neuronal survival, differentiation, and synaptic plasticity. However, limited
evidence is available regarding the effects of Pilates-based exercise on neurotrophic factors in
individuals with MS. Therefore, this study aimed to investigate the effects of an eight-week Pilates
training program on serum NGF levels and fatigue in men with multiple sclerosis.

Materials and Methods: This quasi-experimental study employed a pretest-posttest design with
a control group. Twenty-two men diagnosed with multiple sclerosis were recruited through
convenience sampling and randomly assigned to either a Pilates training group (n = 12) or a control
group (n = 10). Participants in the training group completed an eight-week Pilates exercise program
consisting of three 60-minute sessions per week. The control group maintained their usual
lifestyle and did not participate in any structured exercise program during the study period. Serum
NGF concentrations were measured using the enzyme-linked immunosorbent assay (ELISA)
method. Fatigue was assessed using the Fatigue Severity Scale (FSS). Statistical analyses were
performed using two-way repeated-measures analysis of variance (ANOVA) to examine the effects
of time and group. Statistical significance was set at p < 0.05.

Results: Following the eight-week intervention, serum NGF levels significantly increased in the
Pilates training group (p = 0.01), whereas no significant change was observed in the control group
Keywords: (p = 0.41). In addition, fatigue scores significantly decreased in the training group after the
Multiple Sclerosis, intervention (p = 0.02), while no significant change was observed in the control group (p = 0.63).
Repeated-measures ANOVA revealed a significant time x group interaction for both serum NGF

Pilates Trainin
& levels and fatigue scores (p < 0.05), indicating that the changes over time differed significantly

Nerve Growth between the Pilates and control groups.

Fac'tor (NGF), Conclusion: The findings suggest that an eight-week Pilates training program may positively affect
Fatigue, serum NGF levels and reduce fatigue in men with multiple sclerosis. The observed increase in
Neurotrophins, serum NGF may reflect a potential beneficial effect of Pilates exercise on neuroplasticity and
Exercise Training neurobiological function. Therefore, Pilates training may be considered a safe and potentially

effective complementary exercise strategy within rehabilitation programs for individuals with MS.
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Extended Abstract

1. Introduction

Multiple sclerosis (MS) is a chronic
inflammatory and neurodegenerative
disease of the central nervous system
characterized by demyelination, axonal
damage, and progressive neurological
dysfunction. Fatigue is one of the most
common and disabling symptoms of MS
and can substantially impair daily
functioning and quality of life (1,10).
Neurotrophins, including nerve growth
factor (NGF), play important roles in
neuronal survival, axonal growth, synaptic
function, and neuroplasticity (6,7).
Physical exercise may alleviate MS-related
symptoms through several mechanisms,
including neuromuscular, vascular, anti-
inflammatory, and neurotrophic pathways
(14). Pilates, which emphasizes controlled
movements, breathing, postural
alignment, core activation, and
neuromuscular coordination, may be a
suitable form of exercise for individuals
with ~ mild-to-moderate =~ MS-related
disability (15). Therefore, this study aimed
to investigate the effects of an eight-week
Pilates training program on serum NGF
levels and fatigue in men with MS.

2. Methods

This quasi-experimental study employed a
pretest-posttest design with a control
group. Twenty-two men with MS, aged
30-40 vyears, were recruited through
convenience sampling and randomly
assigned to either a Pilates training group
(n = 12) or a control group (n = 10).
Eligibility criteria included an Expanded
Disability Status Scale (EDSS) score of 2-5,
independent walking ability, stable disease
with no relapse during the preceding three
months, absence of severe cardiovascular
or musculoskeletal disease, and no regular
participation in structured exercise during

the previous three months. Participants
were excluded if they experienced a
relapse, underwent a medication change,
or attended fewer than 80% of the training
sessions.

The Pilates group participated in
supervised training three times per week
for eight weeks, with each session lasting
60 minutes. Each session consisted of a
10-minute warm-up, 40 minutes of
modified mat-based Pilates exercises, and
a 10-minute cool-down. The exercises
focused on core activation, pelvic and
postural control, spinal alignment,
breathing techniques, and neuromuscular
coordination. Exercise intensity was
maintained at a light-to-moderate level,
corresponding to a rating of perceived
exertion (RPE) of 10-13, with gradual
progression in exercise complexity
throughout the intervention. The control
group maintained its usual lifestyle and did
not participate in any organized exercise
program during the study period.

Blood samples were collected at
baseline and 48 hours after the final
training session, between 8:00 and 10:00
a.m., following an overnight fast of 10-12
hours. Serum NGF concentrations were
measured using an enzyme-linked
immunosorbent assay (ELISA) kit. Fatigue
was assessed using the nine-item Fatigue
Severity Scale (FSS), with higher mean
scores indicating greater fatigue severity.
Data were analyzed using descriptive
statistics and two-way repeated-
measures analysis of variance (ANOVA).
Cohen’s d and partial eta squared (np?)
were calculated as measures of effect size.
Statistical significance was set at p < 0.05.

The study protocol was approved by the
Research Ethics Committee of Ferdowsi
University of Mashhad
(IRUM.REC.1405.008), and written
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informed consent was obtained from all
participants before enrollment.

3. Results

No significant baseline differences were
observed between the Pilates and control
groups in terms of age, body mass index
(BMI), or Expanded Disability Status Scale
(EDSS) score. A significant time x group
interaction was observed for both serum
NGF levels and fatigue severity (p < 0.05).

Serum NGF levels in the Pilates group
increased from 152.3 + 284 pg/mL at
baseline to 173.6 + 30.1 pg/mL after eight
weeks, representing a mean increase of
21.3 pg/mL (p = 0.01; Cohen’s d = 0.82;
partial n2 = 0.14). In the control group,
serum NGF levels changed from 149.8 =+
269 to 1512 + 27.5 pg/mL, with no
statistically significant change (p = 0.41).
The between-group difference in post-
intervention NGF levels was statistically
significant (p = 0.02).

FSS scores in the Pilates group
decreased from 42.6 + 6.8 at baseline to
35.4 £ 7.1 after eight weeks, representing a
mean reduction of 7.2 points in fatigue
severity (p = 0.02; Cohen’s d = 0.76; partial
n? = 0.13). In the control group, FSS scores
decreased slightly from 41.9 + 7.2 to 41.1 £
7.4, with no statistically significant change
(p = 0.63). The between-group difference
in post-intervention FSS scores was
statistically significant (p = 0.03).

4. Conclusion

Eight weeks of supervised Pilates training
was associated with increased serum NGF
levels and reduced fatigue severity in men
with mild-to-moderate MS. These findings
suggest that Pilates may influence
peripheral neurotrophic markers and
alleviate an important clinical symptom,
potentially through its combined effects
on postural control, breathing, core

activation, neuromuscular coordination,
and physical conditioning (15,19).

However, the observed increase in
serum NGF should not be interpreted as
direct evidence of enhanced NGF activity
within the central nervous system or of
neuroprotection. Moreover, because the
association between changes in serum
NGF and reductions in fatigue severity was
not examined, a direct relationship
between these outcomes cannot be
established. The small sample size,
convenience sampling, inclusion of male
participants only, absence of an active
control group, and relatively short
intervention period limit the
generalizability of the findings. Future
studies should employ larger randomized
controlled trials with longer follow-up
periods, include both male and female
participants, and assess additional
neurotrophic and inflammatory
biomarkers to further elucidate the
underlying mechanisms of Pilates-induced
adaptations in individuals with MS.
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