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Extended Abstract

Background and Purpose

Multiple sclerosis (MS) is a chronic autoimmune and neurodegenerative disease affecting the
central nervous system. Cognitive impairment is one of the most common and disabling features of
MS and may appear even in the early stages of the disease. Executive functions, selective attention,
working memory, and cognitive flexibility are frequently affected due to demyelination, axonal
degeneration, and brain atrophy. Brain-derived neurotrophic factor (BDNF) is a key neurotrophin
involved in neuronal survival, synaptic plasticity, and cognitive processes, and reduced BDNF
levels have been reported in individuals with MS. Although various exercise modalities have been
investigated in MS, limited evidence exists regarding the effects of Pilates training on both
neurotrophic factors and cognitive performance. Therefore, the present study aimed to examine the
effects of eight weeks of Pilates training on plasma BDNF levels, selective attention, cognitive
flexibility, and working memory in women with MS aged 30-50 years.

Methods

This study was a quasi-experimental trial with a pretest—posttest design including a control group.
Thirty-two women with MS (EDSS < 5.0) were recruited from the MS Association of Hamedan and
randomly assigned to a Pilates group (n = 16) or a control group (n = 16). Sample size was
determined using G*Power software with an alpha level of 0.05 and statistical power of 80%.
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Inclusion criteria included the absence of regular exercise (score < 8 on the Beck Physical Activity
Questionnaire), absence of severe psychological disorders (SCL-25 score < 50), mild cognitive
impairment (MoCA score < 27), no relapse during the previous six months, non-pregnancy, non-
smoking status, and no history of cardiovascular, metabolic, psychiatric, oncologic, or orthopedic
disorders. Exclusion criteria included relapse during the study and inability to continue the exercise
protocol.

The Pilates group performed a supervised program for eight weeks (two sessions per week, 60
minutes per session). Each session consisted of 10 minutes of warm-up, 40 minutes of main Pilates
exercises using elastic bands and exercise balls, and 10 minutes of cool-down. Repetitions
progressed from 10 repetitions during the first four weeks to 20 repetitions during the last four
weeks.

Blood samples (5 ml) were collected 48 hours before and after the intervention under fasting
conditions to measure plasma BDNF. Cognitive performance was assessed using the Wisconsin
Card Sorting Test (cognitive flexibility), the Stroop test (selective attention), and the N-back test
(working memory).

Data normality was examined using the Shapiro—Wilk test. Analysis of covariance (ANCOVA) was
conducted controlling for pretest scores, age, and EDSS. Statistical significance was set at p < 0.05.

Results

ANCOVA results showed a significant difference between groups in plasma BDNF levels after the
intervention (p < 0.001), with the Pilates group demonstrating a significant increase compared to the
control group. In the Wisconsin Card Sorting Test, significant between-group differences were
observed in perseverative errors (p < 0.001), number of correct responses (p < 0.001), and response
time (p < 0.001). However, no significant difference was found between groups in the number of
completed categories. In the Stroop test, significant reductions were observed in interference score
(p = 0.005) and interference time (p < 0.001) in the Pilates group compared to the control group. In
the N-back test, significant improvements were found in the number of correct responses (p <
0.001) and response time (p < 0.001) in the Pilates group compared to the control group.

Age showed a significant effect only on BDNF (p = 0.026), while EDSS did not show significant
effects on most outcome variables. Overall, eight weeks of Pilates training led to significant
improvements in plasma BDNF levels and several components of cognitive performance, including
cognitive flexibility (except number of categories), selective attention, and working memory.

Conclusion

Eight weeks of supervised Pilates training significantly increased plasma BDNF levels and
improved cognitive flexibility, selective attention, and working memory in women with multiple
sclerosis aged 30-50 years. Significant improvements were observed in perseverative errors,
number of correct responses, response time, interference score, interference time, and N-back
performance, while the number of completed categories in the Wisconsin Card Sorting Test did not
change significantly. These findings indicate that Pilates training may serve as an effective
complementary intervention to enhance neurobiological markers and cognitive function in women
with MS.
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Article Message
Eight weeks of supervised Pilates training significantly increased plasma brain-derived neurotrophic
factor (BDNF) levels and improved several domains of cognitive performance in women with
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multiple sclerosis aged 30-50 years. Compared with the control group, participants in the Pilates
group showed significant improvements in perseverative errors, number of correct responses,
response time, interference score, interference time, and N-back performance. No significant change
was observed in the number of completed categories in the Wisconsin Card Sorting Test. These
findings suggest that Pilates training may serve as a practical complementary intervention to
enhance neurobiological markers and cognitive function in women with MS.
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Table 2- Mean =+ standard deviation of demographic characteristics of subjects by group
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Table 3- Results of the analysis of covariance for plasma BDNF
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n df Sum squares Source
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SIS Jes
0.922 <0.001* 79.719 661.714 4 2646.85 Corrected
Model
0.889 <0.001* 216.47 1796.86 1 1796.86 e
Group
0.660 <0.001* 52.330 434.36 1 434.36 O
Pre-test BDNF
0/171 0.026° 5.58 46.36 1 46.36 o (pg/ml)
Age
0.012 0.570 0.331 2.74 1 2.74 EDSS
Uas
8.30 27 224.114
Error
32 106725.00 5
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Figure 1- Comparison of groups in BDNF pre-test and post-test
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Table 4- Results of the analysis of covariance for cognitive flexibility
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Wisconsin card
S Jxe
0.046 0.860 0.324 1.078 4 4312 Corrected
Model
0.026 0.401 0.727 2.420 1 2.420 57
Group
0.014 0.541 0.383 1.275 1 1.275 SR - .
Pre-test Sl olisi
o Number of
0.000 0.996 0.000 8.012 1 8.012 Aso categories (n)
0.010 0.599 0.284 0.945 1 0.945 EDSS
Uas
3.330 27 89.907
Error
32 353.00 F
Total
5 Jse
0.723 <0.001* 17.65 247.170 4 988.678 Corrected
Model sl
0.531 <0.001* 30.57 428.058 1 428.058 55 S bl
Gr?up Perseverative
0.488 <0.001* 25.70 359.862 1 359.862 OFE o error (n)
Pre-test
0.023 0.433 0.63 8.858 1 8.858 o

1Y oyloss o 0590 NFD 3l (U 9359 3o g aolidlad




OhSed g (5 ez g Yo

0.007 0.658 0.20v

3367.00

0.521 <0.001* 29.33 1089.06 1089.06 °’;
0.026 0.401
1002.45
Error
S5 Jee
0.989 <0.001* 581.35 139947.80 4 559791.22 Corrected
Model
. ] B
0.980 <0.001* 132533 319044.71 1 319044.71 O b e
Pre-test &l oles
Response
time (ms)
0.066 0.179 1.90 457.43 1 457.43 EDSS
32 2701502.00 £
Total
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Figure 2- Comparison of groups in the Wisconsin pre-test and post-test: A) Comparison of groups in
the retention error subscale; B) Comparison of groups in the correct response subscale; C) Comparison
of groups in the response time subscale
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Table 5- Results of the analysis of covariance for selective attention
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Stroop test
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Model Interference
0; score
0.261 0.005* 9.54 55.99 1 55.99 ’
Group
0.621 <0.001* 44.17 259.29 1 259.29 O
Pre-test
0.134 0.051 4.17 24.49 1 24.49 o
Age
0.018 0.485 0.502 2.94 1 2.94 EDSS
o
5.87 27 158.59
Error
32 2252.00 s
Total
MY
0.998 <0.001*  3219.77 18479.13 4 73916.54 Corrected
Model
0.735 <0.001* 75.06 430.79 1 430.79 55
Group
0.998 <0.001*  11380.69 65316.92 1 65316.92 LI s ol
Pre-test JEi e
G interference
0.017 0.506 0.454 2.60 1 2.60 " time (s)
0.007 0.663 0.195 1.12 1 1.12 EDSS
s
5.73 27 154.96
Error
32 266892.00 s
Total
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Figure 3- Comparison of groups in the Stroop pre-test and post-test: A) Comparison of groups in the
interference score subscale; B) Comparison of groups in the interference time subscale
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Table 6- Results of the analysis of covariance for working memory

Sl
N-back test
S5 Jes
0.940 0.000° 106.11 2518.76 4 10075.04 Corrected
Model
0.702 0.000* 63.67 1511.42 1 1511.42 *555
Group
. '| - o ©
0.875 0.000 189.68 4502.65 1 4502.65 OEell (I
Pre-test o
0.001 0.893 0.018 0.438 1 0.438 o Correct
Age response (n)
0.108 0.081 3.28 77.85 1 77.85 EDSS
las
23.74 27 640.93
Error
32 124123.00 s
Total
Y
0.993 0.000° 99446  294453.12 4 1177812.47 Corrected
Model
0.817 0.000* 120.89 35795.19 1 35795.19 G°9)5
Growp oy e
0.993 0.000* 3972.82 1176321.43 1 1176321.43 OFE o Response
Pre-test mean time
0.006 0.693 0.160 47.28 1 47.28 o (ms)
Age
0.064 0.184 1.86 549.83 1 549.83 EDSS
s
296.09 27 7994.50
Error
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Figure 4- Comparison of groups in the pre-test and post-test of the N-back: A) Comparison of groups in
the correct response subscale; B) Comparison of groups in the response time subscale.
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