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Abstract

Aim:  Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system
characterized by both motor and cognitive impairments. This study aimed to investigate the
effects of an eight-week combined training program on serum calprotectin, inflammatory
cytokines, motor function, and quality of life in women with MS.
Methods: In this semi-experimental study, forty women with MS (mean age: 31.11 + 6.97
years) were selected through convenience sampling and randomly assigned to either a trainifig
or control group. The intervention group participated in an eight-week combined traifling
program, consisting of two resistance sessions and one aerobic session per week. Serum |eV@ls
of calprotectin, interleukin-17 (IL-17), interleukin-10 (IL-10), and tumor necrosisgdfa@t@isalpha
(TNF-)) were measured using ELISA. Fatigue severity and quality of life weref@Ssessediising
the Fatigue Severity Scale (FSS) and the Multiple Sclerosis Quality of Life-54 (MS@OL-54)
guestionnaire, respectively. Motor performance was evaluated using theaTimed 9 and Go
(TUG) test and the 6-Minute Walk Test (BMWT). Data were analy2ed’ usiRg@paired and
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independent t-tests and Pearson correlation.
Results: After the eight-week intervention, the training group showfed@ignificant reduCtions i
serum levels of calprotectin (p = 0.001), IL-17 (p = 0.01), TNF-a (p = Q:0%), TUG time (p =
0.01), and FSS score (p = 0.001). In contrast, serum |L-10 AGVEISHEN,0.02) MW/ T distance (p 2.
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=0.001), and quality of life scores (p = 0.001) significantijfincreaSedaMoreovetyguiality of life
was positively correlated with 6MWT distance (p = 0I0&), and inverSel, correldted with FSS
scores (p = 0.01) and calprotectin levels (p = 0.0147 G@helusion: CofMiBined endurance and
resistance training may effectively reduce inflammatory cyt@Kihes and fafigue while improving
motor function and quality of life in patients with MS.
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Extended abstract
Background

Multiple sclerosis (MS) is a chronic, inflammatory, and autoimmune disease of the nervous system that leads to axonal
damage, motor dysfunction, fatigue, and reduced quality of life. Research indicates that MS results from abnormal
activation of CD4" T cells, which promote inflammation through cytokine secretion. Elevated levels of pro-inflammatory
cytokines such as IL-17 in the cerebrospinal fluid and blood stimulate neutrophils to produce calprotectin, a new
inflammatory protein.

Regular exercise has been shown to help control inflammation and improve physical and psychological functions in MS
patients. However, few studies have explored the effects of combined aerobic and resistance training on inflammatory
cytokines, particularly calprotectin. Therefore, this study aimed to examine the effects of eight weeks of combined training
on serum calprotectin levels, inflammatory cytokines, motor performance, and quality of life in women with MS.

Materials and Methods

This quasi-experimental study with intervention and control groups followed a pre est—
were 40 female patients with relapsing—remitting multiple sclerosis (RRMS) fro
and volunteered to take part in the study.

he participants
lusion criteria

Experimental design

The training program lasted eight weeks, consisting of three se per week (two resistance sessions and one endurance
session), while the control group did not participat gram and continued their usual activities.

ith"2—4 minutes of rest between sets and 3—4 minutes
between exercises. To ensure progressive overlog g intensity started at 50% of one-repetition maximum
(1RM) and increased to 60% of 1RM by the end of t gfition.

and quality of e Sclerosis Quality of Life-54 (MSQOL-54) questionnaire. Additionally,
functional perfor to evaluate motor and physical abilities. Blood samples were collected to
determine serum le i and anti-inflammatory biomarkers, including calprotectin, IL-17, IL-10, and
TNF-o.

Statistical analysis

Data normality was confirfied using the Shapiro—Wilk test. Independent t-tests compared baseline characteristics,
ANCOVA assessed between-group differences controlling for pretest values, and Pearson correlation examined
relationships between variables. Analyses were conducted in SPSS v.22 with P <0.05.

Results

After the eight-week intervention, the training group showed significant reductions in serum calprotectin (p = 0.001), IL-
17 (p = 0.01), TNF-a (p = 0.01), TUG time (p = 0.01), and FSS scores (p = 0.001). Conversely, serum IL-10 (p = 0.02),
6MWT distance (p = 0.001), and quality of life scores (p = 0.001) significantly increased. Additionally, quality of life
was positively correlated with 6MWT distance (p = 0.01) and negatively correlated with FSS scores (p = 0.01) and
calprotectin levels (p = 0.01).

Discussion
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Based on the results, combined endurance and resistance training appears to be an effective intervention for patients with
multiple sclerosis (MS). The eight-week program significantly reduced pro-inflammatory markers such as calprotectin,
IL-17, and TNF-0, while increasing the anti-inflammatory cytokine IL-10. Improvements were also observed in motor
performance, as evidenced by decreased TUG time and increased 6MWT distance, alongside reduced fatigue severity.
Importantly, participants experienced significant enhancements in quality of life, which correlated positively with
functional capacity and negatively with fatigue and inflammation. These findings suggest that structured combined
exercise can serve as a non-pharmacological strategy to mitigate inflammation, enhance physical function, and improve
overall well-being in MS patients.

Article message

According to the research findings, eight weeks of combined endurance and resistance training can effectively reduce
inflammation, alleviate fatigue, and improve motor function and quality of life in women with relapsing—remitting
multiple sclerosis. Regular structured exercise may serve as a safe and non-pharmacological strategy to complement

standard MS treatments and enhance overall well-being.
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‘" Rheumatoid Arthritis
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Table-4. T-test results for intra- and intergroup changes in calprotectin, IL-10, IL-17, and TNF-e indices in the training
and control groups

5! oIl gblze  mhw JS °9)§ O °9)§ LS); o1l ol L)
Cohen'sd s Control Measurement time
ol)lsss Training Variables

P-between groups

-1.22 0.001* 83.11+12.35  77.27+13.46

5 50) (S g8

(5 e

81.18+13.01  65.11+13.24 Calprotectin

(ng/ml)

0.60 0.001* 70.25+12.21 65.72+10.4 » pSsSw)  IL-10
ore training (ke

72.28+12.82 IL-10 (pg/ml)

a9o3l o

After training

o ol G 2 pSeSw)  ILLT
Before training (e
IL-17 (pg/ml)

093l om
After training

o9l e » pSsSw) TNF-a
(ke

TNF-a (pg/ml)

32+ 22.44 158.72%19.25

Before training

53.28+21.27 140.16+19.27 951

After training

Values are mean + SD. * P-values (P < 0.05)

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://dx.doi.org/10.22049/jahssp.2023.28273.1543

jAHSSP http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543

Ve O SE-08)T HSUEET L b pg (SSelaied p0 (s yaS (63,5 Olalllae oyl IKed 5 (g y

9 o035 0955 93 ;3 BMWT gTUG (MSQOL-54 FSS gl el (Bg,5 ot 9 595> Slywsdd 1 T 903l gl O —Jgus
Js

Table-5. T-test results for within- and between-group changes in FSS, MSQOL-54, TUG, and 6MWT indices in the training
and control groups

Al el gyblae  ghe JRES eS upeiegS  gnS o pite
Cohen's d ; Control
oily,loss Training Variables
P-between groups
-1.29 0.02* 37.43+6.28 38.42+5.61 FSS
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* 1 & & (e o0 A
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09031 o
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6.33+2.06 995] ome
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1.04 572.37+70.02 543.22+72.14

a9eil obe p p) BMWT

Before training (<S>
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093l o (meter/min)

After training
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