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Introduction: Multiple sclerosis is a chronic autoimmune and inflammatory disease,
for which exercise, especially aerobic activity, has been considered a disease-
modifying treatment. Therefore, the present study aims to conduct a systematic
review and meta-analysis of studies that investigated the effect of aerobic exercise
on interleukin-6 (IL-6) and interleukin-10 (IL-10) in patients with multiple sclerosis.

Methods: A search was conducted across major databases, including PubMed, Web
of Science, Scopus, SID, and Magiran, up to February 22, 2025, for studies
comparing aerobic exercise with a control on the cytokines IL-6 and IL-10. The effect
size was calculated using the standardized mean difference and a 95% confidence
interval, using CMA2 software.

Findings: This meta-analysis included seven studies involving 295 people with
multiple sclerosis. The results indicated that aerobic exercise in patients with
multiple sclerosis leads to a non-significant decrease in IL-6 [WMD= -0.456 Pg/ml|
(0.266 to -1.178) P=0.216] and a non-significant increase in IL-10 [WMD= 0.447
Pg/ml (1.246 to -0.352) P=0.272] compared to the control group.

Conclusions: Aerobic exercises can enhance physical capacity, regulate and balance
inflammatory and anti-inflammatory cytokines, and modify indicators that lead to a
decrease in IL-6 and an increase in IL-10 in patients with multiple sclerosis.
Specialists can incorporate these exercises as a complementary treatment alongside
medications for these patients.

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

Copyright © 2026 The Author(s); Published by Journal of North Khorasan University of Medical Sciences. This is an open access article, distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses /by-nc/4.0/)
which permits others to copy and redistribute material just in noncommercial usages, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.22034/nkums.17.4.10&domain=pdf
mailto:kh.molaei2027@gmail.com
https://dx.doi.org/10.22034/nkums.17.4.10
https://dx.doi.org/10.22034/nkums.17.4.10
https://orcid.org/0000-0002-8626-2364
https://orcid.org/0009-0002-2050-0048
https://orcid.org/0000-0002-6829-8611
https://journal.nkums.ac.ir/article-1-3313-fa.html

i o ool o (oK 3 ol oS oo

I S? I 1Fef Gl F o los 1Y 0,90

S92 Yo

a3 g0 4¥ino o slont 39 1+ S o sl 9 7 S o sl 33 53090 iy il

Jukoxit 93 g iopliad (5 59 30 S 39 Sl
Yoo ,al5 del

V‘S‘JL, Bl %E\“s{)l.o 4.?05\5 3
E e . . < o a . . “ e AL . . a B .o \

Olpl gl gl olSils o Sluil pole 80SCiils ¢ )59 pole g (Sou Cun 09,5 (B )9 T 0l (bl IS
(laaly el sl 5 ol olKasls o owlidly, 5 (S pole 80Kty ¢ 25555 pole 05,5 ()9 (5385058 ) (ol ST
ol

Ol slyads 3l s olRasls o owlidily,y 5 (s pole 8aSCaSls (L3355 pale 09,5 ¢ Lty v

Q‘)‘»"l ‘ul_ml) auLlM.>9J.J 9 QL,.MM.M: olKisls ‘GAAJLMQ‘B) 9 ‘5,.,.0.1 r:}l.c saSiiale “5“’))5 f’?l‘ 05; “5,)& 42.:J.> :d\g.‘\m DM,.JJ

kh.molaei2027@gmail.com : !

DOI1: 10.22034/nkums.17.4.10

ouaSm  VEYNY/Y bl o g b

ooy Olazeds «3lam iz o3 05250 (559 5 Sl (ran e 5 Grorlog (5 lort 5 MIS) oSl Jprilgo saoaio T T by &b
Cool (a5 @l Jelold b olyon siapllss 550 ol Aalllae Bus eg,cnlil ol 43S 3 argi 3590 (] S0S Jyaws

A gyt 33 ASel Jiilge adlise olast 39 T 59 Ve Sl o 8 S ol 1o (5lpm Sl a5 s o
Cro4e YY b Magiran 4 Sid Scopus Web of Science PubMed ol ¢ Lol Sledbl slaolSl jo sgcwns 55 o9,

gaals 5519

& S eyl sl L ye

Jedse Ve S92l

Syge Ve GSelinl o F G ol lacnlSshle (g5, 9ol 05,5 ply 50 Silse (n el Slalllae (gl (V- VO &,58) VF- T oSl
A ooliul 53183103l x5l CMA2 13810 5 51 oolil b ausys A0 oylicebsl dlold 5 oo ailin! pSilie ciglis 28,8
a5 ams o olid gl s o)ly yols Jdowil 3 4 e 5o Sl Jeige adlie Sge3l YAO Jol axlllae cain lrasdly
Jlobies e ial33l o [WMD= —- 1§68 Pg/ml (-/Y#7 b -\NYA) P=+/¥\#] [L-6 jlolins . palS & s5len o yo5
Jodge adlice ol )los y0 anls 09,5 b awslis ,o [WMD= -/FfY Pg/ml (\/Y§# b -+ /voY) P=-/vyy] IL-10

D e 59 1S

3 e 5 2lelas (bl sl nlSsulo Jolai 5 et Carge (S Ol G2l L Wlsi oo (65150 Sl pa 16 S Azt
58 il oo plaastie 5 Wsd oo ymie g Sl eetlso llogs 5o IL-100 (38l 5 TL-6 (als' o a5 058 o a3l
S osliiul JoSe leys ploreds iy po3 nl 5l Ghle crl sl (pglo lagleys LS

4000

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

Slo UL o 5l wlin (B y0 45 (5 p5boay ‘[f] o)l Fglde ol
S99 79y 9 Slewr Mae 4 MS 3580 0L oz lie
P (Ko ((Fo il Jolws pac dloz 055 co yorie (00no
9 009) o)iLo.C J)L}‘ ‘d)d ‘ts:)La.c Lo 9 MLMA}‘ &LSJL-\J 9 n,lS)
IS T s (o5, 55 8 j0 Al i OMSie ailie
o, Sloe &S ol [0] (wSTT 5 2850l Sblgs rals sl
Srsreby g 60, 5las Plasul ( Folgls 5 cloixl Saij il
b ol el [E] RESYPP )u‘l.)u.?u l..\;.u ool gl 1y 8,8

ol 1] 95,38 8 (638 o olae! s 51 G150 2 50 0l o

AR

Gl £9 Multiple Sclerosis: MS) 59,50l Jdse
2508 e = 55 S 3l gmsti (T o oS Cel (e imilog>
ol S oo sl led! laanl B (635 e (omas el 40 g
s g o Sl Il & a5 sl Lelge wslyi o bausl b
O 0 ) Eged Cn i S MS (gilen [N] Wisd oo e s0L;
Jlo Jaz b G g 835 59 Vgomo 0,5 (o35l 8 sl lows
Ot ep2l s [T] e (5 O Ohlens it 5 S (o0 55

L¥] st Ms (g 5lons 02l & Qe ol 50 5385 ysedes YIA S
4 i Grized g ol Badpiiie o8I oy s jlen
Sl Sy el 0ol 11550 (35 o (oras e ;S &5 glaml


https://dx.doi.org/10.22034/nkums.17.4.10
https://orcid.org/0000-0002-8626-2364
https://orcid.org/0009-0002-2050-0048
https://orcid.org/0000-0002-6829-8611
https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

VP F Gl F oylods AV 090 « Jlous ylul s S pale olKLS1S aloxo

5 09 3 el Seigln it sl B gsle jonds o Wl oo Dl s
ol & oS gmolimizan [YY] ail 3o Glowa Giye8
SlbLI o ) RaSG b gogam by e o las iiSTly 555
GloanS oSty 5 (oxbd ploye MS (gilany ol by [TY]
sloan e Al s MS adlie ollos slass (2al8l 4 a5 b ool
Ohys G MS @ (e 50 (T g Sl ST 5 leyo 51 26
IYFovol el coal 5l gl @Bl 55 )0

e Gl ;o IL10 5 IL-6 5 (s5lsn Sl pes 3k 5050
Srgles clasl e 1 el 0y ool g3 9050 Slalllae MS
e go (539 iy ped i 05350 wisls U555 (V- YV) o San
adliee (U5 50 wald 09,5 b awslio )0 [L-6 Jboliss,d als
G as,S ole (V19) oL 5 S5 comizman [YF] 03 MS
L oamalie )0 [L-6 jlolie e falS crge s3lsn (s atin
) oL, e 5 050 [ﬁ] A MS adie ol 81 s sals 0,5
wzge ol 4o i Gilse (ped athe St Wb an
05,5 b auglio ;o IL-10 loline iulil § IL-6 loline _zals
(Ve %) ohlSen 5 s [YA] ad MS adlice o310 aals
dslie 3 IL-6 35t crge (29l (el athe Coda il
1Y) 25 MS adle ol 31 53 aals o35 L

s ol 515 (Y- VA) oK 5 o0l e ¢S (glalllas 4o
15 00ls 05, b auglio )0 IL-10 lobins e Ligldl wrge gl
G50 dddlae o (pioren [L] Cewl ooy MS adise ol 8l
C2ge g5 (pyed 45 W08l (V1Y) ol lKen g ool s
e o131 40 wals 09,5 b avolia o IL-10 oline e il
(V1Y) (K555 5 saiedsn dalllas ;o Ll )] cesl oass MS
09,5 duslin ;0 IL-10 dgpy g0 (55lon (o pos a5 0 ooly L
Gl (18 4 4z b [TY] 05d 00 MS adlie ()l ;5 sals
Lo o s ot S 2815 5 pac Jobo (aliél 5 IL10 5 1L-6
2 Silee Sl S8k, Allie @l 4 axg by e b
5,0, dgazme Slalllas 929 yizmos g IL-10 4 IL-6 sla S gl
53 Oliaze MS il 53 lagaSsule cul s s5lse Sl o 3
SIL6 sloylSsmle 3 1y (s3lye Slizyad il ools Lloilp
&los,S oy MS ol Loy 0 IL-10

SLRTTY
ez P G015 00 Al sl el ygs ululyy aslllae
Lefeval co 3 sl o SIS SO ae Silatnms oy 2 sloial,
5 LS'Ml} B9z gims wddols Jeol oYl C‘)‘?‘"‘“l sy
L Web of Science s PubMed Scopus  sledbl sleosl
gyl (2 7o9) (22915 (i ye o319 yo3 sloo3lgandS 5l ool
3l omia Sl dedge Ve GuSel il & uSel il (oaglas e
SYlae gl (Y2V0 &,49) VF-Y oot YY é—i)t G ooy ol
4 Slas Lghboli;b PLIT T T TSWIC W ﬁl;;.i‘ b...ulix‘ 5 8
el sl isren 5 (o) st DYl ( Slusl Olalas
52 9> 5976 5 0alsdid I 154y (sbaesly oS Log dgame eSSl

\Y

AL 05 o j3es (5 5 (o @Dl 508 Bikos oS o5l
5Sles p &5 (5ymiie o 3l L (] wbise aslol (roje yobos
Sl 58 (SWSLie ol | s ‘[\7] oyls elaizl g Silsy o 5058
[3] o5 e 058 (slozzl s (59,3

s Lo MS (glen padgay 9 Dl 5o ol (el Jalse
Ayl (glessg ua (Cytokines) laoplSenle ol 5o
b sk 45 s (S8 003 5 slogntis n enlTsule
sk o Slbls )l g YLiily Jad )5 (slong 130 g 9uS oo 351,
A ol Sl b o i 10 055 0 Sloe bl o S gl .5 ls
Webos peell ldlad 5 Sl slacnlsnle 095 50
iy ot & o] e ponis palic 5 Sl [11]
byl 330 Lk Lol 1 8 )0 MS liimpunl 10 (lod 2 gy
e et [VT] Wigd oo 0elais (5 )lom gl o @355z oSl
slaaulp g conl Ll S e Jol &35 15 MS (5o
bl 5e5 ool tny SloiaTsnle b oses jsbar of 5o el
Olee Y] sgi e sl by xle s 5 (Chemokines)
loossSelas gl Sllas 5 Ll clapeS sl
oS laisSay s LLIIMS (g lans colled b 5 ol olfss Lol
ol Jolge 51 (o danaS gl Jol po ol (oordats DS
hles ol o sl el Slapls 4y a5 el (6 Lo 356 plEin 4o
D¥] os o e

5 o S sule g (Interleukin 6: IL-6) 7 .S o)
G lST 5 13 ol s 35 2 50 45 el Slglas
5 ol slo Johos b a5 ol o, slitaniz S snlo IL-6 oo
=9 IL-6 a5 ol onls asie (555|055 0 0 (golicd 8
eppes g 3l 5B (1aSTy el Faly &5 Cenl it iy danly
o5 o s a5 sl o 03l L el ogdle S o wula |,
sbaady Sy o ! slelen glsl o IL6
Dol sl pis soladd

Gk o o | il olow Sl soaste Slaalai MS (g )les
e [LF] QS oo adye a0l 100 CNS L oS o) aslogs
oS sule £9 olsicay (nterleukin 10: IL-10) V- .Sl 2
e 4l g el ai o MS (Lo 55 Sl als b olellos
3l s 50 g 09d e [L-10 wdgy fals 4 conl (S
b IL10 [V V] el a8 bos el 5o oline b T sl
Comgige 9 B sl Jolo T slaJsho) (ool sl Jsho Lo conas
bl (Seiglon o Slos 058 0 o) 5 odsi (el 5 (3ly So
s (pimed g bRsnle colled s e IL-10
oo by el slagss ol s DA AT el (85l il slagely
oSyl (2als o loadl el o TL-10 a3l i s
LY or T ogi o lell gina BT als 5 olesd!

sl B3l g lagal b (239 9 phiie (G Sollad im0l 50
Ol ompp g oS bid g Sl ol o Glitie slaolfiws )0 Sujele
Sl Sy ;o oS eyl oliwss )3 o3z9a; dag 5k by zly
Pl 3l [VV] e ar g B 5 s jloms S (o0 Ll ot (258
hesledad 5 oledll Jalse ¢ 2559 (95UsS (slacn yo3 g laculad
Ot Sl oS Wigd oo AliSe Dl s ()5l 5 Gl Ll


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

oy o g e yils

shetel dals a5 plowil e &5 5 oolictul b lallas eSSl
Sldlas 61y Yb g by cotnS Baims lis i jay g el A b -
Ll Gogoatin ) il wog O)le oS ol slo)lae 0
$log S a4 ol il Bolas arass Y do Soge;l (yog lul,d axls
OPoleSe ¥ glaslaganeg 55l ol praliedlbl ¥ il
ranlllas 3550 lmog S )0 S0 slo)lxs 5 o (339 S5 3l Lo Soges)]
22,010 5l j2eS g S £ elalllae (135555 g9 b 555 g O
Intention & g0 Jododgas s plo] Y ¢ imgs 5l FausSes 1o
s 81y (29,5 o )l Dslis (3138 9525 A tto Treat (ITT)
Ol 5 e Bl (o Sle BJS 05y A seghy Lo
PEDro  ulide c¥lsw plad 4y aslllas ol jo .(P-value) g lolas
s 5 08l by (s 8508) o5 b (S 8500) ab AT o b
ools 5Las (¥ Jsaz) ;o PEDro Lubis Lluly oldlas coasS
oy ly Sl CudsS b ki g aw o[£V FY] el ons
ilos,S

5 5l Sl yad 3l e oy sl SOl koS o]
15 28,5 sl MS s o logs 3 IL-10 5TL-6 (slay Sl
Slml (Sl 5l jlel Jeloisaim bl gl addllas ol
3l oolawl b baools Jdowgas 100 .ol oolaiwl diges pox> ¢ o, lasliwl
Weighted ) WMD  jslaie ) (gl o plonil dolas 51 Jaw
Confidence ) oo, 10 el dlol 3 (Mean Difference
pae) So5onl (psd jelaieday ol a8 F L o (Interval: CI
Sllas 12 (o LT s 5 0 o3l 12 051 51 scladllan (Luiloss
(303 YO 5 55) o5 GsSanl ooty clSsS Jaalsis b
VO b 00) bawgie SsKenl (as,s 80 b YO) Gais SeSenls
bl LIV 0 i (a0 0 VO 5 220) YU (S55aali 5 (30
5 Sl Jae 5l o (oReal b (oKeal 09 Syge 0 2 (e
Lsls sl (Bolal Jow 5l ol g lawgie Real 5o y0
51 olital b Ll (6, g cpmizman [FY] as oolizl WMD
(Egger) ,5! cus 5 (Funnel Plot) @b Jgs 5l 6y yuuis
g P>0/1) a5 5,50, s oolisiul 495l 508 pns olgies
Lol slasoge;l plos ol aid)5 Sl o Jlobins jLasil (6 S g
(Comprehensive Meta-Analysis) CMA l33le 5 51 oolazul
Lt fol was Jlow g0 2

sl

YV el 5l dlie YA slass oledbl slaoll 10 s giws
GolL jlallae V- g el ol g 5l Alas YYA (g Sul 51 allis
5 A g5y dalllis AVF (fgamme,d 4 del Cowd 4y (o 8 Bolo
Sl i ooz sy dlie T 6,5 Yl Sl ey
olass 0duSz g 03lgadS (lgie bl CYEe gy yy 5l 0ile
O w3l om ad obasl JelS e dslllae (gl allie AP
pll gl (B oly il Jdody (s clie VY (DY JolS
yole Judosl 8 0 )ls anllas ¥V ccolys jo 5 Bd allie VO Judosl )
) JSE) W

Jsoz 5ol b oyl Geos gl Jogesl hros sl Shs

\Y

“Aerobic training” or “HIIT” or “Interval training” or
“Aerobic Interval Training” or “Aerobic Interval” or
“Intermittent Training” or “High Intensity Intermittent” or
“High Intensity Interval Exercise” or “High Intensity” or
“High Intensity Interval Training” or “Sprint Interval
Exercise” or “SIT” or “Moderate-intensity continuous
exercise” or “Interleukin-6" or “IL-6" or “Interleukin-10"
or “IL-10” or “Multiple sclerosis” OR “MS”.

Magiran SID sleMbl sboolly )0 o )b ©Ylio gl 92 g
Cow )0 Swd (S92 98> <) pogdle .ol plosl Noor Mags 4
31 oleedsl sl Google Scholars oo ob 5L Glelllas dos ailio
Ve Bl ey )T Sygo bulyd anly Slallls atinS
85l Ve JolS' (5o g Wil (6, 50L 58 WoasSr g nslie o555
A o NAd gy p ol Jelol S 4 0959 (et sl Ll 92
30,5 bl Jaes jeba 1) ol olulid @Yo dos i

5 bl OVl )l Wog Ojle aslllas 4y 99,5 sl le
slogoseil b Gl (ragh Y ol eelS L (oylb e
2 Sl ryed Alae Sl gy Tt e Sl Jiridge 4l
99 5 i dlae Jsbo b (G259 Cnped (e dald 095 plp
s F o oSsonl ol oSl polie el F osatin
lillas g5 3leys (ol L ) i35 G305 9 1 (e 3hynl
anlllas S)ly (s5lge sboog,S b wals 09,5 sy dolas lillas
Aslae Clud> slass 5 o wwad g9 b bl o ol ol
Sl Eer slaslre (blie ;5 CBl S92 (Fudgue (Silea (n e
deolid Ve ¥ s lailed Ve ) 5l wisg &l adllas
(S5l (nped Ao g (Y ¥ ¢ flodlB g (59,0 Ve Y
DD gy 008> g Olaie loly OYle aalls aas @Ylas .0
or 79 96399 b be pulul | SYls vy g a2
s ,S s

was gl ol lsoli 55 a4 bgse sbesls
wllbe g9 (Jlo g pliime pb Jold Gadod sla Sy
ol gogoil (sla S ¥ taigel oz 5 laisiines,S g Solas
STy ¥ 1S 8395 (aSlh 5 (s iz g (J05a5] Sl
Ol (o pod Db o8 Jobo inped g9 Jold (o pe Al
bl slaSile polie T oy dudr a Sae  Sld>
dmbre jglateds a5 390 V¢ (8o inl 9 7 S o) il oads 5ol
Gl g oeile ol ool 6l S Lo 4y Loy e sboosls ¢l 851
5 09e5litm Al e 99 50 wald 5 alslas o5, 95 o (sl o il
Szl 5 (so3lom 5 0993l0ke) S eSiles b 903l
Gl Syso 45 ol pesdle i gl ol 4 bgyye o ikl
Gl 5wl olore Szl wiile baosls Lo 51 Lo slassls
Y Jloges 5l Wosls 2l sl o opioran [re] s .3)5]).3 S
aw o [¥V0 YAl C85 oo Get data 3l 5l ool b
A50,5 gzl 1) osls saing s

Condd Szl aaddllas cpl & ouds g Slalllas coiS (250 sl
@ axg LT Fe] el e ool Jelis 4 oi eslinul PEDro
EMlae gl Falilae 5 JEAuSES 8 03,555 6la lone Sy

(onlply ol asldS LS bl 5lwss Ll LB slen o s


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

EFY G oy asls g Jlo YEIVE £ OYY w5k
anll 09,5 walisjly Dlalllas ;o Wog ayyeyie » p,SslS YA/FY
50 oBauses b olaws Blas aislas sl (g3lse oy yed 4gS 7

29 [YA] L 2V Slas o [VF] i YA lalllas

VEoF oyl oF o5los IV 0,98 « Jlods oolusl 5 Sy pole olRls alowe

Jedge adlie o903l YA waallae (ol jo cewl oad ail)f
EYNY a bog esli g Jlo TAVO + 1)+ i eSike b
b‘sad}a)]— WYY olaws salis ej)f P9 Ry R ra;,l:: Y#IVY

lallae Gl o ylagld ) JSb

329 STy 9 B oga3l (Firg ) S

Jsb 055 a5l
alslao Y g Aigod L = Lo
@ R L o - o Jom o
win 255k W) (o) st
(Aul>) (&0 yio
5155 alslow IV (VF) alslow
ain \Y HIFE e g Sbsle
alS wep Ve B Sud ol 35 g8 oy » L6 ol e Y- ¢ o oo
IL-6 4B P Sy g 0,053 B by meuSle i i Sl els £V O F) wals e
EVET N \d)
ol e Y)Y —
Ve alslae (VH) ) ds e
YAV £ YINE£¥
e b N atin A VY alslas OF) Y alsh .
e R T o 2
Sl PIEE TR TS o ¥ YYIVY + YYA £y 505 0A 77
* o b ol il b ol sy Fo L (gladiBo IL-10 YA o Sen
9 el ROy ey S . . . ol
IL-10 . s ol ol cleis aan o /0. oals Yoo :(V0) ) ol Sy -]
S e S S VAN Yans -
EAV- el VYO0 Y wels
YAIYY LT
» ; VEalsls  YA) (YY) alslas '
e 99 Codlad dlag 2 U s gliS o o3 aas A s o o 5 03l3,LiSee
o ' ) " + +
S Jud ol il b lgs oo £+ b (slaiss EWNES) IL-10 45§ YV o Ken
g DI belboentite ' EVFYals  ETYAOM s Y o2
St g Gs8 plail (gl (glards PLETIS Y5 oy [\]

V¥


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

oy o g e yils

A FIfe: alsloe VIEe (V) als-low
atan Lo
Sl Aoy VO B 5o B b uld & y2g 0y ye8 YO/F- & Yap £ st
" ) aul> ¥ IL-10 oY YoV (SigS
IL-10 4885 Joz U s Sy aiion 8 Lo YA aals T2V (V) walis [r]
i PUET I Yy
’ Y- e —
s A Sl alslae VB (FY) alsls
Do g Dl o oailid b iy b 0 el O)Ser 5 OSu
Shals o YLy Cowl ool fa/4. = 5o fY
Sy VYD aal33l b 55 Sl o b canlice IL-6 YoVp
IL-6 50 dud> O5l5S Ly Ve (V) ol Sye
085 &5y g Lnwgi Suilely b azds 4 [vv]
aan Sl 0023 O+ /F *
5155 alslow YIVe (V) als-low
o i i A o oy 5 o5
IL-6 Pl ool b ol o Coin il el y IL-6 Sl 0023 YeIn. IR vorf
eels’ FAEIAVERE LI RERRWIR ) : IL-10 ooyl aels +YIY. :(V0) sals Sye (Al
e o
IL-10 ’ W Pe YO/f- —
W [CEEIPTESRYS /e (YA) alslow
s e g g5 a0 VO b aogls o po et UN)";!@ YA/ £ ; PV cLifee s 95
o ~ g g —wl o ++ I g
omR (ol 29 0% ) 7 S O Y IL-6 S0 Y..f
IL-6 PER » O5l58 Ly VYo (YR) sals S50 [va]
2 ol ot ook —
Ol Codns S,lg yole dalllas 4 ((5lgn oy ped ASloe cuin ) dslllas Can

Coi,S a8 ol las Pedro leolaul b o¥lie CodS ooy gl
a8 o [F 1Y sll jislas o [YV-ra] & slael oo oL

v Bl ad> 2 50 giler e Al Goe JBlas aial
s dlelae Soe oy [E] 438y Cead Slas o [E] 4a,8

Sq [L?] aan odjlgy iSlas [m—ﬂ] ahe cue Jlas gslen

[VF-Ya] and> oo Jolas o j2 40 5jlsn (n o5 Dlade slass oS
ol ol 1Y Jaaz j0 a5 0 [ﬂ;i-ﬁ] ads 4 5Slas

Oldlas CodsS oy ¥ Jgoa

S99 S99
T oot
T30 T30 isael
3 : Lﬁ:da,n)"‘
(il gy ! . a5 st e
Sy W pe 3l S o5 L oS s 039 A 5 Sl sl OO AT
o - o el gy 35 RWRST T oN - ol Ly el — aadlh
. o A B STy S 09 310 a0
3 95 BT sasses,s O 355999 Siastene ;’ ’f P e bl Jbo
R sl» Intention to Smas el 5,50 olialagty  slaes,s W 309031
& lobao Treat (ITT) ORI »o~ _ alizeo i
P) shol teess?
axlao é),ﬂ
(value Yy
g Kl
5 ) ) \ ) ) RULSC)
[y#] Yoy
5 00l3,lize
v \ \ \ \ \ ) RARCONS
[r-Iv-A
5 00l3,l5ee
5 ) ) \ ) ) RULSC)
[ y-yy
9 Gkeign
s ) ) \ \ ) YAV SdoS
[rv]
9O
o \ \ \ \ RUCovS
[yv] vz
e g 05
\ \ \ \ \ [s)) 90y
[YAT v-v¢
9 s
o \ \ \ \ RUCovS
[va] y.-f

I


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

VP F Gl F oylods AV 090 « Jlous ylul s S pale olKLS1S aloxo

(AL10) 1+ a5 5h il 52 55158 i pad 1

(S5l92 cpypes Aoloe gy L) adlas ez sboosls Jlowgay s
IL-10 Jlolire e ili8l o gilsp Sloei as ols olas
09,5 b awolis 03 [WMD= < /FEY (V/YFF B -+ /YOY) P=+/YVY]
d2 ygesT 5l eslainl b (Y JS2) 0 MS adlise o)l )lews 50 valis
3,18 0929 ol (SeKeal aS ols lis bl g ol o) (SeKenl
(2= AYIASY P=+/++Y)

Sloline e Ll (6 508 g D95 Bosmo i Egger yge ;] s doeis

il o s

(IL-6) 7 5 ) yia) 39 (55lph iz o3 1

(398 oros e oz L) alllae g cslnesls blowigas
IL-6  Jolsoye 2ol cow Gjlep olo,es a5 ol olas
09,5 b auslie ;.o [WMD=-+/F0% (+/Y## L -V/\YA) P=+/Y\#]
12 9051 51 oolawl b (Y JS&) 0 MS adlice o)) )lows 0 salss
S99 Jlolins pue (GoSenl a5 slo (LS gl 5 0B (o) p (S9Seal
(2= Ya/52Y P= -\ YD) 5 b

JSESIPREL SN ANCERENSNRE] 0 JENCE R
og (P=+/YAY)IL-6 sl

Meta Analysis

Model  Studyname Statistics for each study

Difference  Standard Lower Upper
in means error  Variance  limit  limit

Difference in means and 95% CI

Z-Value pValue

Savsek etal, 2021 0.000 0.657 0432 -1.198 1378 0437 0.8%
Briken etal, 2016 -1.040 0.302 0.154 1779 0241 2575 0.M0
Bezheh etal, 2014 -1.200 0008 0825 -2080 0580 -1.321 0.8 .
schulz etal, 2004 0.200 0512 0263 0804 1204 0300 0.69
Random -0.456 0368 0136 -1.178 0266 -1238 0.M6
-3.00 -1.50 0.00 1.50 3.00
Aerobic training Control
Meta Analysis
MS 4o ol jlows j0 IL-6 3 (553lan Ly yoi 1 (M Gy 410905 :¥ JSi
Meta Analysis
Model  Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
nmeans  error Varance bmt bmt  Z-Valve p-Value
Mokhtarzade et al, 2018 2 020 024 0081 7% 033 0775 0438
Mokhtarzade et al, 2018 b 0020 031 0137 0706 0746 0.054 0.957
Mokhtarzade et al, 2017 0070 0071 0005 -0.069 0209 0989 0328
Hooshmandi & Koushk, 2017 4660 0833 0693 3028 6202 65507 0.000
Bezheh etal, 2014 0600 0558 0311 -1.604 0494 1076 0282
Random 0447 0408 0166 0352 1246 1.007 0272
.00 3.00 0.00 3.00 6.00
Control Aerobic training
Meta Analysis
MS adicwo ol ylos o IL-10 0 53lgn Ly yoi F1 My oyl Hlog05 ¥ S5
Cid ) adllae can 09 MS adlie ol )lew ;0 IL-10 4 IL-6 )

Jel1,8 5,5 MS ks 5051 Y30 s (55ln (05 oo

sloinlgnls ;o ilse Clyyes 3ol Ll agh Sas

V4


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

oy o g e yils

[0-] asS ol poge (Sl s MS adlis ol Lo Comdg 290t
sy I 5 3o lelad Sl s 5 el iy A o IL6
AT sl i opz 8Ll Ol mb S Gl ok 22
P2 g ol S Dad 4 IL6 adg S g (25550 colld
ooy 0355 chle [OT] o)l eoby (S o e
IL-6 So00 ety ool TL-6 0si (sl onpo 5 o edhae
[0YT S oo Jos 58 035505 0 @ ula eSslo lsieny
Wl gla g 5o el Ll Jl o Alae b oadadss (S gl il
2 o9 56T 5 el gl oyl ot ool Sgd o 3L 3 GaeolisS g
I0] s bt 5 (LAPOLYSIS) suld ial38 5 o
ldlas 5 5 [0V] wS o 55505 (Homeostasis) jLsges 5
ohgh «Wdlae Bgw plad L IL-6 cdile aSbuljl ol
ol A o ge Wiy s Daejlye codlad cwl bl je 568
5 Al slaosSule Gl 4 silse ©)30a MS (6l
5o e IL-10 [%] Sgi o e ladlas sl S gl jials
Sl el 58 s caz ) (el sle S sl Sl a4 gty
Gl s o 10 3 Vs S S ke
@z ezl or S8l el a0 g 2z Hgemlans]
oz 8555 ;0 uals aS conl oad osly lis [ﬁ] Cl  olixl
b s @r S8l 09w Lilg Sl ek aalS L ol
$3BsSle slacrusise uigd 4 MI g4 (536 5o slacamgio
IL-10 wile olillas glooSsule o5b e corge M2 g5

03] il Guals Ll slagnS slo 5 Sl
P IL-6 2ol G g (Dlas slugedsn (alidl Sel (n e
colled oy o TL10 igldl jo Jlaio! o gunsilSs 51 S0 S0
Thl slaJsko 5l oatizs i sbagmS gulo e Jol plaie (2559
el 5 Th2 (slaJsbo 5l ontized 5 slatsS giule adg 53 (l3l
as’ 39 Thl 6L‘°J}1“’ )l RW Y GL‘Z’Q"S}“L" 30 (e u.....(b'f
oo dL-10 ozl pleedlas glo S sl (il 4 ol (o

o9 R 2By dguze
S99 Cudgdste iz ‘}.él> axllao Y AS"‘JL‘ 6&4..51.‘ Q?BL.\
Jedoil 8 gl Lols dalllae oSyl b aigds 48,5 (s 0wyl oS il
lers ;0 IL-10 5 IL-6 (slacylS sl 5L 50 (55l Sl yo5 35 ok
o2l hlew ol sl 1) cote sl loail g cusl MS adlis
Jol .cé 8 Jha o |y asdllae cpl o Covgame paiz wb el 00,8
Oolepll Sl sz g cidl Dlallas sgusme Slass cdeay 4
9 pROll (G 8355 (a5 iz el Glaeg 505
e ool ooy Jlog paw does ol S Bolas
og yol> aslllas gulis ety g jLassl (6,8 g uizren Y JeX0als

\Y

SeolS o ge (s3lsn Dl yes aS sls las Judosl B cpl bl Lol
aals 09,8 b auglin ;0 IL-10 jlolixe e iol38l o IL-6 lolins 2
A5 MS adlie ol o

G5laR i azam 003lgs wisly i )I5E (VYY) o) Kan g gl
Oby 5o wals 05,5 L awslie ;0 IL-6 jolire,e alS cgo
wan & 0,5 Gl (VV9) o Kan 5 oo [TF] 0 MS el
Lt 09,5 b duglio ;3 IL-6 jlolins é (alS g0 (5319 (05
adl,s (Voo F) oL, Ken g g [YY] oo MS adlise ol 8l 4o
98ls 09,5 b anulie 0 IL-6 Sggp crge (9liS (n ol wid Cutia
Sl (YA oK g 00l lixs [ﬂ] i MS adie of 81 5o
boaglio )0 IL-10 0 Las e ]38l cmgo (9l (1 p03 ks
Y] casl 0as MS adlis ol 31,0 aalis 09,5

20,5 Hlo (V1Y) a5 0olj,lize 50 dalllas )0 yuimen
09,5 b dmslio ;3 IL-10 Jbobias jod (2l crge (9l (n ped oS
Choiign dalllas ;o Ll ‘[Q] Cewl 0as MS adlie o181 jo walis
IL- sgms g0 (s5lso (o ped a5 s ools (Las (YY) (SisgS
5 o5 (7] 0580 MS adlie ()6 50 aali 05,5 b awslis 10 10
2 I (Sl9p (n el e Coda a3 )T 4l (V) e
05,5 b anslio ;o IL-10 iylsdl 5 IL-6 Jloline 2alS oo o
OlFse y mbo o oglas LYs [m] i MS adlise ol 3l yo sals
(e Al (g yes Slads sl egaglate (ol s ald
b G135 Jgol g )lom Dol Ol Slsy 9 (g, bl
255 ol Ohles Slss S 5 (S

s Ly eils 3k 0015 (silee Sluped ot s el o
ot Snlie Sl cu g WS o0 Sran G5eST (e
5 ol g el peddplie sgp alexsl taigdioe
e sl s Cugl 9 S peelS6 5 5 JoyedS (8 als
lacdled ol Job o [F7] Sy, 5 Al Candy 5 ed gl @iy
T L S N PO T JOe Bt (o L PO IR
ol s ailoe 2alS pealaneST S wsls Jleb ISl Sdlas
S¥) slacllid pldl (a1 5 (S jop )3 (oot Jole 39>
oIl Ol GermlanaST Cod )b (3559 plaxl b ol 050,
Sl el g 09 g0 S ,20 Glail bl gl S jo 5 wlise
e s oy 5 LFF] 50e ot 53 8y 501
Ly o Sdoe cudils g 09800 358 oo 51 S ym 50 50T e
S5 s LS50 9515 o0 S3lsm Slo 50 Lol s o S
11, )8 50 Slae 155 S sl (Sl 8 515 (550
St |y (60, 8hee odyb g lom S yiny bulyl o (S g e
[5] sz

S Ghane JWsar (Sed95sy8 Jeles md w5 @
hlast 5 50m Candl 5 S| ili 3z slo S50
355 Seies o salS 51 45 el age 053l TL-6 [FV] wisly
Ol i (Feal g Sl slagaly ) g 39800 mh S (27 Sl
S ot S (51t (ol Handy IL6 Sl o) g [FA]
2 anle S 0 IL-6 g & 4 azg L [F1] cwl MS
2005 5 T sloolo g3l Jlsb 13 S8 ln o535 o e s
5 Sl Sa (28555 Gryed b (pBgule onl GialS MS (g les


https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

VP F lawoy oF o lods Y 0590 ((Jlods (Ll y5 (S i pole ol isls alxo

s G 095505 5 e Sy sl S psboar 2,5 eolin
&5 oo MS o Lledlas 5 Ll Jelse 51 (F 0 95 il
Lgel poe> b Olidod 4 asdS Oldlhe o5lid iy, cans bl

ol 5l 3 Ve leyoae g yiinn

S Sl
Sl wiaile; ok Gl glz! o boas LS oles
'M)b ‘) s)‘.))dﬁ 9)S.m.:

2bo oLai
8le o)l Al @i pl jo a5 wisS o el By s

K KURYESN

QU W 9§ &5 lino

.Jd‘oo% PV IV axlllao 6‘)?‘ 9 u:"‘)]o o QL?M}S Ao

P | PR P
L (5,5 (sngas slasts 58 o el slaglojle 3l anlllas ol
e 03,55 2l s (ol o oS WisSman o selictl o

References

1. Ghasemi Kahrizsangi G, Salehi H, Heydari L. The effect of a
rhythmic motor program on perceptual-motor abilities of
educable mentally retarded children. J Sports Mot Dev Learn.
2012;4(1):75-92. [DOI: 10.22059/jmlm.2012.25076

2. Hassanpour-Dehkordi A, Jivad N. Comparison of regular aerobic
and yoga on the quality of life in patients with multiple sclerosis.
Med ] Islam Repub Iran. 2014;28:141. [PMID: 25694999

3. Thompson AJ, Baranzini SE, Geurts J, Hemmer B, Ciccarelli O.
Multiple sclerosis. Lancet. 2018;391(10130):1622-36. [DOIL:
10.1016/S0140-6736(18)30481-1] [PMID: 29576504 ]

4. Kantarci O, Wingerchuk D. Epidemiology and natural history of

multiple sclerosis: new insights. Curr Opin Neurol.
2006;19(3):248-54. DOI:
10.1097/01.wc0.0000227033.47458.82] [PMID: 16702830]

S. Doring A, Pfueller CF, Paul F, Dorr J. Exercise in multiple
sclerosis -- an integral component of disease management. Epma
J. 2011;3(1):2. [DOL: 10.1007/513167-011-0136-4] [PMID:
22738091

6. McCabe MP. Mood and self-esteem of persons with multiple
sclerosis following an exacerbation. J Psychosom Res.
2008;59(3):161-6. [DOL:10.1016/j.jpsychores.2005.04.010]
PMID: 16198189

7. Inojosa H, Proschmann U, Akgiin K, Ziemssen T. The need for a

strategic therapeutic approach: multiple sclerosis in check. Ther
Adv Chronic Dis. 2022;13:20406223211063032. [DOIL:
10.1177/20406223211063032 ] [PMID: 35070250]

8. Dobson R, Giovannoni G. Multiple sclerosis - a review. Eur J
Neurol. 2019;26(1):27-40. [DOL: 10.1111/ene.13819] [PMID:
30300457

9. Karimi S, Andayeshgar B, Khatony A. Prevalence of anxiety,
depression, and stress in patients with multiple sclerosis in
Kermanshah, Iran: a cross-sectional study. BMC Psychiatry.
2020;20(1):166. [DOL: 10.1186/512888-020-02579-2] [PMID:

YA

5 S50 6lp it ooy p & 5L ol ol el b b
G IL-10 5 TL-6 clocysnle gl ;5 3o cbailpe cols
20 45 35 oo Slgiday ol MS adlie e 50 (55lse Bl el
lacusgume G @S 4 (oliws gly a5 59,0 Slalllas

i S5 B 5l 0gd a8 )5 ke o addlle o pdl S
Jyel iilon Sal Ghleaw Sloy 5 (g, Ll (o dals

Eed by odig e oo e Sl 51 A MS gl
by § 35 LU MS (g less b boylS gl Jols .ol ol
oty 0y lolas 5 el Jolas a5 (slaisFay o5 o ol s
Wlgieo S3lse s S0 S b Gom Sl Gl
23 O gl e B8 i sl 5 5 oS Loy Olpiea
ool Dsi b e (s5lse 0 ped ST 098 03 I8 4 MS (e
Dgdigei pasede Glhlen Gl gl Glewdh b (oo sl 5
5 Sdobie Condy dacnlhle zoliw 10 (39,50 2929 b &S

b e Wlgioo (lew (b @l
IL- alS a4y g5l9o o yod a5 0ls lis yols Jdoul )3 dalllas ol
Olgsn inl b b e MS adlis o lo 5o IL-10 21581 56
OMSlae aisle K0 gleys @Mlae LS o giler Dl e )
MS adlice phlon Sledl Condy J5uS lp sladss 5 ()

32295564

10. Podda], Tacchino A, Pedulla L, Monti Bragadin M, Battaglia MA,
Brichetto G, Ponzio M. Mind wandering in people with Multiple
Sclerosis: A psychometric study. Mult Scler Relat Disord.
2022;58:103521. [DOL: 10.1016/j.msard.2022.103521
PMID: 35085980

11. Imitola J, Chitnis T, Khoury SJ. Cytokines in multiple sclerosis:
from bench to bedside. Pharmacol Ther. 2005;106(2):163-77.
[DOL: 10.1016/j.pharmthera.2004.11.007] [PMID: 15866318]

12. Podojil JR, Miller SD. Immunopathological mechanisms in
multiple sclerosis. Drug discovery today: disease mechanisms.
2006;3(2):177-84. [DOL: /10.1016/.ddmec.2006.05.009

13. Golzari Z, Shabkhiz F, Soudi S, Kordi MR, Hashemi SM.
Combined exercise training reduces IFN-y and IL-17 levels in the

plasma and the supernatant of peripheral blood mononuclear
cells in women with multiple sclerosis. Int Immunopharmacol.
2010;10(11):1415-9. [DOL:  10.1016/i.intimp.2010.08.008

PMID: 20797460

14. Tawfik TZ, Gad AH, Mehaney DA, El Nahrery E, Shehata HS,
Hashem H, et al. Interleukins 17 and 10 in a sample of Egyptian
relapsing remitting multiple sclerosis patients. ] Neurol Sci.
2016;369:36-8. [DOL:10.1016/.ins.2016.07.034] [PMID:
27653861

15. Hamzeh Shalamzari M, Molanouri Shamsi M, Aboulhasani M,
Mokhtarzade M, Rezvani M. The effect of long-term home-based
exercise training on interleukin-6 and interleukin-17 cytokines
and disease status in people with multiple sclerosis. Danesh Med.
2023;31(3):81-94. [DOI:
10.22070/daneshmed.2023.17075.1296]

16. Rietberg MB, Brooks D, Uitdehaag BM, Kwakkel G. Exercise
therapy for multiple sclerosis. Cochrane Database Syst Rev.
2005;2005(1):Cd003980. [Dor:
10.1002/14651858.CD003980.pub2 | [PMID: 15674920]



https://doi.org/10.22059/jmlm.2012.25076
https://pubmed.ncbi.nlm.nih.gov/25694999/
https://doi.org/10.1016/s0140-6736\(18\)30481-1
https://doi.org/10.1016/s0140-6736\(18\)30481-1
https://pubmed.ncbi.nlm.nih.gov/29576504/
https://doi.org/10.1097/01.wco.0000227033.47458.82
https://doi.org/10.1097/01.wco.0000227033.47458.82
https://pubmed.ncbi.nlm.nih.gov/16702830/
https://doi.org/10.1007/s13167-011-0136-4
https://pubmed.ncbi.nlm.nih.gov/22738091/
https://pubmed.ncbi.nlm.nih.gov/22738091/
https://doi.org/10.1016/j.jpsychores.2005.04.010
https://pubmed.ncbi.nlm.nih.gov/16198189/
https://doi.org/10.1177/20406223211063032
https://doi.org/10.1177/20406223211063032
https://pubmed.ncbi.nlm.nih.gov/35070250/
https://doi.org/10.1111/ene.13819
https://pubmed.ncbi.nlm.nih.gov/30300457/
https://pubmed.ncbi.nlm.nih.gov/30300457/
https://doi.org/10.1186/s12888-020-02579-z
https://pubmed.ncbi.nlm.nih.gov/32295564/
https://pubmed.ncbi.nlm.nih.gov/32295564/
https://doi.org/10.1016/j.msard.2022.103521
https://pubmed.ncbi.nlm.nih.gov/35085980/
https://doi.org/10.1016/j.pharmthera.2004.11.007
https://pubmed.ncbi.nlm.nih.gov/15866318/
https://doi.org/10.1016/j.ddmec.2006.05.009
https://doi.org/10.1016/j.intimp.2010.08.008
https://pubmed.ncbi.nlm.nih.gov/20797460/
https://pubmed.ncbi.nlm.nih.gov/20797460/
https://doi.org/10.1016/j.jns.2016.07.034
https://pubmed.ncbi.nlm.nih.gov/27653861/
https://pubmed.ncbi.nlm.nih.gov/27653861/
https://doi.org/10.22070/daneshmed.2023.17075.1296
https://doi.org/10.22070/daneshmed.2023.17075.1296
https://doi.org/10.1002/14651858.cd003980.pub2
https://doi.org/10.1002/14651858.cd003980.pub2
https://pubmed.ncbi.nlm.nih.gov/15674920/
https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

Oy Ke 5 e yils

17.

18.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

Florindo M. Inflammatory cytokines and physical activity in
multiple sclerosis. ISRN Neurol. 2014;2014:151572. [DOL:
10.1155/2014/151572] [PMID: 24592334
Docherty S, Harley R, McAuley JJ, Crowe LAN, Pedret C, Kirwan
PD, et al. The effect of exercise on cytokines: implications for
musculoskeletal health: a narrative review. BMC Sports Sci Med
Rehabil. 2022;14(1):5. [DOI: 10.1186/s13102-022-00397-2]
PMID: 34991697
Babbitt DM, Diaz KM, Feairheller DL, Sturgeon KM, Perkins
AM, Veerabhadrappa P, et al. Endothelial activation
microparticles and inflammation status improve with exercise
training in  African  Americans. Int J Hypertens.
2013;2013:538017. [DOIL: 10.1155/2013/538017] [PMID:
23691280
Xie L, Fu Q, Ortega TM, Zhou L, Rasmussen D, O'Keefe J, et al.
Overexpression of IL-10 in C2D macrophages promotes a
macrophage phenotypic switch in adipose tissue environments.
PLoS One. 2014;9(1):e86541. [DOL:
10.1371/journal.pone.0086541] [PMID: 24466141
Schoenfeld BJ. Science and development of muscle hypertrophy
(2nd edition). Human Kinetics. 2020. [ Link |
Akbari H, Abedi A, Ghofrani M, Seyedahmadi M. Effect of regular
physical activity on BDNF and IL-17 factors in patients with
multiple sclerosis: a meta-analysis study. ] Prevent Med.
2023;10(1):20-35. [ DOL:10.32598/]PM.10.1.623.1]
Rahim Pour R, Mehrabani J. The effect of treadmill aerobic
training on adipolin, glucose and insulin in type 2 diabetic male
rats. ] Appl Health Stud Sport Physiol. 2018;5(1):93-10S. [DOIL:
10.22049/jassp.2019.26571.1238 ]
Sadegh S, Golestany A. Effects of 10 weeks of aerobic training in

water on chemerin and insulin resistance in women with multiple
sclerosis. Int Med Today. 2017;23(3):226-34. [Link]

Proschinger S, Kuhwand P, Rademacher A, Walzik D, Warnke C,
Zimmer P, et al. Fitness, physical activity, and exercise in multiple
sclerosis: a systematic review on current evidence for interactions
with  disease activity and  progression. ]  Neurol.
2022;269(6):2922-40. [DOL:_10.1007/500415-021-10935-6]

PMID: 35084560

Savdek L, Stergar T, Strojnik V, Than A, Koren A, Spiclin Z, et al.
Impact of aerobic exercise on clinical and magnetic resonance
imaging biomarkers in persons with multiple sclerosis: An

exploratory randomized controlled trial. J Rehabil Med.

2021;53(4)rm00178.  [DOL__ 102340/16501977-2814]
PMID: 33739437

Briken S, Rosenkranz SC, Keminer O, Patra S, Ketels G, Heesen

C, et al. Effects of exercise on Irisin, BDNF and IL-6 serum levels

in patients with progressive multiple sclerosis. ] Neuroimmunol.

2016;299:53-8. [DOL: 10.1016/j.jneuroim.2016.08.007]
PMID: 27725121

Bezheh N, Soltani M, Khaleghzade H. Effects of aerobic training

in water on IL-6 and IL-10 in patients with Multiple Sclerosis.

2014;4(2):63-72. [DOL:

Evidence-Based Care.
10.22038/ebcj.2014.2912 ]

Schulz KH, Gold SM, Witte J, Bartsch K, Lang UE, Hellweg R, et
al. Impact of aerobic training on immune-endocrine parameters,

neurotrophic factors, quality of life and coordinative function in
multiple sclerosis. ] Neurol Sci. 2004;225(1-2):11-8. [DOI:
10.1016/}.jns.2004.06.009] [PMID: 15465080]

Mokhtarzade M, Motl R, Negaresh R, Zimmer P, Khodadoost M,
Baker JS, et al. Exercise-induced changes in neurotrophic factors

and markers of blood-brain barrier permeability are moderated by
weight status in multiple sclerosis. Neuropeptides. 2018;70:93-
100. [DOI: 10.1016/j.npep.2018.05.010] [PMID: 29880392 ]

. Mokhtarzade M, Ranjbar R, Majdinasab N, Patel D, Molanouri

Shamsi M. Effect of aerobic interval training on serum IL-10,
TNFa, and adipokines levels in women with multiple sclerosis:
possible relations with fatigue and quality of life. Endocrine.
2017;57(2):262-71.  [DOL: 10.1007/s12020-017-1337-y]
PMID: 28616851

9

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

44,

4s.

46.

Hooshmandi Z, Koushki-Jahromi M. Effect of aerobic exercise on
anti-inflammatory cytokine (interleukin-10 10), free radical
(nitric oxide), fatigue, and quality of life in multiple sclerosis
patients. Int J Appl Exerc Physiol. 2017;13(25):51-62. [DOI:
10.22080/jaep.2017.1587]

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71.
[DOI: 10.1136/bmj.n71] [PMID: 33782057]

Zafarmand O, Molaei K, Mogharnasi M. Effect of aerobic exercise
on glycosylated hemoglobin and resistin in overweight and obese

people with type 2 diabetes: a systematic review and meta-
analysis. ] North Khorasan Univ Med Sci. 2025;16(4):8-29.
Link

. Zafarmand O, Molaei K, Taheri A, Mogharnasi M, Salesi M. The

effect of high-intensity interval training on serum levels of liver
enzymes and body composition in patients with non-alcoholic
fatty liver disease: a systematic review and meta-analysis. J
Sabzevar Uni Med Sci. 2025;31(6):889-903. [DOI:
10.30468/jsums.2025.7799.3068

Khalafi M, Hovsepian P, Sakhaei MH, Sharifmoradi K. The effect
of exercise training on inflammatory markers in patients with
osteoarthritis and rheumatoid arthritis: a systematic review and
meta-analysis. ] Isfahan Med Sch. 2023;41(725):524-35. [DOI:
10.48305 /jims.v41.i725.0524]

Kazeminasab F, Hassanpour N, Zafarmand O. The effect of

exercise training on serum apelin levels and insulin resistance in
patients with type 2 diabetes: a systematic review and meta-
analysis. J Sabzevar Uni Med Sci. 2024;31(5):759-72. [DOL:
10.30468/jsums.2024.7801.3070

Zafarmand O, Attarzadeh Hosseini SR. The effect of aerobic
training on leptin and acylated ghrelin in overweight and obese
people: a systematic review and meta-analysis. ] Appl Health Stud
Sport Physiol. 2025;12(2):28-49. [DOL:
10.22049 /jahssp.2024.29841.1667 ]

Halafi M, Malandish A, Rosenkranz SK, Ravasi AA. Effect of
resistance training with and without caloric restriction on visceral

fat: A systematic review and meta-analysis. Obes Rev.
2021;22(9):e13275. [DOL: 10.1111/0br.13275] [PMID:

33998135
Khalafi M, Alamdari KA, Symonds ME, Nobari H, Carlos-Vivas J.

Impact of acute exercise on immediate and following early post-

exercise FGF-21 concentration in adults: systematic review and
meta-analysis. Hormones (Athens). 2021;20(1):23-33. [DOI:
10.1007/s42000-020-00245-3] [PMID: 33151509
Kazeminasab F, Baharlooie M, Khalafi M. The Impact of Exercise
on Serum Levels of Leptin and Adiponectin in Obese Children
and Adolescents: A Systematic Review and Meta-Analysis. Iran ]
Endocrinol Metab. 2022;23(6):409-25. [ Link]|

Khalafi M, Sakhaei MH, Kazeminasab F, Symonds ME,
Rosenkranz SK. The impact of high-intensity interval training on

vascular function in adults: A systematic review and meta-
analysis. Front Cardiovasc Med. 2022;9:1046560. [DOI:
10.3389/fcvm.2022.1046560] [PMID: 36465439

Wen H, Wang L. Reducing effect of aerobic exercise on blood

pressure of essential hypertensive patients: a meta-analysis.
Medicine (Baltimore). 2017;96(11). [DOIL:
10.1097/MD.0000000000006150] [PMID: 28296729]

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. Bmj.
1997;315(7109):629-34. [DOL:  10.1136/bmi.315.7109.629]

PMID: 9310563

Zafarmand O, Mogharnasi M, Moghadasi M. The effect of
exercise training on serum levels of adipokines related to energy

homeostasis (adropin, asprosin) and insulin resistance in patients
with type 2 diabetes or obesity: a systematic review and meta-
analysis. ] Appl Health Stud Sport Physiol. 2024;11(2):23-43.
[DOLI: 10.22049/jahssp.2024.29339.1620]

Motl RW, Snook EM, Schapiro RT. Symptoms and physical



https://doi.org/10.1155/2014/151572
https://doi.org/10.1155/2014/151572
https://pubmed.ncbi.nlm.nih.gov/24592334/
https://doi.org/10.1186/s13102-022-00397-2
https://pubmed.ncbi.nlm.nih.gov/34991697/
https://pubmed.ncbi.nlm.nih.gov/34991697/
https://doi.org/10.1155/2013/538017
https://pubmed.ncbi.nlm.nih.gov/23691280/
https://pubmed.ncbi.nlm.nih.gov/23691280/
https://doi.org/10.1371/journal.pone.0086541
https://doi.org/10.1371/journal.pone.0086541
https://pubmed.ncbi.nlm.nih.gov/24466141/
https://www.circuitoultras.org/wp-content/uploads/2021/05/Science-and-development-of-muscle-hypertrophy-by-Brad-Schoenfeld-z-lib.org_.pdf
https://doi.org/10.32598/JPM.10.1.623.1
https://doi.org/10.22049/jassp.2019.26571.1238
https://doi.org/10.22049/jassp.2019.26571.1238
http://imtj.gmu.ac.ir/article-1-2566-en.html
https://doi.org/10.1007/s00415-021-10935-6
https://pubmed.ncbi.nlm.nih.gov/35084560/
https://doi.org/10.2340/16501977-2814
https://pubmed.ncbi.nlm.nih.gov/33739437/
https://doi.org/10.1016/j.jneuroim.2016.08.007
https://pubmed.ncbi.nlm.nih.gov/27725121/
https://doi.org/10.22038/ebcj.2014.2912
https://doi.org/10.22038/ebcj.2014.2912
https://doi.org/10.1016/j.jns.2004.06.009
https://doi.org/10.1016/j.jns.2004.06.009
https://pubmed.ncbi.nlm.nih.gov/15465080/
https://doi.org/10.1016/j.npep.2018.05.010
https://pubmed.ncbi.nlm.nih.gov/29880392/
https://doi.org/10.1007/s12020-017-1337-y
https://pubmed.ncbi.nlm.nih.gov/28616851/
https://doi.org/10.22080/jaep.2017.1587
https://doi.org/10.22080/jaep.2017.1587
https://doi.org/10.1136/bmj.n71
https://pubmed.ncbi.nlm.nih.gov/33782057/
http://journal.nkums.ac.ir/article-1-3109-en.html
https://doi.org/10.30468/jsums.2025.7799.3068
https://doi.org/10.30468/jsums.2025.7799.3068
https://doi.org/10.48305/JIMS.2023.41739.1458
https://doi.org/10.48305/JIMS.2023.41739.1458
https://doi.org/10.30468/jsums.2024.7801.3070
https://doi.org/10.30468/jsums.2024.7801.3070
https://doi.org/10.22049/jahssp.2024.29841.1667
https://doi.org/10.22049/jahssp.2024.29841.1667
https://doi.org/10.1111/obr.13275
https://pubmed.ncbi.nlm.nih.gov/33998135/
https://pubmed.ncbi.nlm.nih.gov/33998135/
https://doi.org/10.1007/s42000-020-00245-3
https://doi.org/10.1007/s42000-020-00245-3
https://pubmed.ncbi.nlm.nih.gov/33151509/
http://ijem.sbmu.ac.ir/article-1-2980-en.html
https://doi.org/10.3389/fcvm.2022.1046560
https://doi.org/10.3389/fcvm.2022.1046560
https://pubmed.ncbi.nlm.nih.gov/36465439/
https://doi.org/10.1097/md.0000000000006150
https://doi.org/10.1097/md.0000000000006150
https://pubmed.ncbi.nlm.nih.gov/28296729/
https://doi.org/10.1136/bmj.315.7109.629
https://pubmed.ncbi.nlm.nih.gov/9310563/
https://doi.org/10.22049/jahssp.2024.29339.1620
https://journal.nkums.ac.ir/article-1-3313-fa.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-03 ]

47.

48.

49.

50.

S2.

S3.

VP F lawoy oF o lods Y 0590 ((Jlods (Ll y5 (S i pole ol isls alxo

activity behavior in individuals with multiple sclerosis. Res Nurs
Health.  2008;31(5):466-75. [DOIL:__ 10.1002/nur.20274]
PMID: 18286635

White L], Castellano V. Exercise and brain health--implications
for multiple sclerosis: part 1--neuronal growth factors. Sports
Med.  2008;38(2):91-100.  [DOIL__ 102165/00007256-
200838020-00001 ] [PMID: 18201113]

Blither M. Adipose tissue inflammation: a cause or consequence

of obesity-related insulin resistance? Clin Sci (Lond).
2016;130(18):1603-14. [DOI: 10.1042/CS20160005] [PMID:
27503945

Vandebergh M, Becelaere S, Dubois B, Goris A. Body mass index,
interleukin-6 signaling and multiple sclerosis: a mendelian
randomization study. Front Immunol. 2022;13:834644. [DOL:
10.3389/fimmu.2022.834644 | [PMID: 35386698

Castellano V, Patel DI, White LJ. Cytokine responses to acute and
chronic exercise in multiple sclerosis. ] Appl Physiol (198S).
2008;104(6):1697-702. [DOL:
10.1152 /japplphysiol.00954.2007] [PMID: 18388249]

. Bastard JP, Jardel C, Bruckert E, Blondy P, Capeau ], Laville M, et

al. Elevated levels of interleukin 6 are reduced in serum and
subcutaneous adipose tissue of obese women after weight loss. J
Clin  Endocrinol Metab.  2000;85(9):3338-42. [DOI:
10.1210/jcem.85.9.6839] [PMID: 10999830

Hashemian M, Vakili AR, Akaberi A. Effect of glucose-insulin—
potassium on plasma concentrations of C-reactive protein in

acute myocardial infarction. J Babol Univ Med Sci.
2011;13(6):45-51. [Link]

Nieman DC, Zwetsloot KA, Meaney MP, Lomiwes DD, Hurst
SM, Hurst RD. Post-exercise skeletal muscle glycogen related to
plasma cytokines and muscle IL-6 protein content, but not
muscle cytokine mRNA expression. Front Nutr. 2015;2:27.
[DOI: 10.3389/fnut.2015.00027] [PMID: 26442273]

SS.

59.

60.

61.

. Abedi B. The effects of 12-wk combined aerobic/resistance

training on C-reactive protein (CRP) serum and interleukin-6
(IL-6) plasma in sedentary men. Yafte. 2012;14(4):95-106.
Link

Martins RA, Verissimo MT, Coelho e Silva MJ, Cumming SP,
Teixeira AM. Effects of aerobic and strength-based training on
metabolic health indicators in older adults. Lipids Health Dis.
2010;9:76. [DOI:  10.1186/1476-511X-9-76] [PMID:
20663148

. Namazi A, Aghaalinejad H, Peeri M, Rahbarizadeh F. The effects

of short-term circuit resistance training on serum homocysteine
and CRP concentrations in active and inactive females. I[JEM.
2010;12(2):169-76. [Link]

. Donges CE, Duffield R, Drinkwater EJ. Effects of resistance or

aerobic exercise training on interleukin-6, C-reactive protein, and
body composition. Med Sci Sports Exerc. 2010;42(2):304-13.
[DOI: 10.1249/MSS.0b013e3181b117ca] [PMID: 20083961]

. Navikas V, Link H. Review: cytokines and the pathogenesis of

multiple sclerosis. ] Neurosci Res. 1996;45(4):322-33. DOI:
10.1002/(SICI)1097-4547(19960815)45:4<322::AID-
INR1>3.0.CO;2-B] [PMID: 8872892 ]

Trayhurn P, Wood IS. Signalling role of adipose tissue:
adipokines and inflammation in obesity. Biochem Soc Trans.
200%;33(Pt 5):1078-81. [DOL: 10.1042/BST0331078] [PMID:
16246049

Gleeson M. Immune function in sport and exercise. ] Appl Physiol
(1985). 2007;103(2):693-9. [DOL:
10.1152/japplphysiol.00008.2007] [PMID: 17303714]

Vahdat H, Mombini H, Eslami Farsani M, Ab Abzadeh S,
Barzegar H. Effect of high-intensity interval training (HIIT) on
the levels of irisin and interleukin-10 in overweight men. Qom
Univ Med Sci J. 2018;12(2):35-44.
[DOI:10.29252/qums.12.2.35]



https://doi.org/10.1002/nur.20274
https://pubmed.ncbi.nlm.nih.gov/18286635/
https://doi.org/10.2165/00007256-200838020-00001
https://doi.org/10.2165/00007256-200838020-00001
https://pubmed.ncbi.nlm.nih.gov/18201113/
https://doi.org/10.1042/cs20160005
https://pubmed.ncbi.nlm.nih.gov/27503945/
https://pubmed.ncbi.nlm.nih.gov/27503945/
https://doi.org/10.3389/fimmu.2022.834644
https://doi.org/10.3389/fimmu.2022.834644
https://pubmed.ncbi.nlm.nih.gov/35386698/
https://doi.org/10.1152/japplphysiol.00954.2007
https://doi.org/10.1152/japplphysiol.00954.2007
https://pubmed.ncbi.nlm.nih.gov/18388249/
https://doi.org/10.1210/jcem.85.9.6839
https://doi.org/10.1210/jcem.85.9.6839
https://pubmed.ncbi.nlm.nih.gov/10999830/
http://jbums.org/article-1-3924-en.html
https://doi.org/10.3389/fnut.2015.00027
https://pubmed.ncbi.nlm.nih.gov/26442273/
http://yafte.lums.ac.ir/article-1-878-en.html
https://doi.org/10.1186/1476-511x-9-76
https://pubmed.ncbi.nlm.nih.gov/20663148/
https://pubmed.ncbi.nlm.nih.gov/20663148/
http://ijem.sbmu.ac.ir/article-1-821-en.html
https://doi.org/10.1249/mss.0b013e3181b117ca
https://pubmed.ncbi.nlm.nih.gov/20083961/
https://doi.org/10.1002/\(sici\)1097-4547\(19960815\)45:4%3C322::aid-jnr1%3E3.0.co;2-b
https://doi.org/10.1002/\(sici\)1097-4547\(19960815\)45:4%3C322::aid-jnr1%3E3.0.co;2-b
https://doi.org/10.1002/\(sici\)1097-4547\(19960815\)45:4%3C322::aid-jnr1%3E3.0.co;2-b
https://doi.org/10.1002/\(sici\)1097-4547\(19960815\)45:4%3C322::aid-jnr1%3E3.0.co;2-b
PMID:%208872892
https://doi.org/10.1042/bst0331078
https://pubmed.ncbi.nlm.nih.gov/16246049/
https://pubmed.ncbi.nlm.nih.gov/16246049/
https://doi.org/10.1152/japplphysiol.00008.2007
https://doi.org/10.1152/japplphysiol.00008.2007
https://pubmed.ncbi.nlm.nih.gov/17303714/
https://doi.org/10.29252/qums.12.2.35
https://journal.nkums.ac.ir/article-1-3313-fa.html
http://www.tcpdf.org

