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Introduction and Purpose: Physical activity can influence indices related to bone
homeostasis and balance in elderly individuals. The aim of the present study was to
investigate the effect of ten weeks of Tabata resistance training on the expression
of bone-related genes sclerostin (SOST) and Dickkopf-1 (DKK1) and balance
indices in obese elderly women.

Materials and Methods:In this quasi-experimental study, 28 overweight or obese
elderly women with a mean body mass index of 30 £ 5 kg/m? and a mean age of 60
+ 5 years were randomly assigned to either a control group or a Tabata resistance
training group (n=14 each). The training group performed Tabata resistance
exercises for ten weeks, three sessions per week, with each session lasting 45-60
minutes. Blood samples were collected 24 hours before and after the intervention
to assess the expression of SOST and DKK1 genes using Real-Time PCR. Balance,
muscular endurance, and walking performance were also evaluated. Data were
analyzed using two-way ANOVA followed by Tukey’s post hoc test at a significant
level of P<0.05.

Results: Tabata training intervention significantly reduced the expression of SOST
and DKK1 genes in the training group compared to the control group
(P=0.001)(P=0.001). Also, a significant increase in balance, upper body and lower
body muscular endurance and aerobic endurance indices was observed in the Tabata
training group compared to the control group (respectively; (P=0.011), (P=0.029),
(P=0.020), (P=0.047).

Conclusion:These results suggest that Tabata resistance training may be considered
an effective exercise approach in physical activity programs for this population.
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Extended Abstract

1. Introduction and Purpose

The increase in life expectancy in recent decades has
led to a significant growth of the elderly population
worldwide. Aging is associated with numerous
physiological changes across various body systems,
among the most critical of which are skeletal
disorders, decreased muscle mass and strength,
impaired balance, reduced mobility, and an increased
risk of falls. These issues are further exacerbated in
elderly women, particularly in the presence of obesity
and overweight. Obesity can increase the risk of
musculoskeletal problems and balance disorders by
increasing the mechanical load on joints, reducing
physical activity levels, and promoting metabolic
disturbances. On the other hand, bone is a dynamic
tissue that is constantly remodeling and is influenced
by mechanical, hormonal, and molecular factors. One
of the most important molecular pathways in
regulating bone homeostasis is the Wnt/B-catenin
pathway, which plays an essential role in the
differentiation and activity of bone-forming cells. In
this pathway, certain molecules act as inhibitors, most
notably Sclerostin (SOST) and Dickkopf-1 (DKK1).
Increased expression of these genes is associated with
decreased osteoblast activity, reduced bone formation,
and an elevated risk of osteoporosis. Evidence
suggests that aging and obesity may be linked to the
increased expression of these inhibitors, thereby
affecting bone health. Physical activity and exercise
training have been proposed as among the most
effective non-pharmacological strategies to maintain
bone health and improve physical function in the
elderly. In recent years, high-intensity interval training
(HIIT) has attracted the attention of researchers.
Tabata training is a type of HIIT that, due to its short
duration, suitable intensity, and feasibility in various
conditions, can be an appropriate option for elderly
exercise programs. Nevertheless, limited research has
investigated the effect of Tabata resistance training on
molecular indices related to bone metabolism as well
as functional indicators in obese elderly women.
Therefore, the purpose of the present study was to
investigate the effect of ten weeks of Tabata resistance
training on the expression of SOST and DKK1 genes,
as well as certain functional balance indices in obese
elderly women.

2. Materials and Methods

This semi-experimental study was conducted using a
pretest-posttest design with a control group. The
statistical population of the study consisted of obese
elderly women in Kerman. A total of 28 obese elderly
women were selected purposively and, after providing
informed consent to participate in the study, were
randomly assigned to either the training or control
group. The sample size was determined using
G*POWER 3.1 software, considering a significance
level of 0.05, a statistical power of 0.8, and an effect
size of 0.27. Inclusion criteria included having a body
mass index (BMI) of approximately 30 + 5 kg/m2, no

participation in regular exercise programs over the
past two years, absence of chronic conditions such as
cardiovascular disease, type 2 diabetes, hypertension,
or malignant systemic diseases, no smoking or
consumption of dietary supplements within the last
two months, and no mobility limitations. Exclusion
criteria consisted of absence from training sessions,
use of medications or supplements during the study,
onset of illness during the study, or unwillingness to
continue cooperation. The training group participated
in a Tabata resistance training program for 10 weeks.
This program consisted of three training sessions per
week, with each session lasting approximately 45 to
60 minutes. Each training session began with a warm-
up, followed by the main components of the exercise,
and concluded with a cool-down. The exercises
included resistance and functional movements such as
squats, planks, crunches, mountain climbers, modified
burpees, and other modified movements that engaged
the upper limbs, lower limbs, and core muscles. The
intensity, number of intervals, and execution time
were progressively increased over the course of the 10
weeks. Standard elderly assessments were utilized to
evaluate functional indices. Upper limb muscle
strength and endurance were measured using the 30-
second arm curl test, lower limb strength and
endurance were evaluated using the 30-second chair
stand test, aerobic endurance was measured with the
2-minute step-in-place test, and balance was assessed
using the Fullerton Advanced Balance (FAB) scale.
Blood samples were drawn from the brachial vein 24
hours before and after the testing period. Following
RNA extraction and cDNA synthesis, gene expression
was measured using the Real-Time PCR method. The
Gapdh gene was utilized as the reference gene, and
relative analysis of gene expression was performed
using the 2-AACT formula. Data were reported as
mean * standard deviation. The normality of data
distribution was evaluated using the Shapiro-Wilk
test, and two-way analysis of variance (ANOVA) was
used for data analysis. If significant differences were
observed, Tukey's post-hoc test was applied for
between-group comparisons. The significance level
for all tests was set at P > 0.05.

3. Results

The results of the study demonstrated that after ten
weeks of Tabata resistance training, the expression of
SOST and DKK1 genes in the training group
significantly decreased compared to the control group.
This reduction was statistically significant for both
genes (P = 0.01). Additionally, functional indices
showed a remarkable improvement in the training
group. Specifically, the functional balance of the
participants increased significantly (P = 0.011). Upper
limb muscular endurance (P = 0.029) and lower limb
muscular endurance (P < 0.020) also demonstrated
significant improvements. Furthermore, aerobic
endurance increased significantly in the training group
compared to the control group (P < 0.047).

4. Conclusions
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Based on the results of the present study, performing
ten weeks of Tabata resistance training can
significantly improve functional indices, including
balance, muscular endurance, and aerobic capacity in
obese elderly women. Moreover, this type of training
is associated with a decrease in the gene expression of
Wnt pathway inhibitors, namely Sclerostin and
Dickkopf-1, which may indicate its positive effects on
regulating processes related to bone metabolism.
Therefore, Tabata resistance training can be used as an
effective, low-cost, and feasible exercise strategy in
physical activity programs for the elderly, particularly
obese women.

5. Acknowledgment & Funding
We would like to thank all individuals involved in
conducting this research. This study was carried out

within the framework of the university's research
activities.

6. Ethical Consideration

This study received ethical approval under code
IR.IAU.KERMAN.REC.1403.086 from Islamic Azad
University, Kerman Branch.

7. Authors' Contributions
All authors contributed to the article. All authors have
read and approved the final manuscript.

8. Conflict of interest
The authors declare no conflicts of interest.



B g/ J\:zf

Sport and EROI)
Biomotor Sciences (¥, ) pole

» - . & .
7 ) r)’ 9S8
g)/ .&’Jb »
9 ) RIS (i g Sl Sy 5 e g3 BLL (Soglio (9 pod i 00
G oo by Jolai (58 Sdos b Sl (&

O iy mbid ol B7 1500058 1y 0 5,1, )15 a5

zahrakarbakhsh2025@gmail.com .
zahrafarzin2001@gmail.com .

Ol ele S oMl 3T oSl clo S sy ¢ 5y9 pole 5 (e Sy 09,5 «ing Selansed 4Bl LSS )
Olrlepla)S e oMl sljl olStils (a3 a2y (03559 psle 9 (S Con i 09,5 (g (ST 3d A0 oLty LY
shafiee.sport@gmail.com .|yl b S ¢ oMl Sl31 oSl cylo S dnly o objyg pole g (S Canr )i 09,5 (jbdkiul ¢ Jgtmo odimngs .7

saSs Qo e

Sl 5 ol 5 et jlisged b lagpe sloadls p S5 o S0 clled 1BAD g dodde gy o £od
Ol BLE eglio pyyed atim 03 gl usyys eyl gl 5l G sl il ,5b walle W 09
e 3l el 1bj Jols (e, Slas el asls 5 5 5 (DKKL SOST) sl el Al 12 ylow
oSk b3l b 09lal sl il 55 YA 258 aes gy nl 2 TGSy g dlge R oo
9oty Jlo 540 s xSk 5 (KOIM?) y0 yie 0 p)SS ToH0 L iy s o395 L WA edbp &b
A AT 03 ko (e 09,5 WA muands BLU (yyed 9 JpS (6,85 VF 09,5 ¢ 4 bl AAUAGS toMl g & ,0
VE ol bl 1) BLG zeglie coliyyes dads S+ JI ¥ Coto 4y dudy y g atin ) duds DA o9y &,
V295803 sy ISl (sloyi ol (2l car S slaaiges adlie Iy g i colo

5 Y oS5 gl adld es NAS aw)w Real-Time PCR bg, L g odd aid ) i ol & glo ) 0950

oJM‘blﬁoJ‘).Mw)xwLu 'U})Jol.é)o‘)J)glo.cﬁL;SM&mL&;»“ .)Ludlm?aj . » .
J.«.l?u( <./ a) Iolixo C.Ia.w u.{ Y %) | )Jo 3L, J.J?o Lol (B b (smt ‘ ‘5)912 O U.)LS l}“’)'
P<./. sl 3 503l 9 ad,bod 4905l . . . .
% &) ) P = 009 92 owRIg e Lol O9e)l ) Soglie 'y a3 diim 03 il ., ?,").)9‘ ;

wg Sl oy gl o BLG

e 0955 33 DKKL 5 SOST sl ool sholins il el BLG b yos alsline :basbly
(Jols sla sl )3 jbolime iolidl ¢ cpimads (P=o/+ V) (P=2/+ V) il 08 05,5 & Cod
ol 5 2y s B (5005 05,5 3 59 ol 3 45l iVl ke i
(P 1XY) (P2 oY) (P=+/-YA) P2/ V)t & 25

| sis & D155 oo L toglia o3 & 183 so ol gults () 3.6 305 draid
25 38 5l de il (6 sl (S clld slaasl )3 cunlis

359y S

Bl aialo (U5 ) oSS0 ¢y g ISl BLE oglie iy yos 2 glS 50319

638 el (B gV cigsSSu
Pl 5 Sing dp Bl e U5 LS
VOF=VEY (PP NF -0 s o

d)‘}}t‘-‘" S olKisls :,»JSU

9 P @ BNy
Iy JLi! Jols (3ghs
S o bk

10.22034/sbs.2026.565718.1160


mailto:zahrakarbakhsh2025@gmail.com
mailto:zahrafarzin2001@gmail.com
mailto:shafiee.sport@gmail.com
https://orcid.org/0009-0001-5865-6948
https://orcid.org/0009-0004-1002-3190
https://orcid.org/0000-0001-7168-1294
https://doi.org/10.22034/sbs.2026.565718.1160

V€€ OMU9)LQA“~‘~ D)l.o.n.:ﬁ dY 0,92 ‘USP w')faglﬁsw))s

AE A

V55800 il jobo &y (VVVY) i oo ialS )y olgscil
B3 63,5 Jae WOy 535 CanigST5T S5 ol & 35
Ol (VF) )15 bcas Mgl 3 Slas 2 (98 B )l
5 Sl sl Wl DKKLg SOST sbapj ol
0395 (S b g ol ()5S plyeinl (S b lasye bl
(5VE) ol olyad (St s Lial33l 5 lsetal

sSlae il |y ontall oyl Slyis y egdle
s 53 Ty el sl ol s as
5 sies o 0 M) wwMae @yaB jials .cwl ol jen
Jols il Lol Jelse alex | (Mae slagealy )3 3G
5V 395 oo ogmms el 15 bgis s Liul3dl 5
5 Olsseial Codls plojon yob 4 wilg o SHshaa cg) (]
WLy0y5 p glofg el | cwiicy demp 1) (Jols 3 Sas
)l sl S3e posbps Bl S lys 4 S clb
el (63,Skas bbb So 5 e — lSeel asDlas
sl 18 (aglie Ol poi clen (] )3 95 o0 4B
Sl 5L Jlesl g Jold gy o SHae @ya8 ioliel po
A ] pudslio p Wlgiee 5 51> Glstl 5o
@ o Sia) dgr pdl gl o 3 (VV)) 6,165 cuze
U155 e S s 4 Y s b gl ol
Camo 3 (> ag BB (Sfglejd a5l sbx]
(YY) el 38l 58] ctiall

HIT 00wl JIS31 51 S0 e 4 BLL el o
Jolgd b olyan Vb @ b el obsS slooyys ol
Sl by ye8 5 (] 5 s oS ol
sl S (Splie 5 (Sl bS oo Sl o (aglie
(YFN) 118 s e —ilSl (slags,Silo sl
o HHT (505 (gl JSG g5 oS Wlodly (L lalllae 5y
Coolitwl (Jolei Doty coge il o oglie iyl p
Jb b (V0) Wsd el 3 (8> 3 )Slas g SHae
sSlgn Sl Sy g5 o) S 4 Lgpye S0l
DKK1 5 SOST slagj ol o329 4 olyeins] puadgplic
(YY) Cunl (aBlze Lae 5 5000

@ (Sl clllhe 98T 990l Cuenl 2925 L
by sbj ol 2 BUE (goglie cpyed Sl plojen (o)
Sl Sallr 35 5 o5 (sl paSli 5 Jgil pandye |
s il et a3 olajos o5 g8 et
nlgd 39S gl Lyl 3 S 5 Shae il 5 gl

!, Wnt B-catenin

2, SOST

3. DKK1

4, High-intensity interval training (HIIT)

o

Ao
b Cuwl ol cogo pdl sl Jlw ;o (SW5 4 el i3l
B 53 sbog)S (i @ 5l S plyis 4 phialls Cone
bl 05 L cedle slapllss drgi )90 (mer M)
2 Vg Jlo £l Sl el plojl sl )15
IS blmpin 9 Sede uaib oluells og)S
Cilio galgn Cuno 5 s 09,5 ol e g5 LB Ll
oed GRIBL L olen qgmer s cpl (VY)
Oygps «sos s LUy (ol g (yeje slags)len
Ol 3l i 1y 550 Ml ¢ ail WSy (sla Sl & an g8
Sl so 5]

~ Sl Y] (gaiallo g0 wls ©Mte e
Slojy ol boiw jlas Gilidl 5 Jls ol (gHas
(S9oyon lyoxs o 4 il U5 0 Ok ol 550
odblin yubw Clas  (u,0 s g Slgstinl 0395 il
—hads Jole S5 glyis @ (Bl %03 (o 1Y) 295
DU 29390 Jalads LS Joduoms |y Cumdg ol Silg o c0liiS
o9 3l e Ohlien b duglie )3 5l wiallo (U 45 a3
e ind il Gane o515 S By 2 i
sbcudgize o Sl Jyus > WS (glo el
) (KaSis g boiw jlad (Son o olge cxijls )13 (S >
2 it 586 2 ogdle sy ol (FF) atma e il
Jrood ceodlo pllis 4]y otz 5 BB slodly 3o (S5 CodeS
(V) 8 0

Ll €l Sy sogos ypad Sy Slgsenl ély
@ o Cuwl (Sdglio Jlai 5l Jlb g Lgy ()l a8 Sans
256 s il 213 ol el (glojl Jls 3 pglae b
s3a5ia (JSlge (sloyune g (Sgay9m Jolge o Sl (slan)l
@ iy Jobe Sloply g Gl il 3 D980 melaS
Swgon 0dS @laS oy cppe J So olgie
clbd g s 3 ol B g ond wili ly
Slgiee s gl 9> U] (AQ) 15 o i) IaaMlgizl
e plyinl (So jop Calid )3 9 sileplezl (als 4
(V+) 29

alse & NS o Tomeg Sl ple ol
Cyetoog Sl g5 o ABLLs W yo Lol (glnonias oo
o Jlal Gk g ead il IaCiwgtinl b Baos
St 118 5 le |y Wt (Sl LRP5/6 (clnos S



V&Y Ol 9 (6591, 0850, [ e 9V BygSSud (oymiwg ISl slay§ Ol 2 BLU (ghaglio oy o i 03 ]

prSelS Yekd u ode 3 sl sl 4 Sog o)le
O—ped sbpacly )3 (3,5 S, ey
eSS by olowes S, b gl Sl
9 S By (—wp (Sl (L)l 3=k
@sT 4l coldy pyd 3,5 Lael) Wi s 4 slas
(s by Jed ) dlise glag)len 4 Ml pas
Sllen 5 ¥V oge cby By — 2B slaglen
WlSB Gyme pae (A jye n S3ge3] (S5 Bilgw g
3eSbe g 3 1 B ol g3 b olie | S L gy
RIS 15 1o pae Jolis adlllas J g5 sl
Bao ¢ odiyg cpyed Oluds )0 o (o) aobl o
S p jop 9 ook 09> Job »d JeSe b g)l> £95,a
Slge cnl 51 Se e g58y Coge > g (Sl 4 S)lew
L4 4liS LS adllae debdl 5l Lol

i Joli (05 Al o U inglin Sl o5 [
Ohed g (A3 Yo (JIVe) (ppe8 (ol s 428 )5 i
aolys (YA) 255 11258 50 yolaie &y iiiS lS y» plonsl 4o
5 4l ol SVl CMae &S ouxie S Jold pawss
B iR 0d ke &y g b bl WS cusd |y 0 (65,0
JSKidie (0 ye0 duds j2 gy (4230 £ U FO) duds duo aton
S gk 4 g Siie (oB5) S sl ds e Sl ]
ol 009> g 5559 5 0ad Sl S 9> &S e
S92 048 QB e8> Yoz o5 Sloj 935 e 2]y S >
O ] dlold 5 oo 2l 0)93 931, 28 > ] 1855
A 5> pazd adgl plg el g bawgie Tl 53 (2354
Bl GlS s olaw g cdled loj cde iul381 L g A 48 S
1ol (Bl glacS > (N Jgiz) il ol jdl dls o 2
oo b OleSul 005 Catio b @lsSl dagil yis s SO
b olyon SO gy (12 eslee 4 SOV il (g9 4l
(Jood g5l cudy o gl (gdgu L il 4 )05 Ay
(>Nol oyg Aijs b ol C)'Lol 3y gl s a0 CJI;
Dy d)b}]l.tb 9 (_5'3‘3-)‘) O)L'Lw Cal)f ¢L;>M.«o| 45]9)9:

03)S dbl dg3ae dgh Clodl 1) aay LB B
aan 03 Pl sy pols Gidoh Baa o wlol pl ol
5 (SOST) (g ISl slagyj (l p BLU (taglie (o5
3 5 3,Shae 5 Jobs gl a3l 5 (DKKL) ) iysSS,0
Koo Sy Sl e Sll cpl s e Bl Sl o;
2 seglie (9l Sluyed (63,8des y JsSUge sla)8gjle
bl lp p3Y (ele aalgd 5 03,5 S Hlais )00 (sla

29l w28 1) x> 09,5l 3 Kiabim (slasliyy

PEEY
- 023l Gl Spgmo 4 (275 e g9 5l pob adlls
b plosl 8 g (5 slmogy S Ly (igol ey

Bl sl oL |, ol adlas (g)lel asds
JS—ts Jlo £oE0 G e Sk Lo ol
Al

2 3 GPOWER 3.1 58l 5 3l oslitl b wiges oo
553 + 1YY o}l g +JA sylol g g o1+ Wl 2ok ol
el Cawd 4y 585 YA (6 1S 03l5) 4 pe 93 b 0g )5

olojbo b 4)lSen caslgs 3) (Sl el plomil | Gy
o ) deslol asid o Sluyedel § Rl
e s 3s sl o5 YA s Ll 4l o] 31
S-S dgel pols aslllae o uu b olswl Sl
e bawgi (o yiws )3 3,8l Gl adedin ©jgo 4
allbgh Cgo ay Laidgejl aen 5 ©8)S 050
il o A S, ol aallas
sl caps el abses ot an y a5 YA byl
Sl 5 U Laogel ooles ik bl adllas
duds S eS8 Gl (3559 aped aebp
Ol 93 g Wad ol gy WSSl 4 s
(ieglie i aly lyal Sse >
«oled 300,85 o 55b o) (Jess] e il 5l g csleo
Sy baaly b Ly a8 (00181 il adS a4y Ly
A S S A wles W Sdg 3Bl sl ddllls
o a3 38 Linel |y a5 lalST 8 4 sbice L,
Jols (1=1F) 09,5 93 55 (ol @50 4y 3og]]
A (Aol BL oyl g S8 09,5
2 lajbee iadlbae jl zgy 5 g 3955 sLd)lne

)_aol> aaJllas 4 l_tb‘_s.sbﬁ,o)] d9)9 d])_) 0l u)f )_laJ



V€€ OMUS)LQQ“”‘”D)W‘\VD)ﬁb‘uxPM}ﬁ#S&})s VEA

oy Ol i Y Jgua

FREPI]

8,93 y» 4> O o dlaas

O o 41,55 slass EES

ol 4l Ve / el 4l Ve

L;’l?u;‘ JPY b)ﬁ)\c A

SS90 slroygd (gl col il 4l Ve [ culed agl Ve

Bl 8 Y | sl e > ¥ SF— oy ¥ d-¥-v

S ¥ cslboygd (gl ol sl 4o 10/ ol agl Y- « 7z > TS
ol pul 4ol VO culad agl Y- bl S e ¥ gl e > F 090 ¥ — 0,90 ¥ A-Y-5
ol pul 4ol VO cullad agl ¥ sl es > ¥ 090 ¥ — 0,90 ¥ AR

e 5Tl a el YF L dgajl e
ol o8y o J ) (eglie Gy
ot Aoy )3 6y S0 Gl (el STl
WA ol el Gy Ao a ks y o]
B pyo 025 1 g Jonia il 5l Gy (9 Sladiges s
WA (o )legSS oS Sl ds d A aie glod jo bl e
Jgwe lawg DKK-1 g (piwg Sl lagy oly s
la 33g05] 95 (slaJoh (sladiges il i plosl olKiylojl
5 oozl b RNA 2l sl gl o 543 ) 3008 s
018 o olS203 b 5 43 31 (o] ke S2) sl Jgowo
sl S Jodllygios ol g 43 Gigen S L
3ol g 5 Jgbonsil 5 39,8 I RNA (gjlsla
CydsS oBiwd b diged JS.30)3 odlasiwl dus > YO J4ilil
caa (picodrop limited, Hinxton, United Kingdom)
Y5 IVA- slogse Job o clale istiw o RNA (6,505l
odlitwl b CONA jiuw 018,53 ioiw 3590 YY+/YAS 4
Cat ) o lous 4 < CDNA Synthesis (Yektatajhiz) c.s ;I
1 35390 CDNA s SS9y bl 5 9 (NO: YT4500
o 5l e RNase inhibitor 8" adlal b b pbl cus’
Sy cSlo PCR oSy p3 CDNA s ( 5391 30
Oole adaw (65505l jelate 4y .000,5 ploul Analitik Jena
L (RT-PCR) Real Time-PCR g, jl dbgipe slayy;
Jsaxe Real Q Plus 2x Master Mix Green q; 5l XS
Ampligon SYBR green Master Mix High ) <,
real time olKuws 3l oolatwl b 5 Sylails jouiS” el (ROX
QIAGEN LS cslw Rotor Gene Q Juo PCR
2 gl gl ©yge 4 ey SS9 85 Cpge
Foo ol JUs a4 @dds V0 e 4 3,5 Slo 45,0 A0 slod
@y A0 gl ey ©jge @ Jge 45>
Yo odo oS lo as £l Ve Gse a8 Sl
g s plosl agb Ve Gse 4 0,5 il a0 VY 5 4l
o I3l lawsgs Gy cnl )3 o3litl )50 (slojasly
SleMb! Lo ol & dtusly Primer-BLAST S5l sl )b
W yosl s csjl g3 5 loads > (NCBI) (6)5ks s

Ol (e (5L yg0 5]

oaliil (Slast Ve gl gl (yg0jl j ABVL )5 ot 4l
o 59y 3 (929051 1] & 592 g0 el IS 035 0
9 di8)S Cawd D e Cund b1y (0,5 9lS VIO fiod g i
FY el b Jaio 5l cyiwls o g cytandd g05] 45 ol ©,a8
aS Dy gyl A L8 0gou A edlainl Al Ve e il
B9y eyt Dygo & BCwsd g dldi Jaio g9y (5390]]
o g9, 3l (929051 &S pMlel b 4B S 118 Sages] i
Turuo disd (S p dunid JolS Cundg 4y L g diwls
— 8 Coolitnl o (gly (VW) M S agb Ve o cS s
513 99 2 9 03,5 e y> pa8 4y £, 4By ¥ Sodo &y (330
Sl o Alols G b ol 58 glis)l) odd e glis)) b
b sopls o Ll 2,5l Y (o0l it b (S 55 ,0)
ol o [(VAIA) s 00yl 5litel o3 (6l (g9
ghw by pludls 3 s L)l Gln o9 e adpin
Slal a5l 3590 Vo ()l 905 ol s ool YU 5, Sles
Wbyl Pl lomiw polide A o 2L5)] 1) Jols il
ol 4 a0 b &S cul (i d ogeil S o e
dw 4o g Gl oad Sb (ol o IS 31 ABLs Jelge
i g (o Saaiged (I Gl Julod g 5o
L ytlo

als bl ) e L5 as awlgs La Sdgejl |
el S Al oKl Ay e
ol g oS ke & o)l
aoly slal a8 L Sl 5 ol o w j lais


http://www.kalazist.ir/molecular/ampliqon-RealQ-Plus-2x-Master-Mix-Green-high-ROX
http://www.kalazist.ir/molecular/ampliqon-RealQ-Plus-2x-Master-Mix-Green-high-ROX
https://www.qiagen.com/us/

V€4 Olye 9 59,0850 [ e 9 ) RS (i Sl Glay5 Gy 2 BLU (Gaglio (2 o aid 03 ]

5 odel Cawd 4 CT M3 cadllas cpl 53 ad ojloy

o3litul s g dlome S5 (gladiges 5 ilojl 350 (sladiges
o1 dule @20 ()] 4 Db (5 Cund Y-AACT Jgo 8§l

Ll

4 (Gapdh) o5 jl oizmen g oad @l 93 ojled Jod>
2 odly Lo g 4y jo0 .ab edlatwl A3y S o5 ol
2SS gtie D9 o pbol (CT) ailiw] 4 > auslie wlul

o9 4> 03w 3,90 gL yegly T Jg>

Target Forward Primer Reverse Primer TM (c)
DKK-1 5'-ATAGCACCTTGGATGGGTATTCC-3' 5'-CTGATGACCGGAGACAAACAG-3' 55.92
SOST 5'-ACACAGCCTTCCGTGTAGTG-3' 5-GGTTCATGGTCTTGTTGTTCTCC-3' 58.62
Gapdh 5'-CAACTCCTCAAGATTGTCAGCAA-3' 5'-GGCATGGACTGTGGTCATGA-3' 60.40
do¢ ygd s by @igs J oesl o 9 Gseil i Ay LY sl

b il ly Sed [Slo 9 an)‘] s eoren (P=-/-0)
ol (sl p3¥ Laalpd coplpli ((P=+/+0) 392 baog ) (e
b 9> polly bl gl 5 pald S jiabl oyl
BMI 09,5 5 ploj Jlite 1ol ol ¥ S odg Ladls
s (A JS5) (FOVFF) =X/XY 5 P=o/-FF) cul jlabine
93 095 093l o 2 BMI S L5 (S5 (uies (19051
oSl M) 39y 1S 09,5 3l jeS (gbolime jobo 4 BLE
Yo 4 508593 s il ylg Julow ol (P=+/+Y0 ¢ Y/VY
390 blme WHR 05,5 5 by blie 5l ol ol
oy i (29)S 900 awyp (F (VFF) =Y/VY (P=2/V+5)
395 olixe (gylel a5 5 BLG oy yed 09,5 3 WHR &l s

(B-) Jss)

>

| sy [ LW

L 2]

F'S

o
]
*

w
o
1

BMI (mass (kg) / height*2 (m))
- N
L 1

o
L

T Ll
o3lote 395l

OleyS aalg Sljl ol&asil ML aeS” j3 adlles ) 55095
S SS) ol o J,..»L»
(IR.IAU.KERMAN.REC.1403.086

&bl s,

o g ole (bl Slpsl £ (1 Sl) @90 4 gls 45
ly g Shgaymls ogeil j modls 39 Jloys @35 (o2
olly Jios )lel ppgeil 5l aeg S e gl duglio
(P<-/+0) s o sine o )3 (S5 (s (y305] 5 48,5
T 58l b § el Sl 48 05 ozl
A5 plol A ases GraphPad Prism

Laaly
4 baye cloodld mje ol lis Sbg—gpmli Qyﬂ s
2 JyS g BLL (pped 09,5 93 p2 )3 imghs (sloyuiie solod

B m Jss O GLG

-
o
1

T

. < S
I o ©
1 1 1

Waist-Hip Ratio (WHR)
R
1

S
)
1

L] 1
o9o3lote 903 1ms

23RS g BLU (03 glaog S 3 lar oo U WHR (550 595 &1 05 593 Cad 9 BMI (5t 0395 (sad Lo Ol i ) JSUd
S 09,5 43 Canads GL (32 303 09,5 (39031 (s 53 BMI &5 31 (L gl 2 Sy 0395 (s Ui (A . 0og031 (9 09031 i o1 p0
U5 9 BUS 52505 (5005, 51 St g 53 WHR &5 1550 139 4 05 399 o (B (P= /+10) Consl il 5 folina (30l
o3yl # Coole iloawd dily) jlare Bl yoil E (ilo €0 43 2315 .3gu Hobize (5 kel 5 51 g0l (e U (3903 Ly 3!
Caw! (P=+/+0) zdaw ;3 Hlalizo glés

1. Body mass index (BMI)
2. Waist-to-hip ratio (WHR)



V€€ OMUS)LQQ“”‘”D)W‘\VD)ﬁb‘uSPM}f”#SQ}S})S Yoo

A Glis (SOST) gyl (5 ol peibly el ls
P/ )] sl Jlolias SOST 55 09,5 51 oo lize i
093] Ol 4 Canmd 9031 g DKKL 55 ol BB oy 55
3 DKKL 55 ol sizman (P=+/+ ) 2l lslias inl
09,5 01995] Lt 9 Ol 4 S LU (3203 09,8 (9031
JS8) P/ V) P/ +¥) 392 3208 (g oline y5bo 0 S8
(B-Y

A - sy O LW

%

®
1
*
*
*

B o
1

_|

Hod
©
1

DDK-1 Gene expression changes
o
o
1

(fold change compared to control group)

o
w
1

SOST Gene expression changes
(fold change compared to control group)
o
©
1

0.0 T T
o9o3lot O3o5loms

Ol puud lio b b 3o s ol
Flie Sl olis N BgSSos 0f ple pebly Jibs gl
(ForeEYVIY P=o/e o) el oo DKKL 55 095 1 oo
OF Ol LU o pe5 09,5 3 3l (LS (S5 (cnisd (y90)] @l
cdl blins G0l gl Ll & i gefl o DKKI
02393 09,5 0903 g 2 DKKL 03 ol izam (P41 2))
Soblae sl 4 S35 095 ig0il 9 Ol & S BLU

(A-Y JS3) (P2 +/+ 1) (P= o]+ 1) 391 yioS

m =5 O bLb

=]

*%

-
o
1

s
P o
1

-
)
L

—

o
w
1

b
°
I

T T
oeslote O3l

09031 (ot A g0 43 J S 9 BLU (3 o (5La0g,S 55 Bla crume U 53 (lgsciun! gl L b po (S35 (et 1 et T JSWS
Culls (g Ioline (RIS Laog S p1lw d Camadd GLU (12 o3 09,5 (19031 (pm 93 DKKI (35 Oyt 1) oS855 (A . y901 (e 9
09,5 il dy Cumnd GLU (2 po5 09,5 (9031 mg 13 SOST (35 Ol s 2 (ysiawg Sl (B (P= [ ¢ 1) (P=e /2 ¢ 1) (P=+/2+1)
s Coole 1o 1)1 Jame 31,501 £ uSilhe 0 yqu0 4 o33 (P=o v+ 1) (P=+ /o oY) (P=0/++)) Cuils g, obize ialS
Lol (P=+/++)) mhaw 45 Jlolize Crglds suiad i s Coodle .Cawl (P=+/+ ) g ;3 Ioline Coglds ot oyl

U.M.o.u u}@)i C;L; .(ch\c):a//\\ P= ’/'Y') Cowl )].)‘.Z;w
09,5 (yue (5 ) el g el (ige3l O (U5 (S
olixe Gl LG (ygasl Sty 09,5 4 o BLE (yg05]
By g ytand Hholine iol38l puomen (p=/4 Y ) Cudl
J5S 0955 Goil mp 4 S BU (pgasl g 095 0
(CY JSK3) (p=+/+Y+) 2 osnlia
52 )y P Ggedl) sl ool puilyly il gl
S pplS a3l oS n oloj Blite 11 (L (csladds
u}n)] c.’l.u (F(\\‘f):f/\'\ P= '/’\CV) Sg2 )I.)L'n.uo d‘wb 99
09031 2 0955 e (U 53 3l pB 2 LS (S il
cadly folie Gl BLE pge]] ey 09,5 & Canmd BLE
o 0955 5 S)Pppl Jhlise Gl eizxen ((P=4/- 1Y)
2 oanldio 1S 09,5 (ig03l g 5 it 4 Casmed LU (905]

(D-Y JS5) (P=+115) (P=+1- 1)

$2,5os s pad L
e 1ol (L (g Jsd Jolas asli i)y Jubs gl
P= o[ Y) cwl oline (55,95 S35 0505 2 09)5 2 o
U3 3 ol ol (i (S5 (oed (9031 @l (Fp =Y/
BLE 905 L 09,5 & o BLL (yg05] 095 (cyms
Jolino Ll cmen (P=-/++5) cudls shlins Ll
09)5 09251 L 9 Ut 42 S BLG (9031 g 09,5 1 Jolos
(AYJS5) (P=+/++0) (P=+1+)+) 1 sdnlite JyuiS

2 olj Jite gl 4Vl calital uib)ly oo mbs
Moline (45 Vb coolinal) 93l gla (3,5 o3 paSLd 53 09)S
O (5§ (b (903l @l (FenP0/-A P= +[-¥4) 55,
Cannss LU 39051 (s 09,5 eyt 35 33 45V ceolizal 3l
(P=e/o o)) casly Hbliae iol53l BLE yg05] i 09,5 &
0925l e 09,5 ) a5YL coolitul Hblixe oI5l piscen
15 saalie JiS 098 geil g ol 4 Cumd BLE

(B-Y JS5) (P=+/++0) (P=-/-+Y)



Vo)

Ol 9 (559,850, [ e 9V BygSSud oy ISl o5 Ol 12 BLU (Goglio oy yoi i 03 ]

m J,ss [O LLS

A *

*% I

Fullerton Balance

0- T T
o903l S385lome
. J,sS [O GLS

*

25+ . |

T

Sit/Stand Up 30 seconds
o
L

0

o903lob S35l

Walking for 2 minutes

Biceps curls 30 seconds

- J,=s O LS

3 b

*% |

w
o
1

N
[
1

* k%

N
o
1

T

-
[
1

-
o
1

3]
1

I

T
0905l

o
L

100
90
80+
70~
60+
50+
40
30+
20+
10+

0

110 |
|

9051t G905l

2503 (A 0o9031 o 9 19031 e 10 13 SR8 5 BLU (2 po3 (g09 )5 15 (3l (oo (U5 (63,50 (gl s LS Ol o Y JSCS
(P=o /o Vo) (P=o /o o) Cudils a3 Bog )5yl 4y Comd (g yl3line yob 3 (1905] ot 93 L 09,5 13 (495 Jd Joles
Wog,5 plw d Comd (5 pl3lns 49k a1 (y9031 (g )3 BLG 09,5 )3 (4l Yo )3 95 gl (y905) WL Coliiis! (B .(P=+ /¢ +0)

03031 ot 52 BLG 09,5 )3 :((hwld 2 g ctamnsid (99051) & (ymaly Caalisiw] (C (P=/0 0 0) (P=o /o0 )) (P=o /o0 )) Culils (il ;81
Coolisio! (D (P=+ /0¥ o) (P=o /e ¥'e ) ol (il 381 J S 09,5 (901 ot 9 BLU (19030 (s 89,5 &1 Commnd (5100 yob
Codls (]330 g S palur &1 G (513Une yob 4y (90T omy 3 BLU 29,5 45 :(g1a8B3 93 (iils p o5 (19051) (55152
1 yloline gl pand i # Cuodls o &1 laro Bl y5il £ puSilie & ygu s Wodls (P=o /oY) (P=+/++1) (P=+/0+1)
20 ylaliaze gl auiad LS s Caoe (Cuwl (P=+/+)) alaw 45 Jlalize Crglis siad ylid s Cudle .Cuw! (P=+/+0) mbaw
sl (P=+/¢+Y) mlaw

S g py sl ) Coles (ISl (claplil ) clablone
Splie sad Slos I (glod s il sl gzl <l
LS oo ol Sotgs (Sino Slisgon )3 (pulul (185 15 fcan]
o S35 bli)l s 4 &5 o) gilugs ot ol s
Cunl Jlopgs gl jae ladsbe 5 Slonl slaJobe
slooi ole Olies Sh Glis pls Buis gl (VY
US55 05,5 b dulio )3 BLE 3,505 095, DKK-1 4 SOST
8l sl ()b e y5b &
2 (V%) ghlen 5 s ol adllae b5 b guan
» ol joy 50 Job ) didlo 3ye (534051 V¥ clanlllas
cstoglie (39 ks ¢ gteglhe LS| (2 el 09)S A & ¢y
V) o b 38 mued (J58S) OB509 G99

Y- whole-body vibration resistance training(WBV-RT)

& :

aam o> 4 S ob Gl sl imeh Lol 4zl
SOST 5 DKK-1 slagj ol oliee BLE (—eglio () po5
(Jols sl jasli lojen 9ol Lials ]S 09,5 4 Cowid |,
Glayed boolyed (g5len cuoliiunl 5 45 b @Yl Cooldin!
Sl 5l 55,5 Ly 38 IS 05,8 o Conn UL
o 5B Bl 5l Sl BUE taglie (ppe5 oSl ]
Slaaely plinl pudglio b by (JsSlse )l
S bl (s 09)5 (il 5> S (5550 (93, es
ails 48 ol sz 5 Jlud Slgplio il (S, ol

Jls 5906 Sl ol Sl e el s Jlo



\EXE3 OMU9)LQA &Y D)l.o.n.:ﬁ dY 5)3.55‘:\‘5)5 H.Mn.l) P,lﬁsu;})s

Voy

Gl San DKK-1 Ly alie 5 (s, ISl
as Jb o amd plodl gy bl gl Sles
(YY) Lk pan-Wnt g,lee (1559 S Cunl (Sae DKK-1
P WL e 32)b 5l sty ISl Canl (Sae iznon
s (ela g 45 ol ol S Las sl Gl
(VA) 5503 (@YU Hlws Glogeil 0395 (piwg ISl 29008
(S Syme Sl ol adllas )3ty a4
Skl Sl G she bwg ord gudy (g Sl
a2 bl )3 5 dgye Gyl gaw & hpmgtinl gl JUI
Spdise Jate % 50 o8 IS b (55 5 lna S s
g Sl 1S o (6 S ol WINE pno clad I cpl i
wagley @lg 3 95l (Slfe cllb |y (iSly (S
Kodda ylod S Cannl (1San LS o Hlos ) (it g Sl a8
sl Gilisen Lo b sl ol Cawd 51 (gl oS lgisel
BB b 4 €85 15 adllas 350 oS BLE Cliyyes (1)
5 g Sl ()] Ol aw Sl Esl (w298

Sal 5 Jolio 38lae & il o135 5 0gdle
9 S Gy pasd QU5 polel g5 ol il st
v Ol b ol Lis b ol b tl S 3,Skes
Sly ks Jele nte Pl > ST 5 wboe oS
6l p05 45" 13 oo it Slallas .l ylazallis 3 okl
S 9o 0N g b e e Cogli ohg 4 ((aglie
) Bgdiee el 3 umdg S () o) (bl
alawly 4 o (U5 Joles a8 ol L pols (iag gy guls (VY
(Vo OY) o))ed 995 058l jlolize 3gup0 LU &l yod plowil
oLl b (teglie oy pod il oy p Ban b oS gladllas )
oS Wl L5 5 plogl plcallis ol s WLl ela 25
by 9 Ll Jlas dgstz (sl L1355l oalatl b (agliie (13559
P V) e 5 cas o8y (YY) Cusl he latelle
Sb L Slog plul seglie oyl atie cuin jil (gladlas
obj s &8 5 (8) ol Copu (ol Sl
555+ xalls 5 B¢ g9y axlllas oyl 53,8 sy |y siallis
b oo plul zeglio el yod ol L gl 0 plool b
i b g Lgy il ol Sey el SV il
(VF) ol il 32850 | gunmt i ] ol 33
Silostuns adlllas Sy ol o (VV+) ySen g (1550 5
B s 3)90 ) Cmmo 381 UL Sl 655 gl (a3 Ls (65950
2oy YY U 1y b ylime (5559 o Lo b)) uls ¢ o
2 Sos g Joley ¢ J S Ol yei b duslie jo a0 0 ialS
5 iz w3 o G 8o VY UL 03508 (o) Oliee

2, (LRP6-LRP5)

Ol 3 m Jlo VB g sty coliial Jobo )3 Gloj abais
Judos ol 53 (5559 48 0l ol byl ol 55,8 (¢ pS0ll
s Syl el yia 5 colpl el gl
o el Sl (Y IA) olKan 5 Sl (1Y) 50
oaseis bodale o) 0 g9y Optwg Sl cdale
(15 0205 ol W] (i o aolipy 335" (o) (gt
JoSo hlow dod Doy 4an )Y Cide 4y yiesS ) 48 240 (49,
Ol golis 233)S 8Ly Gy )3 )b Sl Dagyeling 9 oS
gyl o el ial5bl pedSezal clale a5 ol
laddlas ) (V+¥0) ()Ked 5 jguSs (YY) il (ials
Slgs o o303 & (DKK1) 01558 oo ol gl a8” woly L
Lol clgges o b po il dblis css g g45 4 dialy
S sl DKKI 3 38 el 58l ol Siao Ui 5 ylons
Ole Al L taglie iz yo3 0329 &2 (g0 (5 pe8 SN0
Cglis oyl 3gs olyen Slgeisl sla el des o DKK1
(VF) 10 g5 |y s 2l 31 (ot (Sseanl Mg
Ohen 5 (wgsesS pol (ingh laaisl, M Ll
2l sy g (eglie (nyed Sl Sl gladlllas ) (V417)
Py gl chle s gl pudplie (gla)SiLLs
o (ssiinl) Gl Sl 0355 b aillo 55 18+ 53
il il 38l g Sl olaw 4" ald lis W o) zulis (10,8
Vsl il Gimgi b adlas ol gl & plie Y5 51(V0)
ol Jaide oy sl e oligS ioniaw
e s B 5 015 (s glgon swly
sl oAb S peile ploeinl (S > SIS sl e
S5 P35 P WNE SIS e sl ) (otee (285
S WINE CKJUS s e eyl ol £ o yits 5l
(V5) ol 0 4285 15,5 ol Sey (sl osilly Gun
Cullsd g plad o wlwl s Wt SIS jome Cpimen
swa D) plgl edglie 4 baye (sla ol
by gl piigy il glail lwg Wt SJUS,
Olyie |y DKK-1 by ool dlea jl 9 o0 )lgn 023
Wt o 515l 5S> oSy J op o
S VY (o nsSels o mtuog Sl sl o ISl
ole ool SOST 5 huws ond sdg  sdls
e obli 1 e g Sl (SofeT g g
Sor—at gl 5 bopwglow ey gl
P Wt (b e Jlge Lo e 39i2x
G 1y il S g lSl dncadlsi
S amd e gl e sl Bl e



oy Ol 9 (6591, 0850, [ e 9V BygSSud (oymiwg ISl slay§ Ol 2 BLU (ghaglio oy o i 03 ]

Ly ioliel ]y dac ol 5 SMias )8 Seglde oy 08
2 SHae ©p8 g ln oo (oByy eglie (nyes
P (VYY) e 5 Sl (FY) sl 1,81 oy 5 g s
Slower 3 Slas j eglie Slyyad Sl oy 4 ladllas
st)‘] 5 Laa‘_’j o 3,Sles gl ol a3y lacele
a8 &S ol s gl b byl 55b s S g il
Slaass cpl zols (FY) Caol 4l doup SMae Coliinl g
b i )8 &S pl 959 b .l il 3aio0 b gunons
Mol g Joaas LB lacallio ;o Lol sl o yialS pus i) 381
L gy (00 Slas Ol ¢ by @l ped plosl (FY) conl
@ gl oo 3 1y Ml 9 43S (00 lp 1y o G138
My Glalllas gladidl, WS o s o5 Yeb s
Iy ON 22 o),.,">5 PSS PUES cullad Pl:zu'l &S J.lfun
S 35 e (B9l 2980 05059y slaclld pbl Ul
ioglia Sligyas plxl b 5l el ehan (o I3 L
dwjiee 5 4 335 (S b 398 g9y 3L L Wl e
o 3 il Slower (Sl BLE toglio Sl a5
5 SBgs plul ) ©yuB dgy ol Sl o) )38 e

S 5 4ol

5 ool &S S lgn LS wdel Cuns 4 @l wlal
slogasld p oslhe Il Wlg e BLE (eglie Ly pos
Slow ‘_SJLJ sl adls (Sl glo sl (0 Sy
5 Lasls w5l cuslinel @SVl Celitd old)
Sl (515 8 g Sl a5 5 (o5
b oSS wlidss gl 0gd 0 (SOST 3 DKK1 L;Lmoj)
piY Fopelae @l 4 (bt lp Cglite (o yed slaihy)

Ll

‘3‘5).&5 9 M&“
S ingp copl ploul L ulcws S 3l ki

&8le 2,
2l 09y 2blie (o)l LeSaun dllie pl B Nwg

o olpen 2 (50,Skos 5 (ol lizpa Vgans) g
a3 o IS Y B 1y 5395 e liee Yleis ((taglia
oo & gladlas 3 (V0) llses 5 (odla (2 (V0)
bgs g sl Jobs  taglio 5 (s3lsn liyes b s
oty ollize 6Ll LUl o] gl axzsls py wialls s yo
2 gy g ol Pl (Gleglie 5 (Silon (pye didn ot
b ol 50 guls pomed (V) ol L 3 p0 Cpne 3,8
5 Sse 9 (VIF) hler 5 (Ll dnggy laasly
ol ol s (YASYY) azily Jlssen (Y4)Y) olSen
O o yed Il Ol o3 g9 (D9l 4 bgaye Sl oo
o 53503l Copmiz g BRI S 15 Bl slojlins g oo
203 LU @l yod 09 51 oolatw] pils 5adod joled dng il
40msl Wl oo (558 iy yed 31 5 ol 38l cml
(b oo 5 51) olod sl olie 0,8 Jlaisl 2l
Slsss g taglis iy yo5 plogl Yiazsl il bn_3dge]]
aalen (Bl 5 (LAl A5 (S slassly sesl,
sl & A b Geomen (TASTY) ol ond o Mae
sl plgs oo ool bais gl Mas (gilo b (350l
P9 S oy sl el b e 1) (ST (ol el s
b lapes lam GHas Olyess (oo)p @ 5k B> ol
oKiws I edlatwl L oMae cdld el ol
Gl pols 355 slacudgioe I aS cul (31,5 gu0g Sl
g BLU (1003 53 (655 po 4l S5 g )8 Ltgl58l Yoz
5 S Syl ol ol o S31 ol sgu
2 odigus oS il yed 1 oolitwl (pyed 4 Cumd (555l
Po9j dhas Jsb o sl > 4 Jobo o Sl po5 b dulie
dae Job o Job op Cloyed 0 &5 Jb w0 gy
S P sl e oloj wlogen o Ly (ped o>
A gy 4 (V) o)lSan g a2 (1) e (g5 le)
g Aallo ol 3l SMac @ya8  (gloply eglie (glay ped
aSYL Colitwl g @yud oS ob lis gl wasby Jilbe
Oljpe &yt Rl &8 (Jb 3 fedly il p Sk VY
5 edalie A b cwlitel ¢ @8 5 p,55LS VYA
2l V5l i Gl 0 oy yed poe Gl coniomen
(F+) cusliS cuo 18l silon cud b g AVl )08
i LG bty yos azim Ve ol i ol gaivs gl
Pl 0038 (sl o g (i) (Sl pluil )35 o33l &,
Cealiitol S92 4y yxie (pimed 9 (93 255 5L 9 03) SB
5 S5 g aigeil ()bppl 4a3 V) (silen
503l Stoglie Cliyjo5 b (glaalllan 3 (V+V+) oy lSen
gy gl 3,8 cwyp 1y Cpne sl 331 > SMae )06
Slaoly o Sl b wlgs o o jlons 1480 &S ol ol



\i’i“}MUS)LQJ.L‘”Y‘b)w‘\\/b)gb‘ﬁ)}w‘}pgbg‘ﬁ})g Yok

&le
1. Curtis EM, van der Velde R, Moon RJ, van den Bergh JPW, Geusens P, de Vries F et al. Epidemiology
of fractures in the United Kingdom 1988-2012: variation with age, sex, geography, ethnicity and
socioeconomic status. Bone. 2016;87:19-26. doi:10.1016/j.bone.2016.03.006.

2. Lin X, Li H. Obesity: epidemiology, pathophysiology, and therapeutics. Frontiers in Endocrinology.
2021;12:706978. doi:10.3389/fend0.2021.706978.

3. Osoba MY, Rao AK, Agrawal SK, Lalwani AK. Balance and gait in the elderly: a contemporary review.
Laryngoscope Investigative Otolaryngology. 2019;4(1):143-153. d0i:10.1002/li02.252.

4. Villa-Forte A. Effects of aging on the musculoskeletal system. In: MSD Manual Professional Version.
Cleveland Clinic; Reviewed/Revised Jan 2025. Available from: https://www.msdmanuals.com

5. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C et al. Global, regional, and national
prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis for
the Global Burden of Disease Study 2013. The Lancet. 2014;384(9945):766—-781. doi:10.1016/S0140-
6736(14)60460-8.

6. Yavropoulou MP, van Lierop AH, Hamdy NAT, Rizzoli R, Papapoulos SE. Serum sclerostin levels in
Paget's disease and prostate cancer with bone metastases with a wide range of bone turnover. Bone.
2012;51(1):153-157. d0i:10.1016/j.bone.2012.04.016.

7. Chen L, Gao G, Shen L, Yue H, Zhang G, Zhang Z. Serum sclerostin and its association with bone
turnover marker in  metabolic bone diseases. Disease Markers. 2022;2022:7902046.
doi:10.1155/2022/7902046.

8. Zhang L, Zheng YL, Wang R, Wang XQ, Zhang H. Exercise for osteoporosis: pathology and mechanism.
Frontiers in Immunology. 2022;13:1005665. doi:10.3389/fimmu.2022.1005665.

9. Kong J, Li Z, Zhu L, Li L, Chen S. Comparison of blood flow restriction training and conventional
resistance training for the improvement of sarcopenia in the older adults: a systematic review and meta-
analysis. Sports Medicine and Health Science. 2023;5(4):269-276. doi:10.1016/j.smhs.2022.12.002.

10. Watson SL, Weeks BK, Weis LJ, Harding AT, Horan SA, Beck BR. High-intensity resistance and
impact training improves bone mineral density and physical function in postmenopausal women with
osteopenia and osteoporosis: the LIFTMOR randomized controlled trial. Journal of Bone and Mineral
Research. 2018;33(2):211-220. doi:10.1002/jbmr.3284.

11. Tabata I, Nishimura K, Kouzaki M, Hirai Y, Ogita F, Miyachi M et al. Effects of moderate-intensity
endurance and high-intensity intermittent training on anaerobic capacity and VO2max. Medicine and
Science in Sports and Exercise. 1996;28(10):1327-1330. doi:10.1097/00005768-199610000-00018.

12. Rami M, Azimpour M, Khoramipour K. The effect of 8 weeks of high intensity interval training on the
levels of Wnt and NF-«xB proteins in the heart tissue of male Wistar rats with type 2 diabetes. Journal of
Sport and Exercise Physiology. 2022;15(4):19-30. doi:10.52547/joeppa.15.4.19. [In Persian]

13. Sharma-Ghimire P, Chen Z, Sherk V, Bemben M, Bemben D. Sclerostin and parathyroid hormone
responses to acute whole-body vibration and resistance exercise in young women. Journal of Bone and
Mineral Metabolism. 2019;37:358-367. doi:10.1007/s00774-018-0933-0.

14. Dror N, Carbone J, Haddad F, Falk B, Klentrou P, Radom-Aizik S. Sclerostin and bone turnover
markers response to cycling and running at the same moderate-to-vigorous exercise intensity in healthy
men. Journal of Endocrinological Investigation. 2022;45(2):391-397. d0i:10.1007/s40618-021-01659-5.
15. Mafi F, Biglari S, Afousi AG, Gaeini AA. Improvement in skeletal muscle strength and plasma levels
of follistatin and myostatin induced by an 8-week resistance training and epicatechin supplementation in
sarcopenic older adults. Journal of Aging and Physical Activity. 2019;27(3):384-391.
d0i:10.1123/japa.2017-0389.

16. Hinton PS, Nigh P, Thyfault J. Serum sclerostin decreases following 12 months of resistance- or jump-
training in men with low bone mass. Bone. 2017;96:85-90. doi:10.1016/j.bone.2016.10.011.

17. Rikli RE, Jones CJ. Senior Fitness Test Manual. 2nd ed. Champaign: Human Kinetics; 2013.

18. Jeoung BJ, Lee YC. A study of relationship between frailty and physical performance in elderly women.
Journal of Exercise Rehabilitation. 2015;11(4):215-219. doi:10.12965/jer.150223.

19. HoHH, Fang 1Y, Yu YC, Huang YP, Kuo IL, Wang LT et al. Is functional fitness performance a useful
predictor of risk of falls among community-dwelling older adults? Archives of Public Health. 2021;79:108.
d0i:10.1186/s13690-021-00608-1.


https://www.msdmanuals.com/

Voo O 9 (559150850, [ o 9 ) BgSSud pimg ISl S5 ey 2 BLU (Faglie (o o 4ad 03 31

20. Su N, Yang J, Xie Y, Du X, Chen H, Zhou H et al. Bone function, dysfunction and its role in diseases
including critical illness. International Journal of Biological Sciences. 2019;15(4):776-787.
doi:10.7150/ijbs.27063.

21. Asada N, Sato M, Katayama Y. Communication of bone cells with hematopoiesis, immunity and energy
metabolism. BoneKEy Reports. 2015;4:748. doi:10.1038/bonekey.2015.117.

22. Belavy DL, Baecker N, Armbrecht G, Beller G, Buehlmeier J, Frings-Meuthen P et al. Serum sclerostin
and DKK1 in relation to exercise against bone loss in experimental bed rest. Journal of Bone and Mineral
Metabolism. 2016;34(3):354-365. doi:10.1007/s00774-015-0681-3.

23. Janik M, Stuss M, Michalska-Kasiczak M, Jegier A, Sewerynek E. Effects of physical activity on
sclerostin concentrations. Endokrynologia Polska. 2018;69(2):142—-149. doi:10.5603/EP.a2018.0008.

24. Boxer B, Zhang Z, Folland JP, Eastell R, Gossiel F, Caliskan O, Brooke-Wavell K. Acute effect of
impact and resistance exercise on Whnt signaling modulators, bone and cartilage metabolism. Journal of
Bone and Mineral Research. 2025:zjaf128. doi:10.1093/jbmr/zjaf128.

25. Gombos GC, Bajsz V, Pék E, Schmidt B, Si6 E, Molics B et al. Direct effects of physical training on
markers of bone metabolism and serum sclerostin concentrations in older adults with low bone mass. BMC
Musculoskeletal Disorders. 2016;17:254. doi:10.1186/s12891-016-1109-5.

26. Wang Y, Hu J, Sun L, Zhou B, Lin X, Zhang Q et al. Correlation of serum DKK1 level with skeletal
phenotype in children with osteogenesis imperfecta. Journal of Endocrinological Investigation.
2024;47(11):2785-2795. doi:10.1007/s40618-024-02380-9.

27. Suen PK, Qin L. Sclerostin, an emerging therapeutic target for treating osteoporosis and osteoporotic
fracture: a  general  review. Journal of  Orthopaedic  Translation.  2016;4:1-13.
doi:10.1016/j.jot.2015.08.004.

28. Chapurlat RD, Confavreux CB. Novel biological markers of bone: from bone metabolism to bone
physiology. Rheumatology. 2016;55(10):1714-1725. doi:10.1093/rheumatology/kev410.

29. Lu Y, Wiltshire HD, Baker JS, Wang Q, Ying S. The effect of Tabata-style functional high-intensity
interval training on cardiometabolic health and physical activity in female university students. Frontiers in
Physiology. 2023;14:1095315. doi:10.3389/fphys.2023.1095315.

30. Li X, Zhang Y, Kang H, Liu W, Liu P, Zhang J, Harris SE, Wu D. Sclerostin binds to LRP5/6 and
antagonizes canonical Wnt signaling. Journal of Biological Chemistry. 2005;280(20):19883-19887.
doi:10.1074/jbc.M413274200.

31. Lee K, Lee YW. Efficacy of ankle control balance training on postural balance and gait ability in
community-dwelling older adults: a single-blinded, randomized clinical trial. Journal of Physical Therapy
Science. 2017;29(9):1590-1595. doi:10.1589/jpts.29.1590.

32. Marques EA, Figueiredo P, Harris TB, Wanderley FA, Carvalho J. Can resistance and aerobic training
improve body composition and physical fitness in older women? Archives of Gerontology and Geriatrics.
2017;68:106-112. doi:10.1016/j.archger.2016.09.008.

33. Prata MG, Scheicher ME. Effects of strength and balance training on the mobility, fear of falling and
grip strength of elderly female fallers. Journal of Bodywork and Movement Therapies. 2015;19(4):646—
650. doi:10.1016/j.jbmt.2014.11.013.

34. Yu W, An C, Kang H. Effects of resistance exercise using Thera-band on balance of elderly adults: a
randomized controlled trial. Journal of Physical Therapy Science. 2013;25(11):1471-1473.
doi:10.1589/jpts.25.1471.

35. Vafaeenasab MR, Kuchakinejad Meybodi N, Fallah HR, Morowatisharifabad MA, Namayandeh SM,
Beigomi A. The effect of lower limb resistance exercise with elastic band on balance, walking speed, and
muscle strength in elderly women. Elderly Health Journal. 2019;5(1):58-64. doi:10.18502/ehj.v5i1.1201.
36. Sherrington C, Fairhall N, Kwok W, Wallbank G, Tiedemann A, Michaleff ZA et al. Evidence on
physical activity and falls prevention for people aged 65+ years: systematic review to inform the WHO
guidelines on physical activity and sedentary behaviour. International Journal of Behavioral Nutrition and
Physical Activity. 2020;17(1):144. doi:10.1186/s12966-020-01041-3.

37. Banihashemi EM, Sharifi G, Zakavi I, Babaei Mazreno A. Comparative study of the effect of aerobic
and resistance exercise on static and dynamic balance in elderly males. Elderly Health Journal.
2015;1(1):12-15.

38. Hess JA, Woollacott M. Effect of high-intensity strength-training on functional measures of balance
ability in balance-impaired older adults. Journal of Manipulative and Physiological Therapeutics.
2005;28(8):582-590. doi:10.1016/j.jmpt.2005.08.013.



V€48 ‘)Mb’g)l{.gcvvb)wc\‘/b)gbiﬁpwjpgbgus)')g o1

39. Zarei H, Norasteh A, Koohboomi M. Effect of combined training (strength and stretching) on balance,
risk of falling, and quality of life in the elderly. Scientific Journal of Rehabilitation Medicine.
2017;7(2):201-208. doi:10.22037/jrm.2017.110651.1433. [In Persian]

40. Buch A, Kis O, Carmeli E, Keinan-Boker L, Berner Y, Barer Y et al. Circuit resistance training is an
effective means to enhance muscle strength in older and middle aged adults: a systematic review and meta-
analysis. Ageing Research Reviews. 2017;37:16-27. doi:10.1016/j.arr.2017.04.003.

41. Grgic J, Garofolini A, Orazem J, Sabol F, Schoenfeld BJ, Pedisic Z. Effects of resistance training on
muscle size and strength in very elderly adults: a systematic review and meta-analysis of randomized
controlled trials. Sports Medicine. 2020;50(11):1983-1999. doi:10.1007/s40279-020-01331-7.

42. Jiang G, Wu X. Effects of resistance training combined with balance training on physical function
among older adults: a protocol for a randomised controlled trial. BMJ Open. 2022;12(10):e062486.
d0i:10.1136/bmjopen-2022-062486.

43. Rogers ME, Rogers NL, Takeshima N, Islam MM. Methods to assess and improve the physical
parameters associated with fall risk in older adults. Preventive Medicine. 2003;36(3):255-264.
d0i:10.1016/s0091-7435(02)00028-2



