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Abstract

Purpose This study aimed to investigate
the effects of step aerobics with blood flow
restriction training on body composition,
muscular strength and endurance, lower limb
flexibility, aerobic capacity and physiological
variables in postmenopausal women.

MethodsTwenty-seven postmenopausal
women aged 45-59 years participated in the
study. Participants were randomly assigned
into two groups: the control group (CON,
n=14), who maintained their normal daily
lifestyle, and the step aerobics with blood
flow restriction training group (SA-BFR, n=13),
who performed step aerobics training for 45
minutes, 3 days per week over 12 weeks, with
BFR applied at 40% of arterial occlusion
pressure and exercise intensity set at 60-89 %
of heart rate reserve. The intensity was
progressively adjusted every 4 weeks through
alterations in music tempo and target HRR
range. Physical fitness variables including body
composition, muscular strength and
endurance, lower limb flexibility, and aerobic

capacity were assessed at baseline, at week 8,
and after 12 weeks. Data were analyzed using
Two-way mixed ANOVA with LSD post hoc
comparisons at the significance level of 0.05.

Results After 12 weeks, the SA-BFR
group showed statistically significant increases
in muscle mass (p=0.043), muscular strength
and endurance (p<0.001), and lower limb
flexibility (p<0.001) compared to baseline.
Additionally, there were significant decreases
in the percentage of body fat (p=0.003), and
total fat mass (p=0.031). These changes were
not observed in the control group.

Conclusion This study suggests that
12 weeks of SA-BFR training effectively
improves physical fitness in postmenopausal
women, offering a valuable exercise
alternative for this population.

Keywords: Step aerobics / Blood flow
restriction training / Physical fitness / Muscle
strength and endurance / Postmenopausal
women
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nisiiudayadiudsuasnadau
319018 (Data collecting)

TUY 290 BUNITNABBY TTND 190
naaodludUnIn T 8 LaTuaInN1INAaIATY
FUamd 12 fs1vasidondaneld

N15LASBURIN BULT 1527UN15T T8
Usznaunie fnueulvifisness 1908 6-8
F7Tus 99LA5 peR U@ unELTaLEaNDTRALAS
anlB ot 24 99T aanlasoaniunly
WIBIDUNIANT EUH DUVUAULAZ NN I
Aaunsandeulmlaazain wazlufennisves
Tsnfinne wioogluniziiuliedug

1915210197 T8l TUn1svaany
sumelunesi foumnd 25 ssasaidea

AUT UFUNNTTENI19 40-60 vUDTLF UM £

A1ATYINEATINUITA AMZANLIVAIANS
UMANFUEITUAART AuETadn el

1. psnadeuduUsnas siveialy
lawn snsinisiausialasasin (Resting heart
rate) AuAulaiavmgialaduda (Systolic
blood pressure) hagaruaulainvuziala
Aanwea (Diastolic blood pressure) wagavil
%yaLwyW—LLsuu (Ankle brachial index; ABI)
A28LAS 09T ARINLT IR0 INABNALE DA
(Non-invasive vascular screening device)
viesousou Junoadu IR 1000 naa Ussine
iﬂlij"u (Collin VP-1000 plus, Omron, Ukyo-ku,
Kyoto, Japan)

2. NNINAFBUANTIDNINNIIUBLITN
(Aerobic capacity) AENITNATEUAIILALTTE
Tumﬂsuyaaﬂ%wuqqqm (Maximal oxygen
consumption; VO,max) I@EJIGUQJ Modified
Bruce protocol gwaﬁlqlwwymwmawm fve
803AINAUNTAN Useinainsasuaun (Lode
Valiant CPET, Netherland) LaLlAS peIIATIEN
ﬂwﬂsd (Cardiopulmonary gas exchange
system) §vonasiing 3 wunuing vid
Uszinaleasuu (Stationary gas analyzer;
MetaMax 3B, Germany)

{115 2un157 58l Tun1Imaaey
$19N78 0 ﬁaqﬂﬁﬂ’ﬁmamqa%’ﬁwsnmiaaﬂ
&Iy ANEINGIMIEATNIIAWY JUIAINTAL

[

UWIINBSE AT
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1. psnadeuduUsnas siveialy
Lavedn USenoauvees 19018 (Body
composition) Taun FNTINVTLRINAVEYVUSAN
(Resting metabolic rate) wanin (Body
weight) sewalusiy (Percentage of body fat)
waalusiusiesnenie (Total fat mass) wazaia
AL eTes19me (Total lean mass) A28LA3 09
31918 MR UTENOUTBI5 19N Y (Dual-energy
X-ray Absorptiometry; DXA) G038 1anuns
sulnslnd Useinaanizeluing (GE Healthcare
Lunar, Madison, WI, USA)

2. mManeaounsadulle (Grip strength
test) Wadpaw19n281A3 8eTausetuile (Grip
strength dynamometer) Edllv?aﬂ%ma qluﬁl,mﬂ
5001 Usginadiiu (GRIP-A, T.KK. 5001, Japan)

3. ms*‘s’mmm@wsiwaﬁmaﬁa'wa'm
nensinsverlunisnadeussesaluanemu
(Sit and reach test) Tuiinnalunuiswuiiuns

4. nsTanarusulunisdan unns
Inasuveanasnidenundlnsauysal (Arterial
occlusion pressure; AOP) aaen1sloanssn
ffanslvaisudeauuuludangu (Wide-rigid
cuff) Evelaiaudy §uieadiiiu (Hokanson,
SC10, Bellevue, WA, USA) ﬁLﬂquﬂiaﬁumi
Anstuusiamuuvienda wazfauseiuiilyde
fumslnafeulasauysnvomasnidonuaavas
2 W ULY 7 (Popliteal artery) Tun18unae
\A3838ans1919u (Ultrasound imaging) %o

Wava udiony 50 UseinAanigaiusni (CX-50,

Philips Healthcare, Andover, MA, USA) ’wﬂﬂﬁ?u
Budunssiuiadudesqaunseiadanunis
Inasulafinesaauysal (100%A0P) Ansla
Wuian 30 Tund Wausyane 5 uniikagyinnis

TaE18 NAT N B LU TINAIUAUT UL AUNE AL

1%
a v

waglaende lagyITevinisinluyianeunis
Y o o ' (%
neadilouruAwanduatnudulunisda
NUTTEAY 40%AOP dmsun1sdnaanindenie
(Patterson et al., 2019) #41l
40%A0P=100%A0P (mmHg)x0.40
K155 lasunmaaeusang
1 o 1 dy o v &
ArBLA3aIRNNa Nl okuUNIEUanaNdvelnees
JULBT 300 LUAN @AW UTELNAFNIFoIUTAN
(Keiser, Air300 belt squat, USA) #
NoIUUANISIATUATINENTIOULNIINITAN
AMEINGIANAATNITANT JRIRINTUUNINGS Y
o dﬂl
pail
1. Msnageuaintdnsegay 60 V99
ANLTIIgegaluniseanusanisns elun,

am1en (60% of 1-RM) Tagis ua1nn1511A7

[
[

vmfnlunisesnusimilands (Estimated 1-RM)
A2835n15090AUSI 10 AT (10-RM method)
(Yasuda et al., 2014) iviys;lfgws‘wmu%'aauaju
i'Nm8LLazﬁwmmﬁu%uﬁ’Umamawéwﬁmﬁfﬂ
W1 10 Afe waan 1 uisusunnasusoud 1
ANUNN58DNLTY 11 AT (Earle, 2008) ntusin

5 Yfinsunndausaunatl (Yasuda et al.,

¥ 1%
[y [

2014) lngy ITeUSuiminiilenaaeulagaisey

7 1 JU1531UITEa150vlauInnaT 10 ASS



168 Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

2. I mdnfilynaaey unavile
uesna 10 asslnantmiindlanadey aulnman
vminiileluniseanuss 10 adelaely 3-5 ads
qmﬁwﬁvmLLam”LﬁLﬁuﬁammwmmaﬂ,umiaaﬂ
w3998 (Maximal efforts) w%‘aqmﬁﬂgmﬁahi
dunsneonusinolula (Momentary muscle
failure) (Earle, 2008) ?fq;gjmiyﬁ’ammi%’anﬂﬂu
atlasunisvaaeuluiiu 3 ade annduduin
Estimated IRM=w1nin 10RM/0.75 uaz
60%1-RM=Estimated 1RMx0.60

3. NISNAADUTIUIUAT AT A11150
vanenln oy 1an el 09ii Aaundn 60%
1RM 2un11azinetnisan (Fatisue) Tneluiinas
wqmﬁmzmﬁqmimaau (Arazi et al., 2014)

Tdsunsunasinatidualsinsaunu
A1s531nanTsivaldsutaen (SA-BFR)

A1smsBuAInaURln (Familiarization
sessions) LlalTouATMNTENT M BLARTOUT
n151A8 sulwrvuad Yauinaa1ue1d 120 x
AILNI1S 38.5 X ANES 15 LWUALLAT WAy
aunlai safulsensunisilnienun 3 ads
molusvezinan 1 dUa v loaussunm 45

YN RoAse tAEATIA 1-2 azluin1591ians

[ '
v A =

lnadeuden uagasan 3 dnislagunsnanssa
F1innsinalioutdendt 40%A0P NauLId
1UsUN3UN15HNIT S
3 = 1 o o e
n1snatAvualsdnsaudunisdnfa
n1slaiswdan (SA-BFR) laglaaednuiiau

AIUAUVBITYNNAVIT SdD I suaE Ty AINA Y

seduUunandlunsiitanisivaisudeniises
av 40 vospusulunisdadunisinaioudon
kA9 (40%Arterial occlusion pressure; AOP)
wazimuaaNaveensiln 3 Suneduav 1u
szuznanianun 12 dUau loatlunisin
Usvana 45 uniinenss wusesnidu 3 vae lawn

1) %"N@U@q'uslwms (Warm-up)
Uszuna 10-15 wiiiaaensdamdeananuiie

wuulawidn (Dynamic stretching) A158UgUNY

v A

8y Aufl (Marching) Uagn13n1ITUAIIINAAY
(Basic step) IngANnUATInIzINGs 128 ASIAND
=
Y
2) %1915 natd UnalsdnsauAunis
innsinaliswdienyseuial 20 U1 JULUY
d' a' o ¥ <
n156A8 auluaLs 191NV 1vUIRIBUA BN 8x4,
8x2 hay 8x1 Mmua1sU a1nTudwudsuduwn
Y189UNAIUUADN 8x4, 8x2 WAL 8x1 MIUAIAU
! a ) A ! « " )
WULAEIAY LTEN11 “N1SAN 1 YA’ wagwn
531219 2 ganduiian 2 uiileelunenaiesn

(%
Y

Falun1slnunazA3zilviavun 4 ¥a yaag 4 1

e
e

‘qmﬁ 1:Up V squat, V-shake, V up &
down Wag Triple knee

‘qmﬁ 2: Split lunge, X-step, Two knee
one jack lay L-step

éqmﬁl 3:Turn step, K-step, Knee
straddle wag Straddle kick

‘qmﬁ 4:Walk the curb, Over the top,

Straddle swing wag Charleston
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n15U5UA211LY 19 uveslusunsy
Usznaunae n1sUSUANLE1ve T InIzINas
(Music tempo) LA 1YY MU BB IE AT
Asieusialadises (Heart rate reserve; HRR)

£%
‘wd

NN 4 §Ua eail
FUAAT 1-6: A UATIMIZLNGT 128
AYapeuTt warseRuAumdn 60-75%HRR

FUpmdl 5-8:MruaTIMIzINEs 130
ASapeuUT LarseRuAumMln 75-85%HRR

FUaIAT 9-12: AnuaTanIzLnas 132
adaneund uazsyduammdn 75-89%HRR

3) %I’NﬂaWEJQIUiINﬂWEJ (Cool down)
Usvana 10 urfin28n15n124 uasannaliy
(Basic step) ﬂﬁiﬁu&f’mﬁj’laq‘ﬁ’uﬁ (Marching)
waznsEamdennauid suuuaaig (Static
stretching) lagAnuadanaginas 100 adane
U7

QUFEIGCRREVLRHT

1. Siaszvivegalasly lUsunsy
Ei"ll,%gﬂmqa‘i’mumaw{ (Statistical Package
for The Social Science; SPSS) lagAnuATEAU
Taddneadad .05

2. msﬂagaﬁﬁmﬂﬁ (Outlier) A28 Box
plot ﬂ'auﬁ'u’?meﬁmiﬂismaﬁwaq{ayja
(Test of normality) pren1snageusdlsian
(Shapiro-Wilk test) i sesuddynisada
0.05

3. S1A51EUnsUS suLiouALeE B v es

ALUTNOU TEUIY LATUAINITNAADIAIYATAS

3LAT1ZNANLLUTUTIUL UURALHET 1 (Two-way
mixed ANOVA 2 Groups x 3 Times) L#i @
L‘U%‘&J‘ULﬁsmmwmmnm'wummLaﬁsLLUUﬁEJ@;
AuadAnedouLealadn (LSD post hoc test)
‘mgqmmLmﬂm"]qmaiuﬂaﬁ'm (Within group
differences) LLazizwi’Nﬂq‘N (Between group
differences) fisgduradrdaymieadn 0.05 lng
LLamsﬁjaHaLﬂuﬂ"}Laﬁla (Mean) A1A21LAATA
mﬁ'aummgm (Standard error of mean;
SEM) uwaz¥23a113d 01’y 95% (95%
Confidence Interval)

4. YPUNNBNSNaNIoVUINVOINE (Effect
size; ES) wlanalasad (Cohen, 1988)

0.00-0.19 FywInveINALDELN
0.20-0.49 fawrAvoIHaLDY
0.50-0.79  AUUIAUDINAUIUNAI
>0.80 HUUIAVDINANIN

NAN1SI8Y

NuITeiyv19mITeAey Ny vinun
UseaNA0uUTINUA 27 AU UsENounig na
AILAY 14 AL waznaudnawvuelsdnsaudu
nsiansivaieuidien 13 Ay

a ¥ ¥ a a Y
1NANTNT 1 veyanIuaITIng1naly
WUIINAY SA-BFR f18M51N1TLHIHAIEYNE 9
v QI 49{ ! a o o g aal g ‘d‘
YUy NN W elidudAgynsadfludunivi
8 uaz 12 WollleuAunaun1Imaad (p=0.010)
waENUILINIINITAuRIlarsinanaseenad

[ a

HodAgynisadfluduaing 8 ileisuiuneu
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a = = ' ::4' o o ¥ S a )
19199 1 ﬂ']iLﬂifJ‘UL‘V]EJ‘Uﬂ']LQaHLLagﬂquﬂaqﬂLﬂa'E]‘Ui]']msﬂ']usﬂaqm'ﬂLLUiﬂquasij‘Wﬂ’]‘m'JI'USU@Q

[y

Wndeisnunlssnioungualunu (CON; n=14) uazngui nawiivuelsinsaudunisdiin

Msluaiguden (SA-BFR; n=13) NaUNISNAABY SEMINNITNAADT LAEURINISNAADS

fauusAuassingn ngu A0A3LAT1ENAINRUTUTIUADINITUUURANHETY YUN
Waly fiau dUna19i9l 8 FUanid 12 p-value answa
A1SNAABY 281 ngy  nguxiian (ES)
21y () CON 55.90.7 0.669
(54.5, 57.5)
SA-BFR 55.5+0.8
(53.9, 57.1)
a9ugs Gaufiuns) CON 156+1.23 0.066
(154, 159)
SA-BFR 160+1.27
(157, 162)
ddn (Rlanw) CON 54.14+1.52 53.99+1.51 54.10+1.50 0.802 0.662 0.994 0.000
(51.02, 57.26)  (50.88, 57.11)  (51.02, 57.18)
SA-BFR 53.22+1.57 53.12+1.57 53.12+1.55
(49.98, 56.45)  (49.79, 56.25)  (49.94, 56.34)
padulaniey CON 22.09+0.44 22.03+0.44 22.08+0.46 0.738 0.063 0.979 0.001
(Alansu/m151944m9) (21.18, 23.00) (21.13, 22.93) (21.12, 23.03)
SA-BFR 20.88+0.46 20.77+0.45 20.85+0.48
(19.93, 21.82)  (19.84, 21.71)  (19.86, 21.84)
FMIINITIRINATEY CON 1082+17.72 1084+16.99 1086+17.06 <0.001 0.296 0.010 0.174
NAIIUTUENA (1045, 1119) (1049, 1119) (1051, 1122)
(Alaunaesnetu) SA-BFR 1096+17.72 1119+16.99° 1115+17.06 °
(1059, 1133) (1084, 1154) (1080, 1150)
§nsnIsAY CON 65+2.14 65+2.63 70+2.57 © 0.064 0.077 0.020 0.169
wlaveuswn (61, 70) (60, 71) (64, 75)
(Afanounil) SA-BFR 65+2.04 594252 2 61+2.46
(60, 69) (53, 64) (56, 66)
Aunulaie CON 104+3.36 101+3.79 102+2.58 0.491 0.196 0.556 0.028
vaugWalatduda (97, 111) (93, 109) (97, 107)
(TadwnsUson) SA-BFR 108+3.22 108+3.63 106+2.47
(102, 115) (101, 116) (101, 111)
AuRulaie CON 63+2.54 61+2.94 62+2.35 0.792 0.840 0.105 0.102
Juzialanatesi (58, 68) (55, 67) (57, 66)
(HadwasUsen) SA-BFR 62+2.43 64+2.82 62+2.25
(56, 67) (58, 70) (57, 66)

wansveyaiduaade (Mean)A1AuAaIALAG BUNIATEIU (SEM), B3annudeduiisesas 95 (95%CI), a nuneds dUauil 8 uanasee1edved1Agmni

o

afiffuneunmaaesniglunay, b vunedis dani 12 unnasessddeddgniadiiduneunismaaesniglunay, c vueds davi 12 uanaidesns

v o W aa v o

2D

WodAgnadaduduami 8 aelunqu wag f vunedia ngu SA-BFR uana1eiunqy CON luduamil 12 seneiive

°o @

dAgynieana



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 171

nN19NAaes (p=0.020) UBNAINH NFIN1INAABN
Wummtmmm"mzwiwﬂdu Imaﬂdu SA-BFR 3
Fn31n1500 ualerenuesni1na i CON
aeeiud A yn1sadf

31NA15197 2 93AUTENDUT 19N
wualungy SA-BFR dsesarlutunazuialuiy
Wes19n1eanates 19 Tod A ynead fly
FUandi 8 waz 12 \leisutuneunisnaaes

=

(p=0.003, p=0.031 AIUE1AU) wazduIa

v

a1l et as1enei ud ues1ad Tedr g
adfludUanil 8 way 12 WHeisufuneunis
nAaD (p=0.043) uona1N lAUAIMT 8 Ny
AuLANANNTEMINaNaaTaBnas SA-BFR fise
axisuﬁ’uLLazmaisuﬁuﬁya%Nmmjaslm"ma;m
CON agaifedrdyneadd Ve luduauil
12 WUAULANANITENINeNALTAENGL SA-BFR
fsevarlutuuazusaluduiesanieuesnan
nqu CON pgnsfitfudrdgniaaii

AITULT SLTILATAITUNUNIUYDS
nanile wuanlunqu SA-BFR flaniminses
ar 60 v99AIANLT Iusgagalunisoenuss

o w

niaAse (60% of 1RM) [ uT ueeseidedmey

<

'
(Y

eaafludUavi 8 uar 12 Wewisuiuney
AMsVAaes wasiiiud uesnslveddyncadaly
FUAMT 12 i ot suiusyni 19n15nna 09
(p<0.001) wanaNHIUFUAMT 8 way 12 &
wummLmﬂmlwszmlwﬂqlmimﬂq'u SA-BFR
faminsevay 60 mamﬁmmu%umqqqm

luniseanusanileasaunningy CON a9l

aa

Wed1Agyn1ead i vz nqu CON §A1 60%

[y

1RM it ud ueen il ved fayneadiludavd 8
wag 12 1 eifisuiuneun1smaase (p<0.001)
o874lsfnu lunuanuuanaianiglunguesis
fedfyn1adfd olouiisuiuneunis

(Y

naaosuazdun1nn 8 vansnauludauususs

q

A A T

Juilevrsarn (p=0.558) wseduoduinsens
0n (p=0.590) UALFIUIUAT T @115
anenlnes1aneiios (p=0.054) Snviadslumny
ALANANB YT Td A yn1eaifszmneng
S

AUEAVE UTBITENAAIUAN WU
Tunqu SA-BFR fszewiiasadalurnsmunfiug
a9l Ted Ay nead Aludunvv 8 uaz 12
dowsuiuneunisvaaes wazii uduoyadl
Toddyneadfluduaivi 12 1 ewieudy
F¥MI19N15NAABY (p<0.001) Tun1anduriuy
wualungu CON fszaziaradluvnammnanas
s silifaddyniead Aludua i 8 (p<0.001)
uena NG ludUA M 8 way 12 Fanuaiy
wanAesEnengulnengu SA-BFR fiszoziiae
fle1amuInInnI1nau CON aeaiiaddy
N9ED

dN3TanIny1uelsvaniendiy
annsnlunislyoendiaugege wuatludaaw
uananaianelunguesaiideddymadnide
WisuiisutuneuntsmaaeuazdUand 8 e
apanqy waglunuanuunnaisesefitodidy

mqaﬁaizmﬁmq‘u (p=0.065)
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A191991 2 N15UTHUIEUALRAELATAIINAAIALAG BULINTTIUYBIAILUTAUANTTANINNIINIEYDS
Wndeisnunlssnioungualunu (CON; n=14) uazngui nawiivuelsinsaudunisdiin

Msluaiguden (SA-BFR; n=13) NaUNISNAABY SEMINNITNAADT LAEURINISNAADS

[y

fauusau ngu A0ALAT1ENANRUTUTIUADINITUUURAUNAIY UIA
AUTTDNINNINY fou dUa%idl 8 dUanidl 12 p-value answa
n15NAABY 1281 ngu  nguxiaan  (ES)
sovazluiiu CON 39.16+1.30 39.13+1.24 39.00+1.26 0.001 0.014 0.003 0.216
(seway) (36.47, 41.85) (36.57, 41.69) (36.40, 41.60)
SA-BFR 35.94+1.30 33.63+1.24%¢ 33.88+1.26"
(33.25, 38.63) (31.07, 36.19) (31.28, 36.48)
waaluustesranie CON 20.93+1.07 20.87+1.01 20.86+1.01 0.013 0.038 0.031 0.135
(Alansw) (18.72, 23.15) (18.79, 22.95) (18.76, 22.95)
SA-BFR 18.53+1.07 17.29+1.01%¢ 17.40+1.01%f
(16.32, 20.74) (15.21, 19.37) (15.31, 19.49)
wanatuil 019519078 CON 32.09+0.85 32.21+0.83 32.36+0.83 0.002 0.258 0.043 0.123
(Alansw) (30.34, 33.89) (30.50, 33.92) (30.64, 34.07)
SA-BFR 32.97+0.85 33.94+0.83° 33.80+0.83"
(31.22, 34.72) (32.23, 35.65) (32.09, 35.52)
wsetuflewnenn CON 23.14+1.16 23.75+1.01 23.80+0.84 0.077 0.333 0.558 0.024
(Alansn) (20.75, 25.54) (21.66, 25.84) (22.07, 25.54)
SA-BFR 24.29+1.25 24.79+1.10 25.75+0.91
(21.71, 26.88) (22.53, 27.05) (23.87, 27.63)
wsetufleduins vrean CON 0.43+0.02 0.44+0.02 0.44+0.02 0.109 0.148 0.590 0.021
(Alansu/twiing) (0.38, 0.47) (0.41, 0.48) (0.41, 0.48)
SA-BFR 0.47+0.02 0.47+0.02 0.49+0.02
(0.42, 0.51) (0.43, 0.51) (0.45, 0.53)
Yninseeaz 60 vea CON 33.39+1.62 37.77+2.08° 40.15+1.89° <0.001 0.054 <0.001 0.392
AuLdnsageaalunis (30.02, 36.75) (33.45, 42.09) (36.23, 44.08)
gonusIninse (Alandu) SA-BFR 31.46+1.77 45.09+2.27%¢ 49.64+2.06>"
(27.79, 35.12) (40.39, 49.79) (45.37, 53.90)
FruauAef a11150 CON 17.36+1.55 17.36£1.30 18.21+1.41 0.015 0.005 0.054 0.120
Vnaaalenlaesn (14.15, 20.56) (14.68, 20.04) (15.31, 21.12)
aoiiios (A9 SA-BFR 19.55+1.75 24.27+1.46 25.18+1.59
(15.93, 23.16) (21.25, 27.30) (21.90, 28.46)
svorlunisils CON 7.11+2.24 4.96+1.90° 6.54+1.90 0.002 0.077 <0.001 0.347
dofa LU 19mUA (2.49, 11.73) (1.05, 8.88) (2.62, 10.45)
(LBURLUAT) SA-BFR 8.23+2.33 12.08+1.97*¢ 13.81+£1.975¢f
(3.44, 13.02) (8.01, 16.14) (9.74, 17.87)
Aruatnsalunig CON 26.86+0.91 27.24+0.94 27.66+0.82 0.003 0.002 0.065 0.116
lyoondiaugean (24.99, 28.73)  (25.29,29.19) _ (25.97, 29.35)
(wa./nn./u1d) SA-BFR 29.28+0.98 31.01+1.02 33.01+0.88

(27.27, 31.30)

(28.90, 33.11)

(31.19, 34.83)

v

wansveyaiduaade (Mean)A1ANUAAIALAG BUNINTFIU (SEM)

affifunaunimaasiniglunay, b muneds dami 12 uanansegnaildy

o w

Idudrdgynadaduduaivi 8 aelunqy, e e nau SA-BFR wann13iunas CON Tudunmi 8 senafitudnA

o

uanaeiungu CON luduamil 12 e81a

Jadn

o

A RRGRHT

°o o

A1AYNINED

°o o

L BIAMUT BN UNTB8AY 95 (95%C1), a U889 FUANT 8 uAnn19e19l Tud1ANIg

17

Atunaunitsnaassnielungy, c nuedis dUAMA 12 unnn1seens

M9adA way f u1efie nau SA-BFR
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aAUs18NaN15IY
nuddgluasetnuin gudgaienun
Usedaoui lasunisidnaidunelsinsiuiunis

F1an1straieuldasduian 12 dUaninng

o w a

WasuulasesnidvdrAgnisadaludiuysaiu
43998191 LarvaussaninsenieluaIunge

995 UUAILNANNIESTINSIRana Ul

1%
a o

o & ay Yo
W AEUND EJ‘VT?J@‘UiS‘U']L@E]u‘V]I@S‘Uﬂ'ﬁﬁﬂ

aivuelsinsaufunissrdanislnaiouden
Sonsnswuilavasinanasessditedfami
adpluduami 8 Wawlsusuneunmsnnass way
fidnsnaewilavaeinuosningy CON o9
Teddymeada avveulmiiudnisususves
svuulauazvasadenlunedinay Tnenisilna
WiuwelsOnsaudunissrdanislvaisuden
ansaas N Msdenlvalisundunss (Reactive
hyperemia) ndsa1nUaseussdusn (Deflation)
asJ"mLﬁuﬂizai"nqﬂﬂ%ﬁé’qaaﬂﬁ’]é’qmﬂ aswalvd
§nsnsiinusadou (Shear rate) U3naudey
\waakTiiaanLdon (Endothelial cell) Lﬁmnﬂ%u
(Chen et al.,, 2025) NMSVYIUFIVBINADALEDANG
Qﬂﬂmﬁy’umﬂwaﬁau (Flow mediated dilation;

FMD) Saifiudu (Zhang et al., 2022) \ilonaen

[ '
v

LADANBUANDILATUSURAATY ANUAUNITLINDY

A998 90 UM BAWaDR (Afterload) avanad
o ¥ ¥ dy LY CY yd a a dy
yMnnatuilamlanasilafiuszansainuindu

a a ) v & !
a1m1snguaaidensenainiilalauindulagly
o ¥ A' d' = (% ¥ L%
FTUn NN UANUA NS 99RTIN15IAUVD IR
AINALNDNIINITLAUVBINILAVULNNANAIDY 19T

Y

DEGE

[

&y (Buchheit & Gindre, 2006; Seals, 2003)

uannt ygeienunlszdndoud
T funisinaifduelsdnsiudunissndanis
Tnal 3 suld ondanun1sLA uT UYB IS HIINTTLHA
NANE Iz ee e dAyn19ada Tne
9198lAUA BT o UNAT8UaTY 019 NSty
Ye9nanautie (Muscle mass) Faduidoded
inslendarugeunogluanesinuaznisiiia
TIUIULATNITTI91UTelulamouLnsS ¢
(Zampino et al., 2020) uenaInd n1591A
n1slunai sudenluszriteniseannideniey
A1UTOLA UAIULAS HAN DIZUUNE SI1UVD4
579018 a'awamhmsnswjumsaawlmﬁu
(Lipolysis) LLazL§Qﬂmmwmgywé’mulgmﬂﬂdw
nsitnuelsnuuuiialulumnumdnmagy il
:ﬁé’mswmsmeawmmsﬁ’mﬁ'mﬁulg (Andrews,
2021) Snhadinalnnsudaeulss 5-adenosine
monophosphate-activated protein kinase
(AMPK) 1103 unauzoeninganie Lﬁaﬂim{ums
as1lulnreune (Mitochondrial biogenesis)
ﬂi%ﬁiuﬂiz‘U’Juﬂ’liLNWNaﬁigﬂQIﬂamlﬂu Glucose
transporter 4 (GLUT4) vilvnatuiidefinsiun
wmgywa”qmuﬁsﬁyu (Cho & Lee, 2024;
Christiansen et al., 2018) @anaassiu Miller
et al. (2021) fidnwInavesnIsinaanfdniy
saufun1ssiianisivaiswdennassuuniey
YOIT NN TINUINTNITRINAIYNE 1A
USUfv09sTUUmUeadui ud umnineen

ANE9N185IUAUNITINAANTINALT B ULA DA

(Miller et al., 2021) WULR R UUITE U9



174 Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

Silva et al. (2022) 10 ANy INaYeIN1580NANEY
neuuukelstnsudunissdanislvaiowden
AONISIYNEHIULATNITLANIUA UMY NU2T
NsAnInaEIL ST N TlTNE LAY
sty eendLaundeniseennidaniooy 194
WedAgy (Silva et al., 2022) Tusudsed
Fanuan fnnsanasmessevarluuuasuialuiy
sy 19 feddyn19adn e19usauneinnisiln
sonidsnsnuvaivuelsinsauiunissnda
nsluaiiouden vnlusienieiinaniazein
pendLaulanIzy uSaana Ll e (Local
hypoxia) é’qéqmalﬁmmmﬂingumwhmwuaq
lulnmounselunaiui olranunsalunislelusiu
\Juumaandae1u (Fat oxidation) 1a fid a9y
d0nAa 09 UIIUT B0 Beak et al. (2022)
wurn1silawuuwelsdnsauiun1ssaianas
Inadoudenannsanszaunsdauasenllsiu
Imgmﬁ}al,l,asmw:uswumeawwé’qmulhy
g uualy AuuynueIn1sAnd seauLun
(Beak et al., 2022) uara1NN1ITHANIULIVB
Cho & Lee (2024) 7 la A nwinavesnisin
wolsdnsaufunissidanisinadswdon wuan
nsilndananvasasuialuiulaegniivedday
(Cho & Lee, 2024) 8nstalusiudsed danunis
Lﬁ'wﬁum@qmaﬂgmLﬁaaéwqﬁﬁ’ad’wﬁ’mmqaﬁﬁ
Tnemswauiaianaui seradunauiannis
Anafiduelsdnsauiunssdamsivadeubon

dnszuiunsnserulnsneiianisvaseesiuy

Insulin like growth factor 1 (IGF-1) 89013V

v v v v

MMUAITU (IGF-1 receptor) USIuNauLHLD
AINANBN1INTER UNITHIATIEN Ribosomal
protein S6 kinase beta-1 (S6K1) a1elu

¥ dil d! = o U ! &
nauiile 9 S6K1 daud1AnanIsnIenuns
N191UYIAEIdYEY10d Mammalian target of
rapamycin complex 1 (mTORC1) viI%u19
NsgR uNIThUIAIvesdAdealunanuile
(Myonuclei) v04 Satellite cell @swaluiinnis
WNTIUIUTOLTaanuALEanaIuLie (Myogenic
precursor cells) u1n833u (Torma et al., 2021)
Mlnannisaarelusau (Muscle protein
breakdown; MPB) kagtNun15aAs1EnlUIAY
Tunatusile (Muscle protein synthesis; MPS)
asualuiluranatuilonintu Jessee et al,,
2018) wona1ndl nsAnaiuuelsindsanuise
YIrgNmuINIana1uilolalil9191nAI1ud 1w el

3 = ~ ¥ N o 4'
aiUiUivuiadounssniud odnisiad oulun
NINTIA ) VULN 1T UAILAZNI1IVIY F 3

¥ dﬁ/ d?/ dI d| 1
na1uil eaetduid 018 o7 MEUAUDIA ©
ANLATIALTINEA (Mechanical stress) NAATU

o v = a £ d‘l
vaugeanniadnie dadudndadenid lunns
nsgnulninnszuIunIsdaaseniusauniely
nanuile (Simenz et al., 2012)

TuAIUENTINNINVDINAULL D WU

' @ a ' [y o w a

naudnafvuelsinsiudunisdndanisivaiey

LADATANNLTILTILAZAUNUNIUVDINANULT D

' [ o/
a = (Y

s ! ! a Y] S A
FYWAFIUA NN LN UV UA IUAFUAINN 8 LLag

¥
a =

' ' ! ' o S o ' a
LNHY UBY N BLY ﬂﬂiuaﬂm']wm 12 98134

[ a

v o a [ a
ULAINEUNIEAD G Lu@ﬂ'ﬁ]"lﬂﬂfliﬁﬂﬂL@ﬂLL@IﬁUﬂL{ju

o



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 175

ﬂ’]i’e]’e)ﬂLLN%jU‘Lj!;’mﬂlﬂﬁ’JﬁﬂizVT’W}éﬂG] (Repetitive
bodyweight loading) anasulunanuiosenan
auandlasy LLiQﬂiSG;:‘lJL‘?Nﬂa (Mechanical load)
¥lvAnusaiis (Mechanical tension) wazusa
AsEUNN (Impact loading) sunanaiiies (Nikic &
Milenkovi¢, 2013) lunsge udasulunatuiile
(Mechanoreceptors) mﬂﬂgul,gu%%’ummgﬁﬂ
(Type | and Il afferent nerve fibers) 9g¥1
%uyﬂﬁIIUﬂﬂiﬁlﬂﬁyﬁymﬂmL‘UyWE‘iiS‘UU‘UizﬁTVI
ﬁI’J‘L!ﬂa’NLL@Sﬂi%M?UﬂWSﬁQﬁJEUWQJﬂmﬂWEJEL‘L!LGUa’ﬁ;
(Intracellular signaling) Lﬁlaﬂ'iwilUﬂavLﬂmi
y1971UUD3 MTORC1 (Edman et al., 2019)
SUAANITIZLAUNUABEUA LA 1L1NT U @158 ©
U'ﬁzamﬁqQﬂwﬁaaaﬂmﬁwmﬁnmﬂgmﬁaﬁ
veuunnd u auleUszamouinlng (Large
axon neuron) 39gAnsEAuilyyeIuLINT Y
danalnnaruiedanuudusuiudu (Anek &
Bunyaratavej, 2015) i e1135n159170n3
e eudenuninsiudvaiuunelsdn §uduy
mﬁaaﬂﬂ°’1é”amEJﬁ'w“ﬂﬂ;ﬂq':maumLﬁyaﬁ'mimg
fn1snevauoLas e Ut nui uuIng u
(Pereira et al., 2013) 8nsen15d naLdy
wolsgnsaudunisdrianisinaisudenly
uITel Sulnmsiuduvesnanaile was
AIUENILVINDDNTLIULENIEAUS aIna e
(Local hypoxia) mmﬁaﬂﬁwjuiﬁ;lﬁﬂma
USudamsssuudszamnaiuiiol (Patterson
et al., 2019) aewalvnalnnisisesszaunuae

gum (Motor unit recruitment) vaataule

natuLl evdan 2 (Type Il muscle fiber)
° ~ & ! ! = ~ o v ¥ &
MULRA LT Usy19n oLl 89 F9vnlunaul @
a A o W A P
USIIUA Tn15919 AN al s uLd ana1unse
paNLksIbAuINT U (Hsieh et al., 2024)
W ULAEINUIUIFENDUNUIVBY Linero & Choi
(2021) T ANBINAVDINISH AL UUBTINIUSIUAU
NI AnIsinatl suld enlue g avua
Usgdnaaudulial 12 dUa1u wuan da2u
WOakSIVDINA N B UV Y (Linero & Choi,
2021)

LN 1na 8 CON gl nsly 70
aruUnmwaztulasunisdneannidaniuay
PNUINHUINEN 60%1-RM L9 4T uae 199
WodrAgnisaddluduaiud 8 uay 12 1ie

~ ) ! ! =

W EUNUNBUNISNAADY WANITLUA gULUAY
Y] ! a v A ay A i )
H4Na179190ANTATED UN bU LA 8IVBIN U
AsANlAgRSe WU AR NNISTausuluns

o ¥ a a ¥ dl

naaaue19vluiian1sieugnisiad aulng
(Learning effect) nSaAi1un ulAgAUNIAA

& ! ¥ g W
10NUNNT U AINALNNISNAFBUAS 98 A LU
a1115009nw5batA 4T u Tun1tensefuv 1y
nau SA-BFR dslasunisilnaiivualsinsau
Fun1sarnanisival sutd enwanalnuiuang
W1n 60%1-RM 11nn31nay CON peed
Wod1Ayn19adfludun1ua 8 uay 12 axviou
fauszansnrnveenisinaddwelsinsruny

o w ~ =~ a0 !
151N ANITENALT YULA DA AINAN BNIST
USUAIUDINA1ULE 998190259 UYLy aHa

31NN15T8U3 NsAd aulna



176 Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

uonandl Fanun19ifi uiuresany
ﬁwsjusuaasamﬁéauéwaéwﬁﬁaﬁ’wﬁ@maaﬁﬁ
Ve sanuaasalumandoulmvesvenauas
AL os819AA1e DaLARRINAsTneendds

¥ & a da 44' ¥
ﬂWEJW'JEJaLWULL@I'ﬁU ANUTULUULAR auVLMTUENGUEJ

Y

[y

polusssnaIuateTudulunaleiAn1es A
N1IVNNUVDIVON DU UNTINUNAIATI LVU N1T
! 3 < a '
0L LALELINNVUEN T UAAY N1SLNE LYY
wavazlnnuasduluduuuaiiu wagnisniuay
vuaglnnvaziinseioulmiluaiueis amaln
ANEANYUYBINAIN LB LNINTY BNTY NBY
panMaIN18luNN9ATIREINITEUIUINIEAY
A I ¥ dy a .
nsfaudennatuiesuulauidn (Dynamic
stretching) WadN15AANLEUTINNIEAILNTEA
WdeanatulilanuuaIAIg (Static stretching)
(% < ay A o ¥
nau@dduUnNIsin Wellusinszyinannnieueniu
¥ & A = 4‘ Aa ~ W
natuledaluaudaunisiadaulmniinsfea
vasnaruileauluausardeulmnelulaay
ey nilenannelavseann 15-30 Junil denaluve
' ' ~ N Y &
MON19a111503 99y UN15iAd oulmNuInd u
anAMUAIRIveINauilaviunaluilednvyy
11734 (Kubo et al., 2001) F9@14150¥ LN
mﬂa\!umimaaﬂm (Range of motion; ROM)
launTu donnaseiuIuIdeved Hallage et al.
(2010) 7 lad nwinavesn1silnaivnelsinne
ausTanINNIUl Ul d9018LNAne 99
a o i e ~
gunndiduian 12 dUam wungeeneiinig
a ' ¥ & . .
gANE UVDINANLUBYUEVNAFDU Chair sit and

reach AT (Hallage et al., 2010)

WU HANITANYIAT 91 9EWUD 1
ﬁ{']mma']maﬂuﬂ'lﬂsgaaﬂ%Lﬂuﬁqqmmaaﬂéuﬁ
o funisinaifduelsdnssufunissndanis
Tnasudonduurlusfindundsannnisinidy
s¥u¥1287 12 #UR19 wA b NUAILLANA S
fﬂEJGLUHQIQJRHﬂﬂla‘L!ﬂﬁi‘Vl@a’eJ\‘ILL@%I:LIIWUWMN
LANATEMINNauegNiifudAgmeaia 819
\eannannauavuwesTusunsunisinung
yaseglussduiunansiannuningsfisosas
60-89 93851154 AUTalad 599 (60-899%HRR)
onadsluioamelunisnsenuszuuialauay
%aamﬁamaéw%’mamﬁaLﬁauﬁ’ugmwumsﬁﬂ
ﬁ'm;qLuyumiw’”wummmmwmqLLaIsﬁﬂ
Tngiamz 1w AsinwuuEIminaguiul (Hish-
Intensity Interval Training; HIIT) 7 a5
ﬂiwfuammmwsuaﬁwuﬁ’ﬂaLLawwlalﬂy
fnanmsdnuelsdnuuun el e muw vy
U1unang (Moderate-intensity continuous
exercise; MICT) Iuﬂqlmgqximq (Arboleda-
Serna et al., 2019; Yang et al., 2023) RItER
22l NSLULADUATNAINTTUNIINBRATNUIT
ogluszausn unnauiieedluvazisnnuide
daranuansnlunislyeandiaugsgaey lu
numAd iy vdsTonuaUsesidiou Ssazneu
Feaussonmialavazvaomdenlussaud
WEINoEI NS UN1TAN 193 IRUTEITULAZ AN T
#1lU (American College of Sports Medicine,
2018) & 9m1nar1uninluniseandidanie

lun1nweeivzaNaluianIswauIn uasla



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 177

(% [
v =

081915 m Y nan15ITeAT T nandl v ud s
wualuit fluniswamnaussanimmiawelson
snnsinaid Jualsdnsrudunissidanis
Tadsuidon wininisusuiuanuLunie
W usEeEa1nsinuInd u e19vinluasiany
ﬂ’ﬂllLLG]ﬂG]IN’e)éﬂﬂﬁﬁﬂﬁ?ﬁﬁg%’]ﬂﬂaﬁlé’
a3Unan13398 nsinadiunelstngau
Funisandanisivalisudenduszeziign 12
&Un1 @runsanautaussaninmianiely
W etevunUsedufoulaossfiuszansamn
Tnodnisifiuduvesnanauiie auuduss
LATNUNIUYBINA LT DTH19AAT LATAIN
ﬁwsjq'waasmm‘éw UenNTSaaunsaTuan
losfulasnnae nsidnawdvuelsdnsaufunis
Fanisiraisudend wdunuinianisesn
fdan1e7 Uaonssuaz nuizaudinsunis
WAILaNsSANINNIn8 LAy 09 un15IE oy
nogvpsTsnelugudsiovuaUszsuion

o

49311AVB9IN15338 (Limitations)
s ideiansfaludinusedi fuiianafu
m“’w"yumimuqmzmvuﬁaﬂiszmwma
Faduwdesiimuaulaein sawdsluaiunsn
ﬂ’J‘Uﬂuﬂ’li%J‘U‘diwmua’M”li'izﬂ/i’sl”lﬂﬂ’liL‘?]j’]'il’sll
115398 §9019asmanefLUsaueInUsENeY
YDI51NPUAZANTINNTNNAIULL ©

JalduauuzaInsun1sI98luauinn
(Future Research) Lﬁaw’m\ﬂu’iﬁjaﬂ%ﬂﬁlﬁu

NAG WS A ADANTTANINNIINIYIALLRNIL D4

geluntuanssaninnanuiil slazesnusznay

Y943519N18 N15378ATIA0lU 0193 BUUANY
AILUTAINAIUTEAUN ANUINT U LY U ANT
=~ ~ = = -y ¥ ! ¥
Fuadiluldonnaunsaustdndsluniuniedla
LANIZLINEAIUINT U DNYT I AITYIINSANED

lunquuszwInsdu wu gRdasuIanauiile

Uoy (Sarcopenia) ‘m?asjzﬂqmq (Elderly) way
panuuUIuITeLdu 3 ﬂa;m Toun ﬂa;ummm
nquinaiuuelstn waznguilnafuuelsingau
fFun1ssaianistnatisudon saufULA o
S¥uEaINSANIUIYNIT 12 dUn Y nadwsly
mywummwmLLqusummaﬂwqﬂawsﬁ’mau
1 ety

AAINA1AYLTIUHUR (Practical
Implications) n1sinatfduelsdnsaufunis
Frvnnsinaisudomdulusunsudndidaay
Vaonds luvilniineinisuiadunanud elu
s;mﬁai’wmﬂszai’uﬁau LLGl‘ﬂ’JiﬁB;ﬂ’JUﬂﬂJ@JLLa
AsilnnazszinssSansiiiaausulunissi
nsinalisuden wnlyAausdudlameisas
o9dmansEnURaulsEa v lmAneIns

(Numbness) léwy

LONE1581994

American College of Sports Medicine. (2018).
ACSM's guidelines for exercise
testing and prescription (D. Riebe, J.
K. Ehrman, G. Liguori, & M. Magal,
Eds. Tenth edition ed.). Wolters

Kluwer.



Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

Andrews, N. (2021). Effect of aerobic exercise

with blood flow restriction on
substrate utilization and energy
expenditure [Honors's theses]. coastal
carolina university digital commons.
https://digitalcommons.

coastal.edu/honors-theses/406

Anek, A., & Bunyaratavej, N. (2015). Effects of

circuit aerobic step exercise program
on musculoskeletal for prevention of
falling and enhancement of postural
balance in postmenopausal women.
Journal of the Medical Association of

Thailand, 98(Suppl 8), 88-94.

Arazi, H., Asadi, A., & Roohi, S. (2014).

Enhancing muscular performance in
women: compound versus complex,
traditional resistance and plyometric
training alone. Journal of
Musculoskeletal Research, 17(2),
1450007. https://doi.org/10.1142/
S0218957714500079

Arboleda-Serna, V. H., Feito, Y., Patino-Villada,

F. A., Vargas-Romero, A. V., & Arango-
Vélez, E. F. (2019). Effects of high-
intensity interval training compared
to moderate-intensity continuous
training on maximal oxygen

consumption and blood pressure in

healthy men: a randomized
controlled trial. Biomedica, 39(3),
524-536. https://doi.org/10.7705/
biomedica.4d451

Beak, H. J., Park, W., Yang, J. H., & Kim, J.

(2022). Effect of low-intensity aerobic
training combined with blood flow
restriction on body composition,
physical fitness, and vascular
responses in recreational runners.
Healthcare (Basel, Switzerland),
10(9), 1789. https://doi.org/10.3390/
healthcare10091789

Buchheit, M., & Gindre, C. (2006). Cardiac

parasympathetic regulation:
respective associations with
cardiorespiratory fitness and training
load. American Journal of Physiology-
Heart and Circulatory Physiology,
291(1), 451-458. https://doi.org/
10.1152/ajpheart.00008.2006

Beitz, R., & Doren, M. (2004). Physical activity

and postmenopausal health.
The journal of the British
Menopause Society, 10(2), 70-74.
https://doi.org/10.1258/1362180047
74202382

Chen, L. S., McLaurin, N., Brosselin, P.,

Charry, D., Alhalimi, T., & Tanaka, H.



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 179

(2025). Vascular adaptations to
blood flow restriction resistance
training with different cuff types:
the role of retrograde shear
stress. European Journal of
Applied Physiology, 125(10),
2885-2896. https://doi.org/
10.1007/500421-025-05795-1

Cho, C, & Lee, S. (2024). The effects of blood

flow restriction aerobic exercise on
body composition, muscle strength,
blood biomarkers, and cardiovascular
function: a narrative
review. International Journal of
Molecular Sciences, 25(17), 9274.
https://doi.org/10.3390/ijms25179274

Christiansen, D., Murphy, R. M., Bangsbo, J.,

Stathis, C. G., & Bishop, D. J. (2018).
Increased FXYD1 and PGC-10l mRNA
after blood flow-restricted running
is related to fibre type-specific
AMPK signalling and oxidative stress
in human muscle. Acta Physiologica,
223(2), e13045. https://doi.org/
10.1111/apha.13045

Chuensiri, N. (2021). The practical

application of resistance and
aerobic training with blood flow

restriction. Journal of Sports

Science and Health, 22(1), 1-17.
https://he02.tci-thaijo.org/index.
php/spsc_journal/article/view/250
781

Collins, B. C., Laakkonen, E. K., & Lowe, D.

A. (2019). Aging of the
musculoskeletal system: How the
loss of estrogen impacts muscle
strength. Bone, 123, 137-144.
https://doi.org/10.1016/j.bone.201
9.03.033

Deng, H. W., Xu, F. H., Davies, K. M.,

Heaney, R., & Recker, R. R. (2002).
Differences in bone mineral
density, bone mineral content, and
bone areal size in fracturing and
non-fracturing women, and their
interrelationships at the spine and
hip. Journal of Bone and Mineral
Metabolism, 20(6), 358-366.
https://doi.org/10.1007/s00774020
0052

Earle, R. W. (2008). Essentials of strength

training and conditioning (3 ed.).

Human Kinetics.

Edman, S., Séderlund, K., Moberg, M., Apro,

W., & Blomstrand, E. (2019).
mMTORC1 signaling in individual

human muscle fibers following



Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

resistance exercise in combination
with intake of essential amino
acids. Frontiers in Nutrition, 6, 96.
https://doi.org/10.3389/fnut.2019.
00096

Fry, C. S., Glynn, E. L., Drummond, M. J,,

Timmerman, K. L., Fujita, S., Abe, T,,
Dhanani, S., Volpi, E., & Rasmussen,
B. B. (2010). Blood flow restriction
exercise stimulates mTORC1
signaling and muscle protein
synthesis in older men. Journal of
Applied Physiology (Bethesda, Md. :
1985), 108(5), 1199-1209. https://
doi.org/10.1152/japplphysiol.01266.
2009

Hallage, T., Krause, M. P., Haile, L., Miculis,

C. P., Nagle, E. F., Reis, R. S., & Da
Silva, S. G. (2010). The effects of 12
weeks of step aerobics training on
functional fitness of elderly
women. Journal of Strength and
Conditioning Research, 24(8), 2261-
2266. https://doi.org/10.1519/
JSC.0b013e3181ddaccé

Hsieh, K. L., Foster, A., MaclIntyre, L., & Carr,

R. (2024). Effect of blood flow
restriction on gait and mobility in

older adults: a systematic review

and meta-analysis. International
Journal of Environmental Research
and Public Health, 21(10), 1325.
https://doi.org/10.3390/ijerph21101
325

Jessee, M. B., Mattocks, K. T., Buckner, S. L.,

Dankel, S. J., Mouser, J. G., Abe, T.,
& Loenneke, J. P. (2018).
Mechanisms of blood flow
restriction: the new testament.
Techniques in Orthopaedics, 33(2),
72-79. https://doi.org/10.1097/
bto.0000000000000252

Karakelides, H., & Nair, K. S. (2005).

Sarcopenia of aging and its
metabolic impact. Current Topics in
Developmental Biology, 68, 123-
148. https://doi.org/10.1016/50070-
2153(05)68005-2

Kubo, K., Kanehisa, H., Kawakami, Y., &

Fukunaga, T. (2001). Influence of
static stretching on viscoelastic
properties of human tendon
structures in vivo. Journal of
Applied Physiology (Bethesda, Md. :
1985), 90, 520-527. https://doi.org/
10.1152/jappl.2001.90.2.520

Letieri, R. V., Furtado, G. E., Barros, P. M. N,

Farias, A. M. J., Antunez, F. B.,



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 181

Gomes, B. B., & Teixeira, A. M. M. B.
(2019). Effect of 16-week blood flow
restriction exercise on functional
fitness in sarcopenic women: a
randomized controlled trial.
International Journal of

Morphology, 37(1), 59-64.

Letnes, J. M., Nes, B. M., & Wislgff, U. (2023).

Age-related decline in peak oxygen
uptake: cross-sectional vs.
longitudinal findings. a review.
International Journal of Cardiology,
16, 200171. https://doi.org/
10.1016/j.ijcrp.2023.200171

Lim, Z. X., & Goh, J. (2022). Effects of blood

Linero,

flow restriction (BFR) with resistance
exercise on musculoskeletal health
in older adults: a narrative review.
European Review of Aging and
Physical Activity, 19(1), 15.
https://doi.org/10.1186/s11556-022-
00294-0

C., & Choi, S. J. (2021). Effect of
blood flow restriction during low-
intensity resistance training on bone
markers and physical functions in
postmenopausal women. Journal of

Exercise Science and Fitness, 19(1),

57-65. https://doi.org/10.1016/
j.jesf.2020.09.001

Lorenz, D. S., Bailey, L., Wilk, K. E., Mangine,

R. E., Head, P., Grindstaff, T. L., &
Morrison, S. (2021). Blood flow
restriction training. Journal of
athletic training, 56(9), 937-944.
https://doi.org/10.4085/418-20

Lyall, G. K., Birk, G. K., Harris, E., Ferguson, C,,

Riches-Suman, K., Kearney, M. T.,
Porter, K. E., & Birch, K. M. (2022).
Efficacy of interval exercise training
to improve vascular health in
sedentary postmenopausal females.
Physiological Reports, 10(16),
el5441. https://doi.org/10.14814/
phy2.15441

Miller, B. C., Tirko, A. W., Shipe, J. M.,

Sumeriski, O. R., & Moran, K. (2021).
The Systemic Effects of Blood Flow
Restriction Training: A Systematic
Review. International Journal of
Sports Physical Therapy, 16(4), 978-
990. https://doi.org/10.26603/
001c.25791

Morita, M., Gravel, S. P., Chénard, V.,

Sikstrom, K., Zheng, L., Alain, T.,

Gandin, V., Avizonis, D., Arguello, M.,



182

Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

Zakaria, C., McLaughlan, S., Nouet
Y., Pause, A., Pollak, M., Gottlieb, E.,
Larsson, O., St-Pierre, J., Topisirovic,
l., & Sonenberg, N. (2013). mTORC1
controls mitochondrial activity and
biogenesis through 4E-BP-
dependent translational
regulation. Cell Metabolism, 18(5),
698-711. https://doi.org/10.1016/
j.cmet.2013.10.001

National Statistical Office (Thailand). (2018).

Demographic statistics: population
and housing. http://statbbi.
nso.go.th/staticreport/page/sector/t
h/01.aspx

Niki¢, N., & Milenkovi¢, D. (2013). Efficiency

of step aerobic program in younger
women. Acta Medica Medianae,
52(3), 25-34. https://doi.org/
10.5633/amm.2013.0304

Patterson, S. D., Hughes, L., Warmington, S,

Burr, J., Scott, B. R., Owens, J., Abe,
T., Nielsen, J. L., Libardi, C. A.,
Laurentino, G., Neto, G. R., Brandner,
C., Martin-Hernandez, J., & Loenneke,
J. (2019). Blood flow restriction
exercise: considerations of
methodology, application, and

safety. Frontiers in Physiology, 10,

533. https://doi.org/10.3389/
fphys.2019.00533

Pereira, A., Costa, A. M., Izquierdo, M., Silva,

A. J., Marques, M. C., & Williams, J.
H. H. (2013). Combined strength and
step aerobics training leads to
significant gains in maximal strength
and total body composition in older
women. The Journal of sports
medicine and physical fitness,

53(Suppl. 1 to No. 3), 38-43.

Pereira Neto, E. A., Bittar, S. T., Silva, J. C. G.

D., Pfeiffer, P. A. S., Santos, H. H. D.,
& Sousa, M. D. S. C. D. (2018).
Walking with blood flow restriction
improves the dynamic strength of
women with osteoporosis. Revista
Brasileira de Medicina do Esporte,
24(2), 135-139. https://doi.org/
10.1590/1517-869220182402175290

Pongsatha, S. (2011). Menopause.

https://wl.med.cmu.ac.th/obgyn/le

ssons/menopause/

Prachuablarp, C., & Wattradul, D. (2020).

Predicting factors of preventive
behaviors of coronary heart disease
and stroke among menopausal
women. Thai Journal of Cardio-

Thoracic Nursing, 31(1), 27-45.



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 183

https://he02.tci-thaijo.org/index.
php/journalthaicvtnurse/article/view/

243978

Razmjou, S., Abdulnour, J., Bastard, J.-P.,

Fellahi, S., Doucet, E., Brochu, M.,
Lavoie, J.-M., Rabasa-Lhoret, R., &
Prud’homme, D. (2018). Body
composition, cardiometabolic risk
factors, physical activity, and
infltammatory markers in
premenopausal women after a 10-
year follow-up: a MONET study.
Menopause, 25(1), 89-97.
https://doi.org/10.1097/¢gme.0000000
000000951

Saatmann, N., Zaharia, O. P., Loenneke, J. P.,

Roden, M., & Pesta, D. H. (2021).
Effects of blood flow restriction
exercise and possible applications
in type 2 diabetes. Trends in
Endocrinology and
Metabolism, 32(2), 106-117.
https://doi.org/10.1016/j.tem.2020.1
1.010

Seals, D. R. (2003). Habitual exercise and the

age-associated decline in large artery
compliance. Exercise and Sport

Sciences Reviews, 31(2), 68-72.

https://doi.org/10.1097/00003677-
200304000-00003

Shukla, R., Ganjiwale, J., & Patel, R. (2018).

Prevalence of Postmenopausal
Symptoms, Its Effect on Quality of
Life and Coping in Rural
Couple. Journal of Mid-life Health,
9(1), 14-20. https://doi.org/10.4103/
jmh.JMH 34 16

Silva, J., Freitas, E., Aniceto, R., Silva, K.,

Araujo, J., Bembem, M., Batista, G.,
& Sousa, M. (2022). Aerobic exercise
with blood flow restriction: Energy
expenditure, excess postexercise
oxygen consumption, and
respiratory exchange ratio. Clinical
Physiology and Functional Imaging,
42(4), 241-249. https://doi.org/
10.1111/cpf.12753

Simenz, C. J., Garceau, L. R., Lutsch, B. N.,

Suchomel, T. J., & Ebben, W. P. (2012).
Electromyographical analysis of lower
extremity muscle activation during
variations of the loaded step-up
exercise. Journal of Strength and
Conditioning Research, 26(12), 3398-
3405.https://doi.org/10.1519/JSC.0b013
e3182472fad



Journal of Sports Science and Health Vol.26 No.2 (May-August 2025)

Soontrapa, S. (2014). Golden age women.

Srinagarind Medical Journal, 29(4),
50-55. https://li01.tci-thaijo.org/
index.php/SRIMEDJ/article/view/23
625 Srisukho, C. (2018). Golden age
(6th ed.). Amarinhealth.

Torma, F., Gombos, Z., Fridvalszki, M.,

Langmar, G., Tarcza, Z., Merkely, B,
Naito, H., Ichinoseki-Sekine, N.,
Takeda, M., Murlasits, Z., Osvath, P.,
& Radak, Z. (2021). Blood flow
restriction in human skeletal muscle
during rest periods after high-load
resistance training down-regulates
miR-206 and induces Pax7. Journal
of Sport and Health Science, 10(4),
470-477. https://doi.org/10.1016/
j.Jshs.2019.08.004

Vongchana, M., & Pongsatha, S. (2016).

Menopause and cardiovascular
risk https://wl.med.cmu.ac.th/
obgyn/lecturestopics/topic-
review/4515/

Wang, A., Brothers, R. M., & Hurr, C. (2023).

Application of blood flow restriction
in hypoxic environment augments
muscle deoxygenation without
compromising repeated sprint

exercise performance. Experimental

Physiology, 108(5), 728-739.
https://doi.org/10.1113/EP091032

Witteman, J. C., Grobbee, D. E., Kok, F. J.,

Hofman, A., & Valkenburg, H. A.
(1989). Increased risk of
atherosclerosis in women after the
menopause. British Medical
Journal, 298, 642-644.
https://doi.org/10.1136/bmj.298.66
74.642

Yang, Y., Youxiang, C., Jiacheng, C.,

Guangxuan, H., Bo, C., & Xuejie, Y.
(2023). HIIT vs. MICT to Improve
cardiorespiratory fitness and
exercise capacity in older adult.
International Journal of Sports and
Exercise Medicine, 9(2), 256.
https://doi.org/10.23937/2469-
5718/1510256

Yasuda, T., Fukumura, K., Fukuda, T., Uchida,

Y., lida, H., Meguro, M., Sato, Y.,
Yamasoba, T., & Nakajima, T. (2014).
Muscle size and arterial stiffness
after blood flow-restricted low-
intensity resistance training in older
adults. Scandinavian Journal of
Medicine & Science in Sports, 24(5),
799-806. https://doi.org/10.1111/
sms.12087



213815 1AIaR NI AU U] 26 UUT 2 (We¥NIAN-3911AL 2568) 185

Zampino, M., Semba, R. D., Adelnia, F., Spencer,

R. G., Fishbein, K. W., Schrack, J. A.,
Simonsick, E. M., & Ferrucci, L. (2020).
Greater skeletal muscle oxidative
capacity is associated with higher
resting metabolic rate: results from
the baltimore longitudinal study of
aging. The Journals of Gerontology:
Series A, 75(12), 2262-2268.
https://doi.org/10.1093/gerona/
glaal071

Zhang, T., Tian, G., & Wang, X. (2022).

Effects of low-load blood flow
restriction training on
hemodynamic responses and
vascular function in older adults: a
meta-analysis. International
Journal of Environmental Research
and Public Health, 19(11), 6750.
https://doi.org/10.3390/ijerph
19116750



