Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2019.20.1.362
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 1 pp. 362-370, 2019

A= A% Sl A5 VA=A
AT 8L *

rlr
o
9.—"

1
A, M
skl Al st
EALS L wgg -

Effects of Low Intensity Combined Exercise Training
with Blood Flow Restriction on Body Composition and
Cardiovascular Responses in Elderly Females
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Abstract This study was conducted to investigate effects of 12 weeks of combined exercise training with blood flow
restriction (BFR) on body composition (weight, %body fat, lean body mass, body mass index (BMI)) and
cardiovascular responses (brachial-ankle pulse wave velocity (ba PWV) and ankle-brachial index (ABI)) in elderly
women. Participants (N = 43, Females) were randomly assigned into a combined exercise with BFR (n = 14, BFR),
only combined exercise (n =14, EX) or non-exercise control group (n = 15, CON). Two-way repeated measures
ANOVA with contrast testing was utilized for data analysis. Alpha was set at p < 0.05. Body composition (weight,
%body fat, BMI) in BFR was significantly changed, and %body fat in EX was significantly decreased, but there was
no change in the CON. In addition, the right and left ba PWV values in the BFR were significantly decreased, while
only the left side ba PWV in EX was significantly decreased and there was no change in the CON. Moreover, the
% change and effect size of most variables in the BFR were higher than the EX. Taken together, the results indicate
that even though BFR and EX groups performed the same combined exercise training, BFR had additional
stimulations of the sympathetic nerve system due to blood flow restriction. Thus, BFR training is more beneficial and
has greater effects on body composition and cardiovascular responses in elderly females.
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1% (combined exercise with blood
flow restriction group(BFR)) 143} dut 58-9-%F 1
$(combined exercise group(EX)) 149 18|31 &%
FeslA] ea dwt S s FAR
control group(CON)) 1578¢] BE UGS
o 2 A A 3”3%

1040198-170328-HR-022-04)<

o

=
= (non-exercise
TE AlEe]x]S ].7}0]_

[e)

Age
(yrs)

Weight

Grou
P (ke)

BFR
(N=14)

EX
(N=14)

CON
(N=15)

71.79+£2.64 153.90+3.98 60.44+5.06

71.86+4.03 152.79+3.62 56.79+£2.90

71.13£2.41 154.00£5.15 58.29+6.91

BFR: combined exercise with blood flow restriction group
EX: combined exercise group, CON : non-exercise control group
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Charge, Fitbit Inc, San Francisco,
CA, USA)% 019~8}°4 ZAE QL <Table 3>3 2t}
B Aqto| A ALg-3E £ Wang 59| 547}
21] AAxe o 7ol 0.84% YERsITE

AR dve dRAg 59 z2age] 3o
7F o glel *Jﬂlé*é(%%ﬂ, L5, AAEE, A 2.3.2 AFAE
A A4 (body mass index, BMI))¥} Hd @A 221 (4 B AF A HRA BELES 5= 1E(BFR)Y
s FUGRE) ol G VATA PP &5 A9 BB AFOR Bl Aud) ARE
7] gste] AES ARAT BELEYAT} D BHE  A9el] ske] AT oS PHoR 4
FU9 193 AN R AQAAT A A (A ohal 9] 7b 91 SR sem T8 AZE A3
ANz AdaAL)S AF7IZH(12F) HAPRE)Y $=& AAskTh
Table 2. Combined Exercise Training Program
. Duration Intensity
Procedure Weeks Exercise (min) (RPE)
Warm up 1-12 Stretching 10-15 min 7-9
1-12 Acrobie Walking and Knee Up 1520 min 11-14
Training
Maif‘ Weight Quarter Squats, Wall Push-up
exercise Training Mini Squat 30°, Stand on One Leg .
-2 (Body Weight Stand on two feet with Closed-Eyes 10-15 min 1-14
Based) Leg Raise, Core Exercise
Cool 12 Slow—wa%kmg 10 min 7.9
down Stretching
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Table. 3 Resting Heart Rate and Maximal Heart Rate in Each Week
Group  Week 1 2 3 4 5 6 7 8 9 10 11 12
780 741 73.7 76.7 73.3 76.7 73.7 74.1 784 754 759 737
BFR HR + + + + + + + + + + + +
Rest 7.8 10.1 10.1 9.2 5.9 10.6 10.6 7.7 72 9.0 7.7 9.5
(ep/m 729 780 789 74.1 759 754 699 737 759 750 763 68.6
EX in) + + + + + + + + £ £ + £
9.7 103 8.1 8.7 10.7 11.0 6.9 6.0 6.1 7.7 7.6 6.5
» 133 327 149 453 439 755 265 870 317 894 883 108
1062 1024 1030 1007 1010 1041 964 998 1018 1044 962  100.6
BFR HR + + + + + + + + + + + +
Max 3.9 7.0 6.0 10.1 6.8 119 8.0 74 6.9 44 46 54
(ep/m 995 1013 986 961 1031 926 9685 1024 1004 1015 1000 973
EX in) + + + + + + + + + + + +
41 7.0 3.7 5.2 6.6 75 7.7 5.1 41 48 5.6 6.7
p 001" 659 .028" 146 430 .005™ 914 275 521 .108 .063 160
BFR: combined exercise with blood flow restriction group, EX: combined exercise group, * p<.05, ** p<.01, *** p<.001
2.3.3 AA =4 2.4. A=A
WA B B, SR AR, AAARAD AT Aasagel Quel FA4S wAa)
< ABEEA7] (Inbody 770, Biospace, Seoul, South  $]3}o] One-way ANOVAE A}-g-3l0] = W2lo] AbH
Korea)S ol-&sto] ZAsolth. A& S4S Sl gro] 524 A4S AAagla, e 24 HlEe] A}
Ay A7 Hask 2L B £ FEEFS 74 &k A=A gl Zezr =o)7b §lo] Two-way repeated
5 3o 574 A 2347 Aol Hojgk vk S ES A measures Analysis of variance (ANOVA)E ©]-&3}o]
HAsA 9 JEE AR &, &3 Bo] SRR A Aekyl A)7|7bo)| A3 A-&(interaction) S 415t Tk A
A AT FEE I FJHE BEA 455 9 3280l Q)& Alell tiH| A (contrast test)S o] &3}
A7 & F g oz Wg|u 28 H AHE AAZR Aol A7)7F Zol2 BAEIL RE AR 9 4
A S AR AT A7 dYEs 2o =005 AR RE 243 FF (Mean) Tt
(impedance)”} & A EeA] AA RS FAEGITE ¥ A} (standard deviation)Z E AL BE AR
o] BA& SPSS 22.0 (IBM-SPSS Inc., Chicago, II,
2.3.4 Ml ol FUlHAL USA) Z2138 o] &3lo] BA4S 4
AFk-dhE wial &% (brachial ankle pulse wave
velocity(baPWV))9} &% 32%  (Ankle brachial
index(ABI)) &4 9743t @2 ¥ (VP-1000, 3. A4}
Colin Co, Komaki, Japan)< ©]-&-3}e] Atk A9
7R Z0gel vEA 79 e el A $F et 3.1 2lA Aol Wt
W 4 Lhd WaE AT S Qe Wy AlA 12577 AT ERAG S ol § dFAT
(plethysmographic)?} et Z4 & F = ik AlA 5, 51w, ARG "t Azl gk vt
(oscillometric pressure sensor)”} U= 7AZ (cuff)E % HZHA3M= <Table 3> 2t} A5l ek A7]9}F 4
8dtal  AAE  (electrocardiogram  (ECG)) A= o 71 A3 gol|A F=2.942, p=064= EAZH o7 F
(clectrode) & % £%9] Huk = o] R the )@ Aolsk Ytk AW tUlAE A3t FFAL
&% (phonocardiograph, PCG) AIXE 7ol 71718 E& AT AFE(p=032) EAH R fol3t o] 7} 1}
Q% 7k 4vl A HlM Eo) RAL B F 108 AE  chgnh IRAR SEIFS APAM-6044)4 AT
S AT BE S AFete] A5} QER W (M=59.65)2 SAHoR Fold HaadAw, e
o E£xof T PAEE B IFES SAALE 938 Ao|7} gtk =425
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Table. 4 Body Composition in Each Group

Varibles Group PRE POST Contrast ANOVA F p %A ES
. BFR 60.44+5.06 59.65+5.29 .032" Group 1.572 220 -1.31 -0.16
“zle(‘:)ht EX 56.79+2.90 56.54+2.89 265 Time 1.646 207 -0.44 -0.09
CON 58.29+6.91 58.61+5.90 427 GxT 2.942 064 0.55 0.05
Skeletal BFR 20.49+1.72 21.031.50 058 Group 1.418 254 2.64 0.31
Muscle EX 19.34£1.61 19.77+1.77 010 Time 4386 043" 222 0.27
Mass (kg) CON 20.11+2.57 19.87+2.25 225 GxT 4.408 018" -1.19 -0.09
Body Fat BFR 36.32+4.46 33.96+5.41 .014; Group .003 .997’ -6.50 -0.53
%) EX 36.08+5.01 34.3145.09 .002 Time 6.491 .015“ -4.91 -0.35
CON 34.47+9.86 35.57+9.11 147 GxT 7.437 .002 3.19 0.11
BFR 25.5242.04 25.03+2.32 035 Group 441 647 -1.92 -0.24
(é ?ﬁz) EX 24.52+1.46 24.40+1.37 229 Time 2.679 1 1(1 -0.49 -0.08
CON 24.70+3.10 24.86+2.98 315 GxT 4232 .022 0.65 0.05
Table. 5 Cardiovascular Responses in Each Group
Varibles Group PRE POST Contrast ANOVA F p %A ES
baPWV BFR 1628.14+200.16 1516.71177.47 0017 Group 922 406 6.8 -0.6
Right EX 1688.57+229.08 1628.14+230.09 085 Time 22064  .001"" 3.6 -0.3
(cm/sec) CON 1543.644293.26 1533.87+314.19 551 GxT 5317 .009™ 0.6 0.0
baPWV BFR 1647.93+234.86 1540.00+226.25 .004™ Group .699 .503 6.5 -0.5
Left EX 1699.00+238.95 1613.50+227.33 .014” Time 12457  .001"" 5.0 -0.4
(cm/sec) CON 1538.80+284.35 1552.73+315.36 619 GxT 4.986 012" 0.9 0.0
ABI BFR 1.18+.09 1.18+.10 791 Group 792 460 0.0 0.0
Right EX 1.20£.09 1.20+.09 932 Time 424 519 0.0 0.0
CON 1.17+.09 1.15+.06 327 GxT 115 892 -1.7 0.2
ABI BFR 1.19+.07 1.19+.08 882 Group 097 757 0.0 0.0
Left EX 1.20+.07 1.17+.09 280 Time 1.138 331 25 0.4
CON 1.15+.06 1.17+.06 402 GxT 1.095 344 1.7 0.3
BFR: combined exercise with blood flow restriction group, EX: combined exercise group
CON : non-exercise control group, %A: percent change, ES: effect size, * p<.05, ** p<.0l, *** p<001

oA F=4.408, p=018%
1%E} ko, UR|AFE A
AP@E} AL (p=.010) SAHOZ 2

. BT ES AFM=19.34)0]
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e BFAG 53eso]l AAdRlEY] A AET a]lEel vAE 9
F=4.986, p=0122 EAH 02 §2]a 2}o|7} el BFR(2.64) vs EX(244))3 &337|(effect size;
QulAZE A7 FAT S5TF AFAT AFS(p=.004),  BFR(0.31) vs EX(0.27))7} B]|&=3 $X]& YEhgo] &
EB38% 25 AP AR (p=014) BAFCR Fofdt @7 T Aae] AR S} vl o] ol R
AolE Btk AR FALEFS BAXCR foi  FS HAFI 9
Aol7b sl &, gRAd EEaEe AR APAT 232 Avrd 25 2GE5E T 41X
(M=1647.93)%l 4] AF(M=1540.00), 5325152 AL o] fo8H S71eld S HolFA|H25], 125 ¥4
AM=1699.00)14 A}F(M=1613.50)0.2 EAHow  WE=Z o] &3 A% A 23]9} 32577 ARE B
FoJetAl ZH4sksiTh ABI-Right9h ABI-Leftol A Al7] &5 A2 3ol M[26] &5 LFolA AATF] 2
oF Ao 7F AsFEoM = BAXCR foek Aok g WistE HolA| gkolt) .
AATE T3 A7) 2 F ZA AR Fofdt 2fo) 7} 919 S 1297 ARAG BT Joat dnk 53
t}. 5 Ad 2% AALE(% body fat)o] EAZ 2 7HA
S Holx e, o] 1257 xS U
o2 3 B3 AFAI 2419 1257 HlEes A
4. =9 [25]9} PR7HA R A Sgo] Fastd o, 1273 &
AlE AT £523)9 3253 BRkeE AIH2e6)E &
of AT oPdmelEol 1253k RAF BT FHTM Aol BAHE Wt yERtA &
I dnt Bebes g o7t AFAIIAEY AA o) B A Anel Aoldt Anprt EeTh
24 Agaaglel] ojud g FA=A el tste] olg)at AAkah A A Wato] tje At B A7
dotr At FAEAL ofoll B ATAT] ot = oA FAH R eI o] f= AW/ HEN $ESE
9] stax} gkt 2 SEAZ = §48lA] 9L <Table. 3>l A g
2 %5 A Ad4ler(maximal heart rate)E 5414
4.1 AAxAgel W3} ulth fA8lei A A% SEHEE Tl A &A=
B oAl 1277re] AFAT 598 Joe] ¥ FASH Aok & 5 vk At AAAS A 24
FA(weight)e} AAZZFAFBMN7F BAHCR fof o AI<Table. 4>4 FAIg 55 k] Abd
A gdastgont dut 35 AT FAAGY B 3 AR WskEH%A) A AT (effect size)7F ENF
FAS} AFBAFE frole Wt JepA] ekt FF AFET gt B2 At Holal 9lo] FHA
olg]3 Ay 12F ok A xlEe] BAMES 3 HFeo] dvt E3es Bl 2 RS e
o] 43 AFLE(AVEE TIHE o ArAI23]e uiaL Uk ol S AHsiw, 23 vl i
1257 a8 5ol EFE(AI+AIS A8t AZ(cufh7t A EFE ATNNA AFez 3915
A4 AZF BMIO Ak A9E Bolovy = E(venous return)®] S FolEolA, A 13
125 3+ g wgl5e] gess o 3 dFolA= k=2 (stroke volume) S 7ASH WHEaL, o] W &%
ST AFY BMIo] WatEs Ho|x| grol £ At Al Al¥tERKcardiac output)S 7] $jdte] Alube
o} tE A3E Yehla th24]. o= 22 125F 7I17F  (heart rate)S T7MA7IE AEAA f-5(cardiac drift)
Ao & A =R1E59] AT BMIE WA 7]7] f3liA o] ¥y o] w7FAlZ(sympathetic nerve system)< T
T oegue A3 23] B 24] AFAE A BESATI]. whEA 2e LAY ERATS
FEE FALS T WHE oo S & 71 gtk A & Fel Hste] ERAS 25 oS AEt
Bodpo) ] 1257k duk Behe-s Avke] AL =L 58 Fdste E3UF vERA "9l
(skeletal muscle mass)< EAHSZ FolsHA F71s)
o diAs Bges Jiy ARG E 7o 4.2 X183 a9le] W3}
3 W3yt A ekskt), exut dFA% B B ool 1257 dFA3 Bes due o8
T ANEERE 1R AR AR WSEH %A F3) 9%9] Aol E WukE S (ba PWV)7F BAH L
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