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Effects of Low Intensity Combined Exercise Training
with Blood Flow Restriction on Body Composition and
Cardiovascular Responses in Eldedy 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,
%pbody 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. M2 Ao 22 Ak &5 A FdHE A 13 2]
o] (muscle hypertrophy)ell 523k gk u|x]=H|[10],
ks g olgEEe] dnAger st wre Brel FAE TN &% Furt wede
W, 2, o 2Ea A8 Al 729 Tlsele 4% 249 1¥e] B9EEE 1 o= R} Agte] H
& WAA] = E A A o WA of AlESke] o] AMdo] Ho] g AT
tolg Eolztel webd Soluedl ol IS (muscle  afferent)e]  3EHAS M vVEel
(hypertension)& 3 tFg ADAAS] o] (chemosensitive group III and 1V) zH-o] oA 24
(abnormalities)?t F¥HAA7} =TH2]. o2l ALAA  § o] HYo] HrH11]. o]d A BY AR
o] weste] ub Wah= Wute] HE 2 TSl @A gRAe A SE(12, 13] AFA AR &
S A Husiaa dake] o] ddue] Aol (14, 151 BaiA] Sl of 28] F71E o] R,
o] HEdl o]® lske] Ao wid) (284 Yl AT FFAS A7)9% Fo] WY T (arterial
et Aol 71se] "olx] AHE (cardiac output)  compliance)oll A< S Fo[16] A AF
o] oI5 A 7IeER FEol A3 3 AsteE Fof FATIAAAA (vascular endothelial
=315 SF B2 AdyAY WEge] stue @30l growth factor (VEGF)7} Z7Fstdom[17] 9|7t 8
e W A o2 Qlate] £57] Aol st FAS AYLE Fo Y 7] (microvascular
Al Hof o]i= 654 o] o] w2159 90% FHEE P function)o] FFHO[18] AAE FFA G T 418
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Ae E3-$5 1% (combined exercise with blood
flow restriction group(BFR)) 143} Iyl 2eto-5% 7
+(combined exercise group(EX)) 14% 18] %<
Folshr] era duk AES gt AT (non-exercise
control group(CON)) 1590] B& AFIAE H71stS
oh B ATE Aot AEEE9ds]e] S$Rl(He:
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Table 1. Subject Characteristics

Age Height Weight
Grou
b (v13) (cm) (ke)

BFR

7942, .90+3. 4445,
(N=14) 71.79+2.64 153.90+3.98 60.44+5.06
EX 71.86+4.03 152.79+3.62 56.79+2.90
(N=14) . . . . . .
CON

A3£2. .00+£5. 29+6.
(N=15) 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

PN
T
S5 Es Fg el ojn st o

F(POST)ell Z743to] 4185

+SAZ % (Borg Rating of Perceived Exertion
(RPE) Scale (range: 6 - 20)[19]2 11-14 AEE
AteE SIHAL &% WEE F 33, % AR g
A 45~60T 02 A ATH20]. 2 Aol M A
4= 538 Z2 YL <Table 2>9} ). F¢7]
5 A o4 A] AEH4 (Resting heart rate(HRrest)
% #34J¥H (Maximal heart rate(HRmax)=
Ne-EA7] (Fitbit Charge, Fitbit Inc, San Francisco,
CA, USA)E o]&3dto] S4HUAL <Table 3>3 2t}
& ATl AR AEHSA V)= Wang 50 AA
21] AAES A= FyASF gro] 0.84%2 LEET

JEE VIAEA Aol &9 A9 WS AoR Soph: AU AFE
71 flate] oS ARAS S det Ak B3 Agkelr] I8t 712221004 o] 4E o R A
S el BAYROE ARAUIL AT WA QL 95} 9] JH 95 ol Sem A9 AZE A
AzA3 AdaAeonS A37|17H125) APRE)T %S A6t
Table 2. Combined Exercise Training Program
Procedure Weeks Exercise DzInitri‘)m lrg:;]s;;y
Warm up 1-12 Stretching 10-15 min 7-9
1-12 Acrobic Walking and Knee Up 1520 min 11-14
Training
Main Weight Quarter Squats, Wall Push-up
exercise Training Mini Squat 30°, Stand on One Leg .
112 (Body Weight Stand on two feet with Closed-Eyes 10-15 min H-14
Based) Leg Raise, Core Exercise
Cool 12 Slow-walking 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
78.0 74.1 73.7 76.7 733 76.7 73.7 74.1 78.4 75.4 759 73.7
BFR HR + + + + + + + + + + + +
Rest 7.8 10.1 10.1 9.2 59 10.6 10.6 7.7 72 9.0 7.7 9.5
(rep/m 72.9 78.0 78.9 74.1 75.9 75.4 69.9 73.7 759 75.0 76.3 68.6
EX in) + + + + + + + + + + + +
9.7 10.3 8.1 8.7 10.7 11.0 6.9 6.0 6.1 7.7 7.6 6.5
2 133 327 149 453 439 155 265 .870 317 .894 .883 108
106.2 102.4 103.0 100.7 101.0 104.1 96.4 99.8 101.8 104.4 96.2 100.6
BFR HR + + + + + + + + + + + +
Max 39 7.0 6.0 10.1 6.8 11.9 8.0 7.4 6.9 4.4 4.6 5.4
(re.p/m 99.5 101.3 98.6 96.1 103.1 92.6 96.85 102.4 100.4 101.5 100.0 97.3
EX in) + + + + + + + + £ £ £ +
4.1 7.0 3.7 52 6.6 7.5 7.7 5.1 4.1 4.8 5.6 6.7
P 0017 659 028" 1146 430 0057 914 275 521 108 063 1160
BFR: combined exercise with blood flow restriction group, EX: combined exercise group, * p<.05, ** p<.01, *** p<.001
2.3.3 MH|=M 2.4, Xt=2x2|
A 2 (A, 25 AAE, AR EFAT) B ATE ARESARe AUty 448 A6
< A7 (Inbody 770, Biospace, Seoul, South  $]3}] One-way ANOVAE AR&-3l0] BE wl9] AlA
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2.3.4 MOAEQl SUMHAE

AFehdbE Wbl &% (brachial ankle pulse wave
velocity(baPWV))9} &= ¥2%  (Ankle brachial
index(ABI)) 742 W43t g2 ¥ (VP-1000,
Colin Co, Komaki, Japan)< ©]-&3l 43130k A8
AL 2ol vi2A F9 A oA S g
I G dEe Wgs S £ e W5k A4
(plethysmographic)?t Ests 54 & F A& = A4
(oscillometric pressure sensor)”} = A (cuff)E 2t
43lal AZAE  (electrocardiogram  (ECG)) Z=
(electrode) S Y% &o] wWul M= 3o 23 of&

&% (phonocardiograph, PCG) AX & Aol 717k

2 71 AW A A Zo] RS d & 108 A%
& A Ty FH S Al A% e 2 v
3 SEo 5 FAEE EAqr.
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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
thi’g%ht EX 56.79+2.90 56.54+2.89 265 Time 1.646 207 -0.44 -0.09
CON 58.29+6.91 58.6145.90 427 GxT 2.942 064 0.55 0.05
Skeletal BFR 20.49+1.72 21.03+1.50 058 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° 491 -0.35
CON 34.47+9.86 35.5749.11 147 GxT 7437 .002 3.19 0.11
BFR 25.5242.04 25.03+2.32 035" Group 441 647 -1.92 -0.24
(kBg/l\ﬂz) EX 24.52+1.46 24.40+1.37 229 Time 2.679 110 -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 1516.71177.47 001 Group 922 406 -6.8 0.6
Right EX 1688.57£229.08 1628.14+230.09 085 Time 22064 0017 3.6 0.3
(cm/sec) CON 1543.64+293.26 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 .0017" 5.0 0.4
(cm/sec) CON 1538.80£284.35 1552.73+315.36 619 GxT 4.986 012 0.9 0.0
BFR 1.18+.09 1.18+.10 791 Group 792 460 0.0 0.0
Q};}it 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
BFR 1.19+.07 1.19+.08 882 Group 097 757 0.0 0.0
’Efé 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

A719F Ak 7F 45 Zgol A F=4.408, p=018%
AMo® frolgh Afo|7b vElyton, oiuzE A3
BT AP AR (p=010) BAH SR o]

HIL O
@ Aol7k vhehuleh. B ES ARIM=19.34)c]
A ARFM=19.77)2 BAHeR FolatA F7tetaA
ok U2 aFES BAHCR o3 o)zt ¢iitk Al
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