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Effect of low-intensity resistance training with blood flow restriction
on serum VEGF level, bone markers and bone mineral density
in elderly women

Soo-been Park!, Jin-seok Lee?, Ji-young Ahn', Wang-kuk Son'!, & Sung-jin Yoon'*
*Korea University & *Korea Institute of Sports Science

[Purpose] The purpose of this study was to investigate the effects of low-intensity resistance
training with blood flow restriction on serum VEGF, bone markers and bone mineral density in elderly
women. [Methods] The subjects were divided into three groups: low-intensity resistance training with
blood flow restriction(BFR-LRT, n=8); high intensity resistance training(HRT, n=8); low- intensity
resistance training (LRT, n=5). Both the BFR-LRT and LRT groups worked out knee extension and leg
curl exercises at 20% of each estimated one-repetition maximum(1RM) and HRT group worked out knee
extension and leg curl exercises at 70% of each estimated 1IRM 3 days per week for 12 weeks.
[Results] As a result after 12 weeks, serum VEGF level have increased significantly among BFR-LRT
group compared to HRT and LRT groups. Serum Bone ALP level have increased significantly among
BFR-LRT and HRT groups compared to LRT group. Calcaneus BMD have increased significantly among
BFR-LRT and HRT groups compared to LRT group. [Conclusions] In conclusion, despite using
low-intensity load, BFR-LRT is a efficient training alternative to HRT for improving bone metabolism in
older women.

Key words: Blood flow restriction training, Low - intensity resistance training, Bone marker, VEGF, Bone
mineral density
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Ao 2 Z2ZA E(osteoblast)e] EAJo] ZraEe], F
&< (bone resorption) &t = @4 (bone formation) =
o] Bda st %] fastA Eth(Jilka et
al., 1992 Riggs et al., 1998).

o] AT e 239 /A4 B S7H A9t
Al whio g 28 Edoldo] AAHAF(Kohrt &
Jankowski, 2004; Lester et al., 2009: Mosti et al.,
2013; Yamazaki et al., 2004). A& Fol| A= SthA
o} 28 Egolde &% Zre #Hste, 17E 2
Egoldo] AT <8 Efold it ZtiAl 7§
o] g3 ol W o]ty B 1389 tH(Vincent & Braith,
2002). 18y 257 289 A7t dehte =2l
Ao A 17E 28 Edolde] AAe =44 ¢
& 4% 29 4 I vh(Miyachi, 20135 Okamoto
et al., 2009; Pollock et al., 1991). B}t A Fol|l &=
olg|gt 1 E 28 Ego|d o] W& Bsly] ¢lgh
Hoz HFAI A= 28 Edo|d(blood flow
restriction training) & A S 7A 3 Edo|y
< 7Kt Eglo]dolgte & B E AHEEW Ao
g A 948 AZE FEatu TN RE
@'ﬁixﬂfﬂfﬂ%@”/\]OP +F FH = dFRAG A%
28 Edo]d A 2
™ (Downs et al., 2014, Karabulut et al., 2011b;
Takada et al., 2012; Tanimoto et al., 2005), ©]] m
E AW =224 A4t (hypoxia) 785 2/ddt] 2
Abe] A1 e Al AEYAE FY Ao BN
ZHg 2 28 JRde] A ZoE HuEi
(You, Park & Yoon, 2008: Abe et al., 2005:

Karabulut et al., 2010: Takarada et al., 2000). &3k
e 28 Efelde A8 75 23449l &5
A £4e ou 2 9o

28 & 9o (Miyachi et al., 2003:
Okamoto et al., 2009; Pollock et al., 1991), o]<} A

fo Kl e r&i

WA ARAD ARE 29 Edolde BT &4
o gFol glov, ode AL Husgn

(Shimizu et al., 2016: Yasuda et al., 2014).

A e AW T2A Arth S frddhe Ed
ojgol ujrte] fAel® G2 = F e 7Feol
A A= At (Loenneke et al., 2012b). o]} #H&st
AP AT = ALt S7do] = FHd| AA|g 2EA

¥ W Hypoxia inducible transcriptional factor (HIF)
pathwaye €4 8HA17]13 o] 2 Qe HIFS] 3911kl
A2 VEGF-AQ] T o] F7lele], ZEAH X o
VEGF-A 8412 &3l & 39 nAdad Iz & 24
] A AHS F3AIA 22AE gl A4 48
FE Ao Z YePtH(Schipani et al., 2009). E3
Jacobsen et al.(2008)2 5% 2% & %3l VEGE7}
A oo Do Fadt 9o, 0 £ =
TT A9 dF VEGF FTo| e HFFo N
(Senel et al., 2013), VEGF 5% S7t= & Al 1A
o #AY F s F5 OM ot
Larkin et al.(2012)& &< @4 W7
407 BEAA 43 dRAGS 2H E
B3l RAG AN DA VEGE 2de 2712
oletsi o™, Shimizu et al.(2016)2] AT E =2
O AT GFRAG AR E 28 EYoldS 4
oto] ERAIg 22| el A Eglold 1 Bt EY
o &% VEGF 5%/} f2lab 27h8< 2l
HYATEE F 2 ), ARAF 22 2ol
g AU Ak S fFEAA VEGRS 718 59
44 Ao 244 9TE )d Aew BuE,
22 FRAS Edlo T BulAle) BAE sl A
& 5o ARAT A E Aabish DA Bo] i
VEGFe] B8 & HESA @ om (Beekley, Sato, &
Abe, 2005: Karabulut et al., 2011a; Kim et al.,
2012), oW wWAYFoZ A} A=A 9
SalA] ¢ AR ot} o]d, wAE 2 Ego|ds 4
A7) el 9 H, & & aFo] F 18l A F
A AZE 24 Efold BAx = A4 28
Ao 2 FYAE NAAZ
ATe =9 A4S e g 12573 dRA AZ:
<8 Eglo|d 3 17 3
o] 8% VEGF s %, At A& 3 U= |4
Fe U AETORN =l oo &
Pdeta E649 &5 T2
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of perceived exertion)

1) MHAZ
AAAZS B AT A% T47] (Inbody 430,
Biospace Co., Korea)<t 217 A 25 471 (BSM
330, Biospace Co., Korea) & AH&-3te] AA W&, 25
&, 217, A% % BMIE 5735t Table 1).

2) ZciZ3 (one-repetition maximum)
Efold 717 F Aol 28 &5 A=d AFs]
A3l F 48]l AA 574 dolE Al (Leg extension/
curl machine, Body—X, Korea)= AH&3lo] 8 S
A5ttt tiE dwfer IR Ay 28 S
327 DAY S etate] M S A o] &3t

o s AEFG o, 4E BT 24 AAE he

e
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Table 1. Characteristics of participants

Age Height Body BMI

Gowp  (yrs)  (om)  masske)  (ke/m?)
BFR-LRT 78.63 15345 58.53 24.88
(n=3) +6.97 +4.93 +0.40 +4.15
HRT 78.38 149.11 55.41 24.73
(n=8) +6.93 +6.22 +9.90 +4.60
LRT 78.20 154.60 59.86 25.26
(n=5) +4.49 +4.11 +8.47 +3.65

Values are mean+SD

BMI: Body mass index

BFR-LRT: Blood flow restriction low intensity resistance training
HRT: High intensity resistance training

LRT: Low intensity resistance training

2t} (Brzycki, 1993).

IRM 7H &7 24
= £0] &8 7/(1.0278- ({H5315x0.0278))

3) =21t 22T &d (measuring quantitative
ultrasound densitometry)

UL S AT Y5 o8l 253 UE 537
(Sonost—3000, Osteosis, Korea)E AH-3l4 T-score®
AT Toscores 312 79| ) = 22 v wsto]
ApAle] 7 Fol o = A= Fhaso] Sl A E At
et} Sk thadt 2ot AT AE S oAt o
S T2 F9191 % FF (calcaneus) ol 25IAS 1F
H v23 770 34 795 SRES st old
Z74¥ BUA(Broadband ultrasound attenuation)$t
SOS(Speed of sound)?] @2 %3 BQL(Bone quality
index) & A4kt o] #& Bl T-scored AT
(Das et al., 2016: Dev et al., 2016).

4)H ZA
ol BAE 9k A AP (07)F ARE(12F) el
AAEH T, R A 1287 388 §4%8 & 2
Aol H8 5 AAlatlon, AE SA] 1583 4l 22
g B3l Aoz st -80°Cel|lM EastHTt A E
3 gl MZZ EY 2 dF VEGF, Bone ALP(Bone

Alkaline Phosphatase), CTX(C-Telopeptide of type I
collagen) & w439t w4 WHS o3 20, g%
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VEGF+ Human VEGF Quantikine kit(R&D, USA)
£ AHE-3lo] Enzyme-linked immunosorbent assay®
235199 th. 8% Bone ALP F%=+ Access Ostase
(Beckman Coulter, USA)E AH-319) Chemiluminescent
g3 CTXY T&ve p-
Ab-g-3tod]

Electrochemiluminescence Immunoassay = 2151t}

immunoassay® #4138t}

CrossLaps/serum(Roche,  Germany)Z

23 Edjoly Z2oy

+ 33] Leg extensionZ}
]"]16‘ AAd Az =
. o] ATl
A=) Eﬂﬁ Edfold Hd
E(253]/208]/153)),
B HRT o] 1RM¢] 70%, 3Al
89’4/8§]/8ﬂ AZE 249 Egold H(LRT)®]
1RM®] 20%, 3AIE(253]/203]/153] )™, F2A|7H
A|E ZF 30%, Leg extension?} Leg curl Alel& 182
A7 et th(Karabulut et al., 2010; Yasuda et al.,
2014). 28 Ego|d e W& 5 A4 s &
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o18}7] 98l Leg extension®} Leg curl +% A3 &%
AHF % (rating of perceived exertion)& 743t

1257t 28 Efold 203 &2 FRA%
A= 29 Efold I T (BFR-LRT)°| 94. 9%, A=
=8 Efold A9(HRT)] 93.6%, AXE &8

¥ FHTH(LRT)o] 93.4%°]t}.
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FAG A4 29 Egold J&(BFR-LRT)<
KAATSU GLOBAL AFe] d7A1g 28 Edold A+
WEE ol A=At ol 1 HoH, &5 A 9
Aol Aok AAZ B T Ao R 7% 24T
T AUe F 50mme] 4 A4 AZ(Kaatsu-master,
Sato Sports Plaza, Tokyo, Japan)S % 3}A] =<4
&R it 371 Zr%‘ A Az 27 g
40mmHgE 4 o}oﬂ“/} O3 A% Al o 7)Ee
$%7] @94 (120mmHg) T2 948e 7HA A=

(]

YA F 3023t FAISkL B71E A AR o9
= 20mmHg¥ 7= f5 A es &
g3l -2

S
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extensionZ} Leg curl Ato]€] F2] Al A2 3715 A A
AT e T TR $ A AxY F71E AA o3
tH(Karabulut et al., 2011a,b). =4 713t 5 TErXﬂ Els
AZE 28 EoYH{H(BFR-LRT)S tldAtelA

S8 Fo AZ ¢HL 1453 173.06£8.22mmHeg, 5—8
T2} 224.79+21 .26mmHg, 9-125F2F 275.6619.32mmHg
olal 13] Edglolyd Al Hi AZ HF AR 531.29
+59.6z0|t},

=X 2

o] AFofA dojr RE z2FE SPSS Ver. 22.0
(SPSS Inc., Chicago, USA)Z&2 18-S o]-&a}o] 3
T EEHAR AT Edold JiT) 34 Al
(05, 125) 9] Wsld] m2 Aol & T4

gk vkE-=2 W28 (mixed repeated anova) 2 -85}
Aot 24 e 5 A% (rpe) X}O] AR

L o)
— E’
(one~way anova)< 483ttt AREAS-E Bonferroni

€ AAskith. A4 fre —’FZF%a— 052 A%3l3l

2}

8% VEGF s=dA A - ok 2ke] wsahg-
velgton (df=2, f=4.711, P=.023), A& u}
Fa9E gl thH(P=.047). @74 A= &
Egold HHBFR-LRT)S VEGF7} AR %} v
o folaA S7REIGTHP=.004). 24%= &8 Ed
ol A(HRT), AZ%E 28 Efolyd JHLRT) 9
VEGF& A3 vlwate] frofeh syt JehA] &



att. RAG A= 28 Efeld HHE(BFR-
LRT)Y VEGFE 224 % 28 Edo|y I (HRT)H
Hlwate]  folstA  FUFeAtHdf=1, =11.795,
P=.004){Fig. 1).
S= Bone ALP % CTX sk HiS|
8% Bone ALP s=ollX A3} He 7He] meahg
o] Vebyton (df=2, f=4.308, P= 030) Aol w2
| 7 \
Pre
550 . o
= 450
£
g
350
]
>
e
BFR LRT HRT LRT

Fig. 1. Comparison of change in serum VEGF level

BFR-LRT: Blood flow restriction low intensity resistance training
HRT: High intensity resistance training

LRT: Low intensity resistance training

* Pre vs Post, # BFR-LRT vs HRT, {BFR-LRT vs LRT, P <.05

Table 2. Changes in serum bone marker
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A(BFR-LRT), x1 te 28 Efoly
(LRD#  Hlwst]  f<fsHl %ﬂﬂﬁi‘:‘r(df
2345 P=.000: df=1, f=10.784, P=.007).

Tl A AT F e 7he] ﬂsﬂ&ol VA
%1 (df 2, f=.553, P=.585), dFA A=
Edold FetolM Az} Hllo}oi ApSol| Zhaeh
&S HATHP=.070)(Table 2).

OiJﬁiﬁom

2= (t-score) H3}

=]

o (df=2, f=4.139, P=.
gelatglth(P=.000). @%xﬂf‘a A
HAH(BFR-LRT), 4%
T-scorecl| A& AP} vlmate] frelshA 571 8k
(P=.006: P=.002). 1% %

o] T-scores FAI A=
-LRT), A= &8 Edlo]d {
3 Z7kkaTH(dr=1, f:39.o51, P=.000: df=

S(LRT)  Hlwste] el shA
=13.124, P=.001){Fig. 2).

Variable Group Pre Post Sig.
BFR-LRT(1=8) 15.60+5.90 16.8144.68% G 748
BO(“; g/’?)LP HRT(n=8) 13.36+3.43 15.8042.784§ T 001*
LRT(n=5) 14.3446.94 14.48+637 GXT 030
BFR-LRT(1=8) 038£0.21 0.310.16 G 813
(ncg%) HRT(n=8) 044023 0.3520.19 T 091
LRT(n=5) 0.42:0.24 0.41£0.22 GXT 585

BFR-LRT: Blood flow restriction low intensity resistance training

HRT: High intensity resistance training

LRT: Low intensity resistance training

* :Pre vs Post, # :BFR-LRT vs HRT, 1 :BFR-LRT vs LRT,
§ :HRT vs LRT, P<.05
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BFR-LRT HRT LRT
0 Pre
jann man man  ge=[0
2
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w
"o-25
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Fig. 2. Comparison of change in T—score

BFR-LRT: Blood flow restriction low intensity resistance training
HRT: High intensity resistance training

LRT: Low intensity resistance training

* Pre vs Post, # BFR-LRT vs HRT, 1BFR-LRT vs LRT, P <.05
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Bt 2t 25 K= (rpe) B3
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Table 3. Comparison of difference in rating of perceived exertion

& kel 7k Yebgth(P=.000). A= 28 Ed

AHRD) S 174% 28 Edold FHHRDZ £9

& 2po] 7k vebttH(P=.000). /AT A= 28 E

#eld @E‘r BFR- LRT)& AZ= ?"a Edold At
3).

rie

9,]

B d7da e 29 Egoldo] StAl A &3
A9l whgolglal AAsIH oM (Kohrt & Jankowski,
2004; Lester et al., 2009; Mosti, Kaehler, Stunes,
Hoff, & Syversen, 2013; Yamazaki, Ichimura,
Iwamoto, Takeda, & Toyama, 2004), = 17 %= &
Edlojdo] 4= 2 Ego|dHtt SoiAt iAo &
A olgkar AABFAH Vincent & Braith, 2002). =L
vt 25 289 At vehte =91 oA 1
701-_11:_ :a] Egﬂo]u_/] N/\] 2;<].;<Jo =. _:_7:]7;” _4
Aol glo] dHdHoz Al Tzt Aot
(Miyachi, 2013:; Okamoto, Masuhara, & Ikuta,
2009; Pollock et al., 1991).

olg gt 1E 28 Edold9 A Eeatr] 9
3 o] AFM = RAG AZE <8 Edold
ottt RAIG A4 e 29 Eoly
A Ak 3473 & 24J8kaL HIF (Hypoxia inducible factor)
o] W& F8] VEGF(Vascular Endothelial Growth
Factor) & 7171 Aoz 48X tH(Drummond et
al., 2008; Larkin et al., 2012).

Variable Group Leg extension Leg curl
BFR-LRT(n=g) 14.48+0.38 14.77+0.30
RPE HRT(n=38) 15.22+40.45#§ 15.70+0.43#§
LRT(n=5) 13.90+0.39 14.3240.12

RPE: Rating of perceived exertion

BFR-LRT: Blood flow restriction low intensity resistance training
HRT: High intensity resistance training

LRT: Low intensity resistance training

# BFR-LRT vs HRT, § HRT vs LRT, P<.05
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AeAw o) g Fal LR ANE A% UHoR A%
A 28 Efoldo] tiAE & dvtu AzE ¢
Karabulut et al. (2011a)¢] dTolA= 6572t A%
29 JAL Ao s dFAE AUE 28 Efo
(BFR-LRT)= AAlste] Edold $A4] & U= <
@ Wabk et gol o] AF% ol 242 ug
3 = %

of, o f

t}. o] Ao M= 125 A7 SA) 717+ B8 = 2
A Zo]l 2 9 S o s UL A S Folst
?‘E} e IUE 7HH < % 2 %'%zﬂf& 1 Je 28

—r7h: R Ea]]o]u xlr/}

1o T H

OM oE T ﬁ%ﬂﬂ‘r B RP %— LRSS o]oﬂ
oF %

1;2—4@—2—%%614% ,xz
ol Ao A ERAG A= 28 Edeldel A=
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