CREMAL ML)  Chinese Journal of Tissue Engineering Research

caems ot

MRENGR3 hEF AR EERF SIS

BB, F % HTSH, 2EmW, £, kER, P M@ RFRET FREGREFAL TS, ERT  400715)

DOI:10.3969/j.issn.2095-4344.2690 ORCID: 0000-0001-8540-0000(;&* #)

SCE IR IS

X EHiR—

(L) Am B 5 42 Ao §i 4537 FLEE ) BB 2K (2)im1_£1ﬂlf§mn#&ﬁad ﬁm"m AR FH TR
RETZEANABIAF, 5T WG M7, RBEZHRS, AATRIEHHY, T
wP%i/\ij%%:ﬁ ;é-f.\%Jz&sg— ?ii%%/\“"‘)ﬁ%*\ k—f’r""ﬁ)ﬁﬁﬂ:&ﬁﬁ]

AEZ
v
AE B TR AL TJ‘FP%EAHILW AL

FRHE
Sy ibE N

ERREM
HIZHYIEN

NEN R i Bﬁﬂﬂl"] RIS ?E?‘l‘ﬁ"
B3N e (13
SCRERE X :

IENZ(KAASTU Training): & BT im g0 s, M 2 s 8 N i iz s, meeikss)
kGt E R g s AR AR s sh AR, HarsUR A/ SOREE . e R A

ANAIEBE(Muscle Fitness): & FEHLAMK SENL AR s RANXT BUBH 14k FF SRz sh e 71, 05 RINILA
HEGNA 7, RIFFINRE R T4 MR IER ZH . dATHEIES. RS AERa EEE .

HE
B WEIGEA LGNz s ol LUk B 546 5t s sk BT BLE sh M 2 R, #Omiia =k iz
N SERAAE . Bl g, By BEESATUR, (NI 25t i 24 A HLAE RERLI G 5< 1 R 6 UL .
BAg: @I E A AN RIS R A NLIPGE R AT 28R, 33— D R S B E IR VI ZRAE 2 42 Nig
B e, SERE RAE N, NS N2 e 2012 8 7 PR 2

ik WIMIEE 2019 4F 10 H, 4% Elsevier. PubMed. Springer. 4E3 i Sc IR S & . CNKI
SCHOREELE (R SCEREHE R DA K BB AR SCIR B, R R A IR ISR, MRBR H] . VLIPS BE & 1) o 93¢
SCHR, AR TT T A LA RN, X KT SR AT I i
HRE50. ONEL G/ rigshaesa 3dem 2 E NS, WFF i 2E AN E4E 5 E
mRaE s @B &/ M igshfeh sdem PR, ARFRDZaifif, fRekimmE: @K
W2 E N T Ermaka, W FESCEEENT RGNS B %EERRIIMER: OB TS
BEYNZE, IENZREA S, ORI RS, EASWPEFENET.

K§EAE:

TN MRS PEFEN: WIRERE: WL WIAE: WIKZESG: Gk FEZ
FEH2S: R455; R318; [R875)]

E&E:

BT B AR (C201811), A G FENA: B

HRREIE:

& 4 E 7. mammalian target of rapamycine, mTOR

KAASTU training for muscle fithess in the middle-aged and elderly adults: effects
and strengths

Zhao Jing, Yin Lian, Lei Xuemei, Li Miaomiao, Wang Kun, Zhang Tingran, Luo Jiong (Research Centre for
Exercise Detoxification, College of Physical Education, Southwest University, Chongging 400715, China)

Abstract

BACKGROUND: KAASTU training combined with low-load exercise can achieve the same effect as traditional
high intensity resistance exercise. Therefore, it has been widely used in competitive sports, sports fitness,
medical rehabilitation and other fields in recent years. However, there are few comments on the effects of
KAASTU training on muscle fitness of the middle-aged and elderly adults.

OBJECTIVE: To further explain and verify the safety, practicability and convenience of KAASTU training in the
middle-aged and elderly adults exercise through a comprehensive review of the muscle fitness of middle-aged
and elderly adults, and to provide scientific suggestions for the middle-aged and elderly adults to choose a
safe and effective exercise.

METHODS: Up to October 2019, Elsevier, PubMed, Springer, VIP, CNKI and Taiwan Academic Literature
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Database were searched for Chinese and English literature about KAASTU training, blood flow restriction, and muscle. Corresponding
selection criteria was established according to the needs of the study, followed by literature screening.

RESULTS AND CONCLUSION: KAASTU training combined with low-load exercise can effectively increase the muscle mass of the
middle-aged and elderly adults, and has a positive effect on the prevention of muscle atrophy in the middle-aged and elderly adults. KAASTU
training combined with low-load exercise can effectively improve the muscle strength of the lower extremities, which is beneficial to reduce
exercise injury and improve the quality of life. KAASTU training has positive effects on bone health of the middle-aged and elderly adults,
improves osteoporosis and increases bone mineral density of the older adults. Compared with traditional resistance training, KAASTU training
is characterized by lower load and better effect. Therefore, KAASTU training is easier to be accepted by the middle-aged and elderly adults.
Key words: KAASTU training; blood flow restriction; middle-aged and elderly adults; muscle fitness; muscle strength; muscle mass; muscle

atrophy; bone health; bone mineral density
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0 3|= Introduction

WU IE fE RARIE FE 0 E 2L 5, BB AN ER
HRHARAEBHEEZREY ARILRSEAL I ILE20-25
Y, MEEZHH TR, 48136050, LA AZHHR
KARJE I R Ak, APZILA ARG M fEiRL, B
LR & Ao ILEF 4 5 AR Ao UL 1) 0%, 0 S 84 KU 38 e, 3%
s 7| e AR AL KheE TP, AR A TRA T
%eitdEml, 20504665 % A EA B4R iE2012P, Ek
Yot R B o AR E BT E &,

B BT AT 4m, HoFL| %2 AL UL A 18 48 A 289 7
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K, LIRGHARIS L3 A5 R, R B S
HIE S 3 A, FAT R ARAE S, 2iL00%4E
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K A a3t T2 2 3% EA40 % (Kot 8 h 90 2)0,
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AL BB T, SFEL P RZ ALY g6 P A,
B K B AN PR B E TR A IR 64 KT,
AT b HEANGEBEIRA, PURT G Rk ARZ & A AT
WM A%, mmEIN AR ES S RFTHRIE
W, e B kAL GG A AR AR I ANLA A
&, HAUE LA 20%1RME 5% B 45 Ao R, #hALIA S
EMANERY, FATFRIREX TRATE A%, B
HHAMR TS A FTAE T Y REHTMLY, o
SR %5 & 5% B 35 S A Kl e J- A LA 3E AR K
R, B EARE B i A% RS, Eafd L
AT T R AL 0 %oy KM,
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SR SR FRITILA A0 A AL, vA B e R 4P 2
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1 #E#FNA3%  Data and methods
1.1 HBRRE HARMEAGIKRKIEE L Z R
Elsevier. PubMed. Springer. %%+ S 7|k 4-F & .
CNKI ¥ & o LRI R AR G 7B F Rk
A5, 4F20194F10 A vA AT IR 49 FTH AR 7, 2R A
RIZEE KL KA T RA DR, AR F
FHEAL ILRERE. FAEE. Ao R GAUE] . PLAE%,
BT R 69 3% 3% 42485 “Kaastu training . blood flow
restriction. older men. muscle fithess”.
1.2 @GR

XA ZEERE O L5 AR GHE4 X 69 Ldk; @
S XA AT % R AR g Lk, QL FEHEA
LR AE . S & 5 AR X 6 Lak; @FFRL AR 49
wk. REREHELTE;

XAtHtER R O5Z AR B 691X b Ak HER
QF F MR AR,
1.3 NENEHEZRRIFE ARBLRLBAT A, HATiL
89 FF R LARAR BB A7 K 5 SRR 8 [ 5 LARIEHE 5
BATAEN H 1-5K. FrA LaK69iEE F RS Bk it 48
X, IEEOFRABHARBAT AR B EGEE, A
BRI F ik A e AR T . R 5 IERSF
B R AT B % (randomized controlled trials, RCT)
# Z GobE Sk B R (systematic review), RAKIEIEF R
HAEREN., BRFETABRIRAELTHEANTHTRE
$ERITIL, PR 69 Lk se b BAE R AT HAT IR 4% 4,
SR ER ARG S FRAKS, BT B3NS RFH S,
A S8 kAT T A R IR, RERFZAR
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1.4 HIERERER ik ih ik iz @ ILEL.
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2 R Results

2.1 NMEIGSEHRERELZRE B A+ Satofs 564 B¢
KU PP IR 4G B 58 5 S| % LR AR Bh UK 45 5 A 84
Bt AL, TR HATIEAN G H, IR1973F 44 % %
PR A IR & FFRACI % 7 %, T 1983F#4 st IR £ 7]
FAR; 20034384 b #7 69 bk & 7 (KAATSU Master), 76
AR A B R, D4R e R RN, eE
I % (KAASTU training) & £ BAR L 3% 45 L JE 7 7 VA TR
)3 0 UL ) fn 3R, FF4E A D T AT B AL FELAE Bh AT 4,
AR 2564 B 69 R 38 o PR R, B B AR AR A
“ 7 FR 4191 %7 (blood flower restruction, BFR)™ 8,
Bl AT B Sh b AT A Y| SBT3 AT — AR 4% %) £ 20%-50%
1RMSE B A 49 1% 7 7T A5 5, 454683 m R 3E T vAfZ
B 54553 RATFL A B IR I LA 5 LA £ 69 £
209 g kR b2 E R TEHELD FH
&P 515 B A AR AR P, X AAEE T AR
Y LR 4RI LR IE 48 89 RAF ) —BOAT . AR R T
JED 45T AT AR K BORAAT, 2B 36Am 71 57 KA B AR 1T
—ZCE, BRI LB SR R e e, B
A RN G T FABET LA LB LT A /EL
LA AR T L) FRBEMRAEZS T, £
R TFIAFILR B GIRIABE LIS, P %
A HEAT I B 45K $E4T10-20 miniE 3)3% A 45%
1% s % R,10%-30%1RM /) &) %4, 2A18 Bk 430 s-
3min, & B #472-5k, F4:6-12/7, mE/E H M <1.3
AZ I 4% /5 (140-200 mm HgZ ], *TIR¥E % 3 K3 2%
KRIGA), 37T VA S 38 o o 2 SR AU VAR IEARGE B A

47, 2427
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TINFRLEND: ZRAEEN S6 #H: S6K1
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2RI L LR ZARgroup 11, [TIHEAAP R4 %,
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BT R Z B RS B Z AR, AR g
AT ik A R ERY, Rl AR E 0 ik AR
FFRE i e By AR A KB F1(GF-1), M iy 2 Af A KB T
1S TARHE A KBk, XA & st LK A KA
Bk A B, Ao R 6 LR B AR BR IR AR
O ER AR B R 2msrer st w
EgE SRR R EAR K. AR %5 ARG KSR S
AR H AR EFZ G (HSP-72) 5 — &b R 4 w85
(NOS-1)12 &8> Stz 12 mfn s LA e k., AR5
B I T2 M2 A 8 o LA B & R K BR3P
M, BT ME LR ILR Z4 5| AR ILAZE RS
AT M, FipslmpeAs, dmsy nEas®, x
W E TR GAINNERL RO EEZR %,
222 AP 448353 4B HennemanLLF 4
AEB IR, type ll ILAF 40 A & Ftype [ LA 4, )
RATE A% Htype | ILEF 4, 5 R Kt i
type [T L4 4. Bk, MAZ S GAARLEMA, typell
UEF 2 o S TP 4EARAE D, B ATHIREIL A B F) T 7T #
trtype [ LA g fe B BT, B dpis A% IRE, Aik
R R R pHIA T, XA Ak LA 495550,
JILLE 2 38 35 6 BB AL R TR, it [T R ULAT 4 B 5 S
BHEPY, e ED G BRRF, IKSR IR A E B ah it A2
T, vhb o IR A)E SRR A E A, E IR A
AR RS HAPZ IR EN, RARETSREMRA
B3, type Il UL 4B THAEB AR AP, BroL, fein/mi|
YRAT Ak i T M5 2048 By 3R 4k BRI FH ik TR 5y K
A, MEMMEAEKSREFLAE ST, 45 3 EKtype [ ILLF
U AT D K184 5P, FEARILA A e RAIRIE = A SR,
R A B R 5 ARBE A B, #mplg LR R K,
223 MARNEERERBZGEN B A4 e
N &G R e R T AR Z R R AR . A2 3 A
IE taF & ¥ & @ (mammalian target of rapamycine,
MTOR) A 4 T ##45 &4 F £ A= LA 20 & & Ji & &,
A 44k AP POUR% (in press)#Fsc s i, AoE
2| AR E ) T F T AHE T @RI T AL B
EE G B (AMPK) 5 mTOR®) Ak, 9 B4t 54X,
HHAR % 44 it BAA) BEARIGTA M B S ZAR v S B S B F
1(PGC-10) 4y A A A& & &3 n, it f & ALK JE K
BRI, e X F LI E, mENLTRA R
PR EBRO G SPERT IR, 3t mARAE 2| A Y AXaS S A 6938 e,
FR MR IE K, R AR AR AE R3S (volume
sensor), /&, {245 mTORA 4L L R iEIE & 4
(MAPKS)™, B 277, ZM1K5% E [ 715 3h 4580 B 3F
AR R A KikE . BB EHA KA F 1o,
Ik, HE MR MR EEIN, EREEEMREE
A KEFLIHTEIA @8R ¢ mTORAE & 4
%1%, £ FTFUIITAR IAFF R R 7 A0 R3] % 7T 7 LmTOR
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WG R G, SATA R %G, Fiht R R T Il
& KMFE 6 IRE B RIE hm, R BHALR LA R AZ MR IR R &) S6
# B4 (ribosomal portein S6 kinasel, S6K1)#97& 45 AL
NEASGREET KGR S, A, BREEZHFAEAKET
VREAEF) G 2B 2 I LI % (£ A100 pg/L_EH
£150 pg/L)™8. B T AL ALK 40 mRNASEE 5 & & R
LIl AR GidARH L AR E ARG HAR L
B 728 5L — AL R R B0 AT, g
Zmie, X skminaF TAGH B FARLEEILA e
K. FIPRIAE)| BRI EAAE KA F15
B, AR R ILA Mok @ iz 5, iR L
WEHNL®, A, MEHEFEKRRTFLTHBIL
W BT E mfe, RSN A 5ok, Hmitheh T
Z minak o BN e P ), X s s g gk RAIES, ME
WATRELAT A ARE ERER, 2t—FILEM
HAIERI R 5 RENK E 4%,

2.3 NMENGRDPZEANRSEEFTENIBZE LA E 4
BIENLA A EFWLRAG ), RARE G40 T 220 RS,
BRGIFIRAEGEFNNEZRF. I RIRELIRSD
SRFRL A B BT = A GOLIA A E, RK A Z1IRMIEF A R A
TR R IR K F 08k R . LA A ) 48 LKA =T VA
FAREREAFE A RET, P HFARER
A EH)EE LR FEI KA T R ILK B, F]
KWK ELE, IR A BFLR A TP 50 st m
EH0 T BT R R A A D, R %R
BN AT 30 FLABE m R B RE R 2RI B R AL R
ARG 3% K (FR1).

2.3.1 MmENGHIAG T X FANKNESE ILAH
UL ey mr by, U T2 ma A& M, ZARR
WA a3 K mik Y, B E RS o m¥
& LK E% . MANINISEPY B E 52, #AT—k Gbk
F1 MEEEINREST I REEN AR R A E

A JEN 48 hg LK & & e 3G, KIE I EER
BF. ZHZH 1R LA FILAFRIEEEG LEIMRNAK A
A TIAL.9245 . 2. 145 402.444%, st BRLL&-F54F T A
REAN, ZLEEEGRENETINATFHEORFEEZR
F TSR LA SEG—E M, KB BN 4T vAd
T EIRE G R SR AR K B F R GR KPR TR LR 24
oy €85 FRYSFME i Eke. Rl E w5
B %ol PR R R I, B %R EREXFA
[(70£2) %] MTORAZ 5 A %db . R EG SR £F
AR %200 mm Hg 20%1RM)EmTOR % % T i
S6K14=RPS6#) BB KT R F 4R 5. LA E G & R3E
H156%, #—HiE 2 T MANINIZEPIFFUIITAZ Mo 2
R, AREY, EREAE LRSI B K =%
B 204, MANINIS U AL 4780%HIRT #220%1RM 4
R H) X SGRE, E 3 E ¥ SFEA(2818) % 1A F
A[(67.424.6) % 1A Kk & TALKE B BATIT I, KILAH
A RKHFEREAZIN LA, X3t TR EFANRA
Je K A v ik, AED%T R &R A sS4
R RIS RIRE ok, 5G| %A, Ak
WAERIER FIN ARG AIRT, Bl P LFAL
BAN T RINGE, TVAEKZ SR 69 e, 3£ 7T A
ARy B 4538 Ao i 5| A2 69 LI 452,
ERWIAES TR E% LA TE2EL.
ABES a5 25 4 5% X (3% B4 67 m/min. &%)
20 min. #=/& 60-200 mm Hg)st ¥ £ F A 4T &,
EFHLEI %68 (BEIRE. £30%)6, 42275 RAM
JEFATH A AL )] A B AR AL B B8 HE KRR
CSA(5.8%) ZIL ) 3 (10.7%) 643 Aa, 422 F ik 38 hn 4R
F LR B2 X B R AR | % 64 AR T B AR PR T Am
RS B B, T Ik VUL A 38 e AR P,
OZAKIF® | ABES %2 5 57 57, o L35 th An JE )| 4 4580 5%

g

EMIEHH: 3t 6, M 5d. LL45% HRR, HiBHl EMIEHH: o

DR EHEs+NE: 25 18 160 mm Hg, &AM k4. KEULAES.1%, BRBEFENLI117%-16%

ThfetEfRRe 1

ERRIZENA. 3L 10 A, 484 4d, DL45%HRR, HIBHL ERIZH4: o

PR 551 140 mm Hg, AR 10 mm Hg, & R BRI JE LR BE L) 2 i T 8.7% 5

15 (4-47) ZikH WETrik
ABE ££(2010b) 19 ZHREEN
iZ % 20 min
10 mm Hg, #2200 mm Hg
OZAKI %(2011a) 23 L EN
iZ % 20 min
4 200 mm Hg
OZAKI %(2011b) 18 ZEHEAN

IEAL: %5 5)+160-200 mm Hg

CLARKSON %5(2017) 19 Z#4FEAN

ERIZENM: L6 . 4 5/, 4 km/h FEEK 10 min

115%
RIEEHLA 3%

EMIEEhd: 3t 10 4. 4 #/H . 45% HRR EB% 20 min EKEE4: o

I S 1 8.4%; BT 22.3%
Dinetkae 110.7%
TR I 360 40 2 3 v T s s 4L

IR iz 5+60% limp occlusion pressure

GUALANO %(2010)

#1¥ 65 & 3 REVH 15T, HEkE30s

I #9 65 mm Hg i Hs 7 5 0 KB s

1 ARERWAEN @3 k12 8, 88 2 R, 3 TR Es), 34,

KRBT T A14.7%
iR K11 15.9%
2 71160%

Fik: HRR ME&LHR, ERIRTH KT EE LT
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JE A A5Yo ik &S 10 A& BKIE 2y, HEATI08 69| 4421
#40% . A3%20 min. #m/E140-200 mm Hg), FIA481%
HPEEAMNK IR, st RBAUKT AT 2ER
T, CERARILK R —FPE A T F AR KAEILA
AR, W ARIEIRA T BILA RS £, ARKANELR
T12 ) %4/ (15RM, 340, 20194k €.30 s), ZH A
KIEAR T @A H4.7%, KAt si i 206 75 A4 2%,
XA B Gt TR HFANRARAR, A TR
WA RERR. BORERKBHIEMm, LKA K
GURE LI A, AR 4B S AT E & & Anxt AL
WEY, ST PHFALFFETIAR AILGKEA.
2.3.2 R GA BRI T EFAMA  PATTERSON
F 34104 2 4 A AT A H14 8 494833 B H L % (25%
IRMEAN 8 R 25, — M KRR /E . — M REL3E), A
A 3T HGE I A /B | SRR SR 4 4R P A MR R K K
W45 LA Bk K 5i2.(0.52 rad/s) <48 L #)7 B B3 An
PR A B 3T T2 ANLH 6938 5 — A 3 AR,
AR AKER L )| 4 5 & 5% E A 4 AR SR ST
& B ANLA @A, KARABULUT M4 37 4 1 B
B2 TP (5064 % )AL AR 5 1% E.(80% 1RM)IL
[ %540 (RT80). An/E 456K 5% J (20%1RM) 4 L1 4548
(VR-RT20)#e RAFAT I 642 B4R, 22336 /8 V| %4/5 KN,
RT80A=VR-RT205 2f R zuart, kA EMARER A=
R FHK(P<0.01), HRT80414=VR-RT204845F /) 49
¥ hn3EF AP > 0.05), ABEFPIL I, #4468 hoEd%
FeA NG EIR . £30%. 5ZEH67 m/min. E3)
20 min. #m/£160-200 mm Hg), #5958 2485t £H5A
5k I (12.2%) 5 14 232 3 (16.1%) 5 T AL A 8942
AP e, OZAKIFD Sy prs % I, o EFEEAK
$R AT F) B S BAT I %5, AREEER AT T A T AL
F. BT REERILA O R et F b, AR AL T fE AR
FEMIEHAT T AL, LR LIEIE L RIFARNRAS
AP e CLARKSONS P aps &, iditat
ZFAT ARG 0 7 X, deALA M ag i, 8]3E
AR IR Z IR F A A EAEBARIR A /)| )6 LA 635t
Bt —FHIAT FRFALENLE, IRT 18 REHAIS
KPS, TS E BT FIRGED S b, AR St
A FERARREOHR, TA—BARATHEFADT L,
R ILBFF Y %7 R A% 0 AL E T RRILA £913%, F) it 4
PERE o e AR A Bt 13 5, e R | 4 o 4 AL )
R P REIRZ, IEE T AR LA A B T A
MUK A Z 89425, st TEshfe AR AL LA E& 2.
¥ % FABATAED GG 7 R, BART I, BHE#ke
T b o] 25 AR I T A G KR E L A %, TVA A F
X A AT 0B | SRS S A5 5

2.3.3 mEI %G b HEFEATIEES SR B A A
HAFRIANFRERS, RRTAEHR. AR
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R, MREBFHAEKEFLUKE T BT ML FAREE R
FArBOR 6y Ao P8, LOENNKEZ ™% 34 ¥is & &
WRRHEE R AT BERTETA, BRELF|RGF
FTM, THAIIRETEEERZ AT RGP, 5
RET, FHEEREES T ARSI | AR EAC
S R IR A (CXT) ALK TACIR 7 & B & Mg 38 An, A A
FEGHARL. (1152 %49 2 EKARABULIEKF 552
P, AKIRE AL A e RIE Bh b 5 5k AL S AR AL

B AR B BB R B AR BRBR B ICXT P
Q¥ A, X LR LR, YR %P 2
SEAF T RA ER A, FUIIMURAZE Y5 45 1 2
1208 64 BN 4T VAR 5 4.4 Bida do B B, X ALIE
FT RGN QAR S G &SR AAA AR B
YR, Bk ATT A R N R 40 FEL 4% A Ao SR A
RAEGe 5 5% FHE. n | 2 A AR B 3R ILA) 3 R
LR ARG BOK T g F KT Ae bt B F R LS,

REHRIBERAARABRE. A KMFE. BT
AKAFI, AR Efrr b EAAL KA FULHEA
L AERETF, PR ) EIN%ATFRRRMBFEE
VAR F AL &

2.4 NMENFEDPZEAPUBNERENZ2E 3
f 5 O ) 538 R B R AT R KR R 4
IEEFH T, EAUE S A100-140 mm Hg, FTHREA A
140-180 mm Hg#jf k4| 54F T 2607838 . BA . 19
BEGATIRIE T, R IVILA PP S &R 2, RIRR S
BART 80, M LR E, P EFAGRATIER,
T A An)E £ 140-200 mm Hg, #4-£% R R A5
B, FALA BIUAMR B @AY R F IR, R T
B, AAREZASHEREFEY, £FEZFARLE
BZ A, BE P EF AT EN %S REST
10-20 miniZ 3h 3% & b -45%1k &S % %,10%-30%1RM
BN %, LAAERAH30 s-3 min, A #AT2-5K, #H
$:6-12/8, An/EJE A B <1.34& I % /& (140-200 mm Hg
ZI8), FTARYE % 3] KB ERRIG ), R VAR E 3G A
FEAIA ABIARE S AT 2 bz F A S h
EHRABME RS EZG T HFA, AT R AT
ZRHEFEE, AELAR 9T THATS.

3 Zit5RE  Conclusions and prospects

31 B OhmEN LA R AT 3) 58 4% A 20
R T EFANABINAE, TG T EFANAZE
W £ EG R, OQmED%EA5m ) QL ses
MR G TR, R—SHEHESD, A F TRV EHBHG;
@A) Gt F 2 F AR RAR B8, T THRES
FANFRGA. RITF BEA R, QAR THL
TR S, RN GEAR G, BRI, A
A B AT HFAEL, OBAT AT A R
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%s, AN GIEK, TULEFRERRZTEA
iE B3 AT, AIREHILA G B RAPZ LA 8)iE
RLME

32 B O H £ FhnE) %t LA iE 4864 % rh L
B RAE R R eAedy, REVER £ SR IAT
M EIFIT; Qb HEAEEFHF S KA A0 ELEA L
HAA N AATAHAT, RRT AR R RN 4 AT %5
APZRANFNEXE, WEEENEHL T, OfMmE
WP RIS S ARBERAREFH R, sFFFELFA
FRRAL Y, AR AR R AR T F 2% F AR
@ E# e, @EF P HSFAILR EYE T A2 d T
IR T Ay, P EE AN FEGE LA T AL A e R
R PTG ALG), hodt 2 RMEALR FE 4% . DURMEALA
EHE AR R R ARGIALRRESF, KRITATIE
TN, AT AFFR AR 43t TR L& 48
KR AT RES,

By VYRR T BN AT SRR A R R BRI T,
LEZUE L ISR

TEZTTat: REICR S ERSGIRIF B RS 4RE, BN ATl
5.

BEXFF PCEELRZ T CEIRWRE REEE(C201811)” Hilh. (H
SEFTA AR P, 20 3 SORFICA S SCROML AR AR W L0 2 48 SR 4t
i b B HARTE

Flaz s SRS Y], RN S I AT
GIER AN

S1EER: ZRT ST (RBLFIRIZE RS HriE ML) (PRISMATR
o

XELE: MO Tl R B Skl R AT 3K A &

XESE: CHEANATINE L FNEINE, AT PSSR &
W AR RS .

XERH: SCR AT RS O S R EE AN S T BBUE S .

FFHFRE G IE R — IR, M CGRriR3E = vralhill)
“EA-AER AR H AR T SRIE 4,07 S, TEA LS,
FEFFAA AR B (935 TR SO R gl REERY E, RN Ve
RS R B ARk, FTED. AR BYUEERZOOR, Iz i
LRS! AR A BRI B Ak g

4 BEYXEk References

[1] HERMAN JK, DEJON A, SANDERSON B, et al. ACSM Rresourse
manual for guidelines for exercise testing and prescription.6th
Edition Philadelphia:Lippincott Williams &Wilkins.2010:332-348.

[2] GARBER CE, BLISSMER B, DESCHENES MR, et al. Quantity
and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal, and neuromotor fithessin
apparently healthy adults: guidance for prescribing exercise, Med
Sci Sports Exerc. 2011;43(7):1334-1359.

[3] LOENNEKE JP, PUJOL TJ.Sarcopenia: An emphasis on
occlusion training and dietary protein. Hippokratia. 2011;15(2):
132-137.

[4] ACSM POSITION STAND. American College of Sports Medicine
position stand. Progression models in resistance training for
healthy adults.Med sci sports Exe.2009;41(3):687-708.

[5S] TAKARADAY, TAKAZAWAH, SATOY, et al. Effects of
resistanceexercise combined with moderate vascular occlusion
on muscular function in humans . J Appl Physiol. 2000;88(6):
2097-2106.

3742

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

KERR ZY, COLLINS CL, COMSTOCK RD. Epidemiology of weigt
training-related injured presenting to United States emergency
departments, 1990 to 2007.Am J Sports Med.2010;38(4):765-771.
DESCHENES MR. Effects of aging on muscle fibre type and size.
Sports Med. 2004;34(12): 809-824.

COOK SB, LAROCHE DP, VILLA MR, et al. Blood flow restricted
resistance training in older adults at risk of mobility limitations. Exp
Gerontol. 2017,99: 138-45.

RUBENS VINICIUS LETIERIA, ANA MARIA TEIXEIRA,
GUILHERME EUSTAQUIO, et al. Effect of 16 weeks of resistance
exercise and detraining comparing twvomethods of blood flow
restriction in muscle stregth of healthy olderwomen: A randomized
controlled trial .Experimental Gerontology. 2018;114:78 -86.
SAWAI S, SANEMATSU H, KANEHISA H, et al. Evaluation of
muscle activity level in daily actions. Japanese Journal of Physical
Fitness and Sports Medicine. 2004;53:93-106.

JEJUE B MR R — 3k, 85N IR N GRoxd 403 5 S AR 3 A e i T A
FENLPAIIE B8 7 T RE W12 52 55 R (]38 30 4 2 A g 241, 2016,
6(22):33-44.

B R MBS RIS R SRR ] 44 B FEH,2013,12(33):
71-80.

TAKARDA 'Y, NAKAMURAY, ARUGA S, et al. Rapid increase in
plasma growth hormone after low-resistance exercise with
vascular occlusion.J Appl Physiol.2009,106(4):1159-1168.
KARABULUT M, MCCARRON J, ABE T, et al. The effect of
different initaial restrictive pressure used to reduce blood flow and
tigh composition on tissue oxygenation of the quadriceps.Sports
Sci.2011;29(9):951-958.

KARABULUE M, BEMBEN DA, SHERK VD, et al. Effects of
high-intensity resistance training and low-intensity resistance
training with vascular restriction on bone markers in older men.
Eur J Apply Physiol. 2011;111(8):1659-1667.

SATO Y. The history and future of KAATSU Training. International
Journal of KAATSU Training Research. 2005;1(1): 1-5.

FRY CS, GLYNN EL, DRUMMOND MJ, et al. Blood flow
restriction exercise stimulates mMTORCL signaling and muscle
protein synthesis in older men .J Appl Physiol .2010;108(5):
1199-1209.

FUJITA S, ABE T, DRUMMOND MJ, et al. Blood flow restriction
during low-intensity resistance exercise increases S6K1
phosphorylation and muscle protein synthesis. J Appl Physiol .
2007;103(3):903-910.

SUGAT, OKITAK, MORITA N, et al.Dose effect on intramuscular
metabolic stress during low-intensity resistance exercise with
blood flow restriction. J Appl Physiol. 2010,108(6):1563-1567.
SLYSZ J, STULTA J, BURR JF. The efficacy of blood flow
restricted exercise: a systematic review & meta-analysis. J Sci
Med Sport.2016;19:669-675.

B2 TR B ST A R ISR S L S 55 55 7 F
BRIAZ B 0 43 0aR I A i R - s [ ). i 44 BH, 2019,
9(55):20-29.

AR, W B A, AL AR R BRI SR I LR S RO
[J]. 7 B 4143 T A2 58,2019,23(15):2415-2420.

LOENNEKE JP, ABE T, WILSON JM, et al. Blood flow restriction :
an evidence based progressive model (Review).Acta Physiol
Hung.2012;99(3):235-250.

ABE T, SAKAMAKI M, FUJITA S, et al. Effects of low-intensity walk
training with restricted leg blood flow on muscle strength and aerobic
capacity in older adults. J Geriatr Phys Ther. 2010;33(1):34-40.
OZAKI H, MIYACHI M, NAKAJIMAT, et al. Effects of 10 weeks
walk training with leg blood flow reduction on carotid arterial
compliance and muscle size in the elderly adults. Angiology. 2011,
62(1):81-86.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



ZHAO J, YIN L, LEI XM, LI MM, WANG K, ZHANG TR, LUO J. KAASTU training for muscle fitness in the middle-aged and elderly adults: effects and strengths.
Zhongguo Zuzhi Gongcheng Yanjiu. 2020;24(23):3737-3743. DOI:10.3969/j.issn.2095-4344.2690

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

P.O. Box 10002, Shenyang

GUALANO B, NEVES M JR, LIMA FR, et al. Resistance training
with vascular occlusion in inclusion body myositis: a casestudy.
Med Sci Sports Exerc. 2010;42(2):250-254.

KARABULUT M, ABE T, SATOYY, et al. The effects of low-intensity
resistance training with vascular restriction on leg muscle strength
in older men . Eur J Appl Physiol. 2010;108(1):147-155.

GENTIL P, OLIVEIRA E, BOTTARO M. Time under tension and
blood lactate response during four different resistance training
methods. J Physiol Anthropol. 2006;25(5):339-344.

KAWADA S, ISHII N. Skeletal muscle hypertrophy after chronic
restriction of venous blood flow in rats. Med Sci Sports Exerc.
2005;37(7):1144-1150.

VICTOR RG, SEALS DR. Reflex stimulation of sympathetic
outflow during rhythmic exercise in humans. Am J Physiol. 1989;
257(2):2017-2024.

LE RD, BONDY C, YAKAR S, et al. The somatomedin hypothesis.
Endocrine Reviews.2001; 22(1):53-74.

KVORNING T, ANDERSEN M, BRIXEN K, et al. Suppression
ofen dogenous testosterone production attenuates the response
to strength training: a randomized, placebo -controlled, and
blinded intervention study . Am J Physiol Endocrinol Metab. 2006;
291(6):1325-1332.

LOENNEKED JP, PUJIOL TJ. The use of occlusion training to
produce muscle hypertrophy. Strength Cond J.2009;31(3):77-84.
KRAEMER WJ, RATAMESS NA. Hormonal responses and
adaptations to resistance exercise and training . Sports Med.
2005,35(4):339-361.

NAITO H, POWERS SK, DEMIREL HA, et al. Heat stress
attenuates skeletal muscle atrophy in hindlimb-unweighted rats. J
Appl Physiol (1985). 2000;88(1):359-363.

KOSEK DJ, BAMMAN MM. Modulation of the dystrophin-
associated protein complex in response to resistance training in
young and older men. J Appl Physiol (1985). 2008; 104(5):
1476-1484.

HENNEMAN E, SOMJEN G, CARPENTER DO.Functional
significance of cell size in spinal motoneurons. J Neurophysiol.
1965;28(3): 560-580.

ABE T, YASUDA T, MIDORIKAWAT, et al. Skeletal muscle size
and circulating IGF-1 are increased after two weeks of twice
daily*"KAATSU’resistance training. International Journal of Kaatsu
Training Research. 2005;1(1):6-12.

HOUTMAN CJ, STEGEMAN DF, VAN DIJK JP, et al. Changes in
muscle fiber conduction velocity indicate recruitment of distinct
motor unit populations. J Appl Physiol (1985). 2003;95(3):
1045-1054.

B ok 5 A B S SR R g S (R LA R R A R A
L5 7 T U] 2 2R []. 18 ) 4 L E A g 2% 4%, 2010,1(10):13-28.
BAHREINIPOUR MA, JOUKAR S, HOVANLOO F, et al. Mild
aerobic training with blood flow restriction increases the
hypertrophy index and MuSK in both slow and fast muscles of old
rats: Role of PGC-1a. Life Sci. 2018;202:103-109.

LOENNEKE JP, FAHS CA, ROSSOW LM, et al. The anabolic
benefits of venous blood flow restruction training may be induced
by muscle cell swelling. Med Hypotheses. 2012;78(1):151-154.
TAKANO H, MORITAT, IIDA H, et al. Hemodynamic and
hormonal responses to a short-term low-intensity resistance
exercise with the reduction of muscle blood flow. Eur J Appl
Physiol. 2005;95(1): 65-73.

TAKARADAY, NAKAMURA'Y, ARUGA S, et al. Rapid increase in
plasma growth hormone after low-intensity resistance exercise
with vascular occlusion. J Appl Physiol (1985). 2000;88(1): 61-65.

110180 www.CRTER.org

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

TAKARADAY, TSURUTAT, ISHII N. Cooperative effects of
exercise and occlusive stimuli on muscular function in
low-intensity resistance exercise with moderate vascular
occlusion. Jpn J Physiol. 2004;54(6): 585-592.

HAYASHI AA, Proud CG. The rapid activation of protein synthesis
by growth hormone requires signaling through mTOR. Am J
Physiol Endocrinol Metab. 2007;292(6): E1647-E1655.
TAKARADA Y, TAKAZAWA H, ISHII N. Applications of vascular
occlusion diminish disuse atrophy of knee extensor muscles. Med
Sci Sports Exerc. 2000;32(12): 2035-2039.

STITT TN, DRUJAN D, CLARKE BA, et al. The IGF-1/PI3K/Akt
pathway prevents expression of muscle atrophy-induced ubiquitin
ligases by inhibiting FOXO transcription factors. Molecular Cell.
2004;14(3):395-403.

ADAMS GR. Autocrine/paracrine IGF-I and skeletal muscle
adaptation. J Appl Physiol (1985).2002;93(3):1159-1167.
JANSSEN I, BAUMGARTNER RN, ROSS R, et,al. Skeletal
muscle cutpoints associated with elevated physical disability risk
in older men and women. Am J Epidemiol.2004;159(4): 413-421.
MANINI TM, YARROWJF, BUFOROT W, et al. Growth hormone
responses to acuter resistance exercise with vasculau restriction
in young and ole men . Growth Horm IGF Res.2012;22(5):167-172.
T B R, XA, TR NE I R SCELP DY RE AL BERLH] S 32710
M ThRE AT AT 2 T[] 44 & 5 (7 K),2018,775(1):179-180.
ABE T, KEARNS CF, SATO Y. Muscle size and strength are
increased following walk training with restricted venous blood flow
from the leg muscle, Kaatsu-walk training. J Appl Physiol (1985).
2006;100(5):1460-1466.

ARERAE, VPS40 55 06 L PR A 44 P LG 5 L T 3 I ZRond LA 45 0 i
TERESI AR [J]. A H 2= T1],2018,35(2):139-150.
PATTERSON SD, FERGUSON RA. Enhancing strength and
postocclusive calf blood flow in older people with training with
blood-flow restriction. Aging Phys Act. 2011;19(3): 201-213.
OZAKI H, SAKAMAKI M, YASUDAT, et al. Increases in thigh
muscle volume and strength by walk training with leg blood flow
reduction in older participants. J Gerontol A Biol Sci Med Sci.
2011;66(3): 257-263.

CLARKSON MJ, CONWAY L, WARMINGTON SA. Blood flow
restriction walking and physical function in older adults: A
randomized control trial. J Sci Med Sport.2017;20(12):1041-1046.
REMES T, VAISANEN SB, MAHONEN A, et al. Aerobic exercise
and bone mineral density in middle-aged finnish men: a controlled
randomized trial with reference to androgen receptor, aromatase,
and estrogen receptor a gene polymorphisms. Bone.2003;32(4):
412-420.

LOENNEKE JP, THROWER AD, BALAPU A, et al. Blood flow
restricted walking does not result in an accumulation of
metabolites. Clin Physiol Funct Imaging. 2012;32(1):80-82.
RUSSO CR, LAYRETANI F, BANDINELLI S, et al.Aging bone in
men and women: beyond changes in bone mineral density.
Osteoporos Int .2003;14:531-538.

FUJIMURA R, ASHIZAWA N, WATANABE M, et al. Effect of
resistance exercise training on bone formation and resorption in
young male subjects assessed by biomarkers of bone
metabolism.Bone Miner Res. 1997;12:656-662.

SAHANA H, KHAJURIA DK, RAZDAN R, et al. Improvement in
bone properties by using risedronate adsorbed hydroxyapatite
novelnanoparticle based formulation in a rat model of
osteoporosis. J Biomed Nanotechnol. 2013;9(2):193-201.

2 s A BRSO R O, A5 AR R EEATU B By o A [ L g B A 3
L7 2 R AN S 233 B O B2 [3]. o [ 4 7 #H4,2019,9(55):
2-6.

3743



