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Effects of KAATSU Training on Lower Limb
Muscle Strength in Middle-Aged and Elderly
People: A Meta-Analysis
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W E: B a5 M Meta 547 % ik R IR e D 2 (AR L PR DI 25) 3 2 AT
WUR & BL A RE K R 69 %ok, IF 5 G Il 4 R T AT ki, Fik: A%k T
T BF TR BE P B 2 W 3 % . EBSCOhost, PubMed . Web of Science ¥A % Cochrane
B $A8 5 2 F Ak B A AR A B ) 2202045 A1, 1 2 &R RARIE AN Aol R AR
Ak 0 A R D AR B P AT MUK A A K 89 BF 50 K, KA Revmen 5.3 %3 A
BN IR BAT RN, ST BB RAT AT, R D RE 44 R, AN 105 LK,
B AT A 242 A 2)AKER B A R AR T k5 B 5% A P 46 342 & F B R A LA
N EFAALHNA IR A LHFAR, —H LB FM £ R, &4 B F 5 ) A SMD=-0.18,
95% CI1:-0.41,0.05, P=0.01 = MD=0.15,95% CI1:-0.37,0.67, P=0.01; 3) ZEA% 5% F 4% L.
b mEFRORMIERST FEFAGTHILA A E, 25 F A SMD=0.74,95%
CI:0.29,1.19,P<<0.01;4) EF 4TI P A EFAT I AL HFR ST T EFALG THINA A
T AL LA RE K, & FF 28 F 4 A A SMD=1.84,95% C1:1.08,2.61, P<<0.01 F= SMD=
1.06,95% CI1:0.61,1.50,P<<0.01. %3 AK3% B A EIR B B EF /T ) 4 R ER S
P A T RILA A B AR L A RE K AR 3% e SR A PR 25 5 2 3% JE A FL D 284 AL
1 A1 F A= L IS K 649 2R ARSI

KEIF : dED LR T EFAGILA A F R E K B3 541

Abstract: Objective: To systematically evaluate the effect of KAATSU training or blood flow
restriction training (BFRT) on the muscle strength and muscle hypertrophy of middle-aged and
elderly people using Meta analysis method, and to compare it with resistance training and walk-
ing training programs. Methods: Wanfang, CNKI, EBSCOhost, PubMed, Web of Science and
Cochrane Library were searched systematically. The retrieval date starts from the default start-
ing time and ends in May 2020. Two reviewers independently screened the literature on the ef-
fects of BFRT on the lower limb muscles of middle-aged and elderly people according to the in-
clusion and exclusion criteria. The included literature is evaluated for methodological quality by
Revmen 5.3, and statistical analysis is performed on its data. Results: 1) After 4 rounds of exclu-
sion, 10 articles are finally included. The total sample size of the study is 242. 2) A significant
effect of both the low-intensity BFR resistance training group and the high-intensity resistance
training group to increase muscle strength and promote muscle hypertrophy, and there is no sig-
nificant difference between the two. The pooled effect sizes are: SMD=-0.18, 95% CI: -0.41,
0.05, P~=0.01 and MD=0.15, 95% CI: -0.37,0.67, P==0.01. 3) In the low-intensity resistance
training program, the BFR resistance training significantly improves the lower limb muscle
strength in middle-aged and elderly people, the pooled effect sizes are: SMD=0.74, 95% CI:
0.29, 1.19, P<<0.01. 4) In walking training, the BFR walking training significantly improves the
lower limb muscle strength and promote muscle hypertrophy in middle-aged and elderly people,
the pooled effect sizes are: SMD=1.84, 95 % CI: 1.08, 2.61, P<<0.01 and SMD=1.06, 95% CI:
0.61, 1.50, P<<0.01. Conclusions: Low-intensity BFR resistance training and BFR walking
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training can significantly improve lower limb muscle strength and promote lower limb muscle

hypertrophy in middle-aged and elderly people. Moreover, the effects of low-intensity BFR re-

sistance training and high-intensity resistance training on muscle strength and muscle hypertro-

phy are similar.

Keywords: blood flow of restriction training, middle-aged and elderly people; muscle strength;

muscle hypertrophy, Meta analysis
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Table 1 Basic Information of Included Studies
5 3 TR AE
Xk FRAZX o0 FE P s EE %%Hﬂ'lﬂ AR R EA 4 By Kkt
JOR-EATY /(min-&")  /mm /mmHg
Cook%¥ LL-BFR 12 =65 12 2 30%~50% 1RM — 60 184 JEAd IRM i & IRM MVC,
(2017) HL 12 70% 1RM B2 1IRM
Cook% LL-BFR 10  67~90 12 2 30%~50% 1RM — 60 184  MAH 1O0RM & 10RM JiA
(2019) HL 11 70% 1RM MVC J /B MVC & w9 3k L
CSA
Libardi% LL-BFR 9 60.6~688 12 2 20%~30 % IRM — 175 67 1RM. & v kLCSA
(2015) HL 8 70%~80% 1RM
Vechin¥ LL-BFR 8  59~71 12 2 20%~30 % IRM — 180 71 BEF IRM. L w9 3k LCSA
(2015) HL 8 70%~80% 1RM
Rubens % LL-BRFa 11 63.71~73.89 16 3 20%~30% 1RM — — R 186 A ik ) 4B MBSk ) 4R
(2018) LL-BRFb 11 20%~30% IRM f&JE:105
HL 10 70%~80% 1RM
LL 12 20%~30% 1RM
Patterson % LL-BFR 10  62~73 4 3 25% 1RM — — 110 $6/EMLIRM . % B AILMVC, 35
(2011) LL 10 25% IRM JRIAF % J 4B
Shimizu% LL-BFR 20 67~75 4 3 20% IRM — 100 200 % /EMLIRM. 3% & MMVC, %
(2016) LL 20 20% IRM JENILE 3% 7y 46
Ozaki¥ BFR-W 10 57~73 10 4 45% HRR 20 50 170 BeAv i h4E MR RSk A
(2011a) HAF4T 8 45% HRR 4630 s A 3h K A w9 Sk L
CSA. K fi& *F 2% CSA . i 3% L
K v Sk UL &
Clarkson % BFR-W 10  60~80 6 4 4 km/h 10 106 —  30sAhki
(2017) FAFAT 9 4 knv/h
Ozaki% BFR-W 13  57~76 10 4 45% HRR 20 50 200 MRAb ik h4E ERFR A
(2011a) HHAF4T 10 45% HRR 4E i 79 3k ILCSA

7% :LL-BFR A1&3% B B I 25, HL A % 5% B3P 2k, LL A 4K3% B3 9] %k, BFR-W 2 An & 4791 4

4 AR E AR, HRR A4 %

. MVC A& K NLA 4, CSA
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. ey R e . o
HRRIEL M SD  Total M SD_ Total Weight/% # & #,95% CI 2%, 95% CI
Cook2017a 123.8679 46.600 09 12 125.585 40.5174 12 82 -0.04 -0.84,0.76 ——
Cook 2017b  43.5883 19.578 87 12 58.969 7 24.702 05 12 7.7  -0.67 -1.49,0.16 T
Cook2017c  32.8409 12.14446 12 33.9205 10.857 08 12 82 -0.09 -0.89,0.71 T
Cook2017d 136.4659 53.72329 12 140.8557 57.421 14 12 82 -0.08 -0.88,0.72 - 1
Cook 2019a 128 45.4 10 126 425 11 7.2 0.04 -0.81,0.90 T
Cook 2019b  47.1 20 10 60.5 253 11 69 -0.56 -1.44,0.32 _
Cook2019¢c  69.5 19.3 10 689 23 11 72 0.03 0.83,0.88 | -

Cook 2019d 332 12.6 10 348 8 11 72 -0.15 -1.00,071 _—_1
Libardi 2015 119.47 739324 9 231.625 8147557 8 57 -038 -1.35,0.58 N S—
Rubens 2018a 200.333 3 14.4 11 11601 145 10 7.1 023 -0.63,1.09 ———
Rubens 2018b 109.7 142 11 11601 145 10 70 -042-129,045 ———
Rubens 2018¢ 7529  11.67 11 797 10.53 10 70 -038 -125,049 ———
Rubens 2018d  75.54 12.49 11 79.7 10.53 10 7.1  -0.34 -1.21,0.52 —jre—
Vechin 2015 316 141 8 266 140 8 5.4 0.34 -0.65,1.33
149 148 1000 -0.18 041,005,  ®

Total (95% CI) -2 -1 1 2
Heterogeneity: Chi2=5.51; d~=13(P=0.96); /=0% %ﬁ«‘fﬁ-_r’ﬁ] | RE FA
Test for overall effect:Z=1.54 (P=0.12) 2R A

E3 (REEMEREIIZGESSRERBINZE TRALAHEMHN

Figure 3. Effects of LL-BFR and HL on Lower Limb Muscle Strength

. el F=hn ) . .
HRRELE M SD  Total M SD  Total Weight/% #k 5%, 95% Cl B E, 95% CI
Cook 2017 489261 1451237 12 489782 13.05228 12 427 -0.00 —0.80, 0.80 ——
Libardi 2015 59.7132 1344321 9 59.0945 14.13626 8 30.1 -0.04 -0.91,1.00 —
Vechin 2015 71.4 22.1 8 6l.1 14.8 8 272 0.52 -0.48,1.52 -1

29 28 100.0 0.15 -0.37, 0. 67 ?

IEOtal Coone CI)Ch ’=0.71, df=2 (P=0.70); I> 10

eterogeneity: Chi>=0.71, d/=2 (P=0.70); ’=0% 3 éﬂ 1'1;,{7 o4 g/\éﬂ
Test for overall effect: Z=0.57 (P=0.57) %ﬁ# [j ] 2% f .
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Figure 4. Effects of LL-BFR and HL on Lower Limb Muscle Hypertrophy
Exsy EHA

BrEA T M SDTotal M SD  Total Weight% 5%, 95% CI Mﬁz%%a
Patterson 2011a 168 25 10 155 25 10 9.0 0.50 -0.40, 1.39
Patterson 2011b 100 26 10 95 25 10 9.1 0.19 -0.69, 1.07 1
Patterson 2011c 96 21 10 92 26 10 9.1 0.16 -0.72, 1.04 N
Patterson 2011d 69 18 10 69 20 10 9.1 0.00 -0.88,0.88 1
Patterson 2011e 45 16 10 44 15 10 9.1 0.06 —0.82, 0.94
Rubens 2018a 119.47 144 11 8588 1503 12 7.7 220 1.12,3.27 -
Rubens 2018b 109.7 142 11 8588 1503 12 85 1.57 0.61,2.53
Rubens 2018¢ 7529 11.6711 5551  9.55 12 83 1.80 0.80,2.79
Rubens 2018d ~ 75.54 124911 5551  9.55 12 83 1.75 0.76,2.74 -
Shimizu 2016a 55.7 167 20 528 139 20 11.0 0.19 -0.44,0.81 I
Shimizu 2016b 1544 36.8 20 141.8 33 20 10.9 0.35 -0.27,0.98 T

134 138 1000 -0.74 0.29,1.19

Total (95% CI) ‘ , * ,

Heterogeneity: Tau?=0.38; Chi>=20.48, d=10 (P=0.000 7); ’=67% 4 9 ) 4"

Test for overall effect:Z=2.21 (P=0.001) Tty IR R ARty 45 ) A

E5 R EMmESEIZ SR8 EH BRIl g5t T B A 1 E RS20

Figure 5.
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_ Stn 40 ‘ ‘ ‘
AR E M SD Total M SD Total Weight% & &%, 95% CI 2 B #, 95% CI
Clarkson 2017 18.5 259 10 16 2.69 9 12.4 0.91 -0.05, 1.86 i
Ozaki2011laa 127 6 10 122 10 8 12.4 0.60 -0.36, 1.55 T
Ozaki2011ab 112 5 10 98 6 8 10.7 244 115,3.74 -
Ozaki 2011ac 68 3 10 64 4 8 12.1 1.10 0.08,2.11 —
Ozaki2011ad 56 2 10 4 4 8 8.0 438 252,625 —_—
Ozaki201lae 38 2 10 29 2 8 82 429 245,6.12 e
Ozaki2011af 27 1 10 26 2 8 12.4 0.63 -0.33,1.58 T
Ozaki2011ba 120 6 13 108 9 10 12.4 1.56 0.59,2.52 —_
Ozaki2011bb 62 3 13 5 6 10 11.4 255 1.39,3.71 —_—
96 77 100.0 1.84 1.08,2.61

Total (95% CI) L 2
Heterogeneity: Tau?=0.99; Chi*=31.94, dﬁS (P<0.000 1); P=75% ——t ) 2 4

-4 -2
Test for overall effect:Z=4.73 (P=0. 000 01) Tt B AR AR S B 2R A

Blo MEHTNGSERSTINGEX TR NEHZMN
Figure 6. Effects of BFR-W and Walking on Lower Limb Muscle Strength

I EesiE:)
BRI M _SD_Total M __SD Total Weight/% %5 %, 95% CI %, 95% CI
Ozaki201laa 993 29 10 939 45 8 173 140 0.33,2.46
Ozaki2011ab 445 15 10 429 19 8 20.1 0.90 -0.08, 1.89
Ozaki201lac 1384 40 10 1327 64 8 193 1.05 0.04,2.05
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Figure 7.  Effects of BFR-W and Walk on Lower Limb Muscle Hypertrophy
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Bt R AFAL il ALK (n) SMD 95% CI P P/%
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16 1(34) 1.81 1.31,2.31 <0.000 01 0
Bk 3(94) 0.74 0.29,1.19 0.001 96.5
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SC R PR AT S B 0 R U BE I R RN R B TR
A RN &N SMD=0.74,95% C1:0.29, 1.19, P=67%, P=
0.001. Xf FLIGHT 58— B bR )5 , & IF RN SMD 4y 0.60~
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AT G 2 E N TRV &G ISR EN
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B R G A IE RN SMD N 1.59~2.02, PN 69%~78% , 1
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(Kregel ,2002) . Cumming %5 (2014) %t 9 4 %2R & HEAT 1%
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A LA A 1 B0 75 R (Schiaffino et al.,2013) X
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P 738 B AT T A N R AR XIS DL 2 BE T (Coo-
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