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Abstract

OBJECTIVE: To systematically evaluate the effects of low-load blood flow restriction training and walking training with blood flow restriction on muscle strength,
muscle mass and physical performance in older adults, thereby providing a theoretical basis for the scientific application of blood flow restriction to the
prevention and treatment of senile sarcopenia.

METHODS: A computer-based search was conducted in PubMed, Embase, Cochrane Library, CNKI, WanFang, VIP, and CBM. Randomized controlled trials
regarding the effects of blood flow restriction training on muscle mass, muscle strength and physical performance in older adults were included from inception
to August, 2021. The literature quality was assessed using the bias assessment tool recommended by the Cochrane Collaboration by at least two evaluators and
RevMan5.4 software was used to conduct meta-analysis of relevant data. Evaluation indicators contained three continuous variables including muscle strength,
muscle mass and physical performance. Subgroup analysis was carried out for different test methods of outcome indicators included in the literature

RESULTS: A total of 16 randomized controlled trials, including 348 patients in total, were included according to the inclusion criteria. The quality of the
literature was graded according to the Cochrane Collaboration’s risk of bias assessment tool, including 11 studies of grade B and 5 of grade C. The results of
Meta-analysis showed that compared with high-load resistance training, low-load blood flow restriction training could improve muscle strength [standardized
mean difference (SMD)=-0.14, 95% confidence interval (C/):=0.34-0.06, P=0.17] and muscle mass (SMD=0.08, 95% C/: —0.23-0.40, P=0.60) in older adults;
compared with low-load resistance training, low-load blood flow restriction training and walking training with blood flow restriction could significantly improve
muscle strength (SMD=0.57, 95% Cl: 0.28-0.87, P=0.000 2); compared with walking training, walking blood flow restriction training significantly could improve
muscle strength (SMD=0.62, 95% Cl: 0.32-0.91, P < 0.000 1], but there was no significant change in muscle mass (SMD=0.28, 95% CI: —0.01-0.57, P=0.06) and
physical performance (SMD=0.61, 95% Cl: =0.04-1.26, P=0.07). The results of subgroup analysis showed that heterogeneity was reduced. The muscle strength
via low-load blood flow restriction training and walking training with blood flow restriction was significantly better than that via low-load training by means of
maximum voluntary contraction (SMD=0.95, 95% CI: 0.25-1.65, P=0.008) and isokinetic torque testing (SMD=0.80, 95% C/: 0.16-1.45, P=0.01], and the physical

performance via walking training with blood flow restriction was significantly better than that via walking training by means of physical function evaluation

(SMD=0.94, 95% ClI: 0.35-1.52, P=0.002).

CONCLUSION: Meta-analysis results of the existing 16 randomized controlled trials indicate that compared with the traditional resistance training and walking
training, low-load blood flow restriction training and walking training with blood flow restriction can also increase muscle strength and muscle mass in older
adults. Although the large-scale randomized controlled trials are still needed on the improvement of physical performance, low-load blood flow restriction
training and walking training with blood flow restriction could be good ways to prevent elder population from sarcopenia.

Key words: older adults; blood flow restriction training; resistance training; walking; muscle strength; muscle mass; physical performance; Meta-analysis
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#1 aged [MeSH Terms]

#2 elderly[Title/Abstract]

#3 older[Title/Abstract]

#4 senior(Title/Abstract]

#5 age-related[Title/Abstract]

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 sarcopeni* [Title/Abstract]

#8 muscle atrophy[Title/Abstract]

#9 muscle weakness[Title/Abstract]
#10 muscle less[Title/Abstract]

#11 #7 OR #8 OR #9 OR #10

#12 #6 OR #11

#13 blood flow restriction[Title/Abstract]
#14 vascular occlusion[Title/Abstract]
#15 KAATSU([Title/Abstract]

#16 occlusion training[Title/Abstract]
#17 ischemic training[Title/Abstract]
#18 #13 OR #14 OR #15 OR #16 OR #17
#19 #12 AND #18
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Figure 1 | Search strategy of PubMed database
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Table 1 | General information of the included studies
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Figure 3 | Bias risk assessment of the included studies
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Figure 4 | Summary of bias risks of the included studies
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LL-BFR HL Std. Mean Difference Std. Mean Difference

Study or Mean SD_Total Mean SD _Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% C|
Cook2017 (8] @-1RMEREE 187 29.43 12 317 2864 12 B2% -0.43(1.24,0.38] [
Cook2017 [6]@-1RMEEH o1 1432 12 212 3345 12 B2% -0.45[-1.27, 0.36] —
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Cooka019 (9] @-BE 61 1846 10 82 2108 11 56% -0.10 [-0.96, 0.76] —_—
Kim2017 [11] & 29 47 9 58 44 10 4.8% -0.61[1.54,032] .
Letieri2018 [12] @-5REHE0"s 2596 1613 112431 1402 10 56% 010 [0.75, 0.96] R
Letieri2018 [12) ©-ERE60"s 2023 1065 11 2085 934 10 56% -0.04 [-0.90, 0.82] —
Libardi2015 [13] @1 RmjRSE 6018 3431 10 6477 2870 8 47% -0.14 [1.07,0.79] - 1
Thiehaud2013 [19] -1 RMEHHE 20 333 B 18 651 g 36% 019[0.87,1.25] s p
Thiehaud2013 [19] D-1RMERE 47 347 B 32 492 g 36% 0.32[0.75,1.39) A B
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Yasuda2016 [22] @-1RMER# 029 0.34 10 01 047 10 52% 0.42[-0.47,1.31] I
wasudaz06 [(22]@-Fe 064 06 10 0327 045 10 50% 0.67 [0.24,1.57] B Em—
Total (95% CI) 187 198 100.0% -0.14 [0.34, 0.06] R
Heterogeneity: Chif= .76, df= 19 (P = 0.96); F= 0% 2 1 H
Testfor overall effect Z=1.38 (P =017) HL LL-BFR
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Figure 5 | Forest plot of low-load blood flow restriction training versus high-load resistance training
on muscle strength

LL-BFR HL Std. Mean Difference Std. Mean Difference
Study or Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% C| IV, Fixed, 95% CI
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Cook2018 (6] G-F kAL C5A 35 1252 10 3 1P 11 136% 0.04 [-0.82, 0.90] —_—
Cook2019 (8] ©-ERALCEA 08 Bl 10 09 F25 11 13.6% -0.01 [0.87,0.84] 1
Libardi2013 [13] ©-E@EIKAICSA 418 188 10 401 1.39 3 11.5% 0.0 [-0.83,1.03] e
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Heterogeneity. Chi*= .74, df = 8 (P =1.00), F= 0% B y 1 3
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Figure 6 | Forest plot of low-load blood flow restriction training versus high-load resistance training
on muscle mass
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Letieri2018 [12] @5 HE60s 2023 1066 11 186 9467 12 E1% 1.76 [0.76, 2.74]
Patterson2011 [1 6] -1RMIRE 00 110 5 25 10 6A% 0.57 [0.32,1.47] —_
Patterson2011 [16] -58/E 16 7358 10 3 26551 10 T.0% 0.47 [0.47, 1.36] —_
Patterson2011 [1 6] ©-8RE1 20%s 4 165 10 115 10 TA% 0.18 [0.69, 1.06] —_—
Patterson2011 [16] S-FRE30°7s 13 2458 10 0 2551 10 T.0% 0.50 F0.40,1.29] N
Pattarson2011 [16] S-RRE60YS 7 1867 10 3 1852 10 T1% 0.20 F0.B8, 1.07] I
Shimizu2018 [17]@-1RMEIE 38 918 20 32 1025 20 10.4% 0.06 [-0.56, 0.58]
Shimizu2016 [17] @-1 RMEME 71236 20 16 1235 20 10.4% 0.03 [0.59, 0.6] —_—
Shirnizu2016 [17] -1 RMfgE 157 3626 20 33 3168 20 10.3% 0.36 [0.27, 0.98] T
Shimizu2018 [17]@-1 RMEEH 8.9 1472 20 18 1338 20 10.2% 049 F0.14,1.12] T
YasudaZ015 [21] @S- 1154 14132 9 02 o7 g HO% 0.88 [0.13, 1.80] R
Vasuda2015 [21] @-F1/E 1932 1413 9 04 48 g 40% 1.73[0.57, 2.89]
Total (95% Cl) 170 170 100.0% 0.57 [0.28, 0.87] <>
Heterageneity Tau?= 0.12; ChF= 20.67, df= 12 (P = 0.06); F= 42% 5 4 ;i B
Testfor owerall effect 7= 3.78 (P = 0.0002) LL LL-BFR
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Figure 7 | Forest plot of low-load blood flow restriction training versus low-load resistance training
on muscle strength
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Takashi2010 [18] D-FEEI0% 10 20.66 " -3 2252 g 99% 0.58 F0.25,1.51] -
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Figure 8 | Forest plot of walking training with blood flow restriction versus walking training on
muscle strength
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L
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Total (95% Cl) 107 82 1000%  0.28[0.01,057] -
Heterogeneity. Chi*= 0.7, df= 9 (P= 1.00; F= 0% R a— + +
Testfor averall effect 7= 1.89 (P = 0.06) P
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Figure 9 | Forest plot of walking training with blood flow restriction versus walking training on
muscle mass
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Kargaran2021 [10] € 30sEti s 38 36 8 0B 261 8 106% 1.32[0.21, 2.44] —
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0zaki2011 [15] B- 30 EERAEE 4 316 10 2 56T B 1% 0431041,137) I
0zaki2011 [15] D-TUG 05 0547 10 D 0SBE B 114% 0881184013 —
Total (95% CI) 82 75 100.0%  0.61[:0.04,1.26] -
Heterogeneity: Tau®= 0.71; Chi* = 25.69, df= & (P= 0.0004), = 72% % 5 3 h
Testfor overall effect Z= 1.83 (F= 0.07) S BFRI

. i B 0 A7 A AT UIN SR it AR A RE ) 77 TG S8 35 PE 72 57 (P> 0.05); @ k1A BE: 30s
BEREFEEST; @N P DhfE: SRAK Romberg MIiK; @ NEEENRESI: TUG, 6min 4T

10 | MRFRSI - ZITAPSITINGE B E R L ERE Meta TR 4K [E

Figure 10 | Forest plot of walking training with blood flow restriction versus walking training on
physical performance
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3.1.1 IRM/10RM
Patierson2011 [16] ©-1RMIEE M 25 10 5 35 10 B9% 057 [0.32,1.47) -
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Shirmizu201 6 [17] @-1RMEBEE 157 3626 20 33 3NBY 0 103% 0.36 [-0.27, 0.96] -
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Figure 11 | Forest plot of muscle strength subgroup analysis with different test methods in low-load
blood flow restriction training and low-load resistance training groups
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Figure 12 | Forest plot of physical performance subgroup analysis with different test methods in
walking training with blood flow restriction and walking training groups
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Figure 13 | Forest plot of physical performance after walking training with blood flow restriction

versus walking training (sensitivity analysis)
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Figure 14 | Funnel plot of publication bias of
low-load blood flow restriction training and high-
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