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A B S T R A C T

Age-related sarcopenia places a tremendous burden on healthcare providers and patients' families. Blood flow
restriction (BFR) training may be a promising treatment to bring sarcopenia down, and it offers numerous ad-
vantages over traditional resistance training. The purpose of this review was to compare the effects of BFR
training and conventional resistance training on clinically delayed sarcopenia in the elderly. Databases such as
PubMed, Web of Science, Embase, and Science Direct were searched to identify eligible studies; blinded data
extraction was performed to assess study quality, and conflicts were submitted to third parties. Someone made the
decision. One author used Review Manager (RevMan) 5.4 and compared it with data obtained by another author
for this purpose. A total of 14 studies met the inclusion criteria for this review. The funnel plots of the studies did
not show any substantial publication bias. Low-load blood flow restriction (LL-BFR) had no significant effect on
muscle mass compared with high-load resistance training (HL-RT) (p ¼ 0.74, SMD ¼ 0.07, 95% CI: 0.33 to 0. 46)
and LL-BFR had a significant effect on muscle strength compared with HL-RT (p ¼ 0.03, Z ¼ 2.16, SMD ¼ -0.34,
95% CI: 0.65 to -0.03). LL-BFR showed a slight effect on mass compared to LL-RT (p ¼ 0.26, SMD ¼ 0.25, 95% CI:
0.19 to 0.69). Sensitivity analysis produced a nonsignificant change, suggesting that the results of this study are
reasonable. In conclusion, the data suggest the possibility that BFR training improves age-related sarcopenia.
1. Introduction

China is currently entering an aging phase. According to China's 7th
census in 2021, people over the age of 60 account for 18.70% of the
population.1 As people age, their skeletal muscle mass is expected to
reduce because of limitations of physical activity, which has been
referred to as sarcopenia.2 Sarcopenia is a generalized skeletal muscle
disorder that emerges with aging, most often found in middle-aged and
elderly people.3 According to the definition of the Asian Working Group
on Sarcopenia (AWGS), sarcopenia is an age-related progressive
age-related activity disorder syndrome characterized by a reduction in
whole-body muscle mass, a decrease in muscle strength, and a decline in
muscle physiology.45 The Asian Working Group on Sarcopenia (AWGS)
defines sarcopenia as the presence of decreased muscle strength and
decreased somatic function in conjunction with decreased muscle
mass.46

Conventional resistance training has been confirmed to maintain
muscle mass and improvemuscle strength, however, the effect appears to
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be insignificant in elderly people because of the high load it requires.61

Since its establishment in Japan in the 1970s,4 Low-Load Blood Flow
Restriction (LL-BFR) training has been evidenced to increase skeletal
muscle growth and strength,5–8 as well as reduce knee pain and fluid
storage, therefore resulting in the prevention of atrophy and improve-
ment of the overall body function.9 In recent years, LL-BFR has been
identified as an effective protocol to improve sarcopenia in elderly peo-
ple, which has evidenced the crucial improvement of LL-BFR training on
skeletal muscle hypertrophy and strength increases. Centern et al.
compared the LL-BFR with the protein group, the LL-BFR with the pla-
cebo group, and the control group without training but with protein,
supplementation and found that the former two groups were significantly
more effective than the control group in increasingmuscle cross-sectional
area.6 Moreover, Hughes, et al. and Lixandro et al. examined the effects
of high-load resistance training (HL-RT) and LL-BFR on skeletal muscle
strength and mass, further evidencing the important role of LL-BFR in
increasing skeletal muscle strength and size.9,11

Currently, there are still some shortcomings in the research content
and perspectives of relevant systematic reviews.10,11 For example,
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Abbreviations

BFR blood flow restriction
LL-BFR low-load blood flow restriction
HL-RT high-load resistance training
LL-RT low-load resistance training
RCT randomized controlled trials
CCS clinical cohort studies
M Mean
SD Standard Deviation
RevMan Review Manager
SMD standard mean differences
RM repetition maximum
EG experimental group
CG controlled group
ND no description
ASM appendicular skeletal muscle
GRADE Grades of Recommendation, Assessment, Development,

and Evaluation
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participants in the meta-analyses of Centner et al. and Lixandro et al. on
the advantage of RCTs are healthy. In addition, there are fewer scientific
studies reporting on BFR training in older adults at risk for sarcopenia. In
recent years, prospective studies have been well carried out on the effects
of LL-BFR on skeletal muscle in older adults, however, the effects of
LL-BFR on sarcopenia still remain doubtful. This review is aiming at
reformulating the inclusion and exclusion criteria of the meta-analysis to
establish the effect of LL-BFR on sarcopenia and is expected to give
clinical healthcare practitioners reference ideas for the treatment and
rehabilitation of patients with degenerative disorders.

2. Methods

2.1. Protocol

This review, registered on PROSPERO (CRD42022331192), follows
the PRISMA criteria for publishing systematic reviews and meta-analyses
of healthcare interventions.12

2.2. Search strategy

We used databases including PubMed, Web of Science, Embase, and
Science Direct to collect information using combinations of blood flow
restriction, blood flow restriction training, BFR, LL-BFR, BFR occlusion,
BFR therapy, sarcopenia, and sarcopenia. All synonyms are linked using
"OR" and treated as the same component throughout the search. The
conjunction "AND" is used to ensure that at least one search result con-
tains the search term. This necessitates truncation and adjacency
searches in order to discover alternative variants and sort results. Except
for Scopus, all searches use "Title/Abstract, and Keywords." The publi-
cations' references were checked to ensure no missing results in our
study.

2.3. Inclusion and exclusion criteria

All studies included in this review met the following criteria: (i) they
were randomized controlled trials (RCT) or clinical cohort studies (CCS);
and (ii) the experimental group completed an LL-BFR intervention while
the control group did a conventional HL-RT or LL-RT intervention. (iii)
the subjects were all older adults over 60 years of age at risk for sarco-
penia, and there were no significant differences in their baseline char-
acteristics; (iv) the outcomemetrics included muscle strength andmuscle
mass, and the indicator data were expressed as mean � standard
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deviation (M � SD); and (v) the studies were all published in English-
language scientific journals peer-reviewed by experts.

In addition, studies were excluded if (i) the blinded experimental
designs were not used; (ii) the experimental groups used other drugs or
nutritional interventions along with LL-BFR; (iii) the studies were con-
ducted in relevant animal models; (iv) the studies included target pop-
ulations that used drugs to improvemuscle strength andmass; and (v) the
full texts of the studies were not available, and the significance of in-
dicators was not known.

2.4. Study selection and data extraction

We assigned two researchers to blind-screene independently the
literature and exclude the non-inclusion studies. From the remaining
eligible studies, we extracted (i) the first author's name, (ii) the year of
publication, (iii) clinical population characteristics, (iv) type, frequency,
load, and duration of the LL-BFR rehabilitation program, and (v) outcome
measures: muscle strength and size, physical function, and pain. All data
were counted in the tables, with a focus on muscle mass. The risk of bias
was evaluated using the Cochrane Handbook.13 The Dispute Division is
handled by a third party.

2.5. Sensitivity analysis

All studies included in this review were subjected to sensitivity
analysis, which included alterations to the analysis model, effect size
selection, and case-by-case literature exclusion, and the meta-analysis
was re-run.

2.6. Meta-analysis

One of the coauthors managed the data using Review Manager
(RevMan) 5.4 (Cochrane Collaboration, 2020). Each unit was evaluated
because the literature uses continuous outcome variables. The research's
effect scale signifies standard mean differences (SMD). The data display
initial to final values. The data were examined for study suppression
using a random-effects model and the I2 statistic. I2 ¼ 0 shows no het-
erogeneity between studies; I2 > 50% suggests heterogeneity. When
heterogeneity was minimal, a fixed effects model analysis was per-
formed; when heterogeneity was present, subgroup analysis was
employed. p < 0.05 was determined to be statistically significant using
forest plots to evaluatemean differences, and funnel plots were employed
to analyze publication bias.

3. Results

3.1. Study selection

A total of 4 103 studies were found in databases, in which 14 studies
met our inclusion criteria, after excluding review articles and non-
randomized controlled trials (Fig. 1).

3.2. Study characteristics

Table 1 contains the concluding information and data statistics for all
included studies including older persons. The comparison between
groups was made by comparing LL-BFR with HL-RT or LL-RT, with
muscle mass and strength serving as common outcome markers.

3.3. Risk of bias in individual studies

The bias risk graph (Fig. 2) and summary (Fig. 3) of this review:
Random sequence generation posed 50% low risks, 50% unclear risks,
and 0% high risk; allocation concealment posed 90% low risks, 1% un-
clear risks, and 0% high risks; blinding of participants and personnel
posed 100% low risks, no unclear risks, and 0% high risks; and outcome



Fig. 1. Flow diagram of study selection process.
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assessment blinding posed 60% low risks, 40% unclear risks, and 0%
high risks. (v) Forty percent of incomplete outcome data were low risks,
sixty percent were unclear risks, and one was high risks; (vi) all selective
reporting was low risks, there were no unclear risks, and there was no
high risk; (vii) another bias was an unclear risk, there was no low risk,
and there was no high risk.

3.4. Sensitivity analysis

The results of the sensitivity analysis did not change significantly,
indicating the validity of this review.

3.5. Publication bias

Among the outcome indicators expressed in this review, there are
only 10 studies on muscle strength in LL-BFR and HL-RT and therefore
were made into a funnel plot (Fig. 4). We showed a symmetrical distri-
bution of studies in the funnel plot, indicating that the studies included in
this review had a low risk of bias and a high degree of confidence.
However, the risk of bias could not be assessed because all other studies
were less than 10.

3.6. Data analysis

3.6.1. LL-BFR versus HL-RT for muscle mass
Forest plot showed no heterogeneity between studies for comparison

of LL-BFR to HL-RT in determining muscle mass (Fig. 5) (I2 ¼ 0, p¼ 0.90,
X2 ¼ 1.58, df ¼ 5), and combining effect sizes revealed that the results
were not statistically significant (p¼ 0.74, Z¼ 0.34, SMD¼ 0.07, 95% CI:
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0.33 to 0.46). A small number of combined studies prevented subgroup
analysis.

3.6.2. LL-BFR versus HL-RT for muscle strength
Forest plot demonstrated that muscle strength comparisons between

LL-BFR and HL-RT reveal acceptable variability (I2 ¼ 29%, p¼ 0.18, Chi2

¼ 12.63, df ¼ 9), and the combined effect size showed a significant dif-
ference between the 2 groups (p ¼ 0.03, Z ¼ 2.16, SMD ¼ -0.34, 95% CI:
0.65 to -0.03; Fig. 6). Fewer studies were pooled, preventing subgroup
analysis.

3.6.3. LL-BFR versus LL-RT for muscle strength
Uniform forest plots were produced to compare LL-BFR and LL-RT for

determining muscle strength, (I2 ¼ 0, p¼ 0.03, χ2¼ 1.73) (Fig. 7), unlike
LL-RT, LL-BFR showed no significant effect on muscle strength (p¼ 0.26,
Z ¼ 1.13, SMD ¼ 0.25, 95% CI: 0.19 to 0.69). There was no subgroup
analysis since fewer trials were merged.

4. Discussion

This study investigated whether LL-BFR was as effective as HL-RT in
increasing muscle mass and performance in an aged population. This
review provided fundamental information about the included studies and
assessed their literature quality, publication bias, and sensitivity. The
conclusions of this review are dependable and valuable.

Although this review compared LL-BFR with HL-RT and LL-RT indi-
vidually and examined it in terms of muscle mass and muscle strength, it
did not compare LL-BFR with LL-RT to analyze muscle mass due to the
limited number of included studies and the lack of data. Three further



Table 1
Characteristics of the included studies.

Study Subjects Age
(years)

n (EG
vs. CG)

Protocol Intervention Indicators Conclusion

Strength (%
1RM)

Duration
(weeks)

Frequency

Bigdeli et al.,
202057

Older
men

66.7�
5.8

10 &
10

LL-BFR & HL-
RT

25 - 35 & 50 -
70

6 3/week Muscle
strength

BFR exercise led to greater improvements
in muscle mass index and functional
performance in older men.

Cook et al.,
201714

Older
adults

� 65 12 &
12

LL-BFR & HL-
RT

30 - 50 & 70 12 2/week Muscle mass &
Muscle
strength

LL-BFR and HL-RT both led to increases in
muscular strength and CSA.

Cook et al.,
201915

Older
adults

67–90 10 &
11

LL-BFR & HL-
RT

30 & 70 12 2/week Muscle mass &
Muscle
strength

Both HL-RT and LL-BFR boosted the KE
and KF muscle groups' bulk and strength.

Karabulat
et al.,
200916

Older
men

50–64 13 &
13

LL-BFR & HL-
RT

20 & 80 6 3/week Muscle
strength

LL-BFR can improve leg muscle strength.

Kargaran
et al.,
202158

Older
women

62.9�
3.1

8 &8 LL-BFR & LL-
RT

20 - 30 & 45 8 3/week Muscle
strength

BFR should be considered as a training
method to counteract the undesired
changes associated with advancing age.

Letieri et al.,
201817

Older
women

> 60 11 &
10/11
& 12

LL-BFR & HL-
RT/LL-BFR &
LL-RT

20 - 30 &
70–80/20–30
& ND

12 2/week Muscle
strength

LL-BFR has similar effects to high-
intensity training in enhancing muscle
strength in older women.

Libardi et al.,
201518

Older
adults

> 60 8 & 10 LL-BFR & HL-
RT

20 - 30 & 70 -
80

12 2/week Muscle mass &
Muscle
strength

BRF training may be an effective
alternative to current exercise
prescription recommendations for older
adults.

Park et al.,
202259

Older
women

> 65 10 &
10

LL-BFR & HL-
RT

6 3/week Muscle mass BFR exercise has beneficial effects on leg
muscle thickness and balance in older
women with skeletal sarcopenia.

Patterson
et al.,
201119

Older
adults

62–73 10 &
10

LL-BFR & LL-
RT

25 & 25 4 3/week Muscle
strength

After four weeks of LL-BFR training, the
strength of older adults can increase even
further.

Shimizu
et al.,
201620

Older
adults

> 65 20 &
20

LL-BFR & LL-
RT

20 & 20 8 3/week Muscle
strength

LL-BFR resistance training increases
muscle strength in aging adults who are
physically fit.

Silva et al.,
201560

Older
adults

61.8
�6.01

15 &
15

LL-BFR & HL-
RT

30 & 80 12 2/week Muscle mass BFR can effectively improve the physical
condition of the elderly.

Thiebaud
et al.,
201321

Older
women

61 � 5 8 & 6 LL-BFR & HL-
RT

10 - 30 & 70 -
90

8 3/week Muscle mass &
Muscle
strength

Similar to moderate to vigorous stretch
training, LL-BFR increases pectoralis
major strength and muscle thickness.

Vechin et al.,
201522

Older
adults

59–71 8 & 8 LL-BFR & HL-
RT

20 - 30 & 70 -
80

12 2/week Muscle mass &
Muscle
strength

The LL-BFR program is effective for
increasing quadriceps mass and strength.

Yasuda et al.,
201423

Older
women

61–86 10 &
10

LL-BFR & HL-
RT

35–45 & 70-
90

12 2/week Muscle
strength

LL-BFR is capable of significantly
enhancing muscle strength.

LL-BFR: low-load blood flow restriction; HL-RT: high-load resistance training; LL-RT: low-load resistance training; RM: repetition maximum; EG: experimental group;
CG: controlled group; ND: no description.

Fig. 2. Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages across all included studies.
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comparisons allow for the development of the ensuing debate.
4.1. LL-BFR versus HL-RT

The findings of this review are comparable to those of Centner et al.
272
who reported a non-significant effect of LL-BFR compared to HL-RT on
muscle mass, showing that the interventions had the same effects. This
review differs from that of Centner et al. in collecting all trial data from
beginning to end.6 All data were used for meta-analysis, which provides a
comprehensive summary of the effects of LL-BFR and HL-RT on muscle



Fig. 3. Risk of bias summary: review authors' judgments about each risk of bias item for each included study.

Fig. 4. Funnel plot of risk of bias analysis: Low-load blood flow restriction (LL-
BFR) and (high-load resistance training) HL-RT for Muscle Strength.

J. Kong et al. Sports Medicine and Health Science 5 (2023) 269–276
mass and is advantageous for combining effect sizes. But they were un-
able to determine whether there was a publication bias analysis between
Fig. 5. Forest plot of comparison: Low-load blood flow restriction (LL-B

Fig. 6. Forest plot of comparison: Low-load blood flow restriction (LL-BF
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the included studies, as a publication bias analysis must be reported by
the funnel plot. Therefore, this would be uncritically more studies when
producing the funnel plot for Revman 5.4, which prevents confounding.
This systematic review extracted data for outcome markers exclusively
for the endpoints, enhancing the credibility of the study and showing the
publication bias of the funnel plot without altering the combined effect
sizes.

Numerous studies have documented the effect of HL-RT on muscle
growth. HL-RT is a practical, efficient, and safe training method for
preventing sarcopenia in the elderly.24 An RCT in which senior partici-
pants were randomly assigned to groups revealed that an equivalent
volume of moderate or high-intensity strength training increased muscle
mass in the participants.25 In addition, a substantial amount of minimal
dose resistance training for enhancing muscle mass, strength, and func-
tion was reviewed narratively through a review of the evidence and
practical considerations, and the significant effects of HL-RT on muscle
mass enhancement are summarized and reported here.26 In addition, a
more comprehensive evaluation and meta-analysis have established the
effect of HL-RT on muscle mass. For example, Schoenfeld et al. showed
that heavy or high-intensity resistance training provides the greatest
benefits for strength, whereas muscular hypertrophy can be obtained
with a variety of loads.27 Based on the evidence presented here, a
RF) versus high-load resistance training (HL-RT) for Muscle Mass.

R) versus high-load resistance training (HL-RT) for Muscle Strength.



Fig. 7. Forest plot of comparison: Low-load blood flow restriction (LL-BFR) versus low-load resistance training (LL-RT) for Muscle Strength.
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reasonable conclusion can be made that HL-RT can effectively increase
muscle mass. This shows that both LL-BFR and HL-RT play an effective
role in muscle mass in the elderly.

In contrast to the results described previously, this study found that
LL-BFR significantly improved muscle strength compared to HL-RT. Ac-
cording to a randomized controlled trial,29 muscle strength does not
decrease in the presence of other relevant exercise stimuli. LL-BFR may
also contribute to rehabilitation efforts in adults over the age of 50,
particularly in terms of improving muscle strength and function.30 All of
the participants in the studies included in this review were older than 50
and yielded identical results.30 Therefore, this review's rigorous meth-
odology lends credibility to its findings. In summary, both LL-BFR and
HL-RT increased muscle mass, but LL-BFR significantly enhanced muscle
strength.

4.2. LL-BFR versus LL-RT

On the basis of the data from the included studies, it was not possible
to conduct a meta-analysis comparing the effect of LL-BFR and LL-RT on
muscle mass. Nonetheless, this review showed that the difference be-
tween LL-BFR and LL-RT in terms of muscle strength was not statistically
significant. Even though this review did not conduct a study in this area,
it is easy to conclude that LL-BFR has a greater effect on muscle mass
improvement than LL-RT based on the methodological analysis of the
data included in the study based on this review and the conclusion that
LL-BFR has a greater effect on muscle mass than HL-RT. And the differ-
ence between HH-LT and LL-RT in terms of muscle mass is also uncon-
troversial, as this finding has been reported in multiple studies.
Lasevicius et al. and Ikezoe et al. both reported that HL-RT was more
effective for increasing muscle mass. LL-BFR may have a greater impact
on muscle mass than LL-RT.31,32

The forest plot demonstrates that LL-BFR and LL-RT have comparable
effects on muscle strength. The results of current systematic reviews and
meta-analyses are problematic. According to a systematic review, LL-BFR
improved muscle strength more than LL-RT.10 However, the result is
problematic according to the available systematic reviews and
meta-analyses. In a systematic review, for instance, the superior effect of
LL-BFR over LL-RT on muscle strength was reported, but the analysis of
the results revealed relatively large heterogeneity between the included
studies, which undermines the credibility of the meta-analysis. Although
many sets of data were used for the analysis, they were all derived from
only 2 RCTs, and these data were measured at different times between
baseline and endpoint with the same subjects, preventing the included
studies from being used for publication bias analysis and sensitivity
analysis, indicating low confidence in the results.19,20 Although the
above-mentioned two randomized controlled trials (RCTs) and one other
study were included in this review and their endpoint results were
extracted for the analysis, the results obtained in this review differed
significantly from those of other systematic reviews. Differences in
training time and frequency may have contributed to the contradictory
results, so this aspect of the study requires further.

4.3. Mechanism of LL-BFR action on skeletal muscle

Understanding the effects of LL-BFR on increasing muscle strength is
insufficient as one must also comprehend the mechanism of LL-action
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BFRs on muscle strength. According to a review, LL-BFR training
improved muscle mass, appendicular skeletal muscle (ASM), grip
strength, and isometric peak torque, particularly endothelial function,
erythrocyte velocity, C-reactive protein concentration, and soluble
intercellular adhesion molecule-1.28 In addition, endothelin-1 and
oxidative stress increased after treatment of LI-BFR. These factors all
encourage the development of muscle mass and muscular strength. The
specific mechanisms are outlined below.

4.3.1. BFR stimulates growth hormone secretion
Growth hormone (GH) is stimulated to generate insulin-like growth

factor (IGF-1), which regulates growth and metabolism and is a potent
factor in skeletal muscle growth.47 It has been reported that GH levels
were 290-fold higher after BFR compared to controls without flow re-
striction.48 LL-BFR with low-intensity resistance training promotes GH
secretion.49 LL-BFR was effective in increasing GH, IGF-1, and testos-
terone levels in young men, which in turn increased muscle anabolic
potential and increased cuff stress leading to higher levels of hormone
secretion.50

4.3.2. BFR promotes muscle protein synthesis
The blood stasis caused by BFR training can lead to an increase in

extracellular fluid and the accumulation of metabolites such as lactate,
creating a pressure gradient that will drive fluid into muscle fibers,
resulting in an increase in cell volume will alter cell structure and drive
muscle protein synthesis - the mammalian rapamycin (mTOR)
pathway.51 mTOR pathway is through S6 protein kinase (protein S6 ki-
nase, S6K1) that stimulates muscle protein synthesis by phosphoryla-
tion.52 The fractional synthesis rate (FSR) of partial muscle protein
synthesis increased by 46% 3 h after a round of BFR training. Thus,
enhanced mTOR signaling may be an important cellular mechanism for
BFR training-induced muscle hypertrophy.53

4.3.3. BFR increases fast muscle fiber recruitment
When the body is exercised, slow twitch fibers (ST) are recruited first

and then fast twitch fibers (FT) are recruited as force increases.54 FT has a
high anaerobic metabolic capacity and inorganic phosphate catabolism
during BFRT, and FT recruitment is accompanied by a significant in-
crease in mean peak amplitude and frequency of motor units and sig-
nificant changes in surface muscle electrical power spectral
parameters.55 It was reported that FT cross-sectional area increased by
27.6% in low-intensity BFRT, while ST increased by only 5.9% due to
tissue hypoxia and susceptibility to fatigue.56

4.4. Practical significance

Physical function, muscle mass, and muscle strength all decline with
age,33 and a rise in the incidence of sarcopenia can be ascribed to a
decline in muscle mass and strength.2 China has unquestionably entered
an aging society, resulting in a rise in the prevalence of sarcopenia in
Chinese society.1 sarcopenia is capable of causing numerous diseases in
the body,34 including an increased risk of falls and death,35,36 and the
development and progression of cardiomyopathy diseases that may affect
the elderly.37 For these potential conditions, specific interventions are
necessary to mitigate the occurrences that may occur after sarcopenia.
Physical activity has been suggested as a means of preventing sarcopenia,
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especially for patients with sarcopenia who need to develop resistance
training under medical supervision.38 This review compares the high and
low intensities of LL-BFR and resistance training, and the results can
serve as a benchmark for the design of exercise prescriptions for patients
with sarcopenia.

LL-BFR is superior to conventional resistance training. As was previ-
ously reported, LL-BFR is effective at reducing knee pain and preventing
fluid storage, while having similar effects on skeletal muscle as HL-RT.9

This review also compared the effects of LL-BFR and resistance training
on muscle mass and muscle strength using the obtained study results,
which yielded benefits. In addition, LL-BFR has reportedly been applied
to bone metabolism.39,40 In addition, if a patient is unable to perform
traditional aerobic or resistance training due to weakness, athletic injury,
or ongoing rehabilitation, BFR training has become an alternative
intervention for these training modalities. BFR training can be used as a
supplement to traditional training protocols to improve adaptation to
training.41

To sum up the above, the findings of this meta-analysis may aid
physicians in geriatrics and rehabilitation medicine in the treatment and
prevention of sarcopenia, allowing patients to avoid the likelihood of
adverse events associated with sarcopenia, which has an impact on
clinical practice.

4.5. Strengths and limitations

This is the first systematic review and meta-analysis of the effects of
BFR training on the skeletal muscles that references the requirements
reported in AMSTAR 2 and PRISMA and is more standardized, and unlike
other published systematic reviews, it included studies with less varia-
tion in baseline subject characteristics and conducted publication bias
analysis and meta-analysis prior to sensitivity analyses.42,43 This review
excluded studies that did not use blinding, which can increase the
credibility of the results. Moreover, we excluded studies suspected to be
from the same subject group, reducing the selection bias of subjects in the
included studies. The data for each outcome indicator endpoint was
chosen for analysis in this study based on the low variation in baseline
subject characteristics, ensuring the dependability of the results. In
addition, credible results were ensured by symmetric funnel plots and
forest plots with low heterogeneity, in accordance with the Grades of
Recommendation, Assessment, Development, and Evaluation (GRADE)
entry.44

Nonetheless, this analysis has a couple of flaws. Few studies (n ¼ 14)
were retrieved for inclusion in this review, making it susceptible to
publication bias, which is detrimental to the obtained results, it is also on
this basis that funnel plots were abandoned to be drawn to test for
publication bias between studies. In addition, the review was unable to
perform subgroup analyses to determine the effects of LL-BFR versus LL-
RT with different training durations and frequencies on muscle mass and
muscle strength due to the limited number of included studies. In addi-
tion, the results of LL-BFR versus LL-RT for Muscle Mass were not ob-
tained by this review analysis based on the obtained studies and data,
which casts doubt on the veracity of the LL-BFR advantage. In addition,
variability in the timing of training interventions included in the study
may lead to bias.

5. Conclusion

In conclusion, both LL-BFR and traditional resistance training have
some potential to improve sarcopenia in older adults, and they have
similar improvements in muscle mass, but LL-BFR has greater improve-
ments in muscle strength.
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