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Purpose: This study aimed to explore the safety of blood flow restriction combined stepping aerobic exercise (BFR-SAE) using
elastic and non-elastic cuffs at varying pressures in older adults with sarcopenia.

Methods: Older adults with sarcopenia were selected by convenience sampling method and underwent BFR-SAE using elastic and
non-elastic cuffs at 20%, 40%, and 60% limb occlusion pressure (LOP). Exercise response and adverse events were recorded.
Results: Thirty-one participants (84.81+6.19 years old) completed the tests. During the non-elastic cuffs test, 31 participants
completed at 20% LOP, and 4 (12.9%) dropped from 40% to 20% LOP. At 60% LOP, 19 (61.3%) and 3 (9.7%) dropped to 40%
and 20% LOP, respectively. In the elastic cuffs tests all participants completed at 20% and 40% LOP. At 60% LOP, 9 (29.0%) dropped
to the interface pressure corresponding to 40% LOP. General exercise responses were lower with elastic cuffs at 40% LOP (22.6% vs
45.2%) and 60% LOP (41.9% vs 51.6%), with higher completion rate than non-elastic cuffs (40% LOP: 100% vs 87.1%; 60% LOP:
71.0% vs 29.0%). Among the results of systolic and diastolic blood pressure (SBP and DBP), pulse rate (P) and pulse oxygen
saturation (SpO,), differences were found in BP and P at different time points (P<0.05) within each pressure, but no significant
difference between different pressures. Non-elastic cuffs caused significant increases in SBP, DBP, and P from rest, while only SBP
and P showed significant increases in elastic cuffs group. Pain scores were 0 for both cuffs after tests, the adverse events rate was 1.1%
and rating of perceived exertion all reached moderate-intensity of exercise.

Conclusion: Elastic cuffs for BFR-SAE induced milder exercise responses and higher completion rates, suggesting better safety and
feasibility than non-elastic cuffs in older adults with possible sarcopenia.
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Introduction
The worldwide population aged 65 and above is expanding at an unprecedented pace, with projections indicating it will
reach 1.6 billion by 2050." The older adults are the main group of chronic diseases, and sarcopenia is one of the common
chronic diseases of them. With aging, the prevalence of sarcopenia will also increase sharply, bringing a huge care burden
to families and society. The decrease of muscle strength and mass in older adults with sarcopenia significantly reduces
the activity ability of daily life.? It further aggravates the progression of sarcopenia, resulting in many serious effects,
such as falls, fractures, poor quality of life, and disability.® Exercise, as a non-drug treatment of sarcopenia, remains
a research hotspot.*

The American College of Sports Medicine (ACSM) and American Heart Association (AHA) recommend the older
adults to perform low-intensity aerobic exercise (AE) as transition at the initial stage and take resistance exercise (RE)
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based on their exercise and physical condition at a later stage.® In addition to significantly improving cardiopulmonary
fitness, AE may also improve muscle fitness by reshaping the contraction of muscle fibers.’

Blood flow restriction training (BFRT) combines vascular occlusion with concurrent exercise. The exercise is
not much fundamentally different from traditional exercise and could be RE or AE.® BFRT has been shown to be
more effective in improving physical fitness and producing multiple benefits.” '' It can achieve similar high-

intensity exercise effects at lower intensity,'>"?

producing more optimized exercise effects than simple exercise at
the same intensity.'* Studies have shown that blood flow restriction (BFR) combined with low-intensity AE can
more effectively promote muscle hypertrophy and strength than AE alone.'> BFRT can also better promote

: 1
hormone release and speed up metabolism,'®

and has achieved good results in improving muscle fitness and
cardiorespiratory fitness in some disease groups'’ and athletes,'® but research in older adults with sarcopenia is
still in its infancy.

People with sarcopenia are usually accompanied by other chronic diseases, such as hypertension, diabetes and
osteoporosis, and extra care should be taken during exercise training. Although the adverse events of BFRT, such as
limb bruising, rhabdomyolysis, numbness and cardiovascular accidents are rarely reported in healthy people and other

1921 222
populations, 23

the safety in individuals with sarcopenia is unknown.

BFR application reduces blood flow, while its release triggers a rapid rebound increase, resulting in ischemia-
reperfusion. It is necessary to consider the possibility of this training causing pressure or muscle damage, cardiovascular
adverse events.”* Current evidence lacks comprehensive documentation of potential BFRT-related adverse events in
sarcopenia. Further large-scale studies are required to establish these risks, identify sensitive safety markers, and develop
preventive protocols to ensure participant safety during training.

The purpose of this study was to investigate the safety and feasibility of BFR combined with stepping aerobic
exercise (BFR-SAE) in older adults with sarcopenia, comparing non-clastic versus elastic cuffs at varying pressures. The
findings were expected to provide practical guidance for cuff selection, pressure optimization, and BFRT prescription in
this population.

Materials and Methods

Participants

Older adults were screened through convenience sampling method at a nursing home from October 2022 to January 2023
in Suzhou. The eligible participants met the following inclusion criteria: conformed to the 2019 Asian Working Group for
Sarcopenia (AWGS) diagnostic criteria for sarcopenia, possible sarcopenia, or low muscle mass (pre-sarcopenia), able to
communicate, and willing to participate in the study.”” The exclusion criteria included serious cardiovascular diseases or
the acute stage of diseases (such as acute myocardial infarction), lower limb disease (such as deep vein thrombosis or
bone and joint surgery within 6 months), using anticoagulant drugs, using the drugs that can affect heart rate (such as -
blocker, anticholinergic drugs, calcium antagonist, etc)., hypertension that cannot be controlled by drugs (=150/100
mmHg), exercise contraindications (such as respiratory failure).

All participants were fully informed of the study content and potential risks before they signed the consent form.

Procedures
All older adults residing in the nursing home underwent initial screening by researchers through a review of their medical
records. Potentially eligible participants then underwent anthropometric and functional assessments, including measure-
ments of height, weight, appendicular skeletal muscle mass index (ASMI), handgrip strength, and the 5 Times Sit-To-Stand
test (STSTS) further eligibility determination. Eligible individuals subsequently completed additional evaluations on
a separate occasion, encompassing blood pressure (BP), resting heart rate (HR.), and pulse oxygen saturation (SpO,)
measurements. Furthermore, lower limb ultrasound examinations were conducted to rule out lower extremity thrombus,
followed by assessments of limb occlusion pressure (LOP) and interface pressure.

After the above measurements, participants received the test of SAE alone for determination of suitable stepping
exercise resistance. Based on this, two sessions of tests followed, which were (D) BFR with non-elastic cuffs combined
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with SAE (abbreviated as non-elastic test) and (2) BFR with elastic cuffs combined with SAE (abbreviated as elastic
test). In order to avoid bias, participants with odd numbers in their recruiting order accepted the tests with the order of
(D-@ (group A) and the ones with even numbers had the order of @)-(D (group B). BP, heart reat (HR), and SpO, were
measured before, during (every 5 minutes), and after test (5 minutes later) of each session. Rating of perceived exertion
(RPE), pain score and the adverse events were recorded after test.

The study procedure and protocol are summarized in Figure 1.

Test Protocols

The SAE test consisted of 5 sessions (one session per day, 10 to 20 minutes per session) and lasted for a continuous of 5
days. It was performed with a stepping machine (Jiujian, SCS1, China) and the stepping mileage was automatically
recorded. The stepping resistance (ranged from levels 1 to 12, the larger level represented the greater resistance) was
adjusted according to the RPE and HR of each participant. According to HR,.; and age, maximal heart rate (HRax),
heart reserve rate (HRR) and target heart rate (THR) at low and moderate AE of each participant were calculated.”® The
specific calculation formulas were as follows: HR . = 207-0.7 x age, HRR = HR 0y - HRyeqr, low-intensity AE: THR =
(30%~39%) x HRR + HR,.y, moderate-intensity AE: THR = (40%~59%) x HRR + HR,..>’ Additionally, RPE was also
applied to help maintain the suitable intensity of exercise. RPE was measured immediately after each test using the Borg
scale.?® The scale ranges from 6 to 20, RPE 10~11 stands for low-intensity, 12~13 stands for moderate-intensity, and >14
for high-intensity.

In the first day, every participant did a 10-minute test using the stepping machine at a prescribed stepping resistance
level (level 2) which was proven properly in previous investigations in our laboratory in healthy population. BP, HR, and
SpO, were measured before exercise (0 min), during (every 5 mins), and after (5 mins after the test) the exercise. RPE
was recorded immediately after the exercise test finished. In the second and third days, tests lasted for 15 and 20 minutes,
respectively. During the 5 sessions, the intensity of exercise gradually increased from low to moderate. Based on these
tests, the suitable stepping resistance level for each person were determined.

In the BFR-SAE tests, participants put on either non-elastic or elastic cuffs and BFR were performed during the
stepping exercise. The non-elastic cuffs were wide rapid-inflation pneumatic tourniquet (Yanling, China; 7.6 cm wide X
120 cm long) and the elastic cuffs were pneumatically controlled cuffs (BStrong, United States; 7.5 cm wide x 105 cm

28,29
long).
®  5session ® 3 session ® 3 session
® 1 session/day ® once every other day ® once every other day
®  10~20 mins/session ® 20,40,60% LOP ®  20,40,60%LOP’
® Stepping resistance ®  Fixed stepping ®  Fixed stepping
(level 2) resistance resistance
First Second Third Stepping aerobic Non-elastic BFR Elastic BFR
visit visit visit exercise (SAE) test combined with SAE <:> combined with SAE
(The 1* day) (The 2" day) (The 3 day) (The 2™ week) (The 3“week or 4" week, in different orders)
® Healthcare ® Height ® BP Before | During 5 mins after Measurement indicators were the
report ® weight ® HR (every 5 same as in SAE test
® ASMI ® SpO: mins)
® Handgrip ® Lower e Bp e Bp
strength Limb ® HR ® HR
® 5 Times Sit- Ultrasound ® Spo; ® Spo,
To-Stand test ® Lop ® RPE
® Interface ® Pain
pressure ® Adverse
events

Figure | The study procedure and protocol.
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The non-elastic test consisted of three 20-minute sessions conducted over a week (every other day), with each session
using 20%, 40%, and 60% LOP, respectively. Every participant wore non-elastic cuffs and did SAE at fixed stepping
resistance (which was determined based on the SAE alone). The inflation pressure was maintained the same during the
test in each session. If the participant felt too tight to continue the test, the researchers would reduce pressure by 20% to
ensure the test to be finished.

The elastic cuff protocol comprised three 20-minute sessions administered on alternate days over one week. Each
session implemented progressively increasing pressures corresponding to 20%, 40%, and 60% of the non-elastic cuff’s
LOP (judged by interface pressure), denoted as 20% LOP*, 40% LOP* and 60% LOP* to differentiate from the non-
elastic device’s pressures. Except for wearing the elastic instead of non-elastic cuffs, all other procedures were the same
as the non-elastic test. The parameters measured in both non-elastic and elastic tests were the same as in the SAE alone.

Measurements

A self-designed questionnaire was used to collect basic characteristics, sarcopenia diagnostic indicators, and other health-
related metrics. Basic characteristics include sex, age, height, and body weight. Sarcopenia diagnosis indicators include
grip strength, STSTS and ASMI. Other health-related metrics included resting BP and HR, the presence of hypertension,
and medication which could influence HR.

Before distributing the questionnaire, the researcher provided detailed explanation about the study’s purpose to each
participant. The questionnaires were completed uniformly by the researcher through direct inquiry and measurement and
were collected immediately upon completion. After collection, the researcher thoroughly reviewed each questionnaire to
identify and correct any errors or omissions. Any issues found were resolved on the spot.

The diagnostic indicators and criteria for sarcopenia included the following:*®> (D) handgrip strength (male < 28 kg,
female <18 kg), @ 5TSTS > 12s; and 3) ASMI (male < 7.0 kg/m?, female < 5.7 kg/m?). Participants meeting criteria (D)
and 3 or (2) and (3 are diagnosed with sarcopenia. Those meeting all three criteria (D, 2 and (®)) are classified as
severe sarcopenia. Meeting either () or (2) suggests possible sarcopenia, while meeting only (3) indicates low muscle
mass. The individuals with sarcopenia, severe sarcopenia, possible sarcopenia, or low muscle mass (pre-sarcopenia) were
included in our study.

The upper limb muscle strength was assessed using a hand grip dynamometer (Jamar, 563213, USA). Participants sat
upright on a 46 cm-high chair with their upper arms in a neutral position and their forearms bent at a 90° angel. After
completing two practice trials, participants performed the test by maintaining the grip with their dominant hand in the
described position for three seconds. This was repeated three times in total, with a 30-second rest between each attempt.
The highest value among the three trials was recorded as the measurement result.*”

The physical function was assessed using the STSTS. The participant sits on a 43 cm-high chair placed against a wall,
with their legs naturally apart, arms crossed in front of their chest, and back kept straight. Upon the researcher’s prompt
to “Start”, participant rose from the chair, stand up, and then sat back down. The time (in seconds) required for five full
cycles of standing up and sitting down was recorded. A shorter time indicated better lower limb muscle strength.>'

ASMI was estimated with bioelectrical impedance analysis (BIA) using a portable body composition tester (INBOBY,
S10, Korea). Participants were asked to avoid strenuous exercise, excessive water consumption, and eating prior to the
test. During the test, they were asked to remove magnetic objects such as metal ornaments and mobile phones, as well as
shoes, socks, and heavy clothing. Participants were advised to stay relaxed to prevent muscle hypercontraction. They
remained seated position and required to stay silent throughout the procedure.

LOP was measured using an ultrasonic Doppler blood flow detector (Bestman, BV-520T, China) while participants
wore non-elastic BFR cuffs. Participants remained seated, and the blood flow probe was placed at a 45° angle on the
dorsal foot artery. Non-elastic cuffs were applied to both lower limbs, close to the inguinal region, and gradually inflated.
When the waveform displayed on the screen became a straight line and the artery sound disappeared, the cuffs were
deflated after 10 seconds. The LOP was determined when the waveform and artery sound reappeared, and the
corresponding value on the pressure gauge connected to the cuffs was recorded.

Interface pressure was measured following the method described in previous literature.>® The participants remained
seated, and the pressure test balloon was positioned under the non-elastic BFR cuffs. Interface pressure values were
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recorded when the inflation reached 20%, 40% and 60% of the LOP, respectively. These three interface pressure values
were then used as reference points for inflating the elastic BFR cuff during the BFR-SAE test, ensuring the interface
pressures reached the same levels.

BP and HR were measured using a wrist electronic BP monitor (OMRON, 18F052-21, China) while participants
remained seated, ensuring the same arm, instrument, and time were used for consistency. SpO, was measured using
a finger pulse oximeter (Yuyue, YX102, China).

RPE was assessed immediately after each test. Participants were familiarized with the Borg scale®® prior to the test
and asked to rate their perceived exertion. The scale ranges from 6 to 20, where 10-11 and 12-13 represents low-
intensity and moderate-intensity, respectively.

The Numerical Rating Scale (NRS) was used to assess physical pain after exercise. The scale ranged from 0 (no pain)
to 10 (the most severe pain). Participants selected a number from 0 to 10 to describe the pain level.*

Adverse events were recorded by the researchers, including the time of the occurrence, the methods used to address
them. Researchers and medical staff were present during the exercise test to manage any adverse events promptly.
Documented adverse events encompassed a range of conditions including: dizziness, vomiting, limb numbness/paresthe-
sia, subcutaneous hemorrhage, rhabdomyolysis, acute heart failure, asthma exacerbation, ecchymoses, falls, and in
extreme cases, sudden death.

Statistical Analyses
Statistical analyses were performed using SPSS software (version 25.0; IBM, United States). The Shapiro—Wilk test was
conducted to check the normality of all the parameters. Quantitative variables with normal distributions were presented
as means + standard deviations (s). Qualitative variables were presented as numbers (percentages). Descriptive analysis
method was used for exercises completion, adverse reactions under different cuffs and pressures. Repeated measures
analysis of variance was used for BP and other indicators during exercise tests with a ball test was performed in advance.
When the ball test was not passed, the Green-House correction method was used to analyze the main effects and
interaction effects between groups and time, respectively, and then a simple effect analysis between groups and time was
performed. P<0.05 is statistically significant, and this test is a two-sided test.

All the data in this study was restricted to scientific research use only. All the data were recorded and reviewed by two
researchers to ensure accuracy.

Results

A total of 120 individuals aged 60 years and older were recruited. After screening with sarcopenia diagnosis, 40
individuals met the inclusion criteria, and 33 participants who signed informed consent were included in the study.
A total of 31 individuals finally completed all the 11 sessions of exercise tests, with a dropout rate of 6.06% (Figure 2).

General Information of Study Participants

The 31 participants who completed the tests included 5 males (16.13%) and 26 females (83.87%), aged 84.81+6.19 years,
and all diagnosed as possible sarcopenia. Among them, 18 had a history of hypertension. None of the participants were
taking medications known to affect heart rate, and there were no changes in medication use during the intervention
period. Data of participants’ basic characteristics, sarcopenia diagnosis indicators, and health-related indicators are
shown in Table 1.

Intervention Completion Status
Completion of BFR-SAE with Non-Elastic and Elastic BFR Cuffs Under Different Pressures
The inflation pressures for the non-elastic BFR cuffs were set to be 20%, 40%, and 60% LOP. The corresponded interface
pressures at each pressure level were measured and used as the pressures for elastic cuffs (denoted as 20%, 40%, and
60% LOP*).

In the non-elastic test, all 31 participants successfully completed the trial at 20% LOP. However, at higher pressure
levels, some participants required adjustments: at 40% LOP test, 4 participants (12.9%) had their pressure reduced to
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Total number of older adults in nursing home (n = 326)

™ Excluded: Semi-independent ones (1 = 206)

A4

Independent older adults (n = 120)

Excluded (n# = 80)

With pacemakers or heart stents (n = 10)
.| Non-sarcopenia (n = 55)

Limb surgery in 3 months (n = 10)

Lung cancer (n =3)
Severe osteoporosis (n = 2)

A

Assessed for eligibility (n = 40)

Excluded (n = 7): hearing disability (n = 1),
unmeasurable LOP due to untouched dorsal
foot artery or posterior tibial artery (n = 3),
familial disapproval (n = 3)

A 4

Sarcopenia, possible sarcopenia, pre- sarcopenia (n = 33)

!
! !

Group A: Group B:
Non-Elastic test + elastic test Elastic test + non-elastic test

Dropped out (n =1) Dropped out (n =1)

Attack of vertigo N Refuse to test (n = 1)
before test (n =1)

A 4

Analyzed (n = 15)

v
Analyzed (n = 16)

Figure 2 Flow chart of the study.

20% LOP; at 60% LOP test, 19 participants (61.3%) were adjusted to 40% LOP, while 3 (9.7%) were further reduced to
20% LOP. In elastic tests, all 31 participants completed the trials at 20% and 40% LOP* while 9 participants (29.0%) had
their pressure reduced to 40% LOP* at the 60% LOP* trial.

In total, 9 participants completed tests under low, medium, and high pressures with non-elastic cuffs, while 22
completed testing with elastic cuffs (Table 2).

Comparison of Pressures of Different BFR Cuffs Used by Participants

Participants’” LOP was 254.52+34.37 mmHg, with the corresponded interface pressure of 223.81+28.61 mmHg. In the
intervention trials, the inflation pressure (prescribed) and actual inflation pressure (actually finished) of the elastic cuffs
with 20% LOP*, 40% LOP*, and 60% LOP* were higher than those of the non-elastic cuffs (Figure 3).

Exercise Intensity Achieved by Participants

Exercise intensity was assessed based on the target THR. Twenty-one participants achieved low-intensity, while nine
achieved moderate-intensity aerobic exercise. According to RPE, all participants achieved moderate-intensity. Notably,
four participants had RPE scores reaching 14 during non-elastic cuff tests.

1170 b Clinical Interventions in Aging 2025:20



Zhang et al

Table | Participant Characteristics

n(%) Ix ts

Basic characteristics

n=31

Gender (male/female)

5(16.13)/26(83.87)

Age (year) 84.81%6.19
Height (cm) 1.56+0.09
Weight (kg) 59.52+10.21

Indicators related to sarcopenia diagnosis

Grip strength (male/female) (kg)

27.20£7.01/18.24+3.33

5-time chair stand test (s)

13.62+7.86

ASMI (male/female) (kg/m?)

9.02+0.52/7.67+0.87

Indicators related to health

With/without hypertension

18(58.06)/13(41.94)

With/without drugs decreasing or increasing HR

0(0)/100(100)

SBP (mmHg) 135.61+13.98

DBP (mmHg) 76.41£9.60
HRes: (beats/min) 74.38+8.70
HRmax (beats/min) 140.08+4.41

HRR (beats/min) 78.72+9.79

THR at low intensity (beats/min) 93.90+6.85~101.00+6.18
THR at moderate intensity (beats/min) 101.79£6.10~116.76+4.91

Abbreviations: ASMI, appendicular skeletal muscle mass index; HR, heart rate; SBP, systolic
blood pressure; DBP, diastolic blood pressure; HR.q, resting heart rate; HR,,, maximal
heart rate; HRR, heart reserve rate; THR, target heart rate.

Table 2 Comparison of the Participants’ Exercise Completion Rate Under Different Pressures Using
Different BFR Cuffs, n (%)

Non-Elastic Cuffs Elastic Cuffs
20% LOP | 40% LOP | 60% LOP | 20% LOP* | 40% LOP* | 60%LOP*
31(100) 27(87.1) 9(29.0) 31(100) 31(100) 22(71.0)
Decreased to 20% LOP 4(12.9) 3(9.7)
Decreased to 40% LOP 19(61.3)
Decreased to 40% LOP* 9(29.0)

Notes: * inflation pressure under interface pressure corresponding to 20%, 40% and 60% LOP of non-elastic cuffs, the same
description to all the following tables.
Abbreviation: LOP, limb occlusion pressure.
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Non-elastic cuffs Elastic cuffs

Figure 3 Comparison of pressures between different BFR cuffs.”: During protocol implementation, participants who reported excessive cuff pressure had their inflation
levels reduced by 20% LOP while continuing exercise. All participants (100%) successfully completed the 20% LOP trials, confirming that achieved pressures matched target
values. However, at higher pressure levels (40% and 60% LOP), a subset of participants required downward pressure adjustments, resulting in actual inflation pressures
below the prescribed percentages of their individual LOP measurements; ': P<0.05, compared to the corresponding pressure of the non-elastic cuffs; ¥: P<0.01, compared to
the corresponding pressure of the non-elastic cuffs.

Abbreviation: LOP, limb occlusion pressure.

Stepping Resistance Levels and Power During BFR-SAE

The participants completed 6 exercise tests (three non-elastic and three elastic tests), with an average stepping resistance
level of 4.19+1.99. Using the formula for calculating power (P), P = FV (force x velocity), where F represented the
weight corresponding to different resistance levels multiplied by gravitational acceleration (9.8 m/s?) and V was the total
distance covered in the six tests (total cycling laps x 0.75 m)/the total time (20 minutes X 60 seconds x 6 tests), the

average power during the exercise tests was 27.24+9.25 watts.

General Exercise Response, Adverse Events, and Pain During BFR-SAE

During the testing, participants reported fatigue in the left leg, right leg, both legs, hips, lower back, and excessive
sweating, all of which were considered general exercise responses. The incidence rate of the general exercise response
with elastic cuffs (23.7%) was lower than that of non-elastic cuffs (37.6%) (Table 3).

One participant experienced two episodes of palpitations during the highest inflate pressure (once for 60% LOP of
non-clastic cuffs and 60% LOP* of elastic cuffs respectively). During these episodes, the participant’s heart rate ranged
from 92 to 102 bpm, approaching or reaching the THR range for low-intensity AE (99~110 beats/min), with BP peaking
at 180/72 mmHg. No underlying medical conditions were reported, and BP, P, and SpO, were normal within 5 minutes
post-test. No recurrent palpitation occurred within 48 hours after the exercise. The adverse event incidence rate was 1.1%
(2 events among 31 participants across 6 test conditions).

No participants reported pain, with all pain scores recorded as 0.
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Table 3 Incidence and Proportions of Responses During Exercise Tests, n (%)

Muscle Soreness Other Subtotal Total
Left Right Both Hips Knees Lower Heavy
Leg Leg Legs Back Sweating
Non-elastic 20% LOP 1(3.2) 2(6.5) 1(3.2) 1(3.2) 5(16.1)
cuffs 40% LOP 1(3.2) 2(6.5) 6(19.4) 1(3.2) 4(12.9) 14(45.2) 35(37.6)
60% LOP 2(6.5) 8(25.8) 6(19.4) 16(51.6)
Elastic cuffs 20% LOP* 1(3.2) 1(3.2) 2(6.5)
40% LOP* 1(3.2) 3(9.7) 1(3.2) 2(6.5) 7(22.6) 22(23.7)
60% LOP* 1(3.2) 1(3.2) 8(25.8) 3(9.7) 13(41.9)

Notes: The method for calculating the subtotal ratio was: number of occurrences / 31 (31 was the total number of participants); the method for calculating the total ratio
was: number of occurrences / (31x3) (31 was the total number of participants, and 3 was the number of tests performed with the same BFR cuffs).
Abbreviation: LOP, Limb Occlusion Pressure.

Changes in Cardiovascular Response Indicators (BP, P, and SpO,) During Exercise
The completion rates for tests of 20% LOP (non-elastic cuff test) and 20% LOP* (elastic cuff test) were both 100% (31
participants), and for 40% LOP and 40% LOP* tests were 87.1% (27 participants) and 100% (31 participants),
respectively, while for 60% LOP and 60% LOP* were only 29.0% (9 participants) and 71.0% (22 participants).
Statistical comparisons on cardiovascular indicators were performed firstly with the data from all the participants who
completed the 20% LOP and 40% LOP or LOP* (Supplementary 1), secondly, with the data from the 9 participants and
the 22 participants who completed the 60% LOP or LOP* (Supplementary 2 and 3).

BP, P, and SpO, of All Participants Under 20% LOP, 40% LOP, 20% LOP* and 40% LOP*
During the exercise testing at 4 different pressures, significant differences in BP, P, and SpO, were found at different time
points with both cuffs (P<0.05), while no differences were found between trials with the two cuffs (Supplementary 1).

Results of the 9 Participants Who Completed Non-Elastic Tests with 60% LOP
Comparative analysis of BP, P, and SpO, at 20% and 40% LOP for these 9 participants showed differences at different
time points (P<0.05), but no differences between the different pressures (Supplementary 2).

Results of the 22 Participants Who Completed Elastic Tests with 60% LOP*
Similar to the non-elastic tests, differences in indicators were found at different time points (P<0.05), but no differences
between the different pressures (Supplementary 3).

Overall Changes in Cardiovascular Response During BFR-SAE with Different Cuffs and Pressures
To display the overall changes in cardiovascular indicators, the results from four different time points (5, 10, 15, and
20 minutes) during the intervention were integrated. The results were as follows.
In non-elastic tests, a statistically significant increase was found in SBP, DBP, and P as pressure rose compared to
resting levels (P<0.05). After 5 minutes rest of exercise, SBP, DBP, and P returned to resting levels (Figure 4A and B).
In elastic tests, a statistically significant increase was found only in SBP and P but not in DBP as pressure rose
compared to resting levels (P<0.05). After 5 minutes rest of exercise, SBP and P also returned to resting levels
(Figure 5A and B).

Discussion

In this study, we explored the safety and feasibility of the program of BFR using different cuffs and under different
pressures combined with SAE in older adults with sarcopenia. A total of 33 participants and 11 sessions of exercise tests
were conducted over 4 weeks. All testing sessions were conducted indoors with flexible scheduling to accommodate
participants’ daily routines, which contributed to excellent protocol adherence. Among the enrolled participants (mean
age 84.81+6.19 years, 83.87% female), 31 successfully completed all study procedures, resulting in a low dropout rate of
6.06%. These findings demonstrate high feasibility and participant acceptance of the exercise intervention.
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Figure 4 Averaged physiological data under different pressures in non-elastic cuffs of BFR-SAE. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in (A) and
pulse rate (P) and saturation of pulse oxygen (SpO;) in (B) **: compared with resting, P<0.01.
Abbreviation: LOP, limb occlusion pressure.
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Figure 5 Averaged physiological data under different pressures in elastic cuffs of BFR-SAE. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) in (A) and pulse
rate (P) and saturation of pulse oxygen (SpO,) in (B) LOP*: the inflation pressure under the interface pressure corresponding to % LOP of non-elastic cuff; **: compared
with resting, P<0.01.

Abbreviation: LOP, limb occlusion pressure.

The Impact of Non-Elastic and Elastic BFR Cuffs on Exercise Completion and Inflation

Pressure
In this study, BFR with both non-elastic and elastic cuffs were tested. To ensure the comparability between the two cuffs,

we standardized the pressure between the cuffs through interface pressure assessment. Interface pressure refers to the
pressure exerted on the surface of the limb in contact with the BFR cuffs,*? providing a more accurate representation of
the actual pressure level applied to the limb during BFR exercise. The study revealed that after exercise testing with both
cuffs, the pain scores were the same (both scored 0). During the tests at 40% and 60% LOP, the proportion of reported
general exercise response was lower with the elastic cuffs compared to the non-elastic cuffs (22.6% vs 45.2% at 40%
LOP; 41.9% vs 51.6% at 60% LOP), while the exercise completion rate was higher with the elastic cuffs (100% vs 87.1%
at 40% LOP; 71.0% vs 29.0% at 60% LOP). These results indicate that, under the same interface pressure, the elastic

BFR cuffs demonstrates better exercise adherence, likely due to its multi-chamber design. In contrast with non-elastic
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cuffs that has only one chamber, the multi-chamber elastic cuffs provide a gentler compression effect at the same
interface pressure, making it more comfortable and requiring less effort during exercise.** This suggests that long-term
adherence with BFRT using elastic cuffs may be improved, potentially benefiting older adults with sarcopenia in their
acceptance and execution of interventions. This is also the first study to compare exercise completion rate between two
different cuffs of same width under varying pressures.

Interface pressures for different cuffs in this study were significantly lower than the corresponding inflation pressures,
consistent with Hughes et al.>* At both 40% and 60% LOP, the inflation pressures for the elastic cuffs were substantially
higher than those for the non-elastic cuffs at the same interface pressure. Therefore, it is not appropriate to use inflation
pressure as a comparative standard between the two cuffs. A review article indicates that 40% to 60% LOP with non-
elastic BFR cuffs was beneficial for improving muscular fitness in exercising populations.®> In older adults, previous
study has demonstrated the feasibility and benefit of using pressures around 50% LOP.*° For the elastic cuffs, it was
recommended to use No. 3 cuffs for lower limb (7.5 cm wide) with an inflation pressure of 250 mmHg.***” In our study
of BFR-SAE for older adults with sarcopenia, the measured inflation pressure for elastic cuffs was 177.42+53.55 mmHg
at 40% LOP and 286.42+86.43 mmHg at 60% LOP. These findings indicate that the commonly recommended inflation
pressure of 250 mmHg likely corresponds to a pressure slightly exceeding 50% LOP in this population. Therefore, this
pressure aligns with current evidence-based recommendations for both elastic and non-elastic cuffs, supporting its
practical utility in developing long-term exercise programs using elastic BFR cuffs for older adults with sarcopenia.

General Exercise Response, Adverse Events, and Pain During BFR-SAE

BFRT has shown positive effects across various populations, with overall safety being affirmed and rare adverse events
during interventions. A national survey involving 105 institutions found that among individuals who had undergone BFRT,
the incidence of subcutaneous haemorrhage, limb numbness, and venous thrombosis was 13.1%, 1.3%, and 0.055%,
respectively.”” Moreover, a review article indicated that among 25,813 individuals who had undergone BFRT, 1,672 reported
adverse events, such as limb numbness, dizziness, subcutaneous haemorrhage, and rhabdomyolysis, resulting in an adverse
events rate of 6.4%. It was noteworthy that the individuals reporting adverse events included patients with hypertension,
thoracic outlet syndrome, retinal disease, and Paget’s disease, implying that the presence of exercise risks in this population
might be a factor.”' These reports underlined the necessity for a clear definition of adverse event in BFRT to differentiate
their severity. It is essential to conduct such training in appropriate populations while using appropriate pressures and modes
of exercise, overseen by qualified professionals who can conduct risk assessments prior to exercise and maintain supervision
for safety during the training. Current evidence regarding exercise-related adverse events in older adults with sarcopenia
remains limited. This knowledge gap underscores the need for comprehensive research to establish evidence-based safety
guidelines and develop targeted preventive strategies for this vulnerable population.

This study incorporated multiple safety measures to ensure participant protection, including: firstly, the researcher
obtained the certification of international BFRT practice, laying a theoretical and practical foundation for exercise testing;
secondly, multiple trained team members managed 1~2 participants during the exercise testing, ensuring detailed
observation of their exercise responses and adverse events while tracking these between exercise sessions; and finally,
the exercise testing site was equipped with medical emergency equipment and a healthcare professional to address any
adverse events promptly and effectively. BP, P, and SpO, were measured 5 minutes post-exercise to ensure that
participants’ metrics recovered to pre-exercise before allowing them to leave.

During exercise testing, general exercise response primarily focused on the soreness of the legs, glutes, and lower
back, along with heavy sweating. One participant experienced palpitations while using both non-elastic and elastic cuffs
at 60% LOP, likely due to excessive BFR. The palpitations subsided immediately after ceasing exercise. Notably, pain
scores following the exercise testing were 0, and the overall adverse event incidence rate was 1.1%, supporting the safety
of BFR-SAE for older adults with sarcopenia. The observation of milder physiological responses with elastic cuffs
suggests their potential superiority for this vulnerable population.
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The Effects of Non-Elastic and Elastic BFR Cuffs on Cardiovascular Response
Indicators (BP, P, and SpO,) During Exercise

Given that the exercise pressor reflex is activated during BFRT, stimulating the sympathetic nervous system and further
increasing BP, this simulates high-intensity exercise, resulting in a greater cardiovascular response.”® To ensure the safe
application of this training among a broader population, researchers had been seeking ways to reduce cardiovascular
risks, such as using lower inflation pressures to mitigate cardiovascular responses. Higher inflation pressures (eg, 90%
LOP) did not elicit additional increases in limb circumference and strength compared to lower inflation pressures (eg,
40% LOP), suggesting that a higher degree of BFR may not be necessary for optimal muscle activation and adaptation.”
Some scholars had proposed guidelines for BFR-AE, recommending pressure settings between 40% and 60% LOP;
however, this may not be suitable for older adults with sarcopenia.*’

The results of this study indicated significant differences in BP, P, and SpO, at different time points when using two types
of BFR cuffs, with no notable differences between different pressures and cuffs. This implied that the cardiovascular responses
during AE were higher than those before and after exercise, and that increases in cuffs pressure did not lead to additional
cardiovascular responses. BFRT may therefore serve as a rehabilitative exercise method for older adults with sarcopenia.

A year-long follow-up study found that older adults with sarcopenia had significantly higher rates of cardiovascular
adverse events (including non-fatal myocardial infarction, readmission, ischemic stroke, and overall mortality) compared
to those without sarcopenia.*' Multiple meta-analyses indicated that the prevalence of sarcopenia among patients with
cardiovascular diseases was about twice that of the general population, demonstrating a positive correlation between
cardiovascular diseases and the prevalence of sarcopenia.**** Therefore, the cardiovascular responses experienced by
older adults with sarcopenia during exercise remain a key focus for researchers. Stray-Gundersen et al conducted
a randomised cross-over experiment using non-elastic cuffs (18 x 108 cm, Hokanson, USA, at a pressure of
160 mmHg) and elastic cuffs (5 x 50 cm, Bstrong, USA, at a pressure of 300 mmHg) involving 15 healthy young
individuals. They documented changes in BP and P during single exercise sessions. The results showed that the
variations in SBP and DBP during exercises with the non-elastic cuffs were significantly greater than those with the
elastic cuffs, which exhibited markedly lower cardiovascular responses in elastic cuffs.>” However, the inconsistency in
cuff widths and inflation pressures, along with the lack of comparative analysis between the BFR degrees induced by the
two types of cuffs under different pressures, necessitates further consideration of the reliability of the results. Bordessa
et al implemented RE in 34 young individuals with non-elastic cuffs [11.5 x (26~86.5) cm, Delfi, Canada, at a pressure of
160 mmHg] and elastic cuffs [5 x (18~95) cm, Bstrong, USA, pressure auto-adjusted according to limb circumference
using an associated app]. They found that the PRE and pain scores during exercise with the non-elastic cuffs were
significantly higher than those with the elastic cuffs, potentially inducing a more pronounced cardiovascular response.**
Citherlet et al compared blood flow changes in arteries under different pressures (0, 40%, 60% LOP, and 200, 250, 300,
350, and 400 mmHg) using non-elastic cuffs (11 x 85 cm, Hokanson, USA) and elastic cuffs [7.5 x (54~79) cm, Bstrong,
USA]. They found significant decreases in blood flow at 40% LOP and 350 mmHg, respectively, compared to resting.
The two pressures may possible induce cardiovascular responses, and the author recommended these two pressures as
suitable cuff inflation settings for combined exercise with different BFR cuffs.*> However, the above two studies focused
on young individuals, and further verification is needed among the older adults.

This study used cuffs of the same width and standardised the inflation pressures among different cuffs. The results
indicated that during the BFRT with non-elastic cuffs, both SBP and DBP showed an upward trend with increasing
pressure compared to resting. In contrast, only SBP increased with elastic cuffs, while P showed no difference. This
suggests that cardiovascular responses induced by non-elastic cuffs are greater, indicating that elastic cuffs may be safer
and potentially more suitable for older adults with sarcopenia.

This study has some limitations. First, it was a single-center study with a small sample size. Second, laboratory
indicators were not collected, so associated adverse events, such as rhabdomyolysis and thrombosis, could not be
collected. Third, these findings are specific to the cuffs used in this study and may not generalize to other cuffs of the
same type. Future studies should incorporate larger multi-center cohorts, additional laboratory biomarkers, and diverse
cuff types to enhance data reliability and generalizability.
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Conclusions

BFR-SAE is safe for older adults with sarcopenia. Compared with BFR using non-elastic cuffs, using elastic cuffs causes
milder cardiovascular responses and better compliance, suggesting that BFR with elastic cuffs is a safer and more
practicable method for older adults with sarcopenia.
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