
1. Introduction

Sarcopenia is characterized by progressive and generalized loss

of skeletal muscle mass and strength.1–4 The prevalence of sarco-

penia among healthy older adults is approximately 15%,5 but it can

be up to 44% in older adults with hip fracture.6 Sarcopenia is asso-

ciated with adverse health outcomes in older adults, including in-

creased risk of falls and incidence of hip fracture;7 reduced perfor-

mance in activities of daily living; and increased risks of hospitaliza-

tion, institutionalization, and mortality.8,9 Sarcopenia is also related

to the severity of cardiovascular disease and cancer and may affect

the survival outcomes of patients with these conditions.10 Methods

and mechanisms for preventing and weakening the impact of sar-

copenia on older adults warrant further exploration.

Current treatment for sarcopenia focuses on resistance exer-

cise.11 Resistance exercise enhances the muscle mass and physical

function of the elderly with sarcopenia. However, the actual training

content of the exercise varies. Instrumented resistance exercise has

generally been well accepted and includes training with barbells,

dumbbells, kettlebells, or other gym machines.12–14 Elastic band

training (EBT) was found to be an easily accessible and convenient

approach for home-based resistance exercise in elderly adults.15,16

EBT has several advantages. First, EBT can provide muscle training

efficiency and self-perceived efficacy comparable to those offered

by free-weight resistance training.17 Second, excessive muscle train-

ing may be dangerous for older adults with sarcopenia because

these individuals usually have coexisting osteoporosis, giving them

higher fracture risk. EBT was proven to be safe and effective for

muscle training in older women with osteosarcopenic adiposity.18

Although EBT is a potential treatment for fragile and older adults

with sarcopenia, strong evidence regarding its effectiveness in treat-

ing sarcopenia is lacking.

EBT was hypothesized to be effective in facilitating the physical

performance of the elderly with sarcopenia. In this study, we con-

ducted a meta-analysis on the currently available evidence to inves-

tigate the clinical effectiveness and safety of EBT in older adults with

sarcopenia.

2. Methods

2.1. Search strategy

All candidate studies were initially identified by conducting a
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tance exercises in improving the physical performance of individuals with sarcopenia. Well-controlled
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found from the PubMed, Embase, Cochrane Library, and Google scholar databases up to July 2021 by

using “sarcopenia” and “elastic band” as the search terms. Four studies — three randomized controlled

trials and one quasiexperimental study — met our inclusion criteria. A total of 231 older adults with

sarcopenia were included. After 12 weeks of training, significant improvements were observed in the

timed up and go test result, maximal grip strength, gait speed, and appendicular skeletal muscle index

in the elastic band training group compared with the control group (95% CI, –2.93 to –1.41, 1.14 to 5.27,

–0.06 to –0.02, and 0.03 to 0.26, respectively). However, no significant differences were observed in

performance in the 6-minute-walk test (95% CI, –11.00 to 27.00). Elastic band resistance training may

benefit older adults with sarcopenia. Further randomized controlled studies with larger samples and

longer follow-up periods are warranted to strengthen the clinical evidence regarding the effectiveness

of elastic band training for sarcopenia.
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systematic review of online databases — PubMed, Cochrane Library,

Embase, and Google scholar — until July 2021 by using the search

terms “sarcopenia” and “elastic band.” Randomized controlled trials

(RCTs) and quasi-experimental studies that evaluated the outcomes

of older adults with sarcopenia who were undergoing EBT and con-

trols were reviewed. This study was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA).19

2.2. Study selection and data extraction

Studies with clinical trials; papers written in English or not writ-

ten in English and translated into English; those with participants

having sarcopenia; those in which resistance exercises were per-

formed using solely EBT; and those that reported the outcome mea-

sures of physical function, including mobility and walking capability,

were included.

Studies that included in vitro or in vivo trials conducted in an

animal model and those with a non-RCT design — such as case re-

ports, case series, and prospectively designed trials without a com-

parison group — were excluded.

2.3. Data extraction and management

To avoid bias, two authors (C-HC and Y-HC) independently

searched for and examined the articles. In the event of disagreement

between the two authors, another author (H-HS) would help to re-

solve the issue and make a final decision. Data collected were au-

thor(s), year of publication, study design and country, participants’

characteristics, the type of resistance training and training protocol,

and the outcome measurements.

2.4. Outcome measurements

The primary outcome was the change in the timed up and go

(TUG) test result after the 12-week study duration. The secondary

outcomes were changes in maximal grip strength, gait speed, 6-

minute walk test (6MWT) result, and appendicular skeletal mass

index (ASMI) from baseline to 12 weeks. Any adverse effects during

the EBT were recorded.

The TUG test assesses an individual’s balance, turning, walking,

and sit-to-stand ability; the purpose of this test is to determine the

muscle power of the lower extremities and fall risk.20 The gait speed

test, which also evaluates the muscle power of the lower extremi-

ties, has not only been recommended as a potentially useful clinical

indicator of well-being among older adults but has also been shown

to be associated with their survival.21,22 Grip strength is associated

with upper body strength and overall strength and is also a reliable

indicator of many health conditions associated with aging.23–29 The

6MWT was designed to assess the integrated global response of

multiple cardiopulmonary and musculoskeletal systems involved in

exercise.24 Appendicular skeletal muscle mass was defined as the

sum of the muscle mass of the four limbs, and the ASMI was calcu-

lated as the appendicular skeletal muscle mass divided by the square

of body height (kg/m2) in accordance with the European Working

Group for Sarcopenia guidelines.10

2.5. Statistical analysis

Descriptive statistics were used to describe the extracted data,

and RevMan software version 5.3 was used to perform the meta-

analysis. The mean difference between values before and after the

experiment was calculated for every study parameter. Then, the

calculated mean difference of the parameters in the elastic band

group was compared with that in the control group. A significance

level of 5% was used for all statistical procedures. Heterogeneity

among the included studies was assessed using the chi-squared

test (�2), Cochrane Q, and I
2 statistic tests. A Cochrane Q p value <

0.1 and I
2 values > 50% indicated significant heterogeneity. A ran-

dom-effects model was selected on the basis of the amount of

heterogeneity.

2.6. Appraisal of methodological quality and publication

bias

Two authors independently assessed the methodological qual-

ity of each reviewed study by using the Cochrane Collaboration’s tool

for assessing the risk of bias in randomized trials.19 The RCTs were

awarded an overall risk of bias grade of high, some, or low. This grade

was calculated by assessing the following six domains: bias arising

from the randomization process, bias owing to deviation from the

intended intervention, bias in the measurement of the outcome,

bias owing to missing outcome data, bias in the selection of reported

results, and other bias. Possible publication bias was visually checked

using a funnel plot. We did not perform Egger’s test because our

meta-analysis did not involve more than 10 studies.

3. Results

3.1. Study selection

From the 44 studies identified through the literature search, 21

were identified as potentially relevant. After complete review and

data abstraction, 13 studies were excluded because they did not

meet the inclusion criteria, three were duplicated publications and

trials, and one had not yet completed data collection. The excluded

studies and reasons are summarized in the Supplemental Table 1.

The remaining four studies met the inclusion criteria.30–33 These four

eligible studies used both qualitative and quantitative methods. The

flowchart depicted in Figure 1 reflects the precise process of litera-

ture search and selection.

3.2. Study characteristics

This meta-analysis enrolled 231 participants with sarcopenia;

124 participants were assigned to the EBT group and 107 partici-

pants were assigned to the control group. The mean age of the en-

rolled participants was 68.7 (range, 64.0–73.4) years. The mean ages

of the participants in the EBT and control group were 69.0 years and

68.3 years, respectively.

The sex ratio of the participants in the included studies was

summarized in Table 1. In two of enrolled studies, all participants

were female;30,31 one study included 29 female participants in EBT

group (72.5% in total 40 participants) and 29 female participants in

control group (78.4% in total 37 participants);33 one study did not

mentioned sex ratio in each arms, but 18 women were enrolled in

total participants (27.69% in total 65 participants).32

The four studies were conducted in different countries, namely

Taiwan, Iran, Hong Kong, and Malaysia. Details of the four trials are

also provided in Table 1.

3.3. Exercise protocol

Among the four enrolled studies, two studies compared EBT and
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control groups;30,31 one study compared a control group, EBT group,

protein supplementation group, and a group given both EBT and

protein supplementation;32 and the other study compared an EBT

group, a waitlist control group, and a group given both EBT and nutri-

tion supplementation.33 However, because the present study was

designed to elucidate the effects of EBT on physical performance,

groups that combined EBT with supplementation or used supple-

mentation alone were excluded. The training periods and details of

exercise type, intensity, and duration in the included studies are

summarized in Supplemental Table 2.

3.4. Methodological quality of the included studies

Supplemental Figure 1 presents the methodological quality of

the included trials. All included studies had low risk of bias. Possible

publication bias was visually checked using a funnel plot in Supple-

mental Figure 2.

3.5. Primary outcomes

3.5.1. TUG test

Performance in the TUG test was assessed in three of the four

studies immediately after 12 weeks of the intervention,30–32 and a

significant difference was discovered between the two groups (Fig-

ure 2). The mean differences in the time taken for the TUG test in

these three studies were –2.36 s (95% confidence interval [CI], –3.07

to –1.65), –1.60 s (95% CI, –2.23 to 0.97), and –3.16 s (95% CI, –4.73

to –1.59), respectively. The pooled mean difference in the TUG test

was –2.17 s (95% CI, –2.93 to –1.41; I
2 = 57%).

3.6. Secondary outcomes

The maximal grip strength test, gait speed test, and ASMI results

differed significantly between the EBT and control groups. However,

no significant intergroup difference was found in the 6MWT be-

tween the two groups.

3.6.1. Maximal grip strength test

Three studies provided data regarding the maximal grip strength

of the EBT and control groups.30,32,33 The results of the meta-

analysis showed that the EBT group exhibited greater improvement

in maximal grip strength. The mean difference between the groups

was 3.20 kg (95% CI, 1.14 to 5.27; I
2 = 82%; Figurre 3).

3.6.2. Gait speed test

The gait speed test was performed in three studies.30,31,33 Par-

ticipants in the EBT group showed greater improvement in gait

speed than those in the control group. The mean difference was

–0.04 m/s (95% CI, –0.06 to –0.02; I
2 = 0%; Figure 4).

3.6.3. ASMI

The ASMI before and after intervention was calculated in two
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Figure 1. Flow diagram of study selection.
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studies.31,33 Participants in the EBT group had a greater gain in the

ASMI than those in the control group after 12 weeks of the inter-

vention. The mean difference was 0.14 kg (95% CI, 0.03 to 0.26; I
2 =

0%; Figure 5).

3.6.4. 6MWT

Three studies used the 6MWT as an outcome to compare

the changes in the EBT and control groups,30,32,33 but the differ-

ences between the two groups were not significant. The mean

difference was 8.00 m (95% CI, –11.00 to 27.00; I
2 = 47%; Figure

6).

3.7. Adverse effects

No significant adverse events were reported. However, a few

participants (25%) in the EBT group reported muscle soreness, knee

pain, and shoulder pain in the first three sessions of training in one of

the four included studies.30

4. Discussion

This meta-analysis revealed that EBT significantly enhanced the

physical performance of elderly individuals with sarcopenia in re-

228 Y.-T. Tsai et al.

Figure 2. Forest plot of timed up and go test between elastic band training group and control group at 12 weeks after intervention.

Figure 3. Forest plot of maximal grip strength test between elastic band training group and control group at 12 weeks after intervention.

Figure 4. Forest plot of gait speed test between elastic band training group and control group at 12 weeks after intervention.

Figure 5. Forest plot of appendicular skeletal muscle index between elastic band training group and control group at 12 weeks after intervention.

Figure 6. Forest plot of 6-minute-walk test between elastic band training group and control group at 12 weeks after intervention.



gards the TUG test, gait speed, and maximal grip strength. In addi-

tion, muscle mass, which was represented by the ASMI, was also im-

proved after EBT. However, EBT did not result in significantly better

performance in the 6MWT in the EBT group compared with the con-

trol group. No significant adverse effects were reported in any of the

enrolled trials during the 12-week training period.

Resistance exercise is effective in improving physical function

and increasing muscle mass in frail elderly individuals.34–36 EBT was

reported to be a safe instrumented resistance exercise in older

adults;15,16 it generates a constant and controlled resistive force and

is a resistive type of exercise for training the major muscle groups

with isotonic and isometric muscle contractions. EBT also has practi-

cal benefits because it can be performed almost everywhere and can

be easily modified to fit the participants’ specific needs. In addition,

an instrumented exercise program involving EBT can be more bene-

ficial than conventional free-weight resistance programs because it

increases functional strength, is less likely to cause injury, has greater

ability to change muscle emphasis during exercises, and enables

greater muscle power development.37 Moreover, EBT can combine

the range of motion and acceleration benefits of ballistic training but

allowing higher loads, proven to be superior in increasing strength

and power, lean body mass and overall electromyography activity

when compared to conventional resistance training.38 Evidence also

revealed that EBT can facilitate walking speed and dynamic balance

in the elderly.39 Consistent with previous studies, our meta-analysis

proved that 12 weeks of EBT can effectively enhance the physical

performance of elderly individuals with sarcopenia without causing

any significant adverse effects. Considering the potential benefits of

EBT in muscle training, EBT was recommended as one of the most

suitable resistive exercise programs for older individuals with sar-

copenia.15

In addition to improvement in physical performance, this meta-

analysis revealed that 12 weeks of EBT resulted in an effective in-

crease of muscle mass. Poor physical performance and low muscle

mass are two major elements indicating sarcopenia.10 When select-

ing a treatment for sarcopenia, physicians should consider its impact

on both physical performance and muscle mass. A systemic umbrella

review including 14 meta-analyses obtained high-quality evidence

regarding the positive and significant effects of resistance training on

the muscle mass of older adults with sarcopenia.12 Consistent with

previous reports, the present meta-analysis proved the effects of

EBT on both physical performance and muscle mass, strengthening

the evidence regarding the value of EBT as a treatment for older

adults with sarcopenia in clinical practice. However, only two stu-

dies31,33 that recorded the change in the ASMI after EBT could be

analyzed in this meta-analysis; thus, the evidence of EBT increasing

muscle mass remains weak, and more clinical evidence is warranted

for its certification.

EBT might have some limitations for muscle training. Although

this meta-analysis revealed that 12 weeks of EBT is effective to im-

prove the physical performance of older adults with sarcopenia, the

EBT effect may be more beneficial for muscle power rather than

muscle endurance. Our findings indicated that 12-week EBT is ef-

fective in improving muscle-power-related performance, including

balancing, turning, walking, and sit-to-stand motion among elderly

adults with sarcopenia. Additionally, participants in the EBT group

had a superior ASMI, directly indicating the ability of EBT to enhance

muscle quality. However, performance in the 6MWT, which depends

on muscle endurance and the global response of multiple cardio-

pulmonary and musculoskeletal systems, may not be easily im-

proved by the EBT. Different from the positive results on 6MWT after

EBT in other included studies,30,32 participants in the study by Zhu et

al. had the highest mean age but presented with the opposite result

favoring control group (Figure 6),33 implicating the a potential

weakness of EBT programs for the improvement in the 6MWT espe-

cially for elderly adults with sarcopenia. In addition, the intensity of

EBT program varied among the included studies. This may also cause

the inconsistent results on the 6MWT after EBT among the included

studies, since 6MWT is developed to evaluate functional perfor-

mance during the activity of walking and highly associated with

high-intensity of exercise training.40,41 A more comprehensive train-

ing program that includes a high-intensity design of dynamic resis-

tance exercises to enhance muscle endurance among elderly adults

with sarcopenia is warranted for further clarification.

5. Limitations

This meta-analysis has several limitations. First, the sample was

small, with only four trials and 231 participants enrolled. This may

have resulted in high heterogeneity and compromised the statistical

power of this meta-analysis. Second, the included studies enrolled

varied sex ratio of participants, which might cause potential selec-

tion bias on the outcomes after EBT. Evidence has disclosed that

there are different responses to resistance training for muscle st-

rength between male and female genders.42 However, further sub-

group analysis for the sex difference on the effectiveness after EBT

cannot be performed in this meta-analysis owing to the small num-

ber of included studies. Third, the diagnostic criteria for sarcopenia

and the protocol of EBT varied among the studies, which may have

caused bias in participants’ selection and treatment consistency.

Last, although only RCTs and quasi-experimental studies were con-

sidered for inclusion, the quality of the included studies varied. Po-

tential sources of bias in these trials included inadequate methods of

concealing random allocation as well as a lack of blinding. However,

despite these limitations, to the best of our knowledge, we per-

formed the first meta-analysis on the clinical effectiveness of EBT for

sarcopenia, offering comprehensive and clinical evidence that can

help clinicians assign EBT programs to elderly adults with sarcopenia.

6. Conclusion

EBT is an ideal and safe instrumented resistant exercise to en-

hance the physical performance and muscle mass of older adults

with sarcopenia. Future large-scale and well-controlled studies are

warranted to further elucidate the effect of EBT on the muscle mass

and physical function and to compare EBT with other single or com-

bination treatment options for older adults with sarcopenia.

Supplementary materials

Supplementary materials for this article can be found at

http://www.sgecm.org.tw/ijge/journal/view.asp?id=22.
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