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A B S T R A C T

Background: In 2018 , the European Working Group on Sarcopenia in Older People (EWGSOP) updated the
definition and the diagnosis criteria of sarcopenia. Previous systematic reviews have shown the effect of ex-
ercise on sarcopenia including people with different sarcopenia diagnostic criteria.
Objective: This systematic review and meta-analysis aims to summarise and synthesise the evidence about
the effect of exercise on muscle mass, strength and physical performance in older adults with sarcopenia
according to the EWGSOP criteria.
Methods: Major electronic databases were searched for articles published until September 2020 . Ran-
domised controlled trials (RCTs) and non-randomised interventional studies examining the effect of exer-
cise on muscle mass, strength or physical performance in adults older than 60 years with sarcopenia ac-
cording to the EWGSOP criteria were included.
Results: Four RCTs and three non-randomised interventional studies with a total of 235 patients with sar-
copenia were included. Five of the seven included studies reported a low risk of bias. Exercise showed a
large effect on physical performance (d = 1.21 , 95%CI [0.79 to 1.62]; P < 0.001), a medium effect on
muscle strength (d = 0.51 , 95%CI [0.25 to 0.76]; P < 0.001), and no effect on muscle mass (d = 0.27 ,
95%CI [−0.05 to 0.58]; P = 0.10).
Conclusion: The present systematic review showed an effect of exercise on physical performance and mus-
cle strength but an inconsistent effect on muscle mass. The grading of recommendations assessment, de-
velopment and evaluation criteria showed a low level of evidence in muscle mass, a low or moderate level
of evidence in muscle strength and a high level of evidence in physical performance.

1. Introduction

In 2018, the European Working Group on Sarcopenia in Older Peo-
ple (EWGSOP) updated the definition of sarcopenia as a progressive
and generalised disorder of skeletal muscle, associated with a higher
probability of falls, fractures, physical disability and mortality (Cruz-

Jentoft et al., 2019). This geriatric syndrome is considered one of the
leading causes of disability in older adults (Morley et al., 2001). How-
ever, it is complex to establish incidence and prevalence value due to
differences in diagnosis criteria, definitions, measurements or cut-off
values (Beaudart et al., 2015; Su et al., 2019). Likewise, it is not easy to
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establish a consensus for sarcopenia diagnosis due to its multifactorial
aetiology (Cruz-Jentoft et al., 2010b).

Sarcopenia was defined in 1989 as the progressive loss of muscle
mass with advancing age (Rosenberg, 1989, 2011), which has been
shown to be an inadequate description of the syndrome. Since then,
several definitions and diagnostic criteria of sarcopenia have been pro-
posed (Bhasin et al., 2020; Cruz-Jentoft et al., 2019, 2010a; Fielding et
al., 2011; Newman et al., 2003; Studenski et al., 2014). However, the
lack of consensus on clear diagnostic criteria and the consequent dis-
parity of criteria used in clinical and research settings have been a prob-
lem not only for its correct management but also for the characterisa-
tion and the study of the effects of different treatments in their different
phases (Lee et al., 2013). In this regard, when sarcopenia studies that
have used disparate diagnostic criteria are compared and analysed, the
results should be interpreted with some caution, also in systematic re-
views.

In 2010, the European Working Group on Sarcopenia in Older Peo-
ple (EWGSOP) developed a clinical definition and a consensus diagnos-
tic criteria for age-related sarcopenia (Cruz-Jentoft et al., 2010a).
These diagnostic criteria included a decrease of muscle mass together
with low muscle strength and/or low physical performance (Cruz-
Jentoft et al., 2010a). The combined use of at least two different crite-
ria responded to the characteristics of the syndrome presentation: mus-
cle strength does not depend solely on muscle mass (Goodpaster et al.,
2006; Janssen et al., 2004).

In 2018, the EWGSOP2 updated the definition and the diagnostic
criteria for sarcopenia, requiring a decrease of muscle strength and low
muscle quantity or quality to confirm the diagnosis, assessing the sever-
ity of the syndrome with the physical performance level (Cruz-Jentoft
et al., 2019). Due to the recentness of these new criteria, published in
2019, there is still a lack of studies with selection criteria based on these
parameters to carry out an exhaustive analysis. By all of the above, ac-
cording to the most current criteria, people previously diagnosed with
sarcopenia could now be considered only as a population at risk or in a
phase of presarcopenia.

Sedentary lifestyles have been described as contributors to loss of
muscle mass, strength, and function. Thus, several studies have hypoth-
esised about the slowing down of the decline of lean mass and the re-
versibility of the symptoms related to ageing and sarcopenia through
specific exercise programmes (Akune et al., 2014; Hassan et al., 2016;
Liao et al., 2017). Although the results seem to be related to the type
and intensity of the training, there is a lack of consensus for specific ex-
ercise modality parameters, intensity, frequency, or duration of pro-
grammes (Landi et al., 2014). In this sense, sarcopenia could be being
undertreated, possibly due to the lack of consensus on the practical ap-
plication of the existing theoretical concepts.

Previous systematic reviews and meta-analyses have found that ex-
ercise programmes produce significant positive effects overall on mus-
cle strength and physical performance, but not on muscle mass in sar-
copenic older adults (Bao et al., 2020; Šarabon et al., 2020; Wu et al.,
2020). However, most of these reviews included all those studies that
declared to include subjects with sarcopenia, whatever the diagnostic
criteria were chosen (De Mello et al., 2019; Gonzalez et al., 2021; Liao
et al., 2019; Montoro et al., 2015; Šarabon et al., 2020; Talar et al.,
2021; Wu et al., 2020). This fact is relevant because an analysis apply-
ing strict study selection criteria for the current definition of sarcopenia
could show differences in the previous findings. The lack of reviews and
meta-analyses adjusted to the EWGSOP criteria (from 2010 or 2018)
could be hiding larger effect sizes, as well as effects on other variables
such as the quantity and quality of muscle mass.

We hypothesise that isolated exercise is an effective treatment to re-
verse the main signs of sarcopenia (low quantity or quality muscle
mass, low muscle strength, and low physical performance). Further-
more, we propose that selecting those studies that applied an inclusion
criterion based on the most recent diagnostic criteria (EWGSOP and

EWGSOP2) will allow the extraction of more precise results, eliminat-
ing the bias produced by the inclusion of subjects at risk of sarcopenia
or with presarcopenia. Thus, this systematic review and meta-analysis
aimed to summarise and synthesise the evidence about the effect of
therapeutic exercise on muscle mass, strength and physical perfor-
mance in older adults with sarcopenia according to the EWGSOP and
EWGSOP2 criteria.

2. Methods

The present study was reported following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
(Moher et al., 2009) (Appendix A). The systematic review protocol was
prospectively registered at the International Prospective Register of
Systematic Reviews (PROSPERO: CRD42020142688).

2.1. Data sources and search strategy

Two independent reviewers (IJF-A and AE-E) conducted a system-
atic search using relevant search terms like Medical Subject Headings
(MeSH) terms or keywords from other similar studies. Therefore, were
identified articles published until September, 21st 2020, using opti-
mised search strategies in the following electronic databases: PubMed,
AMED, SCOPUS, EMBASE, PEDro, Web of Science (Appendix B). A
manual search of relevant eligible studies to select any studies missed
during the electronic search was also conducted using cross-references
identified in the reference lists within both original and review articles.
The grey literature databases, such as the New York Academy of Medi-
cine Grey Literature Report, Open Grey and Google Scholar
(Haddaway et al., 2015), were explored to detect any relevant unpub-
lished data. Mendeley desktop V.1.19.2 was used for the studies selec-
tion, references exportation and duplicates removal.

2.2. Eligibility criteria

The PICOs framework (Population, Intervention, Control, Out-
come, Study) was followed to determine which studies were included in
the present systematic review. Each study had to meet the following in-
clusion criteria:

1. Randomised Controlled Trials (RCTs) or non-randomised
interventional studies (S, studies) examining whether exercise (I,
intervention) could improve sarcopenia (O, outcome) compared or
not compared to any other treatment (C, control) in older adults
(older than 60 years old) with sarcopenia (P, population).

2. Studies in which sarcopenia was diagnosed according to the
EWGSOP definition and diagnosis of sarcopenia, either its first
version (Cruz-Jentoft et al., 2010a) or its recent update (Cruz-
Jentoft et al., 2019).

3. RCTs and non-randomised interventional studies that included any
exercise programmes (include isometric, isokinetic, plyometric,
concentric, eccentric or any other type of exercises with or without
additional equipment).

4. No restriction was applied to the language.
5. Studies recruiting participants from any setting (general

population, primary or secondary care).

The exclusion criteria were as follows:

1. All studies that did not include an experimental design (e.g.
longitudinal observational studies, systematic reviews).

2. Studies in which the intervention was mainly based on nutritional
or pharmacological management.

3. Studies in which exercise was not applied as monotherapy in any of
the study groups.
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4. Studies including patients with sarcopenia younger than 60 years
old.

2.3. Study selection

During the selection process, two independent reviewers (IJF-A and
AE-E) followed a short checklist to select the relevant studies (Appendix
C). In the first step, potential articles were screened by title and ab-
stract, and those documents that were not original papers were ex-
cluded. In the second step, those articles that met all inclusion criteria
were screened. In case of disagreements, a decision was made by con-
sensus or, when necessary, a third reviewer (AIC-V) solved the disagree-
ments.

2.4. Data extraction

Using an extraction form, two reviewers (IJF-A and AE-E) retrieved
and analysed the full texts of the remaining studies. The extraction form
included data from: study details (first author and year of publication),
region, setting, sample size, participants data (mean age, %females,
BMI), EWGSOP criteria that articles meet (muscle strength, muscle
mass and physical performance with their measurement tools, selection
criteria and baseline means), intervention and control groups if any,
follow-up, outcome, main results and effect size (Cohen's d). Regarding
the outcomes, the EWGSOP2 consider the body composition, strength
and physical performance as essential criteria for preparing a differen-
tial diagnosis of sarcopenia and determining its severity. It may be of
great relevance in determining the effect of the different interventions
(Cohen, 1988). Thus, outcomes related to these three dimensions were
explicitly highlighted.

2.5. Quality assessment

The same two reviewers (IJF-A and AE-E) assessed the risk of bias of
the included RCTs using the Cochrane Collaboration's Tool (Higgins et
al., 2011). The Cochrane Collaboration's Tool has been described as a
reliable and valid tool for assessing the quality of RCTs (Higgins et al.,
2011; Ma et al., 2020; Zeng et al., 2015). In order to assess the risk of
bias of non-randomised interventional studies, the Methodological In-
dex for Non-Randomised Studies (MINORS) was used (Slim et al.,
2003). The MINORS has also been described as a reliable and valid tool
for assessing the quality of non-randomised interventional studies (Ma
et al., 2020; Slim et al., 2003; Zeng et al., 2015).

2.6. Data synthesis and analysis

Two researchers (IJF-A and AE-E) assessed the overall quality and
the strength of the evidence per outcome using the Grading of Recom-
mendations Assessment, Development and Evaluation (GRADE) ap-
proach (Atkins et al., 2004; Guyatt et al., 2008). These researchers
judged whether these factors were present for each outcome reported at
least in two studies. Included studies in which the control group in-
volved a supplemented modality of the exercise performed in the inter-
vention group were considered for the study as quasi-experimental pre-
post, because they did not allow adequate comparative analysis of the
effects of exercise, but rather only a within-group analysis. Meta-
analysis was conducted for each outcome reported in two or more stud-
ies, as long as studies assessed the same outcome with the same mea-
surement unit. In each meta-analysis, it was decided to use the inverse
variance as the statistical method for continuous outcomes, random ef-
fects as the analysis model and the standardised mean difference as the
effect measures. Although sarcopenia outcomes included in the meta-
analyses were assessed with the same measurement unit, the standard-
ised mean difference and random effects were chosen to avoid hetero-
geneity. Furthermore, in this way, the results shown in the meta-

analyses could be underestimated, being the effect of exercise on sar-
copenia even more significant than reported. The outcome of each
meta-analysis was the overall effect size (Cohens' d), representing the
standardised mean difference. Heterogeneity was assessed using I2 sta-
tistic (Higgins et al., 2003; Higgins and Thompson, 2002). Values of >
25% were considered as low heterogeneity, >50% moderate hetero-
geneity, and >75% high heterogeneity (Higgins et al., 2003; Higgins
and Thompson, 2002). When meta-analyses included RCTs and non-
randomised interventional studies to assess the effect of exercise on sar-
copenia outcomes studying within-group changes, sensitivity analysis
was carried out analysing the RCTs and the non-randomised interven-
tional studies independently, which could also avoid heterogeneity.
The mean effect sizes, 95% confidence intervals (95%CI), and I2 were
calculated for each outcome and used to create forest plots for visual-
ization of each meta-analysis using the Review Manager (RevMan) ver-
sion 5.3 (Review Manager (RevMan 5.3), 2014). Outcomes not in-
cluded in the meta-analyses were reported using descriptive quantita-
tive analysis to analyse the effect of exercise on sarcopenia. Thus, the
most relevant summary measure with the 95%CI for each study was
provided. Moreover, the changes within and between group, as well as
the Cohen's d of the main outcome also were analysed to quantify the
effectiveness of the interventions (Cohen, 1988). The changes and the
Cohen's d between group could only be calculated in the RCTs because
they included a control group. The within-group changes were consid-
ered as the mean difference between the assessment after exercise and
the baseline assessment. The within-group Cohen's d was calculated as

. In order to calculate the Cohen's d between groups,
the difference between the intervention group mean after the exercise
programme and the control group mean after the control intervention
was calculated because all included studies reported the mean and the
standard deviation (SD) of each group at baseline and after the inter-
vention. This analysis was used because no study showed the within-
group mean difference with its SD, its standard error or its CI, so it was
not possible to assign the SD of the within-group differences to calcu-
late Cohen's d between groups. Thus, the Cohen's d between group was
calculated as . The effect size was classified into
four levels: trivial (d < 0.2); small (d ≥ 0.2); medium (d ≥ 0.5); or
large (d ≥ 0.8) (Cohen, 1988). The level of significance was established
at 0.05.

2.7. Interrater reliability

Interrater reliability for screening, data extraction, risk of bias as-
sessment, and quality of the evidence rating was assessed using percent-
age agreement and Cohen's kappa coefficient (McHugh, 2012; Cohen,
1968). There was strong agreement between reviewers for the screen-
ing records and full texts (98.8% agreement rate and k = 0.87), the
data extraction process (94% agreement rate and k = 0.84), the risk of
bias assessment (92.8% agreement rate and k = 0.88) and the quality
and strength of the evidence assessment (91% rate and k = 0.82)
(McHugh, 2012; Cohen, 1968).

3. Results

3.1. Characteristics of included studies

A total of 8181 citations were identified through electronic data-
bases, with 262 additional studies identified through Grey Literature
Sources and 11 studies identified through manual search. After dupli-
cates removal, 3673 titles and abstracts were screened, and 173 origi-
nal papers were assessed. Appendix D reports the number of studies re-
trieved from each database and the number of studies excluded in each
screening phase. The complete reference of excluded studies in the sec-
ond stage (n = 166) is reported in Appendix E. The conflict of interest
of included studies is shown in Appendix F. Of these, four RCTs and
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three non-randomised interventional with a total of 235 patients with
sarcopenia were included. All included studies (n = 7) followed the
EWGSOP criteria, while no included study followed the EWGSOP2 cri-
teria. Thus, the muscle mass, assessed by Skeletal Muscle Mass Index
(SMI), and the muscle strength, assessed by the hand grip test, were the
most used criteria to characterize sarcopenia (n = 7). Physical perfor-
mance using the Short Physical Performance Battery (SPPB) was also
analysed in the included studies (n = 3). The characteristics of the in-
cluded studies are reported in Appendix G. The description of the differ-
ent interventions carried out in the included studies, results achieved in
each study, as well as within-group changes and between groups
changes, are reported in Appendix H. Within-group, and between-
groups effect sizes of each study, the summary of the risk of bias, as
well as the level of evidence per outcome according to GRADE criteria
are showed in Table 1. Exercise effects during the intervention and fol-
low-ups in sarcopenia outcomes are available in Appendix I.

3.2. Methodological quality

The risk of bias of included RCTs is shown in Appendix J. In sum-
mary, two studies (50%) reported a low risk of bias, and two studies
(50%) showed an unclear risk of bias. Selection bias (50%), perfor-
mance bias (100%) and detection bias (75%) were usual across the in-
cluded RCTs. The risk of bias of non-randomised interventional studies
is reported in Appendix K. In summary, three studies (100%) reported a
low risk of bias. Detection bias (100%) were usual across the non-
randomised interventional studies. The level of evidence according to
the GRADE criteria of each sarcopenia outcome is shown in Appendix L.
Using GRADE criteria, overall these RCTs and non-randomised inter-
ventional studies showed a low level of evidence in muscle mass, a low
or moderate level of evidence in muscle strength, and a high level of ev-
idence in physical performance.

3.3. Meta-analysis

Additional forest plots and the effects sizes of exercise on sarcopenia
outcomes can also be seen in Appendix M.

3.3.1. Muscle mass (SMI)
Exercise did not appear to improve muscle mass measured with SMI

when compared to other control groups, most of which also applied ex-
ercise. Thus, the meta-analysis did not show differences between exer-
cise interventions and the control groups in muscle mass [Cohen's
d = 0.28 95%CI (−0.17,0.73), p = 0.22] (Appendix M.1). Meta-
analyses also showed no effect of exercise on muscle mass when only

the within changes from the RCTs were included [Cohen's d = 0.35
95%CI (−0.01,0.72), p = 0.06] (Fig. 1A) or when the within changes
from both RCTs and non-randomised interventional studies were in-
cluded [Cohen's d = 0.27 95%CI (−0.05,0.58), p = 0.10] (Fig. 1B).

3.3.2. Muscle strength (hand grip)
Exercise experimental interventions improved muscle strength mea-

sured as hand grip strength compared to the control groups, in most of
which a different modality of exercise was applied. Thus, the meta-
analysis showed a small effect size [Cohen's d = 0.40 95%CI
(0.06,0.73), p = 0.02] (Fig. 2A). The meta-analyses of exercise within-
group effects showed a medium effect when the RCTs and non-
randomised interventional studies were analysed as a whole [Cohen's
d = 0.51 95%CI (0.25,0.76), p < 0.001] (Fig. 2B). When the effect of
exercise on muscle strength was analysed in RCTs and non-randomised
interventional studies separately, the meta-analysis reported a medium
effect size in RCTs [Cohen's d = 0.55 95%CI (0.21,0.89), p = 0.002]
(Fig. 2C) and a small effect size in non-randomised interventional stud-
ies [Cohen's d = 0.45 95%CI (0.07–0.83), p = 0.02] (Appendix M.2).

3.3.3. Physical performance (SPPB)
The meta-analysis showed a large effect size of exercise on physical
performance assessed with the SPPB when within-group changes in
RCTs and non-randomised interventional studies were analysed to-
gether [Cohen's d = 1.21 95%CI (0.79,1.62), p < 0.001] (Fig. 3A).
When the effect of exercise on physical performance was analysed in
non-randomised interventional studies separately, the meta-analysis
also reported a large effect size [Cohen's d = 1.27 95%CI (0.63,1.91),
p < 0.001] (Fig. 3B).

3.3.4. Five sit to stand (5-STS) time
Exercise reduced the time which patients take to stand up and sit

from a chair five times. Thus, the meta-analysis showed a large effect
size when the effect of exercise on 5-STS time was analysed in RCTs
and non-randomised interventional studies together [Cohen's
d = −0.79 95%CI (−1.13, −0.45), p < 0.001] (Appendix M.3). The ef-
fect size reported by the meta-analysis was even larger when only infor-
mation from non-randomised interventional studies was analysed [Co-
hen's d = −0.84 95%CI (−1.24, −0.44), p < 0.001] (Appendix M.4).

3.3.5. 4 meters (m) gait speed
Exercise could not improve the gait speed according to the meta-

analysis results, which showed that exercise had no effect on gait speed
when RCTs and non-randomised interventional studies were analysed
together [Cohen's d = 1.30 95%CI (−0.74,3.34), p = 0.21] (Appendix

Fig. 1. A) Forest Plot illustrating the effects sizes of exercise on Muscle Mass (SMI) in RCTs; B) Forest Plot illustrating the effects sizes of exercise on Muscle
Mass (SMI) in RCTs and non-randomised interventional studies.
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Fig. 2. A) Forest Plot illustrating differences and their effects sizes between exercise groups and control groups on Muscle Strength (Hand Grip) in RCTs; B) Forest
Plot illustrating the effects sizes of exercise on Muscle Strength (Hand Grip) in RCTs and non-randomised interventional studies; C) Forest Plot illustrating the effects
sizes of exercise on Muscle Strength (Hand Grip) in RCTs.

M.5). However, the meta-analysis of non-randomised interventional
studies reported that exercise could reduce the time patients take to per-
form the 4 m gait speed test [Cohen's d = −1.15 95%CI (−1.77, −0.56),
p < 0.001] (Appendix M.6).

3.4. Descriptive quantitative analysis

Balachandran et al. (2014) reported that exercise improved physi-
cal performance assessed by the SPPB. Thus, the exercise group
showed a large effect size compared to a control exercise group (Co-
hen's d = 0.82). Moreover, Tsekoura et al. (2018) also reported that
exercise improved physical performance, assessed in their case by the
Timed Up and Go test (TUG). Thus, the time to perform the TUG was
decreased in the exercise group compared to the control group (Co-
hen's d = −1.24), and the effect was sustained 12 weeks after finish-
ing the exercise programme (Cohen's d = −0.88). Del Campo-
Cervantes et al. (2019)reported that exercise improved physical per-
formance assessed as SPPB in the first month (Cohen's d = 0.57), first
improving balance and 5-STS because the exercise intervention was
able to increase the time that patients held in unbalanced positions
(Cohen's d = 0.46) and to reduce the time patients take to stand up
and sit from a chair five times (Cohen's d = −0.50). Del Campo-
Cervantes et al. (2019) also reported that exercise improved muscle
strength (hand grip strength) after eight weeks of exercise training
(Cohen's d = 0.47). Moreover, at this time, the exercise intervention
showed a very large effect on physical performance assessed by the
SPPB (Cohen's d = 1.04), improving the balance (Cohen's d = 0.84)
and the time needed to perform the 4 m gait speed test (Cohen's
d = −0.82), but not the time patients take to stand up and sit from a
chair five times (5-STS) (Cohen's d = −0.13).

4. Discussion

This study aimed to summarise and synthesise the evidence about
the effect of therapeutic exercise on sarcopenia, applying the diagnos-
tic criteria of the EWGSOP and EWGSOP2 for the selection of studies.
The main finding of this review was that exercise programmes produce
significant effects on the main characteristics of sarcopenia (decreased
strength and physical performance). However, the evidence is not yet
strong to support an effect on muscle mass. These results are supported
by previous systematic reviews (Bao et al., 2020; Šarabon et al., 2020;
Wu et al., 2020). Another relevant finding was that few studies used the
EWGSOP diagnostic criteria to recruit older adults with sarcopenia. Al-
though there are significant similarities between both versions of the
EWGSOP criteria, none of the articles included strictly fulfilled the
EWGSOP2 criteria, evidencing the need to continue increasing the sci-
entific literature in this field following this new update of the consen-
sus.

4.1. Muscle mass (SMI)

According to this study results, exercise does not improve muscle
mass measured as SMI compared to other interventions because the
meta-analysis of this outcome did not show differences between exer-
cise interventions and the control groups (Appendix M.1). However,
this could be since most control groups of the included studies that
analysed muscle mass applied a different exercise modality than the in-
tervention group, but exercise anyhow (Balachandran et al., 2014; de
Freitas et al., 2019; Piastra et al., 2018; Tsekoura et al., 2018). In this
sense, the only study that compared the effects of exercise versus a con-
trol group without exercise, applying an educational intervention,
found significant differences in favour of a group-based exercise pro-
gramme (Cohen's d = 0.63, p < 0.001) (Tsekoura et al., 2018). There-
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Table 1
Effect size, risk of bias, and level of evidence per outcome.

Author and year Outcome Effect Sizes Risk of
Bias

Level of Evidence (GRADE)

Within Between

Balachandran et al., 2014 Muscle Mass
SMI
Muscle Strength
Hand Grip
Physical Performance
SPPB

Muscle Mass
HSC Cohen's d = 0.16
SH Cohen's d = 0.23
Muscle Strength
HSC Cohen's d = 0.56
SH Cohen's d = 0.23
Physical Performance
HSC Cohen's d = 1.18
SH Cohen's d = 0.29

Muscle Mass
HSC VS SH Cohen's d = −0.39
Muscle Strength
HSC VS SH Cohen's d = 0
Physical Performance
HSC VS SH Cohen's d = 0.82

Low Muscle Mass
Low (intervention vs control)
Low (exercise effect)
Muscle Strength
Low (intervention vs control)
Moderate (exercise effect)
Physical Performance
Not reported

Piastra et al., 2018 Muscle Mass
SMI
Muscle Strength
Hand Grip

Muscle Mass
Resistance Group Cohen's d = 0.35
Postural Group Cohen's d = −0.030
Muscle Strength
Resistance Group Cohen's d = 0.40
Postural Group Cohen's d = −0.057

Muscle Mass
Resistance Group VS Postural Group
Cohen's d = 0.31
Muscle Strength
Resistance Group VS Postural Group
Cohen's d = 0.46

Unclear Muscle Mass
Low (intervention vs control)
Low (exercise effect)
Muscle Strength
Low (intervention vs control)
Moderate (exercise effect)

Tsekoura et al., 2018 Muscle Mass
SMI
Muscle Strength
Hand Grip
Knee Muscle Strength
Physical Performance
4 m Gait Speed
TUG
5-STS

Muscle Mass at 12 weeks
Group-Based Exercise Cohen's
d = 0.48
Home-Based Exercise Cohen's
d = 0.13
Control Group Cohen's d = −0.015
Muscle Strength at 12 weeks
Group-Based Exercise Cohen's
d = 0.74
Home-Based Exercise Cohen's
d = 0.032
Control Group Cohen's d = 0.12
Physical Performance at 12 weeks
4 m Gait Speed
Group-Based Exercise Cohen's
d = 2.42
Home-Based Exercise Cohen's
d = 1.41
Control Group Cohen's d = 0.074
TUG
Group-Based Exercise Cohen's
d = −0.74
Home-Based Exercise Cohen's
d = −0.96
Control Group Cohen's d = 0.076
5-STS
Group-Based Exercise Cohen's
d = −0.65
Home-Based Exercise Cohen's
d = −0.78
Control Group Effect Size Cohen's
d = −0.13

Muscle Mass at 12 weeks
Group-Based Exercise
VS Home-Based Exercise Cohen's d = 0.44
Group-Based Exercise
VS Control Group Cohen's d = 0.63
Home-Based Exercise
VS Control Group Cohen's d = 0.23
Muscle Strength at 12 weeks
Group-Based Exercise
VS Home-Based Exercise Cohen's d = 0.28
Group-Based Exercise
VS Control Group Cohen's d = 0.63
Home-Based Exercise
VS Control Group Cohen's d = 0.33
Physical Performance at 12 weeks
4 m Gait Speed
Group-Based Exercise
VS Home-Based Exercise Cohen's d = 0.87
Group-Based Exercise
VS Control Group Cohen's d = 1.93
Home-Based Exercise
VS Control Group Cohen's d = 1.07
TUG
Group-Based Exercise
VS Home-Based Exercise Cohen's d = −0.12
Group-Based Exercise
VS Control Group Cohen's d = −1.24
Home-Based Exercise
VS Control Group Cohen's d = −1.46
5-STS
Group-Based Exercise
VS Home-Based Exercise Cohen's d = −0.04
Group-Based Exercise
VS Control Group Cohen's d = −1
Home-Based Exercise
VS Control Group Cohen's d = −1.31

Low Muscle Mass
Low (intervention vs control)
Low (exercise effect)
Muscle Strength
Low (intervention vs control)
Moderate (exercise effect)
Physical Performance
Not reported

De Freitas et al., 2019 Muscle Mass
SMM
Muscle Strength
Hand Grip mean
Hand Grip max

Muscle Mass
LP Cohen's d = 0.07
NP Cohen's d = 0.15
Muscle Strength
Hand Grip mean
LP Cohen's d = 0.83
NP Cohen's d = 0.98
Hand Grip max
LP Cohen's d = 0.67
NP Cohen's d = 0.90

Muscle Mass
LP VS NP Cohen's d = 0.15
Muscle Strength
Hand Grip mean
LP VS NP Cohen's d = 0.19
Hand Grip max
LP VS NP Cohen's d = 0.23

Unclear Muscle Mass
Low (intervention vs control)
Low (exercise effect)
Muscle Strength
Low (intervention vs control)
Moderate (exercise effect)

(continued on next page)
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Table 1 (cont inued)
Author and year Outcome Effect Sizes Risk of

Bias
Level of Evidence (GRADE)

Within Between

Del Campo-Cervantes et
al., 2019

Muscle Mass
SMI
Muscle Strength
Hand Grip
Physical Performance
SPPB

Muscle Mass
Cohen's d = 0
Muscle Strength
Cohen's d = 0.72
Physical Performance
Cohen's d = 1.68
Balance Cohen's d = 1.31
5-STS Cohen's d = −0.78
4 m Gait Speed Cohen's d = −1.32

Low Muscle Mass
Very Low (exercise effect)
Muscle Strength
Low
(exercise effect)
Physical Performance
High (exercise effect)

De Alencar-Silva et al.,
2018

Muscle Strength
Hand Grip
Physical Performance
4 m Gait Speed
5-STS

Muscle Strength
Cohen's d = 0.49
Physical Performance
4 m Gait Speed Cohen's d = −1.16
5 STS Cohen's d = −0.57

Low Muscle Strength
Low
(exercise effect)
Physical Performance
High (4 m gait speed exercise
effect)
High (5-STS exercise effect)

Stoever et al., 2018 Muscle Mass
SMI
Muscle Strength
Hand Grip
Physical Performance
SPPB
4 m Gait Speed
5-STS

Muscle Mass
Cohen's d = 0.050
Muscle Strength
Cohen's d = 0.30
Physical Performance SPPB Cohen's
d = 1
4 m Gait Speed Cohen's d = 0.29
5-STS Cohen's d = −0.99

Low Muscle Mass
Very Low (exercise effect)
Muscle Strength
Low
(exercise effect)
Physical Performance
High (SPPB exercise effect)
High (4 m gait speed exercise
effect)
High (5-STS exercise effect)

Fig. 3. A) Forest Plot illustrating the effects sizes of exercise on Physical Performance (SPPB) in RCTs and non-randomised interventional studies; B) Forest Plot il-
lustrating the effects sizes of exercise on Physical Performance (SPPB) in non-randomised interventional studies.

fore, exercise intervention effects may be hidden if only differences be-
tween groups are analysed due to a predominance of studies comparing
similar exercise interventions. The meta-analyses of the within-group
changes showed a small but non-significant effect size of exercise on
muscle mass when the results of the RCTs were included in isolation
from the non-randomised interventional studies [Cohen's d = 0.35,
p = 0.06] (Fig. 1A) (Balachandran et al., 2014; Piastra et al., 2018;
Tsekoura et al., 2018), or when non-randomised interventional studies
were also included (del Campo-Cervantes et al., 2019), with or without
the inclusion of RCTs. These results are in accordance with previous re-
views suggesting that whole-body muscle mass gains are difficult to ob-
tain in older patients with sarcopenia (Bao et al., 2020; Šarabon et al.,
2020; Vlietstra et al., 2018), although some positive results have been
found in leg muscle mass when it is studied in isolation (Šarabon et al.,
2020). The feasibility of increasing muscle mass in older people has
been a subject of great controversy in the last decade. While some stud-
ies have found similar hypertrophic responses in young, middle-aged
and older untrained subjects (Ivey et al., 2000; Roth et al., 2001), many
authors suggest that adaptations are greater among younger subjects

(Kosek et al., 2006; Welle et al., 1996). Based on current evidence, it ap-
pears that exercise does produce hypertrophic adaptations in older peo-
ple (Peterson et al., 2011; Roth et al., 2001; Welle et al., 1996), but per-
haps it does so in an attenuated manner (Kosek et al., 2006; Welle et al.,
1996). Thus, previous analyses have found that resistance training can
increase approximately 1 kg of lean body mass in older people
(Peterson et al., 2011), which should be enough to contrast the 0.18 kg
that has been determined as the annual loss of muscle mass that occurs
in people over 50 years with a sedentary lifestyle (Melton et al., 2000).
Insufficient duration of exercise programmes to observe changes in an
outcome such as muscle mass that requires more extended periods of
training (Francaux and Deldicque, 2019), or the need for the applica-
tion of higher doses and intensities (Peterson et al., 2011; Strasser et al.,
2018) as well as the benefits of starting at as young an age as possible
(Peterson et al., 2011), have been proposed as possible causes for the
lack of results in this outcome in older adults. Also, continuous manipu-
lation of volumes and intensity seems beneficial to avoid the accommo-
dation of stimuli in older people (Peterson et al., 2010). Some studies
suggest the need to support exercise with nutritional supplementation
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(Anton et al., 2018; Cruz-Jentoft et al., 2014). However, the effects of
exercise applied in isolation on muscle mass need to be further eluci-
dated.

4.2. Muscle strength (hand grip)

The results of the different meta-analyses carried out for the
strength outcome (measured with the hand grip test) support the appli-
cation of exercise to increase strength in older adults with sarcopenia.
Again, the highest effect was obtained when exercise was evaluated
versus a control group without exercise (p < 0.05) (Tsekoura et al.,
2018). However, in this case, the set of experimental exercise pro-
grammes did obtain significant differences compared to the set of con-
trol interventions (Cohen's d = 0.40; p = 0.02) (Balachandran et al.,
2014; de Freitas et al., 2019; Piastra et al., 2018; Tsekoura et al., 2018).
Within-group analyses showed medium effect sizes when RCTs and
non-randomised interventional studies were analysed together (Cohen's
d = 0.51; p < 0.0001) (Balachandran et al., 2014; de Alencar-Silva et
al., 2018; de Freitas et al., 2019; del Campo-Cervantes et al., 2019;
Piastra et al., 2018; Stoever et al., 2018; Tsekoura et al., 2018) and
when RCTs were analysed separately (Cohen's d = 0.55; p = 0.002)
(Balachandran et al., 2014; de Freitas et al., 2019; Piastra et al., 2018;
Tsekoura et al., 2018), while the meta-analysis of the non-randomised
interventional studies reported a small effect size (Cohen's d = 0.45;
p = 0.02) (de Alencar-Silva et al., 2018; del Campo-Cervantes et al.,
2019; Stoever et al., 2018). In general, it seems that the potential of the
exercise on this variable is sufficiently important to show significant
differences in the different analyses. These differences between RCTs
and non-randomised interventional studies were also observed in the
analysis of the evidence using GRADE: the RCTs obtained a moderate
level of evidence while the non-randomised interventional studies re-
ported a low level of evidence. These results are in accordance with pre-
vious literature, which suggests that exercise training is generally effec-
tive for increasing the muscle strength of healthy older adults regardless
of exercise methodology (Bao et al., 2020; Šarabon et al., 2020;
Vlietstra et al., 2018). However, given the evidence of the existence of
different dose-responses through different exercise methodologies in
healthy older adults (Borde et al., 2015; Sbardelotto and Pedroso,
2017), the effect of different exercise methodologies should be studied
to maximise its effectiveness in people diagnosed with sarcopenia.

4.3. Physical performance (SPPB, 5-STS time, 4-m gait speed)

In general, the different physical performance outcomes analysed
showed a positive response to exercise. Thus, both the SPPB and the
time invested in the 5-STS test showed large effect sizes in the different
meta-analyses of the within-group differences. In this case, these out-
comes mainly were evaluated in non-randomised interventional studies
(Balachandran et al., 2014; del Campo-Cervantes et al., 2019; Stoever
et al., 2018), so they are mainly influenced by the results of these stud-
ies. For these outcomes, the non-randomised interventional studies
showed a high level of evidence in GRADE. Physical performance out-
comes (e.g., gait speed, 5-STS) have shown similar results in previous
reviews (Bao et al., 2020; Šarabon et al., 2020; Wu et al., 2020) to
those found in the present review. Tsekoura et al. (2018) reported that
exercise improved physical performance assessed using the TUG test,
and the effect was sustained 12 weeks after finishing the exercise pro-
gramme (Cohen's d = −0.88). Again, these results also support previ-
ous evidence showing the beneficial effects of exercise on this physical
performance (Bao et al., 2020; Wu et al., 2020). However, the lack of
effect on this outcome in some previous reviews suggests the need to
continue studying this relationship (Šarabon et al., 2020). As far as
strength concerns, exercise seems to be a valuable tool to achieve signif-
icant physical performance improvements in older adults with sarcope-
nia.

Two studies made intermediate measurements during the exercise
programme (de Freitas et al., 2019; del Campo-Cervantes et al., 2019).
The results of the study of del Campo-Cervantes et al. (2019) suggest
that in the short term (4 weeks), it is already possible to produce some
improvement in physical performance variables such as balance and 5-
STS (measured in the SPPB). At eight weeks, it was also possible to find
a significant improvement in hand grip strength and an even greater in-
crease in balance. However, the 5-STS did not show differences in com-
parison to gains from the first four weeks. These findings could indicate
that while some outcomes, such as muscle mass, may require extended
training times, other functional variables may require shorter interven-
tions.

4.4. What does this review contribute?

This study reported the effect of therapeutic exercise on patients
who fulfilled specific criteria of sarcopenia established by consensus
(EWGSOP). Including patients with sarcopenia according to different
criteria could bias the results and hide the actual effect of exercise on
each of the accepted phenotypes of sarcopenia. Previous reviews have
previously outlined a similar research question (Bao et al., 2020; De
Mello et al., 2019; Gonzalez et al., 2021; Liao et al., 2019; Montoro et
al., 2015; Šarabon et al., 2020; Talar et al., 2021; Wu et al., 2020).
However, this is the first review to use specific criteria (EWGSOP) for
sarcopenia without mixing with other criteria or syndromes. Addition-
ally, to our knowledge, this systematic review and meta-analysis is the
first study to report the quality and the strength of the evidence on the
effect of therapeutic exercise on each of the dimensions that character-
ize the sarcopenia, according to GRADE criteria.

4.5. Implications for clinical practice

The current findings show that exercise should be a therapeutic op-
tion in handling sarcopenic older adults, diagnosed according to the
EWGSOP criteria.

4.6. Future research

Future research should conduct more RCTs in which sarcopenia is
diagnosed according to EWGSOP criteria but especially the new EWG-
SOP2 criteria. Likewise, additional studies are necessary that use con-
trol groups implementing interventions other than exercise, thus allow-
ing evaluating the isolated effect of exercise. Furthermore, future RCTs
should carry out exercise programmes of longer duration to assess the
effect of exercise on muscle mass.

4.7. Strengths and limitations of the study

The strengths of this systematic review and meta-analysis included
the use of a pre-specified protocol registered on PROSPERO, the
PRISMA checklist, the Cochrane Collaboration's Tools to determine the
risk of bias of included RCTs and the MINORS to determine the risk of
bias of included non-randomised interventional studies, the GRADE cri-
teria to assess the overall quality and the strength of the evidence per
outcome, a robust search strategy complemented by a manual search,
so that all studies that met the eligibility criteria should have been iden-
tified, and the rigid selection criteria applied only including those stud-
ies that based their recruitment on the EWGSOP criteria. Another
strength could also be the detailed analysis of the between and within-
group effects of all outcomes, carrying out numerous meta-analyses to
obtain extensive data. Moreover, the use of the standardised mean dif-
ference and random effects represent a conservative approach that
adds even more value to the effects found. However, several limitations
should be mentioned. First, the lack of more RCTs including a control
group in which an intervention other than exercise is performed to de-
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termine the superiority of exercise over other interventions. Second, the
lack of more studies in which sarcopenia is diagnosed using the same di-
agnostic criteria, the EWGSOP criteria. Exercise-based interventions
should be of longer duration in order to determine the effect of exercise
on muscle mass. Finally, although one of the strengths of the current re-
view is the use of homogeneous criteria in selecting studies based on the
EWGSOP criteria, this approach could limit the generalizability of the
conclusions drawn.

5. Conclusion

Exercise is a valid therapeutic option in handling sarcopenic older
adults, diagnosed according to the EWGSOP criteria. The application
of exercise programmes in this population seems to counteract some of
the main effects of this syndrome, such as decreased strength and physi-
cal performance. However, the evidence is not sufficient yet to support
an effect on muscle mass.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.exger.2021.111420.
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