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Key summary points

Aim To synthesize the details of the exercises prescribed for the improvement of muscle mass/muscle strength/physical
performance among sarcopenic older adults.

Findings Frequency, intensity, duration, type, mode, and progression while prescribing resistance, aerobic, balance, and
flexibility exercises for sarcopenic older adults were identified and reported.

Message A multicomponent exercise program targeting muscle strength, aerobic, balance, and flexibility are recommended
and tailored as per the existing fitness level and targeted outcomes for sarcopenic older adults.

Abstract

Purpose To synthesize the details of the exercises/exercise program prescribed for the improvement of muscle mass/muscle
strength/physical performance among sarcopenic older adults.

Methods A systematic literature search was conducted in five electronic databases and the details of exercises such as sin-
gle component or multicomponent exercise program, frequency/week, intensity, duration of the exercise program, type of
exercises, progression, adverse events reported, outcome measures used, and whether technology or other educational aids
were used to deliver the program were extracted.

Results A total of 10,045 records were identified and 27 records were included. Resistance exercises were included in all
the studies, with the frequency ranging from 1 to 5/week, intensity ranging from 20 to 80% of 1 repetition maximum (RM),
or 614 points on ratings of perceived exertion (RPE), and duration per session ranging from 20 to 75 min. The intensity
of aerobic exercises ranged from 50 to 70% of heart rate max or a level of 7-17 in RPE with a duration ranging from 6 to
30 min per session for 2-5 days/week. For balance exercises, the intensity was mentioned as the level of effort 3 on a scale
of 10, and the time duration per session ranged from 5 to 30 min for a frequency of 2/3 per week.

Conclusion This review synthesized the components of exercise prescription for sarcopenic older adults which would help
practitioners and researchers in selecting the frequency, intensity, duration, type, mode, and progression while prescribing
exercises.
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function (insulin, testosterone, growth hormone, insulin-like
growth factor-1, cortisol), loss of neuromuscular function, an
imbalance between muscle protein synthesis and breakdown,
insufficient dietary protein intake, and genetic factors [6, 7].

Sarcopenia is concerning as it leads to negative health
outcomes in older people, such as falls, frailty, physical
restrictions, activity limitations, lower quality of life, and
an increased risk of premature death [§—11]. The European
Working Group for Sarcopenia in Older People (EWGSOP)
and Asian Working Group for Sarcopenia (AWGS) have
come up with the diagnostic criteria for sarcopenia among
older adults, which considers muscle mass, muscle strength,
and physical performance parameters with slight variations
in the cutoff values [2, 3]. Among the pharmacological and
non-pharmacological management options, the highest evi-
dence exists for a multicomponent program involving exer-
cises as the mainstay [12, 13]. However, there is a conflict
among practitioners/clinicians and in literature with regard
to the details of the exercise programs, and a review target-
ing the components of exercises for sarcopenia among older
adults is lacking. This literature review aims to synthesize
the details of the exercises/exercise program prescribed for
the improvement of muscle mass/muscle strength/physical
performance among sarcopenic older adults.

Methods
Eligibility criteria

The studies were included if they met the criteria: (a) origi-
nal study, (b) on older adults, (c) including those diagnosed
with sarcopenia, (d) with study design such as pilot study,
randomized controlled trial, pre—post intervention trial, or
longitudinal studies, (e) single-component or multicompo-
nent exercise-based intervention. The studies were excluded
if they failed to meet the inclusion criteria and/or: (a) full
text was not available, (b) language was other than English,
(c) was a single/multiple component intervention in which
exercise was not a component, (d) studies providing no
extractable data, and (e) patients had secondary sarcopenia
due to conditions like COPD, cancer, kidney disease, stroke,
Parkinson’s disease, and Alzheimer's disease.

Data sources and search strategy

A systematic literature search was undertaken in December
2021 using the following electronic databases: PubMed,
Scopus, Embase, Cumulated Index to Nursing and Allied
Health Literature (CINAHL), and Web of Science. Rel-
evant MeSH terms and Boolean phases were used for the
search: “sarcopenia” OR “reduced skeletal muscle mass”
OR “muscle mass loss” OR “muscle atrophy” AND “aged”
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OR “elderly” OR “older adults” OR “older people” AND
“physical therapy” OR “rehabilitation programme” OR
“therapeutic exercise” AND “residential care facilities”
OR “long-term care facilities” OR “old age homes” without
time restrictions and no filters were applied. The complete
search strategy for each database is shown in the supporting
information (search strategy.pdf).

Data extraction

Two reviewers, PK and GN, independently searched the
literature. The identified studies were imported to Rayyan
(Ref. # 366956) software. After resolving the duplicates,
two reviewers (PK and GN) conducted title and abstract
screening separately. If the study was deemed suitable, it
progressed to the retrieval of the full text. If, after a review
of the full text, the article was still considered suitable for
the analysis, then it progressed to data extraction. Any con-
flict regarding the article selection was resolved by discus-
sion with the third reviewer, SU. Full-text reading of the
identified articles was done by PK, and relevant studies were
included in this review matching our inclusion criteria. The
data charting form was drafted by PK as per the Ameri-
can College of Sports Medicines’ (ACSM) [14] frequency,
intensity, time and type principle (FITT principle) and final-
ized after a consensus discussion with all the authors. The
details of exercises like a single-component or multicom-
ponent exercise program, frequency/week, intensity, dura-
tion/session, total duration of the exercise program, type of
exercises, progression, adverse events reported, outcome
measures used, and whether technology or other educational
aids were used to deliver the program were extracted.

Results
Search results

A total of 10,045 studies were identified through database
searches. After removing duplicate studies, the titles and
abstracts of 5,372 studies were screened. A review of the
titles and abstracts yielded 314 relevant studies for full-text
screening. Finally, 27 studies met all inclusion criteria and
included in this review. A Preferred Reporting Items for Sys-
tematic Review and Meta-analysis 2020 (PRISMA 2020)
flowchart of the literature search is demonstrated in Fig. 1.
Nine studies used Asian Working Group for Sarcopenia
2014 (AWGS 2014) criteria [15-23], one study each used
AWGS 2016 [24] and AWGS 2019 criteria [25], six studies
used European Working Group for Sarcopenia in Older Peo-
ple (EWGSOP 2010) criteria [26-31], one study used EWG-
SOP 2019 criteria [32], one study used Center for Disease
Control and Prevention criteria [33], one used International
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Fig.1 Preferred Reporting
Items for Systematic Review
and Meta-analysis 2020
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Working Group on Sarcopenia IWGS) along with EWG-
SOP 2010 criteria [34] and seven studies did not report any
of the above-mentioned criteria [35—41].

Twenty-seven studies, which used exercise intervention
in single- and multicomponent modes, were included in this
review. Out of 27, in 16 studies (n=16), the exercise inter-
vention was given as a single component with all studies
using resistance exercise [15, 19-23, 25-27, 29, 31, 32, 34,
37, 38, 40], while the remaining 11 studies (n=11) adminis-
tered multicomponent exercise intervention [16—18, 24, 28,
30, 33, 35, 36, 39, 41]. Among the multicomponent exercise
interventions, resistance exercise plus balance exercise were
administered in four studies (n=4) [16, 18, 28, 41]; resist-
ance exercise plus aerobic exercise in three studies (n=3)
[24, 30, 36], resistance exercise plus aerobic exercise plus
balance exercise in one study (n=1) [39]; resistance exercise
plus aerobic exercise plus balance exercise plus flexibility
exercise in two studies (n=2) [17, 33]; resistance exercise

plus balance exercise plus aerobic exercise plus endurance
exercise in one study (n=1) [35]. In 25 studies (n=25),
a supervised exercise program [15, 17, 18, 20—41], in one
study (n=1) an unsupervised exercise program [16], and in
one study, (n=1) an initial training was administered and
then participants performed exercise unsupervised [19].

The details of the exercise program are summarized in
Tables 1, 2, 3, and 4 for resistance exercises, aerobic and
endurance exercises, balance exercises, and stretching exer-
cises, respectively.

Of the 27 studies on resistance exercises, 9 studies
(n=9) used repetition maximum (RM) criteria [18, 25, 27,
29, 30, 32, 36, 37, 40], whereas 10 studies (n=10) used
rating of perceived exertion (RPE) [15, 19, 21, 23, 26, 28,
31, 38, 39, 41] criteria to quantify the intensity of resist-
ance training. One study each (n=1) used OMNI-RES
scale (OMNI-Rating of perceived Exertion scale) [34],
heart rate reserve criteria [20] or coach-adjusted resistance
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criteria [24], and maximal theoretical force [33] while four
studies (n=4) [16, 17, 22, 35] did not report the method
used for intensity measurement. The percentage of 1RM,
which ranged from 20 to 80% of 1RM, was used by all
the nine studies that used RM criteria, and of the 10 stud-
ies (n=10) that used RPE, it ranged from 6 to 14 points.
The frequency/week of resistance training ranged from 1
to 5/week. Eight studies (n=8) administered resistance
training two/week [15, 18, 28-30, 32, 33, 41], 14 studies
(n=14) three/week [20-27, 31, 34-38], 1 study (n=1)
each one [40] and five per week [19], respectively. A total
of three studies (n=3) did not report the frequency of
resistance training [16, 17, 39]. The duration per session
ranged from a minimum of 20 to a maximum of 75 min
and the total duration of the intervention program ranged
from 6 to 32 weeks. The progression of resistance exercise
has been reported in 22 studies (n =22), among which 9
(n=9) [18, 25, 27, 28, 30, 32, 33, 36, 40] reported pro-
gression in terms of the number of sets, repetition per set,
and intensity, either RM or RPE, 2 studies (n=2) [34,
37] reported progress in resistance exercise using OMNI,
10 studies (n=10) [15, 17, 19, 21, 22, 26, 29, 31, 38, 41]
reported progression with respect to the loading method,
and 1 study (n=1) [20] reported in terms of duration/ses-
sion. A total of five studies (n=15) [16, 23, 24, 35, 39] did
not report the progression of resistance training.

Seven studies (n=7) [17, 24, 30, 33, 35, 36, 39] used
aerobic and endurance exercises as a multicomponent exer-
cise intervention program. Of the seven studies, two (n=2)
[30, 33] used the percentage of heart rate maximum (HR
max), two (n=2) [36, 39] used RPE criteria for quantifying
the intensity of aerobic exercises, and the remaining three
studies (n=3) [17, 24, 35] did not report how the intensity
was monitored. The duration of aerobic exercises ranged
from 6 to 30 min per session for 2-5 days/week. Among the
aerobic and endurance studies included in this review, only
one study (n=1) [36] reported exercise progression in terms
of time/session, intensity, and rating of perceived exertion.

Balance exercises were used as a component of the mul-
ticomponent program in nine studies (n=9) [16-18, 22, 28,
33,35, 39, 41] and among those only one (n=1) reported the
intensity of balance exercises [39]. The level of effort was
mentioned as 3 on a scale of 10, and the time duration per
session ranged from 5 to 30 min for a frequency of 2/3 per
week. Only two studies (n=2) included in this review men-
tioned the progression of the balance exercise on the bases of
weeks and challenging exercise [18, 28]. Two studies (n=2)
[17, 33] mentioned stretching exercises for sarcopenic older
adults, and among those one [17] did not report the details,
whereas the other [33] mentioned stretching exercises of the
lower limb muscles. However, further exercise prescription
components such as frequency, intensity, time, and type of
stretches were not reported in both studies.

We have proposed the recommendation which the prac-
titioner and researcher could use while prescribing exercise
program for sarcopenic older adults in Table 5.

Discussion

This rapid review intended to synthesize the details of the
exercises/exercise program prescribed for the improvement
of either muscle mass or muscle strength or physical per-
formance among sarcopenic older adults residing in either
long-term care setting or in the community. A total of 27
records were summarized with regard to the details of exer-
cises such as a single-component or multicomponent exer-
cise program, frequency/week, intensity, duration/session,
total duration of the exercise program, type of exercises, pro-
gression, adverse events reported, outcome measures used,
and whether technology or other educational aids were used
to deliver the program. Also, the Consensus on Exercise
Reporting Template (CERT) [42] was used to evaluate the
completeness of exercise reporting of the studies included
in this review. Most of the studies reported the details of
each exercise included in the intervention to enable replica-
tion. The exercise progression details were reported well
in many of the studies, with most exercise interventions
being supervised. However, the way the exercise interven-
tions were tailored were not reported in many of the studies
(Supplementary material).

Given that the studies did not use uniform diagnostic
criteria for sarcopenia, the prevalence varied greatly from
10 to 30% [43] depending on the classification and cutoff
point chosen. The participants in the studies included in
this review may be heterogenous with regard to their fitness
profile and exercise capacity. Hence, the compilation of the
results of these studies would be difficult and the effective-
ness of the program has to be interpreted with caution. How-
ever, there are systematic reviews that give evidence about
the effect of exercise on sarcopenia management. According
to the findings of those systematic reviews, the best evi-
dence exists for multimodal or mixed training programs that
include resistance training, aerobic training, and balance
training, with a moderate level of evidence for resistance
training alone in enhancing muscle mass, muscle strength,
and physical performance in sarcopenic older persons. There
was a low level of evidence for flexibility or balance alone
programs, as the number of studies were limited [44-48].

Eleven studies in this review used multicomponent exer-
cise interventions for the management of sarcopenic older
adults. Since there are no exercise recommendations or
guidelines for the management of sarcopenia, most of the
authors have followed the recommendations for physical
frailty that report the beneficial effects of a multicomponent
over a single-component intervention [49]. Currently, there
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is a lack of consensus among practitioners with regard to
the dosage of resistance training that is required to get the
best results in terms of muscular strength. The frequency
per week of resistance training in the studies in this review
ranged from a minimum of 2 days to a maximum of 5 days
per week, with most of the authors preferring 3 days per
week. Two reviews were conducted on the components of
exercise prescription for frail older adults and on patients
with knee osteoarthritis (OA), which recommended a similar
frequency of resistance exercises with significant improve-
ments in muscle strength documented with a training fre-
quency of 2-3 days [49, 50].

Aerobic and endurance studies (n=7) included in this
review are part of a multicomponent exercise intervention.
The frequency of aerobic exercises for sarcopenia ranged
from two to five times per week. The American College of
Sports Medicine physical activity recommendation for older
adults states 3—5 days per week of aerobic activity, and for
older adults with knee OA, the most common recommenda-
tion that exists is to perform 3-5 days per week of cardi-
orespiratory training [50, 51]. Even though the minimum
recommended frequency is 3 days per week, a few studies
of this review have used 2 days per week; however, the effect
of 2 days over 3 days per week training needs to be stud-
ied. Balance exercises have been carried out in nine studies
(n=9) of this review, in which the frequency was found to
be two to three times per week, which is the same in the case
of older frail adults as well for older adults with knee OA
[49, 50]. Also, the US Department of Health and Human
Services (2008) Physical Activity Guidelines for Americans
recommends three or more times per week of balance train-
ing. For stretching exercises, even though frequency was not
reported, it was a part of warm-up in most of the studies.
However, one of the study recommends two to three times
per week of flexibility exercises for frail older adults (41).

The intensity of resistance exercises for sarcopenic older
adults ranged from 20 to 79% of 1 RM or 6 to 14 RPE in the
studies included in this review. For frail older adults as per
the literature, the intensity varies from 40 to 80% 1RM or
somewhat hard (12—14) RPE [49]. The literature suggests
that 60-80% of 1RM improves the muscle mass, while more
than 80% of 1RM will further improve the muscle strength
at the cost of musculoskeletal injuries [51]. The intensity
of aerobic exercise prescribed for sarcopenic older adults
ranged from 50 to 70% of HR,, or 7-17 on RPE, which is
in line with the recommendation of ACSM/AHA that recom-
mends moderate- to vigorous-intensity aerobic exercise for
older adults. In this review, only one study (n=1) reported
the intensity of balance exercise, which is 3 on a rating of
perceived exertion and this corresponds to the recommenda-
tions for frail older adults [49].

The duration for resistance exercise ranged from a mini-
mum of 20 min to a maximum of 75 min in the included

studies. A study has mentioned that the duration for resist-
ance exercise ranged from 10 min for frail and 20 min for
pre-frail older adults [49]. The duration of aerobic exercise
per session for sarcopenic older adults reported in the stud-
ies in this review ranged from 6 to 30 min per session. As
per the ACSM recommendation, moderate-intensity aero-
bic exercise should be performed for >30 min per day or
vigorous-intensity exercise for >20 min per day [14]. The
duration of balance exercise in the included studies ranged
from 6 to 30 min, which covers the time prescribed for frail
older adults of 20 min.

The type and mode of exercise should be chosen based
on the participant's level of fitness, as well as his or her
interests and available resources for better compliance and
for lowering the risk of injury [51, 52]. The type of resist-
ance training delivered in the included studies is related to
training the large muscle groups of the upper limb and lower
limb along with the trunk. These are in line with the rec-
ommendations by other studies as well, which recommends
resistance training to be directed at the large muscle groups
that are important in everyday activities incorporating arms/
shoulders, chest, back, hips, and legs [14, 50, 51, 53]. Aero-
bic and endurance exercises have been delivered as walking,
stepping, and cycle ergometry. Walking is the most popular
activity among senior citizens because it requires no special
skills, attire, or equipment [52]. For those with musculoskel-
etal problem, cycling has been preferred over walking and
jogging [51]. A similar type of exercise for improving cardi-
orespiratory fitness has been recommended for older adults
with knee OA [50]. In the included studies in this review,
stretching is used as part of a warm-up/cool-down in multi-
component training program, with only one study targeted
specifically. Stretching of upper, trunk, and lower limb has
been suggested, in line with the recommendation by ACSM
as it reduces the chance of injury among older adults [53].

The progression of resistance training reported in the stud-
ies included in this review suggests starting with a fewer num-
ber of sets, higher repetition with less intensity progression,
to more sets with less number of repetitions. An author has
recommended that clinicians should start their clients with
higher repetitions, that is, 12—15, and at a lower intensity
(55% of 1RM) and eventually progress to fewer repetitions
of 4-6 at a greater intensity (> 80% of 1RM) [49]. Aerobic
and endurance studies included only one study (n=1) [36] in
this review, which reported the endurance exercise progression
in terms of increasing time/session and increasing intensity
as HR,, with higher rating of perceived exertion. Mazzeo
et al. [51] recommended starting exercise with low intensity
and gradually progressing to higher levels according to tol-
erance and preference. Only two studies (n=2) included in
this review have mentioned about the progression of balance
exercise on the basis of weeks and challenging exercise. A
similar recommendation by the US Department of Health and
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Human Services (2008) Physical Guidelines for Americans
says progressively difficult postures gradually reduce the base
of support and dynamic movements perturb the center of grav-
ity and stress the postural muscle groups [54].

Among the included studies, n =4 were study protocols
and n=23 were completed studies. Of these 23 studies,
n =15 studies did not assess for any adverse events [16, 18,
20, 21, 23, 27, 33-41], n=>5 studies reported no adverse
events [15, 17, 24, 28, 30], and only n =3 studies reported
adverse events because of exercise intervention [19, 26, 31].
Muscle pain, joint pain, fatigue, vertigo, and fall were the
commonly reported events.

None of the studies in this review has reported a novel or
a non-traditional exercise, except one study that incorporated
a BFR program (blood flow restriction) [25], which we feel
is a non-conventional mode of training for improving muscle
strength or muscle mass. This review did not identify a study
that has adopted a tailor-made exercise program with regard
to the stages of sarcopenia; hence, the authors of this review
recommend designing an exercise program as per the stage
of sarcopenia with appropriate progression guidelines.

In this paper, the researchers have synthesized the com-
ponents of the exercises/exercise program prescribed for the
improvement of muscle mass/muscle strength/physical per-
formance among sarcopenic older adults.

Limitations

There are a few limitations to this review. First and foremost,
this review has considered only the published articles avail-
able in electronic databases. Second, it considered only full-
text articles as abstracts, and proceedings were excluded.

Future recommendations

This review has done a narrative summarization of the
details of the exercise for sarcopenia. In the future a sys-
tematic review with a meta-analysis could be conducted to
quantify the efficacy of the exercise program. Since there are
more than two types of exercises to be compared for their
effect, the authors would recommend performing a network
meta-analysis. Also, studies published in non-electronic
databases and on gray literature could be carried out as an
update to this review.

Significance of this review

This review has synthesized the exercise components and
has come up with the exercise recommendations that would
benefit the interdisciplinary team to assess, design, and
appraise safe and effective exercise programs for sarco-
penic older adults. The exercises identified in this review

@ Springer

are multicomponent and multimodal in nature, giving the
practitioners and researchers the freedom to choose, as per
the need and available resources. Also, strategies to improve
and maintain adherence to exercise-based intervention have
been identified, which need to be incorporated. Moreover,
this review has summarized the exercises using the CERT
checklist, making the recommendations replicable and trans-
ferrable across a variety of settings (hospital, gym, home,
primary care, etc.); delivery methods (group, individualized,
supervised, or home based), and personnels (physiothera-
pist,, exercise physiologist,, trainers, or others).

Conclusion

This review would help practitioners and researchers in
selecting the frequency, intensity, duration, type, mode, and
progression while prescribing exercises for sarcopenic older
adults. Also, this review may assist in identifying the vari-
ations in the components of exercise prescription for sarco-
penic older adults as per the targeted outcome.
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