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Abstract

Background: Declining muscle mass is not always accompanied by declining muscle strength in older adults, challenging the
notion that low muscle mass is the sole criterion for diagnosing sarcopenia.

Objective: This review aims to find out the relationships between muscle mass and muscle strength with physical
performance in older adults.

Design: This article was a systematic review using Preferred Reporting Items for Systematic Reviews and Meta-Analysis
guidelines.

Data Sources and Methods: We do a systematic search of observational studies that are published between 2013 and
August 2023 in PubMed, ScienceDirect, Sage journal, Tripdatabase, Cochrane Library, Embase, and CINAHL. Two reviewers
selected and extracted data independently and an association measure was recorded from included studies.

Results: The review analyzed |7 observational studies conducted between 2013 and September 2023. The findings suggest
that while declining muscle mass is often associated with sarcopenia, it may not always correspond to declining muscle
strength in older individuals. The most common method used to measure muscle mass was bioelectrical impedance analysis,
while handgrip strength was the predominant measure of muscle strength. Tests such as timed up and go and gait speed were
used to assess physical performance.

Conclusions: Physical performance in older adults is significantly related to muscle strength, whereas the relationship
between muscle mass and physical performance is either weak or negligible. Therefore, when evaluating physical performance
in older individuals, focusing on muscle strength is more important than muscle mass alone.
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Introduction Consequently, the aging population experiences a loss of
muscle mass and integrity, rendering them frail, dependent,
and unable to carry out daily activities independently.?
Physical performance is essential for older adults, as it
has a substantial impact on their quality of life. Multiple fac-
tors, including muscle mass, muscle strength, genetics, the
existence of chronic diseases, level of physical activity,

Muscle problems in older adults are a major concern that can
cause a decline in physical function and quality of life. The
aging process is associated with impaired mitochondrial
function and disrupted pathways involved in muscle growth,
contributing to muscle atrophy and the observed decline in
muscle performance among older individuals.! Factors such
as reduced physical activity, inadequate nutrition, and hor-
monal changes further contribute to neuromuscular junction
insufficiency, compromised blood flow to muscles, decreased
regenerative capacity due to a decline in muscle satellite
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mental wellness, and psychosocial factors, influence the
physical performance of older adults.*® Muscle mass is vital
to the physical performance of older adults. The age-related
loss of muscle mass, also known as sarcopenia, is recognized
as the primary element underlying the decline in physical
performance among older adults. Sarcopenia leads to a
decline in physical function, which, in turn, worsens the
long-term challenges of independent home living.” Decreased
muscle strength can also impair the functional capacities of
older adults because muscle strength impacts nearly all daily
activities, thereby increasing their activity dependence and
dependency on others. In addition, current evidence shows
that muscle strength influences physical performance more
than muscle mass in older adults.'

The Asian Working Group for Sarcopenia and the
European Working Group on Sarcopenia in Older People
guidelines have been pivotal in shaping the understanding
and diagnosis of sarcopenia. Both guidelines have tradition-
ally considered low muscle mass as the primary and manda-
tory criterion for sarcopenia diagnosis.''"'> This emphasis on
muscle mass has been widely accepted and utilized in clinical
practice. However, a divergence in thought emerged with the
development of the Sarcopenia Definition and Outcomes
Consortium (SDOC) and the Special Interest Group for
Sarcopenia in the Elderly South Asian Working Action Group
on SARCOpenia (SWAG-SARCO) guidelines. These newer
guidelines challenged the conventional perspective by plac-
ing greater importance on low muscle strength as a diagnostic
criterion for sarcopenia. According to SDOC and SWAG-
SARCO, reduced muscle strength is a more critical factor
than low muscle mass in assessing the functional impact of
sarcopenia in older adults.'>'* This divide in the field of sar-
copenia diagnosis has created a need for bridging the gap
between the two sets of guidelines. Researchers and health-
care practitioners must explore the evidence and rationale
behind each approach to develop a unified understanding of
how muscle mass and muscle strength contribute to sarcope-
nia. By addressing this gap, we can pave the way for a more
comprehensive and evidence-based approach to the diagnosis
and management of sarcopenia in older individuals.

Declining muscle mass is not always parallel with declin-
ing muscle strength in older adults. Factors such as cellular,
neural, metabolic changes, inflammation, and other unknown
factors may contribute to the decline in muscle strength inde-
pendently of muscle mass.”>'7 A study by Hughes et al.,'?
found that rates of decline in muscle strength were greater
than the rates of decline in muscle mass. Strength declines
were observed even in individuals who maintained or gained
muscle mass over time.!* Although there is a relationship
between muscle mass and strength, they do not always
exhibit a direct proportional correlation.'®!? In fact, certain
studies have indicated that in older individuals, muscle
weakness is primarily attributed to a decline in muscle qual-
ity rather than a loss of muscle mass. Several studies have
shown that muscle quality, which refers to the ability of

muscle fibers to generate force, plays an important role in
age-related decline in muscle strength, independent of mus-
cle mass.'®? Additionally, changes in muscle fiber type and
content may also contribute to age-related decline in muscle
mass and strength.?! The relationship between muscle mass,
muscle strength, and physical performance in older adults is,
however, the subject of relatively few reviews. This review
aims to address the issue by integrating and analyzing prior
studies about muscle mass and muscle strength on physical
performance in older adults to provide new evidence on this
subject.

Methods

A systematic search was carried out based on the guidelines
from Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2020.2 Data were extracted,
including measurements of muscle mass, muscle strength,
and physical performance, from selected studies. Quantitative
analyses involved assessing correlations, significance meas-
ures (e.g., p-values), and coefficient correlations to gauge the
strength and statistical significance of relationships. These
findings were then synthesized qualitatively, highlighting
patterns and trends across studies.

Search strategy

A systematic search was performed on seven electronic data-
bases from 2013 to September 2023: PubMed, ScienceDirect,
Sage journal, Tripdatabase, Cochrane Library, Embase, and
CINAHL. The keywords used are as follows: “muscle mass”
OR “appendicular skeletal muscle index” OR “skeletal mus-
cle index” OR “SMI” OR “APMI” OR “sarcopenia” AND
“muscle strength” OR “muscle weakness” OR “handgrip
strength” OR “knee extension strength” AND “physical per-
formance” AND “elderly” OR “older adults” OR “geriatric”.
For example, in PubMed, the initial search included terms
such as “Muscle mass,” “Muscle strength,” “Physical perfor-
mance,” and “Elderly” to ensure a wide coverage of potential
articles. The search query was designed as follows: (“Muscle
mass” OR “appendicular skeletal muscle index” OR “skele-
tal muscle index” OR “SMI” OR “APMI” OR “sarcopenia’)
AND (“muscle strength” OR “muscle weakness” OR “hand-
grip strength” OR “knee extension strength”) AND
(“Physical performance” OR “functional capacity””) AND
(“Elderly” OR “older adults” OR “geriatric”).

Eligibility criteria

Observational studies or baseline data from Randomized
Controlled Trials that were published between 2013 and
September 2023 in English and Indonesian were included in
this review. By concentrating on literature published from
2013, we aim to provide readers with the most current and
up-to-date information. This focus on recent data enhances
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Table |. Definition of evidence quality.

Category  Definition

High Very confident that the true effect lies close to that of the estimate of the effect

Moderate = Moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different

Low Confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect

Very low  Very little confidence in the effect estimates: the true effect is likely to be substantially different from the estimate of effect

the relevance and applicability of our findings in the context
of contemporary healthcare practices. Moreover, restricting
the search to post-2013 literature helps us capture studies
that adhere to more recent diagnostic criteria, which are
likely to be more in line with current clinical practice. Studies
with subjects less than 60years old (older adult definition
based on Indonesian Minister of Health Regulation No. 67 of
2015)* and studies that were not done on humans were
excluded from this review. Using 60years as the cut-off
enhances the likelihood of obtaining a sufficient number of
studies with relevant data, thereby ensuring the robustness
and reliability of our systematic review.

Study selection and data extraction

Based on the study’s title and abstract, two reviewers inde-
pendently searched and chose studies from each electronic
database. The study that has been collected is imported to the
Mendeley Reference Manager version 2.91. Any discrepan-
cies were discussed with a third reviewer in order to reach a
consensus. Data about the first author, title, demographics
data (age, gender, study location), methodological data, and
result data were extracted independently by two reviewers.
The first author of the study was contacted to see if addi-
tional data was needed. Articles that did not directly measure
or report on the relationships between muscle mass, muscle
strength, and physical performance in the elderly population
were excluded.

Risk of bias assessment

The Appraisal Tool for Cross-Sectional Studies (AXIS) is
used to assess the risk of bias in this review because almost
all the included studies used a cross-sectional study design (1
study uses a cohort design study). Each author carries out an
independent assessment, then the results will be combined
and discussed until an agreement is reached.

Quality assessment

The evidence quality for each outcome was evaluated using
the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) method.?* Each author per-
forms an independent assessment, and afterward, the results
will be merged and deliberated upon until a consensus is

established. The definition of evidence quality is defined in
Table 1.

Results

Study selection and characteristics

Following the initial search, a substantial number of articles
were identified. For example, in the PubMed database, 2264
articles were retrieved in this step. To focus the review on
observational studies, a filter specific to the study last 2013
was applied. This filtration process resulted in 1769 articles
that met the criteria. After that, a filter for observational
study types was employed, as denoted by the inclusion of the
terms “Observational Study” and “Randomized Controlled
Trial” (Publication Type). Out of the screening process, 70
articles were identified as observational studies and rand-
omized controlled trials. The initial broad search was instru-
mental in capturing a wide range of relevant literature, while
the subsequent application of the observational study filter
ensured that the selected articles were deemed suitable for
the systematic review's objectives. After that, these 70 stud-
ies were carefully assessed and evaluated based on titles and
abstracts simultaneously against the inclusion and exclusion
criteria to determine the final set of studies included in the
systematic review. Finally, 17 studies were captured from
this database and all full texts were read to decide the final
included studies. The search flowchart is shown in Figure 1.

A total of 37 articles were found in electronic databases
which have relevant titles and abstracts to our eligibility cri-
teria. After removing duplicate articles and reading full arti-
cles, 23 articles were finally included in this review. We
excluded articles that have relevant titles but did not provide
relationship measurement from the variable needed.?>* The
study selection process is shown in Figure 1. Cross-sectional
design was used in eighteen studies, while cohort baseline
data was used in four studies and RCT baseline data was
used in one study. The studies were conducted on diverse
regions, such as Japan (6 studies),'***3° Brazil (5 stud-
ies),** Korea (3 studies),** United States (2 studies),*®*
Indonesia (2 studies),’®*! and one study in Germany,>
Poland, Norway,** Spain, and Peru.’® A total of 3580
(male=1108, female=2472) subjects were recorded from
the included studies. The range mean age of the subjects in
this review was 64 years to 83.3 years.
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Figure |. PRISMA flowchart.

This review examines different ways to measure muscle
mass, strength, and physical performance in older adults.
Bioelectrical impedance analysis (BIA) is the most widely
used measurement tool in measuring muscle mass, namely
11 studies using this tool.!%-36-394245.5053 Dyal energy X-ray
absorptiometry (DXA) which is also a recommended meas-
urement tool used in six studies.****4¢4 While studies from
Silva et al.*! use calf circumference and Neves et al.*’ use a
mathematical equation to measure muscle mass. Hand grip
strength was the predominant measure of muscle strength,
utilized in 19 out of the 23 studies incorporated in this rev
iew,3542:44.4547-53.55.56 - Additionally, four studies employed
knee extension strength as a measure of muscle stren
gth.193537475% ‘Various assessment methods were employed
to evaluate physical performance across the studies included
in this review. However, the gait speed (GS), chair stand test
(CST), and time up and go (TUG) emerged as the most fre-
quently used tests, employed in 14 studies, 940:42:43:45.46.48-55 7
studies, and 6 studies respectively.

Risk of bias assessment

AXIS tool was used to assess the risk of bias in the included
studies. Three studies indicate selection bias and three stud-
ies have insufficient information on sample selection.
Regarding study limitations, three studies did not include
limitations. Overall, three studies have a moderate risk of
bias, while the others have a low risk of bias based on the
author’s assessment. A summary of the risk of bias assess-
ment is shown in Table 2.

Overall outcomes

Table 4 provides a summary of the study’s findings. In terms
of'the relationship between muscle mass and physical perfor-
mance in older adults, 10 studies reported no significant
association between these variables,!-30:40:42:44:47:48,51,53
However, nine studies indicated a significant relationship
between muscle mass and physical performance, with one
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Table 3. Assessment of quality of the evidence.

Assessed parameter Results

Number of studies ~ Quality of the

evidence (GRADE)

Association between
muscle mass and
physical performance
in elderly

9 studies show a significant association between muscle mass and
physical performance (4 studies show a weak correlation,

2 studies show a moderate correlation and | study shows a strong
correlation, while 10 studies show there’s no significant association

17 Observational Low
studies

between muscle mass and physical performance)

Association between
muscle strength and
physical performance
in elderly

correlation analysis
Association between
muscle mass and
muscle strength in
elderly

10 studies show a significant association between muscle
strength and physical performance with 2 studies showing a
strong correlation, 4 studies showing a moderate correlation, |
study showing a weak correlation, and 3 studies didn’t provide

10 studies show a significant association between muscle mass
and muscle strength with 3 studies showing a strong correlation,
4 studies showing a moderate correlation, | study showing a
weak correlation, and | study did not provide correlation analysis

I3 Observational High
studies

|1 Observational High
studies

study having a moderate risk of bias. Specifically, one study
reported a strong correlation,*” two studies reported a moder-
ate correlation*’* and four studies reported a weak correla-
tion. 30404330 Qverall, the quality of evidence for this
relationship was graded as low, indicating inconsistent evi-
dence to support the observed associations.

Conversely, in relation to muscle strength and physical
performance in older adults, 10 out of 13 studies analyzing
this relationship found a significant association between
muscle strength and physical performance,!?33:3943:30-52,54,56
Among these 10 studies, two reported a strong correla-
tion,*** three reported a moderate correlation,'***> one
reported a weak correlation,’! and the remaining four studies
did not analyze the correlation coefficient.>>*3¢ From these
10 studies, two studies have a moderate risk of bias. Only
one study by Ossowski et al.** indicated no significant rela-
tionship between handgrip strength and GS. Consequently,
the quality of evidence for the relationship between muscle
strength and physical performance was rated as high, signi-
fying a robust and dependable body of evidence supporting
this connection.

In response to these results, we also conducted a study
examining the relationship between muscle mass and muscle
strength. A total of 10 out of 11 studies stated a significant
relationship between muscle mass and muscle stren
gth,1936-38.4042.45.52 O the other hand, according to the study
conducted by Duchowny et al.,*® there was no statistically
significant correlation observed between skeletal muscle
index and hand grip strength. The quality of evidence for the
link between muscle mass and muscle strength was also
rated as high, indicating a solid foundation of evidence to
support the observed associations. The GRADE quality
assessments emphasize the significance of muscle strength
and muscle mass in influencing physical performance among
older people. A summary of evidence quality assessment is
shown in Table 3.

Discussion

Presently, the most recent consensus from both Asian and
European working groups addresses the diagnosis of sarco-
penia. In these consensuses, similar criteria are outlined, spe-
cifically involving a decline in muscle mass followed by a
decrease in muscle strength and/or a reduction in physical
performance.'’"'> Nevertheless, numerous studies indicate
that reduced muscle strength is linked to diminished physical
performance and functional capacity in older individuals,
irrespective of whether there is a concurrent decrease in
muscle mass. Adhering to the current diagnostic criteria for
sarcopenia may result in the underdiagnosis and delayed
treatment of older adults who exhibit reduced muscle
strength unaccompanied by a decrease in muscle mass, as
these individuals would not be classified as having sarcope-
nia according to the existing criteria.

According to Macedo et al.,”” high levels of inflammatory
mediators are predictors of a decline in functional capacity in
older adults. This suggests that inflammation may play a role
in the functional capacity of older adults, independent of
muscle mass. Similar to other studies, muscle weakness in
older adults is caused by both muscle atrophy and a decline
in the quality of the muscle fibers. This shows that a signifi-
cant component of an older adult’s functional capacity is
muscle quality rather than merely muscle mass.® Older
adults might perform physically better with exercise train-
ing. This shows that even in the face of decreasing muscle
mass, physical activity can help maintain or increase physi-
cal performance.”® Protein-rich diets and regular exercise
can assist older adults in retaining muscle mass and increas-
ing their functional capacity. This implies that maintaining
muscle mass is crucial for preserving functional capacity, but
that other elements like physical activity and diet also mat-
ter.®® Additionally, according to the Baltimore Longitudinal
Study on Aging Paradigm, mobility depends heavily on the
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strength of the muscles, and there is a significant discrepancy
between muscle function and muscle mass.®! This shows that
measuring muscle mass alone may not be sufficient to pre-
dict functional decline in older people.

The association between muscle strength and physical
performance in older adults has been extensively explored in
scientific research. Declining muscle strength significantly
contributes to diminished physical performance in older
adults. Numerous studies have demonstrated that muscle
strength exerts a more pronounced influence on physical per-
formance than muscle mass in older individuals.'® A study
involving older adult individuals residing in the community
in Japan revealed a strong relationship between muscle
strength and maximal walking speed, whereas muscle mass
did not exhibit a similar connection. These findings suggest
that the preservation of muscle strength, rather than muscle
mass, may hold greater importance in preserving mobility
among the older adult population.'” In line with a previous
investigation conducted by Visser et al.,*? it has been noted
that decreased muscle strength is associated with impaired
physical performance. However, there is a scarcity of sub-
stantial empirical evidence supporting the correlation
between muscle mass and physical function. The mechanism
through which muscle strength influences physical perfor-
mance and functional capacity can be attributed to several
factors. Firstly, muscle strength is essential for generating
force and power, which are required for activities such as
walking, lifting objects, and maintaining balance.®>%
Adequate muscle strength allows individuals to perform
these tasks efficiently and with reduced effort. Secondly,
muscle strength is closely linked to muscle endurance, which
is crucial for sustaining physical activity over time.%3%*
Strong muscles are better able to withstand fatigue and main-
tain performance during prolonged activities. Lastly, muscle
strength is associated with bone health and density.%3%4
Strong muscles exert mechanical stress on bones, promoting
bone remodeling and reducing the risk of fractures and
falls.0364

Our review reveals compelling evidence supporting a
notable association between muscle mass and muscle
strength with 10 studies stating there is a significant relation-
ship with details of three studies stating a strong correlation,
four studies with moderate correlation, and one study with
low correlation; nine of these studies have a low risk of bias.
While a decline in muscle strength is associated with a reduc-
tion in muscle mass, the direction of the relationship still
cannot be determined as our review only included cross-sec-
tional data. Current evidence states that a decline in muscle
mass and muscle strength is not strictly parallel. Clerk and
Manini® highlighted in their study that the decrease in mus-
cle strength surpasses the decline in muscle mass. This dis-
crepancy is attributed to the influence of neuromuscular
factors, which are determined by the physical activity level
of older adults. Current longitudinal data from the Health
ABC Study show that the drop in muscle strength is

significantly faster than the concurrent loss of muscle mass.
Moreover, retaining or increasing muscle mass does not stop
the loss of muscle strength that comes with age. Instead, they
believe that the weakening of the muscles in older adults is
more closely tied to problems with neural (central) activation
and/or decreases in the ability of skeletal muscle to generate
force on its own.® It is not recommended to consider muscle
mass as an intermediate endpoint in interventions designed
to improve functional or physical capabilities. This is
because it suggests that modifications to other components
of the human neuromuscular system are necessary for regu-
lating strength.%

We found that low muscle strength is associated with
more physical performance or disability relationships than
low muscle mass. Consequently, based on the scientific evi-
dence compiled in this review, we propose that the decline in
muscle strength among older individuals, without a simulta-
neous reduction in muscle mass, should be regarded as a dis-
tinct ailment independent of sarcopenia. This new term,
dynapenia,® allows for early recognition of this separate
condition, enabling interventions to commence sooner.
Ultimately, this approach aims to prevent a decline in physi-
cal abilities that can adversely impact the quality of life for
older adults.

This review has limitations with the types of data included,
all of which are cross-sectional data. However, to ensure the
quality of the included studies we conducted a critical review
using the AXIS tool and graded the quality of evidence with
GRADE. Moreover, this systematic review did not perform
a meta-analysis due to the substantial heterogeneity observed
among the included studies. The heterogeneity in participant
characteristics, measurement methods, and statistical
approaches made conducting a quantitative synthesis of the
results impractical. Consequently, the review relies on a
qualitative analysis of the evidence, which may limit the
ability to provide precise quantitative summaries of the rela-
tionships between muscle mass, muscle strength, and physi-
cal performance in the elderly. This limitation underscores
the importance of interpreting the findings cautiously and
highlights the need for future research that can quantitatively
synthesize these relationships to provide more robust con-
clusions. Despite the shortcomings in this review, this review
is important, because at this time there are still few system-
atic review studies that examine the relationship between
muscle mass and muscle strength on physical performance in
older adults, so that with this review it can become new sci-
entific evidence and become a consideration for clinicians to
begin assessing low muscle strength or dynapenia as an
important condition and requiring immediate intervention.

Conclusions

Muscle strength has a significant relationship to physical per-
formance, while the relationship between muscle mass and
physical performance in older adults still has inconsistent
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correlational evidence. As such, we acknowledge that the
directionality of the relationships between muscle mass, mus-
cle strength, and physical performance in the elderly cannot
be definitively determined through this review. Therefore,
future research, particularly longitudinal studies, are needed
to elucidate the dynamic nature of these relationships and bet-
ter understand how changes in muscle mass and strength
impact physical performance over time.
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