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Objectives: Given that body composition assessment is becoming more common, demonstrating the significance of assessing
muscle mass asymmetry, which has not been a focus in the past, would be important. This study examined the association between
the leg skeletal muscle mass asymmetry index (LSMAI) and the timed up-and-go (TUG) test to assesses dynamic postural control
capabilities, in community-dwelling older adults.Methods: This study is a cross-sectional study. The study had 122 (75 ± 6 years,
74% female) participants who fulfilled the required sample size. A generalized linear model was used to examine the association
between the TUG and the LSMAI. Results: An association was found between the TUG and LSMAI (standard regression
coefficient, 0.21, p = .022). As with the crude model, a significant association was found between TUG and LSMAI in the adjusted
model (standardized coefficient = 0.31, p = .009). Conclusions: Assessing LSMAI in older adults is crucial. Moreover, this finding
indicates the need to consider LSMAI in maintaining the dynamic posture control capabilities of older adults. Implications: The
new finding that LSMAI in older adults is associated with TUG emphasizes the need for assessment and intervention of LSMAI.
This suggests that the approach to LSMAI may contribute to maintaining and improving dynamic posture control ability.
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Key Points

• This study provided new findings that the leg skeletal muscle mass asymmetry index (LSMAI) is associated with the timed
up-and-go test.

• Older adults should have their body composition assessed, including LSMAI, in addition to muscle strength and muscle
mass.

• Approaches to LSMAI may lead to the maintenance and improvement of dynamic posture control capabilities.

Research that contributes to care prevention and health promo-
tion is urgently needed as the global aging rate increases. Muscle
mass and muscle strength decline with age (Doherty, 2001). Spe-
cifically, they reach peak levels between the ages of 20 and 40 years,
after which they gradually decline (Mitchell et al., 2012). Consider-
ing the results of studies that have revealed these age-related muscle
changes, muscle mass, and muscle strength are one of the factors
necessary for care prevention and health promotion in older adults.

Healthy older adults have lower limbmuscle strength associated
with gait parameters, such as walking speed and stride length (Stotz
et al., 2023). Grip strength, a representative value of muscle strength
assessment, is also associated with the risk of falls in older adults
(Lee et al., 2022). Sarcopenia, characterized by reduced muscle
strength and muscle mass can predict cognitive function 2 years
later among community-dwelling older adults (Peng et al., 2023).

Interestingly, low muscle mass affects the risk of mortality in older
adults (Li et al., 2022). Thus, many studies have focused on muscle
mass and strength in older adults, and undoubtedly, this is a
noteworthy factor given the age-related changes in the organism.

However, asymmetries in muscle strength and muscle mass
are subject to debate. In recent years, a clear association emerged
between asymmetry in toe grip strength and center-of-gravity sway
(Koda et al., 2018). Furthermore, older adult men with both
reduced grip strength and grip asymmetry are significantly at
higher risk of hip fractures (Zhou et al., 2024). In other words,
it is suggested that asymmetry in muscle strength has a negative
impact on posture control in older adults. On the other hand, recent
studies have focused not only on muscle strength but also on
muscle asymmetry. However, fewer studies have reported muscle
mass asymmetry than muscle strength asymmetry, and certain
consensus have not been reached. Recently, body composition
assessment is becoming more common, and the diagnostic criteria
of the Asian Working Group for Sarcopenia also incorporates
the muscle mass by body composition assessment (Chen et al.,
2020). In view of these times, more studies reporting the associa-
tion between muscle mass asymmetry, as assessed by body
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composition, and care prevention and health promotion in older
adults are necessary. We have hypothesized that muscle mass
asymmetry is also associated with posture control capability in
older adults based on the aforementioned previous studies (Koda
et al., 2018; Zhou et al., 2024). Posture control capability is one of
the most important abilities for the care prevention and promotion
health of older adults, as it can lead to falls and fractures.

Thus, this study aimed to (a) calculate the leg skeletal muscle
mass asymmetry index (LSMAI) and test its association with the
timed up-and-go test (TUG), which is a standard method for
assessing dynamic posture control capability in a simple manner
(Alonso et al., 2018). The study also aimed to (b) compare the
degree of association of TUG with the conventionally important
skeletal muscle mass index (SMI) and the LSMAI. The results of
this study will clarify the significance of assessing not only muscle
strength and SMI, but also LSMAI. Moreover, this study may
suggestive new interventions for older adults to improve asymme-
try and maintain and improve dynamic postural control.

Methods
Participants

This cross-sectional study included community-dwelling healthy
older adults who were independent in their activities of daily living
and had participated in physical fitness tests aimed at care preven-
tion and health promotion. This physical fitness test is carried out
every 6 months. This study included a total of five physical fitness
tests conducted between March 2021 and March 2024. Participants
were recruited by displaying posters, posting on website, and
calling on staff. Individuals aged ≤64 years, were not walking
independently, hadmini-mental state examination scores below 23,
and suspected of cognitive decline were excluded. Some partici-
pants attended a total of five measurement sessions more than once,
in which case the measurement data from the first participation
were used, and the remaining data were excluded. The participants
of the physical fitness tests were fully informed of the study’s
content and objective. They provided consent and cooperated well.
The Ethical Review Committee of the Nishikyushu University
approved this study (24PBV09).

Methods

Basic Data

Basic data on participants were recorded on sex, age, living alone,
and pain during exercise. Additionally, height and weight were
measured and body mass index was calculated.

Body Compositions

Body composition was measured using a body composition analyzer
(InBody 470, InBody Japan o., Ltd.) based on bioelectrical imped-
ance analysis. The measurement position required the participants to
stand barefoot, with the heel in contact with the electrode, and the
upper limb grasped the hand electrode. SMI, trunk muscle mass
index, and leg skeletal muscle mass were automatically calculated
from the measurements. For the LSMAI, the leg SMI (LSMI) was
first calculated for both the right and left sides (LSMI = leg muscle
mass of Rt or Lt/height2). The LSMI of each side was then used
to calculate the LSMAI (LSMAI [%] = (high leg muscle mass
SMI − low leg muscle mass SMI)/high leg muscle mass SMI × 100];
Sato et al., 2023). Body composition was assessed by bioelectrical
impedance analysis using InBody, a useful assessment method with

accuracy comparable to the dual-energy X-ray absorptiometry
method (Fang et al., 2020).

Timed Up-and-Go Test

The TUG was measured with a digital stopwatch. The participants
stood up from a chair with a 40-cm seat, walked around a landmark
3 m in front of them, return to the chair, and sit down. The time
required for the series of actions was recorded. Measurements were
taken twice, and the fastest time was used for the analysis. The
TUG has been proven to be highly reliable and clinically useful
(Rodrigues et al., 2023).

Other Measurements

Grip strength was measured with a Smedley grip strength tester
(T.K.K. 3364, Takei Scientific Instruments Co., Ltd.). The measure-
ment limb position was the standing position, with the elbow joint
extended. Themeasurementswere obtained twice, alternating between
the left and right, and themaximum value was used. The Smedley grip
strengthmeter was reported to be highly reliable (Mehmet et al., 2020).

Walking speed was measured with a digital stopwatch. Parti-
cipants were instructed to walk 11m on a level ground at their usual
walking speed, and the time taken to walk the middle 5 m was
recorded. The recommended length of the walking path when
assessing walking speed should be measured on a long walking
path of approximately 10 m rather than a short walking path (Peters
et al., 2013). Therefore, in this study, measurements were carried
out on an 11-m walking path. The measured walking speed was
reported to be reliable (Bohannon, 1997).

The 30-s chair stand test (CS-30) was measured using a 40-cm
chair and a digital stopwatch. The upper limbs were crossed in front
of the chest, and the participants repeatedly stood and sit as fast as
possible, and the number of repetitions was recorded. The mea-
surement was made only once. The CS-30 is useful for assessing
lower limb muscle strength (Jones et al., 1999), and many studies
have reported its validity (Ikeda et al., 2023; Sawada et al., 2021).

The Mini-Mental State Examination was measured using a
questionnaire in a face-to-face session. Mini-Mental State Examina-
tion is a common method for assessing cognitive function (Folstein
et al., 1975), consists of 11 items, and is scored on a 30-point scale.
Higher points indicate better cognitive function, and a point of ≤23
indicates suspected cognitive impairment (Holsinger et al., 2007).

Trail making test-A (TMT-A) was performed using a question-
naire in a face-to-face session. The TMT is the most widely used
neuropsychological test (Espenes et al., 2020). Generally, if the test
is not completed after 300 s, it is terminated (Thompson et al., 1999).
The study recorded the time taken to complete the TMT-A test. TMT
is a highly reliable assessment method (Bowie & Harvey, 2006).

The Geriatric Depression Scale-5 was measured using a face-
to-face session. The Geriatric Depression Scale-5 is a test used as a
screening test for depression (Brañez-Condorena et al., 2021). The
test was reported to be reliable (Albiński et al., 2011) and can be
used in older adults with cognitive decline (Lach et al., 2010).

Statistics Analysis

Statistical analysis was first conducted to identify the characteristics
of the analyzed participants. Continuous variables are presented as
means and SDs and categorical variables as the number of partici-
pants and percentage, followed by comparisons by sex. To confirm
the extent of differences, the t test was used for continuous variables
and the χ-square test for categorical variables, and effect sizes were
calculated using Cohen’s d and ϕ coefficient, respectively. The
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correlation between the TUG and SMI, LSMI, and LSMAI was then
examined using Pearson’s correlation analysis. Subsequently, a
partial correlation analysis with age as a covariate was performed.
Furthermore, the association between the TUG and LSMAI was
examined using a generalized linear model with the TUG and
LSMAI the dependent and independent variables, respectively
(crude model). In addition, a model was created with the SMI,
LSMI, handgrip strength, walking speed, CS-30, living alone (ref:
no), pain (ref: no), sex (ref: female), and age as covariates to adjust
for confounding (adjustment model). In the generalized linear model,
the analysis of variance confirmed the significance of the model. The
goodness of fit of the regression equation was confirmed by R2,
residuals by the Durbin–Watson ratio and multicollinearity by the
variance inflation factor. The normality of residuals was confirmed
by the Shapiro–Wilk test. The significance level was set at 5%
(p < .05) and SPSS (version 28.0, IBM Corp.) was used for analysis.

Sample Size

Sample sizes required for the generalized linear model were calcu-
lated a priori with effect size (f2) = 0.15, α error = .05, power = 0.8,
and 10 independent variables. Thus, 118 participants were required.
G*Power (version 3.1.9.7) was used to calculate the power.

Results
Participant Characteristics

The characteristics of the analyzed participants are presented in
Table 1. The participants were 122 community-dwelling older adults
(75 ± 6 years, 74% female). Moreover, 243 participants who met the

exclusion criteria of having participated in more than one physical
fitness tests (n = 232), and middle-aged participants aged ≤ 64 years
(n = 11) were excluded (Figure 1). The study participants met the a
priori calculated required sample size. TheLSMAIwas not significantly
different between men and women (p = .120, effect size = −0.33).

Correlation Between the TUG and Body
Composition

The results of the correlation analysis between body composition
and the TUG are presented in Table 2. Correlation analysis showed
that the SMI (r = −.12, p = .196) and LSMI (r = −.04, p = .684) did
not significantly correlate with the TUG. On the contrary, only the
LSMAI showed a significant correlation (r = .21, p = .022) with the
TUG. Partial correlation analysis was also conducted with age as a
covariate. The results showed that the SMI (r = −.11, p = .234) and
LSMI (r = −.03, p = .726) were not significantly correlated with the
TUG. On the contrary, the LSMAI showed a significant correlation
(r = .22, p = .018) with the TUG.

Association Between the TUG and LSMAI

The association between the TUG and LSMAI is shown in Table 3.
The association was examined using a generalized linear model,
with the TUG and LSMAI as the dependent and independent
variables, respectively. A significant association (standardized
coefficient = 0.21, p = .022) was found between the TUG and
LSMAI in the crude model. In the adjusted model, the SMI, LSMI,
handgrip strength, walking speed, CS-30, living alone, pain, sex,
and age were entered as covariates to adjust for confounding. A
significant association was found between the TUG and LSMAI in

Table 1 Characteristics of the Analyzed Participants

Over all Male Female

p ES

95% CI

(N= 122) (n= 32) (n= 90) Lower Upper

Age (years) 75 ± 6 77 ± 6 75 ± 6 .059* 0.39a −0.02 0.80

Height (cm) 153.7 ± 6.7 161.8 ± 4.5 150.8 ± 4.7 <.001* 2.38a 1.87 2.88

Weight (kg) 53.1 ± 8.6 60.3 ± 5.1 50.5 ± 8.1 <.001* 1.31a 0.88 1.75

BMI (kg/m2) 22.4 ± 3.0 23.1 ± 2.0 22.2 ± 3.3 .093* 0.28a −0.13 0.68

Living alone (yes) n (%) 28 (23%) 3 (9%) 25 (28%) .047† 0.19b 0.04 0.32

Pain (yes) n (%) 70 (57%) 16 (50%) 54 (60%) .406† 0.09b −0.10 0.27

Body compositions

SMI (kg/m2) 6.4 ± 1.3 7.6 ± 1.8 5.9 ± 0.6 <.001* 1.51a 1.05 1.96

TMI (kg/m2) 7.0 ± 0.8 7.7 ± 0.7 6.7 ± 0.6 <.001* 1.66a 1.19 2.12

LSMI (kg/m2) 2.4 ± 0.3 2.7 ± 0.2 2.3 ± 0.2 <.001* 1.91a 1.42 2.39

LSMAI (%) 2.0 ± 2.1 1.5 ± 1.3 2.2 ± 2.3 .120* −0.33a −0.74 0.09

TUG (s) 5.6 ± 1.1 5.4 ± 1.1 5.6 ± 1.0 .349* −0.19a −0.60 0.21

Handgrip strength (kg) 26.2 ± 7.1 35.7 ± 4.7 22.8 ± 4.3 <.001* 2.94a 2.38 3.49

Gait speed (m/s) 1.3 ± 0.2 1.3 ± 0.3 1.4 ± 0.2 .052* −0.41a −0.82 0.00

CS-30 (times) 24 ± 7 23 ± 8 24 ± 7 .753* −0.07a −0.47 0.34

MMSE (points) 29 ± 1 29 ± 1 29 ± 1 .394* −0.18a −0.58 0.23

TMT-A (s) 83 ± 23 92 ± 25 79 ± 22 .015* 0.57a 0.11 1.02

GDS-5 (points) 0 ± 1 0 ± 1 0 ± 1 .177* −0.24a −0.66 0.18

Note. Values are represented as mean ± SD and number (%). BMI = body mass index; SMI = skeletal muscle mass index; TMI = trunk skeletal muscle mass index;
LSMI = leg skeletal muscle mass index; LSMAI = leg skeletal muscle mass asymmetry index; TUG = timed up-and-go test; CS-30 = 30-s chair stand test; MMSE =Mini-
Mental State Examination; TMT-A = trail making test-A; GDS-5 = geriatric depression scale-5; ES = effect size; CI = confidence interval.
aCohen’s d. bϕ coefficient.
*T test. †chi-square test.
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the adjusted model (standardized coefficient = 0.31, p = .009). The
regression equation for the adjusted model was significant
(p < .001), the R2 for goodness of fit of the equation was .45, the
Durbin–Watson ratio for residuals was 1.95, and residuals were
normally distributed. Multicollinearity was confirmed by variance
inflation factor; however, no variable exceeded 5.

Discussion
This study examined the association between the LSMAI and the
TUG. It also compared the degree of association of the TUG with
the LSMAI and SMI, a representative value of muscle mass. The
analysis showed that the LSMAI was associated with the TUG but
not with the SMI.

The LSMAI of the study participants was 2.0% ± 2.1%. In the
only study that investigated the LSMAI in community-dwelling
older adults, the LSMAI was 2.0% (Iwasaka et al., 2020). There-
fore, the LSMAI values in this study are considered valid. However,
as only two studies, including the present study, have investigated
the LSMAI in community-dwelling older adults, further studies are
needed and the outcomes should be carefully considered.

Correlation analysis of the TUG with the SMI, LSMI, and
LSMAI was conducted. The SMI and LSMI did not show a correla-
tion. On the contrary, a significant positive correlation was found
between the TUG and LSMAI. That is, the larger the LSMAI, the

longer the TUG time. The participants were healthy older adults who
were health conscious and lead independent lives. Nevertheless,
asymmetry exists in leg skeletal muscle mass, and this value correlated
with the TUG. However, the degree of correlation was not high. This
reflects the characteristics of the participants because theywere healthy
older adults, and TUG values were biased, showing a ceiling effect.

The association between the TUG and LSMAI was examined
in a generalized linear model, and a significant association was
found after adjusting for confounding by covariates. Conversely,
no association was found for the SMI and LSMI. The results
emphasize that not only the SMI and LSMI, but, also the LSMAI
should be assessed in community-dwelling older adults. Compared
with the only study that investigated the LSMAI in long-term care
older adults (Sato et al., 2023), the LSMAI was 3.2%, which is
greater than that in the present study of community-dwelling older
adults. This means that aging and physical frailty can lead to not
only reduced muscle strength and muscle mass but also to greater
LSMAI. In view of these considerations, the LSMAI may be an
important new function that should be assessed and intervened with
at an early stage of healthy, independent living in the community.
Generally, muscle strength reduction precedes muscle mass reduc-
tion (Clark & Manini, 2010; Goodpaster et al., 2006). Therefore,
muscle strength asymmetries may have occurred even earlier than
muscle mass asymmetries. Future studies must fully investigate not
only muscle strength and muscle mass but also age-related asym-
metries in muscle strength and muscle mass will need to be further

Table 2 Correlation Between the TUG and Body Composition

TUG

R p r* p

SMI −.12 .196 −.11 .234

LSMI −.04 .684 −.03 .726

LSMAI .21 .022 .22 .018

Note. Pearson’s correlation analysis. SMI = skeletal muscle mass index; LSMI = leg skeletal muscle mass index; LSMAI = leg skeletal muscle mass asymmetry index;
TUG = timed up-and-go test.
*Partial correlation analysis (Covariate: Age).

Figure 1 — Analysis participants selection flowchart.
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investigated. In this study, we did not assess the movements during
the TUG in detail, so there are limits to what we can say, but the
muscle mass asymmetry may cause greater instability during the
TUG. Although this is a study on muscle strength asymmetry, it has
been reported that as asymmetry increases, the stride becomes
unstable (Laroche et al., 2012), and the body sway increases (Koda
et al., 2018), which supports our speculation.

This study’s strong points are that it is the first study to identify
an association between the TUG and the LSMAI among commu-
nity-dwelling older adults. This new insight will contribute to
maintain and improve the dynamic posture control capability of
older adults, and will eventually contribute to the care prevention
and health promotion. In addition, the sample sizes were calculated
in advance, which guarantees the reliability of the results.

However, this study has some limitations. First, the participants
were drawn from a single region and were a health-conscious popula-
tion thus, sampling bias could occur. Second, it is not possible to
mention to what extent the LSMAI needs to be increased to be
considered a concern. In the future, cutoff values must be investigated
to predict and discriminate clinical outcomes, for example, through
longitudinal studies. Third, muscle strength asymmetries have not been
winning. As discussed above, the muscle strength asymmetry index
may be measured before muscle mass asymmetry index. Future
research should investigate whether muscle strength or muscle mass
asymmetries aremore relevant to care prevention and health promotion,
and which is more sensitive to age-related changes. Finally, as it is a
cross-sectional study, causal relationships are not possible. However,
this is the first study to clarify the association between the TUG and
LSMAI, and be a significant contribution to the care prevention and
health promotion of older adults.

Conclusions
The LSMAI was first found to be associated with TUG in com-
munity-dwelling older adults. In addition, the association was not
made with the SMI and LSMI. The results of this study emphasize
that the LSMAI in community-dwelling older adults is also be

focused on and assessed. Although more studies are needed, the
results indicate that interventions for the LSMAI may improve
dynamic posture control capabilities, such as standing, sitting, and
walking, which are included in the TUG.
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