
Observational Study Medicine®

OPEN
Association between asym
metry in lower
extremity lean mass and functional mobility in
older adults living in the community
Results from the Korean Frailty and Aging Cohort Study
Eun Jeong Lee, MDa, Seung Ah Lee, MD, PhDb, Yunsoo Soh, MDa, Yong Kim, MDa,
Chang Won Won, MD, PhDc, Jinmann Chon, MD, PhDa,∗

Abstract
The asymmetry in lower extremity strength is known to be related to the functional mobility in older adults living in the community.
However, little is known about the association between lower extremity lean mass asymmetry and functional mobility in this patient
group. Hence, this study aimed to determine whether asymmetry in lower extremity muscle mass has a significant relationship with
functional mobility in older adults living in the community.
This cross-sectional study analyzed the pre-existing data from the Korean Frailty and Aging Cohort Study. A total of 435 older

people (aged 70–84 years) were divided into the following groups according to their Limb Asymmetry Index (LAsI): low, intermediate,
and high asymmetric groups. LAsI is calculated using lower extremity leanmass, and comparisons between groups were conducted.
The participants were also further divided into better and worse mobility groups based on their physical performance test results
(Timed Up and Go and Short Physical Performance Battery), and comparisons between groups were conducted. Comparisons
between fallers and non-fallers were also conducted. In addition, this study investigated the factors that had a significant effect on gait
speed and fall experience within the past year among older adults living in the community.
The LAsI was significantly associated with gait speed in older adults living in the community. Older adults in the highest tertile of the

LAsI had a slower gait speed than those in the lowest tertile of the LAsI. However, no significant difference was observed in the LAsI
between the better mobility group and worse mobility group. Moreover, the LAsI was not a significant predictor of falls.
Asymmetry in lower extremity lean mass was significantly associated with gait speed in older adults living in the community.

Abbreviations: ANOVA = analysis of variance, BMI = body mass index, CI = confidence interval, DEXA = dual-energy X-ray
absorptiometry, KFACS = Korean Frailty and Aging Cohort Study, LAsI = Limb Asymmetry Index, MMSE-K = Mini-Mental Status
Examination, OR = odds ratio, SPPB = Short Physical Performance Battery, TUG = Timed Up and Go, WHO = World Health
Organization.
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1. Introduction

Aging is usually accompanied by loss of muscle mass,
which starts after the fourth decade of life.[1] Loss of
muscle mass in older people leads to a decrease in muscle
strength and power.[2] Reduction in muscle function, which
results in decreased mobility, is an important issue in older
people.[3,4] The decline in mobility is significantly correlated
with falls.[5] In particular, poor lower extremity function is the
primary risk factor for falls among older adults living in the
community.[6]

To date, several studies have already reported on the
asymmetry in the muscle strength of older adults living in the
community.[7–10] Mark et al demonstrated that both older fallers
(aged 76.4±0.8 years) and older non-fallers (aged 75.9±0.6
years) had greater asymmetry in leg power than the younger
groups (aged 29.3±0.6 years).[7] Furthermore, a previous study
reported that asymmetry in lower extremity strength led to a
disruption in balance in older people aged 65 to 80 years.[8]

Portegijs et al demonstrated that lower limb strength asymmetry
in older people aged 63 to 75 years is significantly associated with
lower walking velocity and poorer standing balance.[9] Another
study involving elderly people reported that the fallers demon-
strated a significantly greater asymmetry in lower limb power
than the non-fallers.[10]
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However, to the authors’ knowledge, no previous studies have
investigated the asymmetry in lower extremity muscle mass in
older adults living in the community. Although some studies
showed that leg lean mass is associated with functional
impairment, these studies only focused on assessing the total
leg lean mass.[11,12] Just as there is asymmetry in leg strength,
regardless of disease, asymmetry also exists in the muscle mass of
the legs. Victor et al reported that the calf circumference of the
dominant leg was significantly larger than that of the non-
dominant leg in adults with a mean age of 53.6 years.[13]

Hence, the present study aimed to assess the asymmetry in
muscle mass, specifically lean mass. Lean mass was measured
using dual-energy X-ray absorptiometry (DEXA; Hologic Inc.,
Waltham,MA). DEXA is a reliable method for estimating muscle
mass.[14] Currently, lean mass measurement has been widely used
in studies on frailty and sarcopenia.[15]

The present study hypothesized that older people with greater
lower extremity lean mass asymmetry had poorer mobility than
those with lesser asymmetry. This study aimed to assess the
association between asymmetry in lower extremity lean mass and
decreased mobility in older adults living in the community.

2. Methods

2.1. Participants

This cross-sectional study utilized a pre-existing database from
the Korean Frailty and Aging Cohort Study (KFACS). The
KFACS was initiated in 2016 to assess the risk factors of frailty in
older adults living in the community.[16,17] This cohort study is a
multi-center longitudinal study, and the baseline survey was
conducted in 2016 to 2017. In the first year, 1559 older people
aged 70 to 84 years, stratified by age and sex, were recruited from
10 hospitals nationwide across urban and rural regions. In-
person interviews and health examinations were conducted to
collect data on health status (comorbidity), cognitive function
(using the Korean version of Mini-Mental Status Examination
(MMSE-K)), and anthropometric measurements (height, body
Older people aged 70 to 84 (n=1,559)

in the KFACS
16,17

Older people who measured lean mass (n=

by DEXA (Hologic Inc., Waltham, MA, U

Enrollment (n=435)

Figure 1. Flowchart of the process of participant selection. DEXA=dual-energy X
K=Korean – Mini Mental State Examination.
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weight, body mass index (BMI), lean mass by DEXA, etc.). Of the
1559 participants, 580 underwent lean mass measurements by
DEXA (Hologic Inc., Waltham, MA).
Participants who had a disease (stroke and hemiplegia) that

obviously caused asymmetry in the leg muscle mass, with
difficulty following directions because of cognitive decline
(MMSE-K score �23), and with difficulty conducting physical
performance tests because of a clinical condition (malignancy)
were excluded. Some of the participants who were excluded from
the study met more than two of the exclusion criteria.
Finally, 435 older adults (206 men and 229 women, aged 70–

84 years) were included in the analysis (Fig. 1). All participants
conducted physical performance tests (Timed Up and Go (TUG),
Short Physical Performance Battery (SPPB)) and answered the
SARC-F questionnaire. This study was approved by the
appropriate Institutional Review Board of Kyung Hee University
Hospital (no. KHUHMDIRB 2015-12-103).

2.2. Lean mass and limb asymmetry index

Lower extremity lean mass was measured using DEXA (Hologic
Inc., Waltham, MA). The lower extremity region included the
entire lower extremities below the pelvis. Three parameters were
obtained using lower extremity lean mass. First, the difference in
lean mass of each leg was obtained by subtracting the light leg
lean mass from the heavy leg lean mass. Second, the lean mass of
both legs was calculated by adding the light and heavy leg lean
masses. Third, the Limb Asymmetry Index (LAsI) was established
as an index of asymmetry and calculated using the following
equation[18]:

LAsI ¼
½ðDifference in lean mass of each legÞ= 1

2
ðLean mass of both legsÞ� � 100%

In this study, LAsIs were listed in ascending order and then
divided into three groups so that the number of participants in
each group was the same. Each group comprised 165 older
  

580)  

SA)

Excluded (n=145)

• Stroke : 34

• Hemiplegia : 3

• MMSE-K 23 : 92

• Malignancy  : 35
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participants: “low asymmetric” group, “intermediate asymmet-
ric” group, and “high asymmetric” group.
2.3. BMI

The World Health Organization (WHO) provided BMI stand-
ards to classify overweight and obesity in adults.[19] The BMI cut-
offs for adult Asians as recommended by the WHO were as
follows[20]: underweight, BMI<18.5kg/m2; normal weight, BMI
= 18.5–22.9kg/m2; pre-obesity, BMI = 23–24.9kg/m2; and
obesity, BMI ≥ 25.0kg/m2. BMI was calculated as weight in
kilograms divided by height in meters squared. Anthropometric
variables were assessed using the same protocols while the
participants were wearing light clothes and stood barefoot.
2.4. Physical performance tests
2.4.1. TUG test. The TUG test is a simple tool used to assess
functional mobility in older people. The participants were asked to
sit on a chair (seat height: 46cm), stand up, walk to a line on the
floor 3 meters away, then return, and sit back on the chair. The
participant can use a cane or a walker if necessary. The examiner
measured the time it took the participant to perform the test.[21] A
lesser time taken to perform the test indicated better functional
mobility. A cut-off value of≥10seconds was used to identify older
people living in the community at an increased risk of falls.[22]

2.4.2. SPPB and gait speed. The SPPB is a widely used tool to
assess functional mobility including standing balance, gait speed,
and sit-to-stand performance. The SPPB consists of 3 components:
a stand test that assesses whether an older individual can stand for
>10seconds in side-by-side posture, semi-tandem posture, and
tandem posture, respectively; a gait speed test that measures the
time it takes for an older individual to walk 4 meters; and a chair
stand test that measures the time it takes for an older individual to
sit on a chair and get up 5 times.[23] The score of each test ranges
from 0 to 4, and the total score ranges from 0 to 12. A higher score
indicated better functional mobility.[24,25] A cut-off value of
�10 points indicates that older people living in the community are
at a high risk of functional mobility limitations.[26]

Additionally, the gait speed of participants was assessed on the
basis of the results of their gait speed test. Gait speed was
calculated by dividing 4 meters by the time taken to perform the
gait speed test.

2.5. Fall experience

This study used “falls” data from the SARC-F questionnaire to
assess the correlation between asymmetry in lower extremity lean
mass and experience of falls in the past year.
SARC-F is a simple tool used for diagnosing sarcopenia.[27]

The questionnaire includes 5 items: strength, assistance walking,
rising from a chair, climbing stairs, and falls.
(1)
 Strength was assessed by asking the following question: How
difficult is it for you to lift or carry 4.5 kg?
(2)
 Assistance walking: How difficult is it for you to walk across
a room?
(3)
 Rising from a chair: How difficult is it for you to rise from a
chair (wheelchair) and get onto the bed?
(4)
 Climbing stairs: How difficult is it for you to climb a flight of
10 stairs without a break? Each item was scored as follows:
0= no difficulty, 1= some difficulty, and 2= a lot of difficulty
or unable to do the tasks.
3

(5)
 Falls: Howmany times did you fall during the past year? This
itemwas scored as follows: 0= no, 1= 1–3 times, and 2= 4 or
more times.

The total score was obtained by adding the scores of each item.
The participant with a total score of ≥4 points was diagnosed
with sarcopenia.[27] The Korean version of SARC-F was
validated.[28] The SARC-F questionnaire was administered via
an in-person interview.

2.6. MMSE-K

The MMSE is a simple tool used for assessing cognitive
function.[29,30] The MMSE-K is the Korean version of the
MMSE. The MMSE-K includes the following items: orientation
(10 points), verbal memory (6 points), concentration and
calculation (5 points), language (3 points), praxis (3 points),
judgement (2 points), and visuospatial construction (1 points).[31]

The MMSE-K was standardized and validated in the Korean
older people.[32,33] Scores range from 0 to 30 points, and higher
scores indicate better cognitive function. The cut-off score of�23
points indicates dementia.[32]

2.7. Statistical analysis

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 18.0 forWindows (SPSS Inc., Chicago, IL).
TheKolmogorov-Smirnov test was performed to check the normal
distribution of variables. Both BMI and gait speed were normally
distributed, but other variables including the LAsI, scores of SPPB,
and the time spent performing the TUG were not normally
distributed. After log transformation, almost all variables except
the lean mass of both legs remained non-normative.
Comparisons among the three groups (low asymmetric group,

intermediate asymmetric group, and high asymmetric group)
were conducted using one-way analysis of variance (ANOVA) for
parametric values and Kruskal-Wallis test for non-parametric
values. This study used Tukey’s test for post-hoc analysis after
ANOVA. Pearson’s chi-square test was used to assess sex
distribution among groups.
After the participants were divided into 2 groups (better

mobility group and worse mobility group) based on physical
performance tests, comparisons between the 2 groups were
conducted using the independent t test for parametric values and
the Mann–Whitney U test for non-parametric values. Pearson
chi-square test was used to assess the sex distribution among
groups. Comparisons between fallers and non-fallers were also
conducted using same statistical methods as above.
Multiple linear regression analysis was conducted to assess the

relationship between gait speed and variables. A stepwise binary
logistic regression analysis was used to assess which variables
were associatedwith fall experience. TheHosmer–Lemeshow test
was conducted to check the goodness of fit for logistic regression
models and showed that the model was a good fit. Results with P
values <.05 were considered significant.

3. Results

3.1. Comparison of functional mobility among low
asymmetric, intermediate asymmetric, and high
asymmetric group

Descriptive statistics are shown in Table 1. This study included
435 older people (aged (mean±SD) 75.84±3.96 years). Each

http://www.md-journal.com


Table 1

Comparisons of descriptive statistics among the 3 groups.

Low asymmetric group
(n=145)

Intermediate asymmetric group
(n=145)

High asymmetric group
(n=145) P

Sex (male/female) 66/79 77/68 63/82 .22
Age (years) 75.70±4.10 75.97±3.75 75.90±4.04 .74
MMSE-K (points) 27.29±1.74 27.37±1.63 27.23±1.66 .73
BMI (kg/m2) 24.54±2.88 25.13±3.07 24.90±2.82 .22
Difference in lean mass of each leg (g) 60.46±38.04 202.28±62.68 432.20±164.58 <.001

∗∗

Lean mass of both legs (kg) 11.89±2.41 12.13±2.70 11.81±2.90 .27
LAsI (%) 1.02± .59 3.34± .72 7.40±2.32 <.001

∗

Physical performance
Gait speed (m/s) 1.16± .20 1.13± .24 1.09± .23 .03

∗

TUG (s) 9.92±2.17 9.91±2.09 10.00±2.04 .75
SPPB (points) 11.02±1.31 11.19±1.09 11.14±1.23 .51

Values are presented as mean ± standard deviation.
Using Kruskal–Wallis test.
BMI=body mass index, g=gram (s), kg= kilogram (s), LAsI= Limb Asymmetry Index, m=meter (s), MMSE-K=Korean version of the Mini-Mental Status Examination, s= second (s), SPPB=Short Physical
Performance Battery, TUG=Timed Up and Go test.
∗
The difference is significant at the .05 level.
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group comprised 165 participants. The Pearson chi-square test
showed no significant difference in sex distribution among the
three groups (P= .22).
A significant difference was observed in the gait speed among

the three groups (P= .03). On post-hoc analysis using Tukey test,
the gait speed of the high asymmetric group (1.09± .23m/s) was
significantly slower than that of the low asymmetric group (1.16
± .20m/s) (P= .03). There was no significant difference in the gait
speed between the low and intermediate asymmetric groups.
There was also no significant difference in the gait speed between
the intermediate and high asymmetric groups. Results of TUG
and SPPB were not significantly different among the 3 groups.
3.2. Comparison of descriptive statistics between the
better mobility group and worse mobility group

First, on the basis of the cut-off value of 10seconds in TUG, the
better mobility group (TUG <10seconds) included 265 older
people, and the worse mobility group (TUG ≥10seconds)
included 170 older people (Table 2). MMSE-K, gait speed,
Table 2

Comparisons between the better mobility group (TUG <10seconds)

Better mobility (TUG <10 seco
(n=265)

Sex (male/female) 129/136
Age (years) 75.00±3.57
MMSE-K (points) 27.46±1.54
BMI (kg/m2) 24.75±2.96
Difference in lean mass of each leg (g) 234.02±181.12
Lean mass of both legs (kg) 12.12±2.86
LAsI (%) 3.91±2.91
Physical performance
Gait speed (m/s) 1.20± .21
TUG (s) 8.67± .94
SPPB (points) 11.49± .83

Values are presented as mean ± standard deviation.
Using Mann–Whitney U test.
BMI=body mass index, g=gram(s), kg= kilogram(s), LAsI= Limb Asymmetry Index, m=meter(s), MM
Performance Battery., TUG=Timed Up and Go test.
∗
The difference is significant at the .05 level.
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and SPPB were significantly higher in the better mobility group
than in the worse mobility group (P= .04, P< .001, and P< .001,
respectively). Age and TUG were significantly lower in the better
mobility group than in the worse mobility group (P< .001 and
P< .001, respectively). There was no significant difference in
BMI, difference in lean mass of each leg, lean mass of both legs,
and LAsI between the two groups. In Pearson chi-square test, no
significant difference was found between the two groups (P= .49)
in terms of sex distribution.
Second, on the basis of a cut-off value of 10 points in SPPB, the

better mobility group (SPPB score >10) included 336 older
people and the worse mobility group (SPPB score �10) included
99 older people (Table 3). MMSE-K, lean mass of both legs, gait
speed, and SPPB were significantly higher in the better mobility
group than in the worse mobility group (P< .01, P= .01,
P< .001, and P< .001, respectively). Age and TUG were
significantly lower in better mobility group compared to worse
mobility group (P< .001 and P< .001, respectively). There was
no significant difference in BMI, difference in lean mass of each
leg, and LAsI between the 2 groups. In Pearson chi-square test, a
and worse mobility group (TUG ≥ 10seconds).

nds) Worse mobility (TUG ≥ 10 seconds)
(n=170) P

77/93 .49
77.14±4.19 <.001

∗

27.05±1.84 .04
∗

25.03±2.88 .21
227.95±191.79 .46
11.67±2.32 .22
3.93±3.17 .68

1.00± .19 <.001
∗

11.93±1.84 <.001
∗

10.53±1.46 <.001
∗

SE-K=Korean version of the Mini-Mental Status Examination, s= second(s), SPPB=Short Physical



Table 3

Comparisons between the better mobility group (SPPB > 10 points) and worse mobility group (SPPB � 10 points).

Better mobility (SPPB > 10 points)
(n=336)

Worse mobility (SPPB � 10 points)
(n=99) P

Sex (male/female) 170/166 36/63 .01
∗

Age (years) 75.33±3.79 77.56±4.06 <.001
∗

MMSE-K (points) 27.44±1.58 26.83±1.90 <.01
∗

BMI (kg/m2) 24.78±2.90 25.12±3.03 .30
Difference in lean mass of each leg (g) 231.12±186.99 233.42±179.76 .82
Lean mass of both legs (kg) 12.14±2.77 11.29±2.20 .01

∗

LAsI (%) 3.83±2.95 4.21±3.18 .33
Physical performance
Gait speed (m/s) 1.17± .19 .97± .25 <.001

∗

TUG (s) 9.40±1.54 11.80±2.62 <.001
∗

SPPB (points) 11.66± .48 9.28±1.16 <.001
∗

Values are presented as mean ± standard deviation.
Using Mann–Whitney U test.
BMI=body mass index, g=gram(s), kg= kilogram(s), LAsI= Limb Asymmetry Index, m=meter(s), MMSE-K=Korean version of the Mini-Mental State Examination, s= second(s), SPPB=Short Physical
Performance Battery, TUG=Timed up and go test.
∗
The difference is significant at the .05 level.
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significant difference was observed in sex distribution between
the 2 groups (P= .01). The better mobility group was 1.79 times
more likely to have male participants than the worse mobility
group (odds ratio (OR) = 1.79, 95% confidence interval (CI) =
1.12–2.84).
3.3. Factors associated with gait speed

Table 4 summarizes the results of the multiple linear regression
analysis to assess the factors affecting gait speed. Gait speed had a
significant correlation with age,MMSE-K, leanmass of both legs,
and LAsI. Gait speed had a negative correlation with age
(coefficient: �.015, P< .001) and LAsI (coefficient: �.008,
P= .01) but had a positive correlation withMMSE-K (coefficient:
.024, P< .001) and the lean mass of both legs (coefficient: .008,
P= .03). This regression model showed a 14% variation in gait
speed. There was no multicollinearity between variables.
Table 5

Comparisons between fallers and non-fallers.

Fallers Non-fallers P

Sex (male/female) 27/46 179/183 .05
Age (years) 76.26±3.76 75.75±3.99 .24
3.4. Factors associated with fall experience in the past
year

Table 5 summarizes the descriptive statistics of fallers and non-
fallers. Of the total participants, 73 older people answered that
they experienced falls within 1 year. The faller group had higher
TUG scores than the non-faller group (P= .04). Gait speed was
significantly lower in the faller group than in the non-faller group
(P= .03).
Table 4

A multiple linear regression analysis in the gait speed.

Unstandardized
coefficients (SE)

Standardized
Coefficients P

Age (years) �.015 (.003) �.258 <.001
∗

MMSE-K (points) .024 (.006) .180 <.001
∗

BMI (kg/m2) �.004 (.003) �.056 .21
Lean mass of both legs (kg) .008 (.004) .099 .03

∗

LAsI (%) �.008 (.003) �.104 .01
∗

BMI=body mass index, kg= kilogram(s), LAsI= Limb Asymmetry Index, m=meter(s), MMSE-K=
Korean version of the Mini-Mental State Examination, SE= standard error.
∗
P < .05: statistically significant.
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Table 6 summarizes the results of the stepwise binary logistic
regression analysis to identify the factors affecting fall experience
in the past year. The lean mass of both legs was only significantly
correlated with fall experience and was found to be a negative
predictor of fall experience (OR= .90, 95% CI= .81–.99,
P= .04). The LAsI was not significantly associated with fall
episodes (OR= .99, 95% CI= .91–1.08, P= .85).
4. Discussion

To the authors’ knowledge, this is the first large-scale study to
assess the association between asymmetry in lower extremity lean
mass and functional mobility in older adults living in the
community. In this study, asymmetry in lower extremity lean
mass showed a significant relationship with gait speed in older
adults living in the community. The participants in the high
asymmetric group walked significantly slower than those in the
low asymmetric group (P= .03). The multiple linear regression
analysis also showed that gait speed decreases as LAsI increases
(coefficient: �.008, P= .01). Meanwhile, LAsI was not signifi-
MMSE-K (points) 27.32±1.73 27.30±1.66 .77
BMI (kg/m2) 24.65±2.58 24.89±2.99 .64
Difference in lean mass of each leg (g) 224.67±228.57 233.05±175.46 .12
Lean mass of both legs (kg) 11.36±2.40 12.06±2.70 .06
LAsI (%) 3.85±3.39 3.92±2.93 .37
Physical performance
Gait speed (m/s) 1.07± .21 1.13± .22 .04

∗

TUG (s) 10.43±2.20 9.84±2.06 .03
∗

SPPB (points) 10.96±1.17 11.15±1.22 .07

Values are presented as mean ± standard deviation.
Using Mann–Whitney U test.
BMI=body mass index, g=gram(s), kg= kilogram(s), LAsI= Limb Asymmetry Index, m=meter(s),
MMSE-K=Korean version of the Mini-Mental State Examination, s= second(s), SPPB=Short
Physical Performance Battery, TUG=Timed up and go test.
∗
The difference is significant at the .05 level.
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Table 6

A binary logistic regression analysis in fall experience in the past
year.

Odds ratio 95% CI P

Sex (male/female) 1.67 .99–2.80 .05
Age (years) 1.03 1.97–1.10 .31
MMSE-K (points) 1.01 .87–1.17 .92
BMI (kg/m2) .97 .89–1.06 .52
Lean mass of both legs (kg) .90 .81-.99 .04

∗

LAsI (%) .99 .91–1.08 .85

This study coded 0 if there is no fall experience and 1 if there is a fall experience in the past year.
BMI=body mass index, CI=Confidence interval, kg= kilogram(s), LAsI= Limb Asymmetry Index,
m=meter(s), MMSE-K=Korean version of the Mini-Mental State Examination.
∗
P< .05: statistically significant.
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cantly different between the better mobility group and worse
mobility group regardless of the type of physical performance
tests. In addition, LAsI had no significant relationship with falls.
In summary, LAsI was not associated with fall and functional
mobility except gait speed.
On the contrary, the asymmetry in leg strength has been

reported to show a significant correlation with physical
performance and fall episodes in older adults living in the
community.[9,10] Based on these findings, muscle mass itself does
not seem to represent muscle strength. Of course, changes in
muscle mass primarily affect muscle strength, but other factors
such as a muscle composition, neuromuscular control, and joint
coordination can act as covariates.[34] According to a previous
study evaluating the relationship between muscle mass and
muscle strength, asymmetry in the lower extremity lean mass was
only partially responsible for asymmetry in force and power, but
a large percentage remained unexplained.[18] They demonstrated
that asymmetry in thigh and shank lean mass only accounted for
20% of the variations in force asymmetry. In addition, lean mass
is directly associated with joint torque[35] and lower levels of legs
lean mass are related with greater laxity in the rotational and
frontal planes at the knee.[36] Hence, further studies, including
other covariates, are needed to assess the relationship between
muscle mass and functional mobility.
After dividing the participants into two groups (better and

worse mobility group), age showed a significant difference
between the 2 groups regardless of type of tests (TUG and SPPB)
(P< .001 by TUG, P< .001 by SPPB). These results were
consistent with those of previous studies.[37,38] MMSE-K score
was also significantly different between the better mobility group
and worse mobility group regardless of type of tests (P= .04 by
TUG, P< .01 by SPPB). This study excluded older people with
MMSE-K �23 points, that is, people who were classified as
having cognitive dysfunction, because of the possibility that this
patient group could not perform the instructions properly.
Nevertheless, it seemed that cognitive function still affected
physical performance, which was assessed using TUG and SPPB.
In this study, the lean mass of both legs was significantly

different between the better and worse group divided by SPPB
(P= .01), but the lean mass of both legs was not significantly
different the 2 groups divided by TUG (P= .22). This study found
that the better mobility group was 1.79 times more likely to be
have male participants than the worse mobility group when
divided by SPPB. This difference in gender distribution may have
resulted in a significant difference in the lean mass of both legs
between the better and worse mobility group by SPPB.
6

The data on the relationship between the both legs muscle mass
and physical performance is limited, and previous researchers
were unable to confirm if these 2 variables have a significant
relationship.[11,39] A previous study including 753 individuals
aged 72 to 95 years demonstrated that the total leg muscle mass
was not associated with disability as assessed by a question-
naire,[39] whereas another study including mobility-limited older
people (SPPB score�9 points) reported that total lower extremity
muscle mass was a strong predictor of the level of functional
impairment.[11] Hence, further studies with consistent inclusion
criteria, using a specific performance test, and using a constant
cut-off value are needed.
Meanwhile, the lean mass of both legs appeared to be the only

significant predictor of falls (P= .04). As the lean mass of both
legs increases, the prevalence of falls decreases (OR= .90, 95%
CI = .81–.99). To the best of the authors’ knowledge, no previous
study has investigated the relationship between muscle mass of
both legs and fall episodes. However, one study demonstrated a
significant relationship between falls and the sum of lean mass in
both arms and legs.[40] Among 796 men aged 50 to 85 years,
those in the highest tertile of relative appendicular muscle mass
were less likely to report a fall in the past year (OR=0.66, 95%
CI=0.44–0.99). The present study showed that falls had a
significant relationship with the lean mass of both legs.
In this study, BMI was not significant in any analysis. Previous

studies showed that obesity has a significant association with
functional mobility and falls in older people.[41,42] Kim et al
reported that compared with the healthy group (18.5 � BMI<
23), the obesity BMI group (BMI ≥ 25) showed a significant
association with falls in the older people (OR=1.06, 95% CI=
1.02–1.10).[41] Cecilie demonstrated that the obese group
reported a higher prevalence of falls (27% vs 15%) and
ambulatory stumbling (32% vs 14%) than the normal weight
group.[42] However, other previous studies reported inconsistent
findings. One study found that obesity did not increase the overall
fall risk in 86 women aged 55 years and older.[43] Another study
reported that BMI was significantly associated with mobility, as
assessed by TUG, but was not associated with standing balance
and fall history in 120 older adults (mean age=77.6 years).[44]

The authors stated that it is plausible that changes in body fat
distribution are related more to postural instability than to BMI
alone. In the present study, as BMI increased, gait speed tended to
decrease, while falling experience tended to decrease, although
the results were not statistically significant. Further studies must
perform more-detailed analyses, including fat distribution.
The limitations of this study were as follows: First, this study

used data obtained from voluntary participants of the KFACS;
hence, there might be voluntary bias, including the older
individuals who have a relatively good mobility. Second, this
studymay not have completely excluded comorbidities that could
affect lean mass and/or functional mobility. This study excluded
comorbidities that seemed to have an obvious effect, such as
stroke and hemiplegia. However, various diseases, including
cardiovascular diseases, respiratory diseases, and osteoarthritis,
whose influence seemed ambiguous were not excluded. In
particular, osteoarthritis of the knee was reported to be
associated with decreased muscle mass in 4246 adults aged 50
years and over.[45] However, survey data were limited. Data on
whether older people had arthritis or not were the only
information available. There was no information on which
joints had osteoarthritis and how severe it was. Third, data on
lower extremity strength were not obtained in KFACS. If data on
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strength were obtained, it would have been possible to study the
relationship between mass and strength of the lower extremity. It
could have analyzed the relationship between the asymmetry in
lower extremity strength and physical performance, including
falls, and compared it with the results of muscle mass asymmetry.
Asymmetry in lower extremity lean mass showed a significant

relationship with gait speed in older adults living in the
community. However, it was difficult to determine whether
asymmetry was significantly related to clinical problems such as
fall experience. Future studies of the risk factors for falls and
worse mobility in older adults living in the community must
include muscle composition, joint coordination, osteoarthritis,
muscle strength, and muscle mass.
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