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Overall Registanc Walking Resistance + Walking F-value P-value

n=231 n=84 n=78 n=69
Age 75.6 5.2 77.0 5.0 75.6 5.6 73.9 4.5 9.11 0.00
Height 151.0 8.6 152.6 8.0 150.9 5.0 149.1 11.7 3.67 0.03
Weight 52.7 8.8 53.5 10.1 51.9 7.9 52.5 7.9 1.62 0.20
BMI 23.2 4.5 22.9 3.4 22.8 3.5 24.1 6.2 5.35 0.01
F 2 MABIROZINTA=H—DLH K

i *
Pre-intervention Post-intervention Time effect Time * Group

interaction

Mean SD Mean SD F-value P-value F-value P-value
Resistance 6.06 0.89 6.11 0.86
Walking 5.90 0.58 5.93 0.63

St Resistance + Walking  5.93 0.5 6.0 o0.68 214 000 284  0.06
Overall 5.96 0.69 6.05 0.74
Resistance 13.6 13.9 15.6 15.4
Walking 9.5 9.2 11.4 12.3

Oneleg stand o cctance + Walking  17.3 171 207 198 26 000 037 0.69
Overall 13.9 14.4 16.2 16.6
Resistance 31.7 6.6 32.5 6.4
. Walking 32.5 8.9 31.1 9.7

Functional reach Resistance + Walking 33.9 41 33.9 50 0.25 0.61 2.04 0.13
Overall 32.5 6.6 32.6 7.0
Resistance 4.9 1.1 5.0 1.1
5m Comfortable Walking 4.6 1.0 4.6 1.2

Walking time Resistance + Walking 4.7 1.1 4.5 0.9 134 025 7.02  0.00
Overall 4.8 1.1 4.7 1.1
Resistance 9.5 2.6 9.2 2.0
Walking 8.3 1.7 8.1 1.9

TuG Resistance + Walking 8.6 1.9 8.4 1.9 6.12 0.01 016 085
Overall 8.8 2.2 8.6 1.9
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ABSTRACT

Keywords: Objectives: Frailty in older adults is a serious problem because of various adverse health outcomes in
Frailty many countries with aging populations, such as Japan. The purpose of this study was to determine
cognitive decline whether frailty and pre-frailty are associated with cognitive decline and sarcopenia in community-
sarcopenia dwelling older adults.

ity-dwelli der adult : . .
community-dwelling older adults Design: This is a cross-sectional study.

Setting: Japan.
Participants: The participants were 273 Japanese community-dwelling older women aged 65 years and
older.
Measurements: We used the frailty criteria developed by the Cardiovascular Health Study to define
physical frailty. We divided the cohort into nonfrail, prefrail, and frail according to frailty scores.
Cognitive decline and memory decline were defined by using the Mini-Mental State Examination and
Scenery Picture Memory Test, respectively. Sarcopenia was defined according to the diagnostic algorithm
recommended by the Asian Working Group for Sarcopenia.
Results: In the multivariate logistic regression analysis by using non-frail participants as the reference,
pre-frail elderly individuals were significantly more likely to have sarcopenia than non-frail elderly in-
dividuals [odds ratio (OR): 2.77, 95% confidence interval (CI): 1.05—9.26], but not cognitive decline or
memory decline, Frail elderly individuals were significantly more likely to have cognitive decline (OR:
5.76, 95% Cl: 1.20—27.6), memory decline (OR: 5.53, 95% Cl: 1.64—~18.7) and sarcopenia (OR: 19.1, 95% CI:
3.73-98.0) than non-frail elderly individuals. )
Conclusions: Sarcopenia was associated with pre-frailty and frailty, whereas cognitive decline was
associated only with frailty.

© 2015 AMDA — The Society for Post-Acute and Long-Term Care Medicine.

was greater in women than in men.! In Japanese, the prevalence of
frailty in community-dwelling adults aged 65 or older was 11.3%, and

Frailty in older adults is a serious concern in countries with aging
populations, such as Japan. In general, frailty is defined as a vulner-

able state that places older adults at high risk for adverse health
outcomes, such as falls, hospitalization, and mortality."? Using the
frailty criteria developed by the Cardiovascular Health Study, the
overall prevalence of frailty in community-dwelling adults aged 65 or
older in the United States has been found to range from 7% to 12% and

The authors declare no conflicts of interest,

* Address correspondence to Shu Nishiguchi, RPT, MSc, Department of Human
Health Sciences, Graduate School of Medicine, Kyoto University, 53 Kawahara-cho,
Shogoin, Sakyo-ku, Kyoto 606-8507, Japan.
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1525-8610/® 2015 AMDA ~ The Society for Post-Acute and Long-Term Care Medicine.

it increased with aging? Frail older adults are considered to have a
substantially increased risk of disability, dependency, and need for
long-term care insurance. Therefore, prevention and early detection
of frailty is important for addressing age-related health care issues.
The causes of frailty are not clearly defined, but it has been sug-
gested that age-related physical changes are the main causes of
frailty# Sarcopenia, defined as progressive loss of skeletal muscle
mass, strength, and physical function, is regarded as a key component
of physical frailty.>® The Interventions on Frailty Working Group
assessed various methods for screening, recruiting, evaluating, and

-10-
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retaining frail elderly individuals in clinical trials.” They reported that
most researchers focused on the following domains when identifying
physical frailty: mobility, such as lower-extremity performance and
gait abnormalities; muscle weakness; poor exercise tolerance; un-
stable balance; and factors related to body composition, such as
weight loss, malnutrition, and muscle loss.” Age-dependent loss of
skeletal muscle mass is a multifactorial process; contributing factors
include physical inactivity, malnutrition, oxidative stress, changes in
endocrine function, and increases in inflammatory cytokines.> Thus,
the domains of frailty overlap with the factors related to sarcopenia,
and both frailty and sarcopenia mutually result in adverse health
outcomes.>®

Of note, some definitions of frailty include cognitive function and
dementia.*® Several cross-sectional studies have reported an associ-
ation between physical frailty and cognitive function.*”>'% In addi-
tion, longitudinal studies have revealed that a higher level of physical
frailty is associated with increased risk of incident Alzheimer's dis-
ease (AD)!! and mild cognitive impairment.’? It has been indicated
that frailty is associated with AD pathology® and its bialogical
mechanisms.”* However, not all dementia patients become frail;
therefore, the association between frailty and cognitive impairment
warrants further study.

Frailty is associated with sarcopenia and cognitive decline. Fur-
thermore, frailty has been considered to include other aspects, such
as psychosocial issues and comorbidities.”® However, it is unclear
whether the associations between frailty and cognitive decline as
well as between frailty and sarcopenia are different according to the
level of frailty. Therefore, the purpose of this study was to determine
whether frailty and prefrailty are associated with cognitive decline
and sarcopenia in community-dwelling older adults.

Methods
Participants

Participants for this study were recruited through the local press;
273 Japanese women aged 65 years and older (mean age 73.0 & 5.4
years) responded. We included community-dwelling older adults who
were independent in activities of daily living. Participants were inter-
viewed and excluded if they met any of the following criteria: severe
cardiac, pulmonary, or musculoskeletal disorders; severe neurologic
disorders, such as Parkinson disease and stroke; and participation in
Japan'’s long-term care service. The following data were collected from
each participant: age, height, weight, and number of medications
being consumed.

Written informed consent was obtained from each participant in
accordance with the guidelines approved by the Kyoto University
Graduate School of Medicine and the Declaration of Human Rights,
Helsinki, 1975. The study protocol was approved by the ethical
committee of the Kyoto University Graduate School of Medicine.

Assessment of Frailty

We measured physical frailty domains determined in a previous
stucdy.? As in that study, we considered the frailty phenotype to be
characterized by limitations in the following 5 domains by using frailty
criteria developed by the Cardiovascular Health Study': slowness,
weakness, exhaustion, low activity, and shrinking. To measure slow-
ness, each participant’s 10-m normal walking speed (my/s) was calcu-
lated, and a slow walk was defined as <1.0 m/s. To measure weakness,
low grip strength was established according to a sex-specific cutoff of
the average grip strength in each arm (women: <17 kg). Exhaustion
was assessed via self-report by using the Geriatric Depression Scale'®
(ie, exhaustion was defined as a negative ["no”] answer to the

question “do you feel full of energy?)” We evaluated the role of physical
activity by asking the following questions about time spent engaged in
sports and exercise: (1) “Do you engage in moderate levels of physical
exercise or sports aimed at health?” and (2) “Do you engage in low
levels of physical exercise aimed at health?” If a participant answered
“no” to both of these questions, then we considered their physical
activity to be low. Shrinking was established according to self-reports
of weight loss in response to the following question: “In the past 2
years, have you lost more than 5% of your body weight irrespective of
intent to lose weight?” If a participant answered “yes” to this question,
then we considered them to have shrunk. We calculated the number of
affected domains and classified participants as follows: prefrailty = 1
or 2, frailty >3.!

Measurement of Cognitive Function

Participants’ cognitive function was measured by using 2 neuro-
psychological tests: the Mini-Mental State Examination (MMSE)!?
and the Scenery Picture Memory Test (SPM’I‘).iS

Global cognitive function was assessed by using the MMSE, a
standard test in cognitive aging research to assess mental status. The
MMSE tests 5 areas of cognitive function: orientation, registration,
attention and calculation, recall, and language. It has 11 questions and
a possible maximum score of 30. We divided the participants into a
normal or a cognitive decline group based on a cut-off of 23/24 as the
MMSE score.!®

The SPMT is a simple memory test that assesses visual memory
combined with verbal responses. This test uses a line drawing of a
living room in a house with 23 objects commonly observed in daily
life on an A4 piece of paper. The examinee is instructed to look at the
picture for 1 minute and remember the items. After this encoding
period, participants are distracted by completing a brief digits for-
ward test. Participants are then asked to recall the objects in the
picture without a time limitation. The recall usually takes approxi-
mately 2 minutes. The number of items recalled is the score for the
SPMT. We divided the participants into a normal or memory decline
group based on a cut-off of 9/10 as the SPMT score,'®

Definition of Sarcopenia

We defined sarcopenia by using the diagnostic algorithm re-
commended by the Asian Working Group for Sarcopenia, which
assesses the presence of both low muscle function (low physical
performance or low muscle strength) and low muscle mass?® A
bioelectrical impedance data acquisition system (Inbody 430; Bio-
space Co, Ltd, Seoul, Korea) was used to perform bioelectrical
impedance analysis.?! This system uses electrical current at multiple
frequencies (5, 50, 250, 500, and 1000 kHz) to directly measure the
amount of extracellular and intracellular water. Participants stood
on 2 metallic electrodes and held metallic grip electrodes. Using
segmental body composition, appendicular skeletal muscle mass was
determined and used for further analysis. Skeletal muscle mass index
(SMI) was calculated by dividing muscle mass by height squared in
meters (kg/m?). This index has been used in several epidemiological
studies?223 If a participant had both low muscle function (slow
walking speed, <0.8 m/s; low grip strength for women, <18 kg) and
low SMI (low muscle mass for women, <5.7 kg/m?), then they were
defined as having sarcopenia.®®

Statistical Analysis

Prior to the analysis, we classified participants into the following
3 groups according to their frailty score: nonfrailty, prefrailty, and
frailty. Differences in the demographic variables, MMSE, SPMT, and
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Table 1
Demographic Differences According to Frailty Scores
Total (n = 273) Frailty Level P for Trend Post-hoc
Nonfrailty (n = 89) Prefrailty (n = 155) Frailty (n = 57)

Age (y) 73,0 4: 5.4 73.1 46 72,3 £ 5.6 76.6 1 5.1 <001} a, b
BMI (kg/m?) 22532 22,2 4: 3.0 227433 21.9 1 3.8 291 -
Medications 2.32 4 2,24 218 4 2.35 2.23 4: 2,10 3.27 4: 2.55 072 -
Walking speed (m/s) 140 + 0.20 143 : 0,18 141 4020 1.211:0.20 <001 ab
Grip strength (kg) 22.4 440 234 4: 34 22.6 4 3.8 18.3 4 4.1 <001 ab
Cognitive decline (n) 18 (6.56%) 4 (4.49%) 9(5.81%) 5(8.77%) 047"
Memory decline (n) 20 (7.33%) 6 (6.74%) 4 (2.58%) 10 (17.5%) <001
Sarcopenia (n) 22 (8.06%) 2 (2.25%) 9 (5.81%) 11 (19.3%) <.001°

AWGS, Asian Working Group for Sarcopenia; BMI, bocdy mass index.

Nonfrailty was defined as frailty score of 0, prefrailty was score 1 or 2, frailty was score 3 or greater,

Cognitive decline was defined as the cut-off of MMSE scare (23/24),
Memory decline was defined as the cut-off of SPMT score (9/10).
Sarcopenia was defined by using the AWGS-recommended diagnostic algorithm.
a, significant difference between fraiity and nonfrailty (P < .01).
B, significant difference between score frailty and prefrailty (P < ,01).
*P < 05. )
P < .01

SMI among the 3 groups were examined by using the analysis of
variance. When a significant effect was found, differences were
determined with the Tukey-Kramer post-hoc test. Differences in the
prevalence of cognitive decline, memory decline, and sarcopenia
among the 3 groups were evaluated by using the ¥ test. In addition,
multivariate logistic regression analyses, adjusted for age, body mass
index, and medications, were performed to determine whether
physical frailty was associated with cognitive decline, memory
decline, or sarcopenia. For this analysis, cognitive decline, memory
decline, and sarcopenia were dependent variables, whereas the 3
frailty groups (dummy coded with non-frailty group as the reference
group) were independent variables. Subsequent multivariate logistic
regression analyses were performed to determine the independent
association between each level of frailty and the risk of cognitive
decline or sarcopenia. In these subsequent analyses (adjusted for age
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and medications), the frailty groups were the dependent variables,
and cognitive decline and sarcopenia were independent variables.
Odds ratios (ORs) with 95% confidence intervals (CI) were presented.
Statistical analyses were carried out by using SPSS Statistics for
Windows, version 20.0 (SPSS Inc, Chicago, IL), with a significance
threshold of 0.05.

Resulis

Demographic data for participants stratified by frailty group are
shown in Table 1. There were 89 participants (32.6%) in the nonfrailty
group, 155 participants (56.8%) in the prefrailty group, and 29 par-
ticipants (10.6%) in the frailty group. Analysis of variance showed that
there were significant differences in age, walking speed, and grip
strength among the 3 groups (Table 1). In the ¥? test, there were
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Fig. 1. Comparison of the MMSE, SPMT, and SM! between the groups according to the level of frailty. (A) There were significant differences in the MMSE scores between the 3 groups
(F = 6.78, P =.001). (B) There were significant differences in the SPMT scores between the 3 groups (F = 18.5, P <.001). (C) There were significant differences in the SMI between the

3 groups (F = 5.17, P = .006). *P < .05, *'P < .01.
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Table 2
Relationship Between the Level of Frailty and Cognitive Decline, Memory Decline, and Sarcopenia
Frailty Level Cognitive Decline Memory Decline Sarcopenia
OR (95% CI) P OR (95% CI) P OR (95% C1) P

Nonfrailty 1 [Reference] - 1 [Reference] - 1 [Reference] -
Prefrailty 1.79 (0.47—6.84) 394 0.37 (0.10-1.36) 134 2.77 (1.05-9.26) 044"
Frailty 5.76 (1.20—27.6) .029° 5.53 (1.64—18.7) .006' 19.1 (3.73-98.0) <001

The analyses for cognitive decline and memory decline were adjusted for age, BMI, and medications.

The analysis for sarcopenia was adjusted for age and medications.
*P < .05,
P < .01

significant differences in the prevalence of cognitive decline, memory
decline, and sarcopenia (Table 1). In addition, the frailty group had
significantly lower MMSE (F = 6.78, P = .001, Figure 1, a) and SPMT
(F = 18.5, P < .001, Figure 1, b) than the nonfrailty and prefrailty
groups, and lower SMI (F = 5.17, P = 006, Figure 1, c) than the non-
frailty group.

Eighteen participants (6.6%) had cognitive decline, 20 participants
(7.3%) had memory decline, and 23 participants (8.4%) had sarcope-
nia. In the multivariate logistic regression analysis after adjustment
for age, body mass index, and medications, by using nonfrailty group
as the reference, the prefrailty group was significantly more likely
to have sarcopenia (OR: 2.77, 95% Cl: 1.05-9.26, P = .044) but not
cognitive decline or memory decline (Table 2). The frailty group was
significantly more likely to have cognitive decline (OR: 5.76, 95% CI:
1.20~27.6, P = .029), memory decline (OR: 5.53, 95% Cl: 1.64—18.7,
P = ,0006), and sarcopenia (OR: 19.1, 95% CI: 3.73-98.0, P < .001)
(Table 2).

In the logistic regression analysis in which the frailty groups
were the dependent variables and cognitive decline and sarcopenia
were independent variables, cognitive decline was independently
only associated with a frailty score of >3 (OR: 3.73, 95% ClI: 1.23—11.4,
P = .020), whereas sarcopenia was independently associated with
both prefrailty (score >1; OR: 5.33, 95% Cl: 1.22—23.3, P =.026) and
frailty (score >3; OR: 13.1, 95% Cl: 4.98—34.2, P < .001). These asso-
ciations remained significant after adjustment for age and medica-
tions (Table 3).

Discussion

The results of this study showed that frailty (defined as frailty
score >3) was associated with cognitive decline, memory decline, and
sarcopenia, and that prefrailty (frailty score = 1 or 2) was associated
with only sarcopenia. It is a new and interesting finding that there
were differences in the association between physical frailty and
cognitive decline, memory decline, and sarcopenia according to level
of frailty.

In this study, we showed that frailty, but not prefrailty, was
associated with cognitive decline and memory decline. Our results

Table 3

also showed that frailty and prefrailty were associated with sarco-
penia, in contrast to cognitive and memory decline. In Japanese,
multicenter, population-based studies, the prevalence of dementia
was not high among those aged 65—74 years (less than 10%), but
was higher among those aged 75 years and older.*® The prevalence
of sarcopenia exhibited the same tendency, with the prevalence
rising among those aged 75 years and older.>>?% Thus, older adults
(particularly those 75 and older) are prone to both cognitive im-
pairment and sarcopenia. However, low physical performance, low
physical strength, and the decrease of muscle mass, which overlap
with both sarcopenia and frailty, can be found from middte age?’~2°
Thus, as shown in the results of this study, it is possible that sarco-
penia is associated with frailty at an earlier stage than is cognitive
impairment, and that sarcopenia is affected more by frailty than is
cognitive impairment.

A recent study investigated the association of physical frailty and
pre-frailty with dementia and cognitive impairment.3® In that study,
physically frail older adults were over 4 times more likely to have AD,
and 8 times more likely to have cognitive impairment than robust
older adults were. Prefrail older adults showed an increased risk for
dementia in the aforementioned stucy, but some estimates were not
statistically significant in the fully adjusted models3° The results of
that study were consistent with our study. Previous studies indicated
that frailty is associated with AD pathology™ and biological me-
chanisms,* such as diffuse neuritic plaques, oxidative stress, and
inflammation. It is also possible that frailty and AD share common
lifestyle risk factors, such as physical inactivity and smoking, that lead
to their pathophysiology, which contributes simultaneously to phys-
ical frailty and AD."> On the other hand, it has been indicated that
comorbidities caused by cognitive impairment were also associated
with frailty in patients with AD or mild cognitive impairment3! Thus,
itis likely that these associations interact with one another, leaving the
causal association between physical frailty and cognitive decline un-
clear. Further studies are required to understand these associations.

Definitions of frailty and sarcopenia overlap, and sarcopenia is
considered one of the core symptoms of physical frailty.>® The causal
mechanisms underlying sarcopenia can be oxidative stress, dysre-
gulation of inflammatory cytokines and hormones, malnutrition,

Independent Relationship Between Each Level of Frailty and Cognitive Decline or Sarcopenia

Domains  Univariate Analysis Multivariate Analysis
Frailty Score Frailty Score
<1 <2 <3 <1 <2 <3
OR (95% CI) P OR (95% CI) P OR (95% CI) OR (95% CI) P OR (95% CI) P OR (95% CI) P
Cognitive  1.76 (0.56—5.51) .331 143 (0.54-3.84) 473 3.73(1.23-114) .020° 2.48 (0.68-9.07) .168 1.63 (0.56—4.72) .371 4.61(1.27-16.8) .020°
decline

Sarcopenia 5.33 (1.22-23.3) .026" 9.07 (3.22—25.5) <.001

13.1 (4.98-34.2) <001 547 (121—246) .027° 875 (3.00-255) <.001' 100 (3.40-29.6) <.001:

The multivariate analyses were adjusted for age and medications,
*P < 05,
P <.01.
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physical inactivity, and muscle apoptosis, all of which have been hy-
pothesized to contribute to frailty through interactive pathways,*2%
Recently, the definition of sarcopenia has been the coexistence of
low muscle mass and low physical performance,”*%* which are
contained in frailty domains. Thus, the association of sarcopenia with
even prefrailty seems reasonable. Overlapping intervention strategies
(eg, nutritional supplementation and exercise) may be required to
prevent both frailty and sarcopenia.

During recent years, the definition of frailty has been changing.
Frailty has been considered to include other aspects, for instance social
aspects and comorbidities."” In addition to these aspects, poor cogni-
tion needs to be included in the definition of frailty, as shown in
previous studies™® and by this study. Furthermore, this study indi-
cated that poor cognition was associated with frailty and that sarco-
penia was associated even with prefrailty, The results indicate that we
need to understand the consecutive mechanism as well as the asso-
ciation of prefrailty and frailty with cognitive decline, sarcopenia, and
other adverse health outcomes. Interventions may need to be tailored
to the level of frailty to effectively prevent various functional declines.
Future studies should investigate these intervention strategies.

There were several limitations to this study. First, the cross-
sectional design prevented us from establishing causal associations
between frailty and cognitive decline or sarcopenja. Second, the
findings in this study should be considered preliminary owing to the
relatively small sample size, which may introduce some error of
inference, reduce the power of analysis, and limit generalization.
Third, the design of this study was not a population sampling, and
participants in this study were independent in activities of daily
living. This may lead to an underestimation of the prevalence of
frailty, cognitive decline, and sarcopenia, as the participants were
relatively healthy elderly persons.

In conclusion, our results indicate that there were differences
in the association between physical frailty and cognitive decline,
memory decline, and sarcopenia according to the level of fraiity.
Cognitive decline and memory decline were associated with frailty.
Sarcopenia was associated with prefrailty and frailty. Further studies
are required to understand these associations including biological
mechanisms.
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ORTGINAL ARTICLE

Age~dependent changes in skeletal muscle mass and visceral
fat area in Japanese adults from 40 to 79 years-of-age

Minoru Yamada," Yoko Moriguch,? Takahiro Mitani,> Tomoki Aoyama! and Hidenori Arai

!Department of Human Health Sciences, Kyoto University Graduate School of Medicine, Kyote, and 20OG Sports Co., Ltd, Osaka, Japan

Aim: The age-dependent loss of skeletal muscle mass is highly concerning in diverse aging populations. However,
age-dependent changes in muscle mass and the visceral fat area have not been well documented in Asian populations.
The aim of the present study was to evaluate the age-dependent changes in skeletal muscle mass and the visceral fat
area in Japanese adults from 40 to 79 years-of-age.

Methods: This was a cross-sectional study. Healthy men (n = 16 379) and women (n = 21 660) aged 40-79 years
participated in the present study. The skeletal muscle mass and visceral fat area were measured in the study
participants by bioelectrical impedance. The muscle mass data were converted into the skeletal muscle mass index
(SMI) by dividing the weight by the height squared (kg/m?.

Results: The SMI showed an age-dependent decrease in both sexes. Between 40 and 79 years, the total SMI
decreased by 10.8% in men and by 6.4% in women. The arm SMI decreased by 12.6% in men and 4.1% in women,
and the leg SMI decreased by 10.1% in men and by 7.1% in women in the same period. In contrast, the visceral fat
area showed an age-dependent increase in both sexes. The visceral fat area increased by 42.9% in men and by 65.3%
in women. The multiple regression analysis showed that the SMI was negatively associated with visceral obesity in
both sexes. '

Conclusions: In Japanese adults, sex-specific changes in skeletal muscle mass are more prominent in the arm than
in the leg. Furthermore, the age-dependent increases in visceral adipose tissue might lead to loss of skeletal muscle
mass. Geriatr Gerontol Int 2014; 14 (Suppl. 1): 8-14.

Keywords: age-dependent, Japanese, skeletal muscle mass, visceral fat area.

Introduction previous work from this laboratory has shown that
sarcopenia is highly prevalent among Japanese adults
Sarcopenia is an age-dependent loss of skeletal muscle ~ aged 80 years and older." Because older adults have a
mass, and is a serious medical concern in older popu- greater potential for health problems than young adults,
lations.'” Sarcopenia is characterized by an impaired it is very important to begin prevention of sarcopenia
state of health associated with mobility disorders, an early, possibly before the age of 65 years. Two previous
increased risk of falls and fractures, an impaired ability studies from the USA and Europe have shown that the
to carry out activities of daily living, disabilities, and a age-dependent loss of skeletal muscle mass starts at
loss of independence.®s approximately 50 years-of-age, and that skeletal muscle
Previous epidemiological studies of sarcopenia in mass declines by 6.6-23.3% until 79 years-of-age.!%*
several countries have shown a disease prevalence of However, age-dependent changes in muscle mass in
5-40% in older men and 7-70% in older women.*"® In ~ Asians are not well documented.
general, the prevalence of sarcopenia is approximately Visceral adiposity, which is the basis of metabolic
25% in older men and 20% in older women. Notably, syndrome and cardiovascular disease, is aggravated with

age®' The visceral adipose tissue produces many
inflammatory cytokines, such as tumor necrosis factor-
Accepted for publication November 10, 2013, alpha (TNF-0) and interleukin (IL)-6,* and expression
of these inflammatory cytokines can lead to increased
Human Health Sciences, Kyoto University Graduate School of skeletal muscle bl’eal(donn.33 Furthgl‘more, previous
Medicine, 53 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto studies have shown that increased visceral fat area is
606-8507, Japan. Email: harai@kuhp.kyoto-u.ac.jp associated with decreased skeletal muscle mass in a
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Age-dependent decreases in skeletal muscle mass

small sample of older adults.* Fowever, the association
of skeletal muscle mass with age-dependent changes in
visceral fat in a large population has not previously been
shown.

The primary aim of the present study was to evaluate
the age-dependent changes in skeletal muscle mass and
visceral fat area using a large cross-sectional cohort of
Japanese adults between 40 and 79 years-of-age. We
also evaluated sex differences in skeletal muscle loss in
the arms and legs. The secondary aim of the present
study was to evaluate the association between the skel-
etal muscle mass and visceral fat area.

Methods

Participants

Participants were recruited by advertisements at several
fitness and community centers, The participants in the
present study were limited to visitors to these centers in
the Kyoto, Osaka, and Hyogo prefectures in Japan. The
inclusion criteria were an age of 40-79 years, living in
the community and the ability to walk independently
(including with a cane). The exclusion criteria were a
certification of frailty status by the long-term care insur-
ance service in Japan and artificial implants, such as
cardiac pacemakers and replacement joints, which
would interfere with accurate bioimpedance measure-
ments. An interview was also used to identify those with
the following exclusion criteria: severe cognitive impair-
ment; severe cardiac, pulmonary, or musculoskeletal
disorders; and comorbidities associated with greater risk
of falls, such as Parkinson’s disease or stroke. Because
the purpose of the present study was to address physi-
ological age-dependent changes in body composition,
we excluded frail elderly and adults with those
comorbidities. The present study was carried out in
accordance with the guidelines of the Declaration of
Helsinki, and the study protocol was reviewed and
approved by the Ethics Committee of the Kyoto Uni-
versity Graduate School of Medicine.

Healthy men (n=16379) and women (n =21 660)
aged 40-79 years participated in the present study. The
male participants were divided into eight groups accord-
ing to age: 40-44 (n=3697), 45-49 (n =3151), S0-54
(n=2202), 55-59 (n=1952), 60-64 (n = 2274), 6569
(n=1683), 70-74 (n = 1030), and 75-79 (n = 390) years.
The female participants were similarly divided into eight
groups according to age: 40-44 (n = 3828), 45-49 (n =
3686), 50-54 (n =3597), 55-59 (n=3002), 60-64 (n=
3490), 6569 (n=2314), 70-74 (n=1269), and 75~79
(n = 474) years.

Skeletal muscle mass index and visceral fat area

A bioelectrical impedance data acquisition system
{Inbody 720; Biospace, Seoul, Korea) was used to deter-

© 2014 Japan Geriatrics Society
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mine bioelectrical impedance.®® This system uses an
electrical current at different frequencies (5, 50, 250,
500, and 1000 kHz) to directly measure the amount of
extracellular and intracellular water in the body. The
study participants stood on two metallic electrodes and
held metallic grip electrodes. Using segmental body
composition and muscle mass, a value for the appen-
dicular skeletal muscle mass was determined and used
for further analysis. The muscle mass was converted
into the skeletal muscle mass index (SMI) by dividing
the weight by the height squared (kg/m?*). This index has
been used in several epidemiological studies.**¢ Addi-
tionally, the SMI of the arms and legs was calculated.
The visceral fat area was determined by evaluating a
transverse cross-section of the fourth and fifth abdomi-
nal lumbar area.

Statistical analysis

Differences in the total SMI, arm SMI, leg SMI, and
visceral fat arca among the eight age groups were exam-
ined using an analysis of variance. Multiple regression
models were applied to determine the relationship
between the visceral fat arca and the SMI, adjusted for
age and weight in cach sex. The data were managed and
analyzed using spss (Windows version 18.0; SPSS,
Chicago, 1L, USA). A P-value of <0.05 was considered
to show statistical significance for all analyses.

Results

The mean age of the study participants was 54.5 + 9.9
years, and 21 660 (56.9%) of the participants were
women. The total SMI showed an age-dependent
decrease in both sexes (men, F=251.1, P<0.001;
women, F = 135.6, P < 0.001; Table 1). The percentage
change in the total SMI at 40-44 years showed an age-
dependent decrease in both sexes (Fig. 1, Table 1). In
those aged over 65 years, the percentage change in the
total SMI was greater in men than in women. In addi-
tion, the 20th percentile of total SMI in men and women
aged 65-79 years was 7.02 kg/m* and 5.61 kg/m?,
respectively (Table 2).

To compare the age-dependent changes in muscle
mass in the upper and lower limbs in this cohort, we
analyzed the arm and leg SMI The arm SMI showed an
age-dependent decrease in both sexes (men, F = 132.1,
P <0.001; women, F=24.1, P<0.001; Table1). The
percentage change in the arm SMI using the 40-44
years group as a reference also showed an age-
dependent decrease in both sexes (Fig. 2, Table 1).

Similarly to the arm SMI, the leg SMI also showed an
age-dependent decrease in both sexes (men, F = 273.2,
P < 0.001; women, FF=192.2, P<0.001; Table 1). The
percentage change in the leg SMI also showed an
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Table 1 Participant characteristics by age half decade

Overall

Men {z = 16 379)

Women (n =21 660)

40-44 years
Men (n = 3697)
Women (n = 3828)

45-49 years
Men (n=3151)
‘Women (n = 3686)

50-54 years
Men (n = 2202)

Women {(n = 3597)

55-59
Men (n=1952)
Women (n = 3002)

Mean SD % change Mean SD % change  Mean SD % change Mean sD % change Mean SD % change
over 40-44 over 40-44 over 40-44 over 40-44 over 40-44
years years years years years
Total SMI (kg/m?) Men 7.97 0.73 - 8.20 078 - 8.11 0.66 -1.0 8.11 0.67 ~-1.1 7.98 0.64 2.7
Women 6.26 0.64 - 6.41 0.67 - 6.39 0.64 -0.3 6.33 0.64 -13 6.23 0.59 -2.8
Arm SMI (kg/m?) Men 2.08 0.28 - 2.14 031 - 2.11 026 -14 211 0.26 -1.2 2.08 0.24 -3.0
Women 1.47 022 - 1.49 0.24 - 1.49 0.23  -035 1.47 0.22 -1.4 1.46 0.21 2.3
Leg SMI (kg/mz) Men 7.98 0.73 - 6.06 0.51 - 6.00 046 09 5.99 0.46 -1.1 5.91 0.45 -2.5
Women 6.26 0.64 - 4.92 048 - 491 045 -03 4.85 0.46 -1.3 477 0.42 -3.0
Visceral fat area (cm?)  Men 100.6 29.2 - 88.4 28.8 - 91.9 27.1 4.0 98.9 28.8 11.9 103.5 25.7 17.1
Women 84.7 27.4 - 68.0 25.3 - 72.1 23.9 6.0 79.3 23.6 16.5 89.4 23.0 31.5
6064 years 6569 years 70~74 years 75-79 years ANOVA
Men (n=2274) Men (n = 1683) Men (n=1030) Men (n = 390)
Women (n = 3490) Women (n =2314) Women (n = 1269) Women (n = 474)
Mean SD % change Mean SD % change Mean sD % change Mean SD % change F-value  P-value
over 40-44 over 40—44 over 40-44 over 40-44
years years years years
Total SMI (kg/m2) Men 7.84 0.68 43 7.64 0.67 -6.9 7.59 0.66 7.4 7.32 0.62 -10.8 2511 <0.001
‘Women 6.14 061 42 6.08 0.60 =52 6.09 055 =51 6.00 0.60 -6.4 135.6 <0.001
Arm SMI (kg/m?) Men 2.05 025 44 1.99 0.25 -6.9 1.96 024 -85 1.87 0.26 -12.6 132.1 <0.001
Women 1.45 022 -3.1 1.44 021  -3% 1.46 020 =235 1.43 0.21 ~4.1 241 <0.001
Leg SMI (kg/m?) Men 5.80 048 43 5.64 0.46 -6.9 5.64 051 -7.0 5.45 045 -10.1 273.2 <0.001
Women 4.69 043 46 4.64 044 5.7 4.63 0.41 -5.9 4.57 0.45 -7.1 192.2 <0.001
Visceral fat area (cm®)  Men 108.3 26.2 22.5 113.0 28.7 27.8 122.3 25.1 38.3 126.4 25.2 42.9 376.9 <0.001
Women 94.0 23.3 38.2 101.6 23.0 494 108.5 24.1 59.5 112.4 29.3 65.3 966.7 <0.001

Percentage change of 40~44 years = (absolute change value / 40-44 years value) x 100. SMI, skeletal muscle mass index.
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