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[ Older participants }
I
( Measure gait speed or Hand grip strength }
|

f ]

Normal h (" Low physical function 678 (36.0%) .
Walking speed >0.8 m/sec Walking speed 0.8 m/sec )
Hand grip Men 226kg ' Hand grip Men <26kg
Women 218 \ Women <18
] ' _ < x
[’4 No sarcopenia } | Measure musciie mass (BIA) ]
1,204 (64.0%) * i
Low Normal
Men: <7.0kg/m? Men: 27.0kg/m?2

Women: <5.7kg/m? Women: 25.7kg/m? |
| ]
No sarcopenia J

rmoemermeom

(

356 (18.9%) 1,526 (81.1%)

1 AWS OFATUZAIH STRSFEH IR PEER

Age group
45-49 50-54 55-59 60-64 65-69 70-74 75-79

% change of 40-44 years

-10 -~

2 40-44 EEEE(CRHE SMI DEALE



x 1 BECBIZBEBHECRIBELORE
Men
n=385
Skeletal muscle mass index (kg/m2)
<6.77 6.77 - 7.22 7.23-7.80 >7.80
n=81 n=102 n=114 n=88 F-value P-value
Mean SD Mean SD Mean SD Mean SD )
Age 77.3 5.2 74.4 5.9 73.9 5.8 72.2 5.6 11.83 .000 **
Height cm - 160.0 5.2 160.8 5.4 163.8 9.4 165.8 5.5 11.12 000 **
Weight kg 52.9 5.9 58.5 5.3 64.4 5.3 70.7 7.3 106.32 000 **
BMI . 20.7 2.1 22.7 2.2 24.3 4.8 25.7 2.4 29.77 .000 **
Walking time sec 9.0 1.9 8.1 - 1.5 8.4 2.1 8.0 1.6 546 .001 *
TUG sec 6.6 1.3 6.4 0.8 6.3 1.2 6.4 1.2 48 697
FR cm 28.1 5.2 30.2 7.7 31.2 3.9 30.3 4.7 .83 483
5CS sec 8.3 2.1 8.0 2.1 8.1 1.9 8.1 2.9 -.53 663
Grip kg 30.5 5.5 33.6 7.0 35.9 6.7 37.5 7.5: 17.71 .000 **
IGF-1 ng/mL 85.9 28.6 104.9 31.8 104.7 32.3 116.7 37.0 12.77 .000- **
250HD ng/mL 36.2 8.8 37.2 9.2 36.1 11.6 36.9 11.0 .25. .859
Teststerone ng/mL 4.86 2.19 4.43 1.47 4.66 1.73 3.85 1.57 2.93 .034 *
T-chol mg/dL 201.9 39.3 200.4 36.4 192.3 28.8 188.3 30.7 2.54 .057 ®*
Alb g/dL 4.45 0.22 4,46 0.31 4.43 0.30 4,40 0.29 .63 .599
T2 TUHECBIT2ERBELZIBELOREE
Women
n=628
Skeletal muscle mass index (kg/m2)
<5,30 5.30 - 5.85 5.86 - 6.34 >6.34
n=76 n=185 n=176 n=191 F-value  P-value
Mean SD Mean SD Mean SD Mean SD
Age 76.9 5.2 75.1 4.9 74.3 6.0 72.6 , 5.0 14.08 .000 **
Height cm 147.6 5.7 149.4 4.8 150.4 5.8 151.6 5.4 8.40 .000 **
Weight kg 42.5 4.9 47.9 4.6 - 52.5 5.2 58.1 7.4 125.22 000 **
BMI 19.5 2.2 21.5 2.0 23.2 2.5 25.3 2.9 91.74 .00Q **
Walking time sec 8.3 1.8 7.9 1.4 8.0 1.8 7.8 1.4 1.97 117
TUG sec 7.2 1.1 6.6 1.0 6.7 1.3 6.4 1.2 4,16 .007 **
FR cm 27.1 6.5 27.4 5.4 26.5 4.9 28.5 6.7 .51 677
5CS sec 8.6 2.3 8.1 2.1 8.3 2.7 7.8 1.8 3.44 017
Grip kg 20.2 3.1 22.6 3.7 23.3 4.7 24.7 4.5 22.25 .000 **
IGF-1 ng/miL. - 82.3 25.4 86.0 29.9 86.3 27.4 93.2 28.8 3.69 012 **
250HD ng/mL. 28.8 8.8 29.7 8.9 29.2 7.8 29.4 7.7 .27 .844
Teststerone ng/mL. 0.08 0.07 0.13 0.54 0.09 0.07 0.26 0.87 2.25 .082
T-chol mg/dL 217.9 36.4 206.9 30.4 218.4 32.9 214.3 34.7 3.02 .030
Alb g/dL 4.45 0.21 4,46 0.29 4.48 4.50 0.26 .79 .503
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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, Kyoto, and *OG 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 (z = 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 thL skeletal muscle mass index
(SMII) 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 dnd 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 ¢hanges 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.

previous work from this laboratory has shown that
sarcopenia is highly prevalent among Japanese adults
aged 80 years and older.”® Because older adults have a

Introduction

Sarcopenia is an age~-dependent loss of skeletal muscle

mass, and is a serious medical concern in older popu-

lations." Sarcopenia is. characterized by an impaired:

state of health associated with mobility disorders, an
increased risk of falls and fractures, an impaired ability
to carry out activities of daily living, disabilities, and a
loss of independence.”

Previous epidemiological studies of sarcopenia in
several countries have shown a disease prevalence of
5-40% in older men and 7-70% in older women.** In
general, the prevalence of sarcopenia is approximately
25% in older men and 20% in older women. Notably,
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greater potential for health problems than young adults,
it is very important to begin prevention of sarcopenia
early, possibly before the age of 65 years. Two previous
studies from the USA and Europe have shown that the
age-dependent loss of skeletal muscle mass starts at
approximately 50 years-of-age, and that skeletal muscle
mass declines by 6.6-23.3% until 79 years-of-age.'%%
However, age-dependent changes in muscle mass in |
Asians are not well documented.

Visceral adiposity, which is the basis of metabolic
syndrome and cardiovascular disease, is aggravated with
age.” The visceral adipose tissue produces many
inflammatory cytokines, stich as tumor necrosis factor~

-alpha (TNF-0) and interleukin (IL)-6,* and expression

of these inflammatory cytokines can lead to increased
skeletal muscle breakdown.® Furthermore, previous
studies have shown that increased visceral fat area is
associated with decreased skeletal muscle mass in a

© 2014 Japan Geriatrics Society



Age-dependent decreases in skeletal muscle mass

small sample of older adults.** However, 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 (z =16 379) 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: 4044 (n=23697), 4549 (n=3151), 50-54
(n =2202), 55-59 (n=1952), 60-64 (n=2274), 65-69
(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), 65-69 (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 abdormi-
nal lumbar area.

Statistical analysis

Differences in the total SMI, arm SMI, leg SMI, and
visceral fat area among the eight age groups were exam-
ined using an analysis of varfance. Multiple regression
models were applied to determine the relationship
between the visceral fat area and the SMI, adjusted for
age and weight in each sex. The data were managed and
analyzed using spss (Windows version 18.0; SPSS,
Chicago, IL, USA). A P-value of <0.05 was considered
to show statistical significanice 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 [imbs 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, F=192.2, P<0.001; Table 1). The
percentage change in the leg SMI also showed an
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Table1 Participant characteristics by age half decade

Overall 40-44 years 45-49 years 50-54 years 55-59
Men (n =16 379) Men (n = 3697) Men (n=3151) Men (n = 2202) Men (n = 1952)
W’omcn (n =21 660) Women (n = 3828) Women {(n = 3686) Women (n = 3597) Women (1 = 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 vears years years
Total SMI (kg/m?) Men 7.97 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 -1.3 6.23 0.59 =28
Arm SMI (kg/m?) Men - 2.08 0.28 -~ 214 031 - 211, 026 14 2.11 0.26 -1.2 2.08 024 =340
) Women 1.47 022 - 1.49 024 - 1.49 023 -0.5 1.47 0.22 ~1.4 1.46 0.21 ~2.3
Leg SMI (kg/m?) Men 7.98 073 - 6.06 0581 - 6.00 046  ~0.9 5.99 0.46 -1.1 5.91 0.45 ~2.5
/ Women 6.26 0.64 - 4.92 0.48 - 4.91 0.45 -0.3 4‘85 0.46 -1.3 4.77 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 28.8 119 103.5 25.7 17.1
Women 84.7 274 - 68.0 28.3 - 72.1 23.9 6.0 - 793 23.6 16.5 89.4 23.0 315
60-64 years 6569 years 70~74 years 7579 years ANOVA
Men (n = 2274) Men (1 = 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 Fovalue  P-valuc
over 40-44 over 40-44 over 40-44 over 40-44
years ' years years years
Total SMI (kg/m*) Men 7.84 - 068 -4.3 7.64 0.67 6.9 7.59 0.66 ~7.4 7.32 062 ~10.8 251.1 <0.001
Women 6.14 061  -42 6.08 0.60 -5.2 6.09 055 =51 6.00 - 0.60 —6.4 135.6 <0.001
Arm SMI (kg/m?) Men 2.08 0.25 —4.4 1.99 025 -6.9 1.96 024 -85 1.87 0.26 ~12.6 132.1 <0.001
Women 1.45 0.22 -3.1 1.44 021 =36 1.46 020 2.5 1.43 0.21 -4 24.1 <0.001
Leg SMI (kg/m?) Men 580 048 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 4.63 041 =59 4.57 0.45 ~7.1 192.2 <0.001
_ Visceral fat area (cm?) Men 108.3 26.2 22.5 113.0 25.7 27.8 122.3 251 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 59.8 112.4 29.3 65.3 966.7 <0.001

Percentage change of 40-44 years = (absolute change value / 40-44 years value) x 100. SM1, skeletal muscle mass index.
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Age~dependent decreases in skeletal muscle mass

Age group
6064

5558 7074 75-71

4548 6569

% change of 40-44 years

Bien TWomen

Figure 1 The percentage of change in the total skeletal
muscle mass index in each sex and each age group, using
40-44 years-of-age as a reference.

Table 2 20th pércentﬂe of total skeletal muscle mass
index (kg/m? in both sexes

Age group 20th percentile of SMI
(years) Men Women
65-69 7.06 5.61
70-74 7.09 5.63
75-79 6.83 , 5.54
65-79 7.02 5.61

SMI, skeletal muscle mass index.

age-dependent decrease in both sexes (Fig. 2, Table 1).
The age-dependent changes in the leg SMI were similar
in men and women. However, the age-dependent
changes in the arm SMI were greater in men than in
women. o

Next, we examined the age-dependent changes in
visceral obesity. The visceral fat area showed an age-
dependent increase in both sexes (men, F=376.9,
P <0.001; women, F=966.7, P<0.001; Table 1). The
percentage change from 40-44 years in the visceral fat
area showed an age-dependent-increase in both sexes
(Fig. 3, Table 1). .

To examine the association between skeletal muscle
mass and visceral obesity, we carried out a multiple
regression analysis using the SMI as an outcome. We
found that the visceral fat area, age, and weight were
significant and independent determinants of the SMI
in both men (f=-0.586) and women (B =-0.627;
Table 3). Therefore, the age-dependent change in the
SMI was negatively associated with the visceral-fat area
in both sexes.

Discussion

The current cross-sectional study was carried out to
evaluate the SMI in Japanese adults aged between 40

© 2014 Japan Geriatrics Society
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Figure 2 The percentage of change in the (a) arm and (b)
leg skeletal muscle mass index (SMI) in each sex and each
age group using 40-44 years-of-age as a reference.

and 79 years. Our data show that the SMI decreased
age-dependently in both sexes. Notably, regarding the
age-dependent decreases in the total SMI and in those
aged over 65 years, the percentage change in the total
SMI was greater in men than in women. From 40 to 79
years, the total SMI decreased by 10.8% in men and by
6.4% in women. Previous epidemiological studies of
body composition have shown that between 40 and 79
years, the fat-free mass decreases by 6.6-23.3% in both

‘sexes.'®* The age-dependent increases in inflammatory

cytokines, such as IL-6 and TNF-0, can result in
increased skeletal muscle breakdown.% In contrast, the
age~dependent decrease in anabolic hormones, such as

_testosterone, growth hormone, and insulin-like growth

factor-1 (IGF-1), might lead to a loss of skeletal muscle

\
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mass.”* In addition, there is also an age-dependent
decrease in the amount of physical activity and energy
intake. These behavioral changes can enhance the age-
dependent reduction in skeletal muscle mass.
Interestingly, in those aged over 65 years, age-
dependent decreases in total SMI were greater in men
than in women. Furthermore, this age-dependent sex
difference was more prominent in the arm than in the
leg. From 40 to 79 years, the arm SMI decreased by
12.6% in men and by 4.1% in women. This is consis-
tent to the previous studies in Japanese older adults.
Kitamura et al. reported that the arm lean tissue mass
was 5.97 £ 0.75 and 5.01 + 0.67 in men, and 3.56 £ 0.54
and 3.24 in women aged in their 40s and 70s, respec-
tively.”” Based on their data, the percentage change in
the arm lean tissue mass in men is =16:0% and is -8.9%
in women. However, there is no sex difference in the
percentage change in the leg lean- tissue mass. The
mechanism of this sex difference in the arm and leg lean
tissue mass change is not clear. In general, older Japa-
nese women frequently use the upper limbs, such as
when washing and cooking. However, older Japanesc
men usually do not carry out such work. Therefore, itis

R
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k=]

@
<

BMen GDWomen

o
<
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<

% change of 40-44 years
n >
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<
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80-64 7074 7579

Age group

59 6569

Figure 3 The percentage of change in the visceral fat area
in each sex and each age group usmg 40-44 years-of-age as
a reference.

possible that these behavioral differences lead to greater -
age-dependent decreases in the arm SMI in men than in

women. As another possibility, Baumgartner reported

that the sex hormone signal is an important factor for

muscle mass in men, but not in women; however,

physical activity is an important factor for muscle mass

in both sexes.’ Furthermore, previous studies have

shown that 20% of men older than 60 years, 30% of
men older than 70 years, and 50% of men older than 80

years have serum testosterone levels below the normal

range.” Thus, it is also possible that the sex hormone-

dependent changes in muscle mass are greater in men

than in women. Therefore, age-dependent gender dif-

ferences in the SMI might be influenced by daily activity
or alterations in sex hormone levels.

The present data show that aging is associated with a
progressive increase in visceral fat area in both sexes.
From 40 to 79 years of age, the visceral fat area increased
by 42.9% in men and by 65.3% in women. Further-
more, the SMI was negatively associated with the vis~
ceral fat area when adjusted for age and body weight in
both sexes. The visceral adipose tissue produces many
catabolic factors, such as TNF-¢, and IL-6.%2 Therefore,
the ‘age-dependent increases in both visceral adipose
tissue and inflammatory cytokines might lead to a loss
of skeletal muscle mass. Recently, sarcopenic obesity
has been defined as both low muscle mass and high
adipose tissue in older adults, and the health-related
risk is higher in sarcopenic obesity than in sarcopenia.®
The current data show that the agc~dependem changes
in body composition can accelerate sarcopenic obesity.
These results suggest that it is very 1mportant to begin
prevention of sarcopenia and sarcopenic obesity as early
as possible. »

According to our analysis of this cohort, we found
that 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. These values were slightly higher than
those determined by the young adult mean in our data~
base (men 6.75 kg/m?; women 5.07 kg/m?).** That these
values were lower than the 20th ptrccntﬂc of total SMI

Table 3 Multiple regression analysis for the association with skeletal

~ muscle mass index in both sexes

Independent variables Men - ) Women
‘ Adjusted R* Adjusted R

value = 0.781%* value = 0.627%%
standard regression standard regression
value ' value

Visceral fat area (cm?) ~0.586%% ~0.627%*

Age (year) 0.212%% 0.252%%

Weight (kg) c 1.180%* 1.169%*

*##P < 0.01. '
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is probably because we did not use the data of SMI in
participants aged 80 years and older. Other studies on
sarcopenia in Asia also show that the cut-off of SMI
is 6.08-7.27 kg/m?* in men and 4.79-5.80 kg/m? in
women,"** which is quite consistent with the present
results. Thus, the 20th percentile of total SMI in men
and women in our data can be used for the cut-off of
SMI in Asians; however, further studies are required to
address whether these cut-off points are associated with
adverse health outcomes in Asian older adults.

There were several limitations to the present study
that warrant mention. First, physical performance data
were not measured. The European Working Group on
Sarcopenia in Older People (EWGSOP) has recom-
mended using the presence of both low muscle function
(low physical performance or muscle strength) and low
muscle mass to diagnose sarcopenia.®® Therefore, the
prevalence of sarcopenia could not be determined.
Second, the study design was cross-sectional, and no
outcome data are available. Further research with a lon-
gitudinal design will be required to clarify whether low
muscle mass can predict adverse health outcomes in
older Japanese adults. Third, the SMI measurement
was estimated using BIA, which is not a method that
is recommended by the EWGSOP for assessing muscle
mass. However, it is very challenging to measure muscle
mass in community-dwelling older adults using dual-
energy X-ray absorptiometry (DXA); thus, BIA is a
more practical screening method to use in large
samples, especially in a community setting. However,
to determine the specific effect of an intervention, a
more accurate measurement, such as DXA, computed
tomography, or magnetic resonance imaging, should be
used in future studies. Serum outcomes were not mea-
sured. Therefore, the relationship between the SMI and
hormone signals could not be determined. Finally, the
participants in the present study were limited to visitors
to fitness and community centers. Therefore, the par-

ticipants of this study might not be a representative

sample of community-dwelling adults.

In conclusion, the SMI showed an age-dependent
decrease in both sexes, and the total SMI decreased by
10.8% in men and by 6.4% in women aged 40-79 years.
Notably, age-dependent sex differences were more pro-
‘nounced in the arm SMI; from 40 to 79 years, the arm
SMI decreased by 12.6% in men and 4.1% in women.
These results suggest that the age-dependent loss of
skeletal muscle mass begins at approximately 40 years-
of-age, and becomes prominent after 50 years-of-age in
Japanese adults. Furthermore, the visceral fat area
showed an age-dependent increase in both sexes, and
the visceral fat area increased by 42.9% in men and by
65.3% in women of 40~79 years-of-age. Finally, the
SMI was negatively associated with the visceral fat area
in both sexes. Thus far, no studies have reported age-
dependent changes and the association of muscle mass

© 2014 Japan Geriatrics Society
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and visceral fat in Asian populations. Therefore, the
current data could be used as the reference value for
Asian adults.
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ABSTRACT

Background: Sarcopenia, the age-dependent loss of skeletal muscle mass, is highly prevalent among older
adults in many countries; however, the prevalence of sarcopenia in healthy Japanese community-
dwelling older aduits is not well characterized.

Objective: The aim of this study was to evaluate the prevalence of sarcopenia and to examine the
association of sarcopenia with falls and fear of fa}hng in community-dwelling Japanese older adults.
Design: This is a cross-sectional study.

Setting and Subjects: Healthy men (568) and women (1314) aged 65 to 83 years participated in this
research. )
Measurements: For all participants, 3 measurements were taken: skeletal muscle mass measurement’
using bioelectrical impedance, 10 m at a usual walking speed, and handgrip strength. Sarcopenia was'
defined as the presence of both poor muscle function (low physical performance or low muscle strength)
and low muscle mass.

. Results: The prevalernce of sarcopenia, determined using the European Working Group on Sarcopenia in
Older People—suggested algorithm, in men and women aged 65 to 89 years was 21.8% and 22.1%,
respectively. The prevalence of sarcopenia increased age-dependently, especially in those older than.
75 years in both genders. In the young old, the prevalence of sarcopenia was higher in women than in
men; however, in those older than 85 years, the prevalence of sarcopenia was lower in women than in
men (P <.05). In.addition, fall incidents and fear of falling were more prevalent in sarcopenic older adults
than in nonsarcopenic older adults (P < .05).

Conclusions: These results suggest that sarcopenia is highly prevalent in community-dwelling Japanese
older adults and is related to falls and fear of falling.
~ Copyright © 2013 - American Medical Directors Association, Inc.
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older adults

Japanese

In 1989, Rosenberg' proposed the term sarcopenia to describe the
age-dependent loss of skeletal muscle mass. In 2010, the European
Working Group on Sarcopenia in Older People (EWGSOP) re-
commended using the presence of both low muscle function (low

- physical pe1formance or muscle strength) and low muscle mass to
diagnose sarcopenia.’ Numerous epidemiological studies showed

that sarcopenia is highly prevalent and is a serious problem in older
adults.>* Sarcopenia is considered to be characterized by an impaired

state of health with maobility disorders, increased risk of falls and
fractures, impaired ability to perfcrm activities of daﬂy hvmg,
disabilities, and loss of independence.””

~ This study was supported by Grants-in-Aid for Comprehensive Research on
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.age-dependent increases in inflammatory cytokines,
_ interleukin-6 and tumor necrosis factor alpha, can result in increased

The mechanism of sarcopenia remains unclear; however, it may
be related to the age-dependent loss of skeletal muscle mass due
to multifactorial processes, such as physical inactivity, malnutrition,
oxidative stress, and changes in endocrine function.? Additionally, -
such as

skeletal muscle breakdown.® In contrast, the age-dependent decrease
in anabolic hormones, such as testosterone, estrogen, growth
hormone, and insulinlike growth factor-1 (IGF—l) may lead to loss of
skeletal muscle mass. >0

The aged population in Japan is increasing faster than in any other
country. Frailty in older adults is a serious problem in aging countries,
such as Japan. A recent cross-sectional study showed that sarcopenia
is highly prevalent in Japanese older adults with hip fracture (men,
81.1%; women, 44.7%)." Especially in older adults with hip fracture,
the prevalence of sarcopenia increased with age. However, age-
dependent changes in the prevalence of sarcopenia in Japanese
community-dwelling healthy older adults are not well established.

1525-8610/$ - see front matter Copyright © 2013 - American Medical'Directors Association, Inc.
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The primary aim of this study was to evaluate the prevalence of
sarcopenia in community-dwelling Japanese older adults by gender
and age. The secondary aim was to determine the prevalence of falls
and fear of falling in sarcopenic older adults and to compare these
with nonsarcopenic older adults.

Methods
Participants

Participants were recruited by an advertisement in the local press
and by public ads. We recruited community-dwelling older adults in
the Kyoto prefecture and the Hyogo prefecture in Japan. The inclusion
criteria were an age of 65 to 89 years, living in the community, and
the ability to walk independently (including with a cane). The
exclusion criteria were certification of frailty status by the long term
care insurance service in Japan and artificial implants, such as cardiac
pacemakers and joints, which did not allow the potential subject to
receive bioimpedance. An interview was also used to identify those
with the following exclusion criteria: severe cognitive impairment;

severe cardiac, pulmonary, or musculoskeletal disorders; and co- .

morbidities associated with greater risk of falls, such as Parkinson
disease or stroke. This study was conducted 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
University Graduate School of Medicine.

Healthy men (n = 568) and women (n = 1314) aged 65 to 89 years
participated in this study. The male participants were divided into 5
groups according to age: 65 to 69 (n = 76), 70 to 74 (n = 190), 75 to 79
(n = 172), 80 to 84 (n = 82), and 85 to 89 (n = 48) years. The female
participants were also divided into 5 groups according to age: 65 to
69 (n = 278), 70 to 74 (n = 372), 75 to 79 (n = 414), 80 to 84 (n = 180),
and 85 to 89 (n = 70) years. The prevalence of sarcopenia in each age
and gender group was then determined.

Skeletal Muscle Mass Index

A bicelectrical impedance data acquisition system (Inbody 720;
Biospace Co Ltd, Seoul, Korea) was used to determine bioelectrical
impedance.’® This system uses electrical current at different frequen-
cies (5, 50, 250, 500, and 1000 kHz) to directly measure the amount of
extracellular and intracellular water in the body. Participants stood on
2 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. Muscle mass was converted into the skeletal muscle mass
index (SMI) by dividing by weight by height squared (kg/mz). This
index has been used in several epidemiological studies.'*'¥ Reference
value (SMI) for low muscle mass in each gender was defined as a value
2 SDs below the gender-specific means of the study reference data for
young adults aged 18 to 40 years."” The study population included
young adults (19,797 men and 18,302 women) aged 18 to 40 years, to
determine the reference values. The SMIs in young men and women
aged 18 to 40 years old were 8.11 + 0.68 kg/m? and 6.35  0.64 kg/m
respectively. Therefore, the reference values for low muscle mass in
Japanese men and women using bioelectrical impedance analysis (BIA)
were 6.75 kg/m? and 5.07 kg/m?, respectively.

Measurement of Physical Performances

For all participants, the following 2 measures of physical perfor-
mance were obtained: 10 m usual walking speed'® and handgrip
strength (HGS).”” If a walking aid was normally used at home, thxs aid
was used during the 10-m Walkmg speed test.

In the walking speed test, participants were asked to walk 15 m at
a comfortable pace. A stopwatch was used to record the time required
to reach the 10-m point (marked in the course). The time recorded in
2 trials was averaged to obtain the data for the present analyses. A
cutoff point of less than 0.8 m/s identified participants with low
physical perfcrmance.2

In the HGS test, participants used a handheld dynamometer.
Participants kept their arms by the sides of their body. The participant
squeezed the dynamometer with the dominant hand using maximum
isometric effort. No other body movement was allowed. The HGS
score was defined as the better performance of 2 trials. Low muscle
strength was defined as handgrip strength less than 30 kg in men and
20 kg in women.”

Definition of Sarcopenia

We defined sarcopenia using the EWGSOP-suggested diagnostic
algorithm to assess the presence of both low muscle function (low
physical performance or low muscle strength) and low muscle mass.?

Fall Incidents and Fear of Falling .

Fall events in the previous year were recorded based on an
interview with family members. A fall was defined as “an event that
results in a person coming to rest inadvertently on the ground or
other lower level regardless of whether an injury was sustained, and
not as a result of a major intrinsic event or overwhelming hazard.’“8
The date, number, characteristics (eg, while rising from a lying or
sitting position, while turning in the opposite direction, while trip-
ping over an obstacle), and consequences (eg, bruise, fracture) of the
falls were recorded using a standardized questionnaire. Fear of falling
was assessed by asking the yes-or-no question, “Are you afraid of
falling?”

Statistical Analysis

Differences in the prevalence of sarcopenia, muscle mass,
strength, and physical performance among 5 age groups by gender
were evaluated using the chi-square test. The prevalence of sarco-

penia and the corresponding 95% confidence intervals (Cls) were

calculated for men and women and compared- using the chi-square
test in each age group. The results were presented as odds ratios
(ORs) with 95% Cls.

The incidence of falls and the prevalence of fear of falling were
calculated for participants with or without sarcopenia and were
compared using the chi-square test. The results were presented- using
ORs with 95% ClIs. The physical performances of sarcopenic and
nonsarcopenic older adults were compared by gender using the
Student t test. The data were managed and analyzed using SPSS
(Statistical Package for the Social Sciences, Windows version 18.0;
SPSS, Inc., Chicago, IL). A' P value less than .05 was considered to
indicate statistical significance for all analyses.

Results

The mean age of study participants was 74.9 & 5.5 years, and 1314
(69.8%) participants were women. According to the EWGSOP-
suggested algorithm, the prevalence of low physical performance in
older adults aged 65 to 89 years was 4.1% in this cohort. The preva-
lence of low muscle strength in older adults with normal physical
performance was 31.9%. The prevalence of low muscle mass with low
physical performance or muscle strength was 22.0%. Thus, the prev-
alence of sarcopenia using the EWGSOP-suggested algorithm for
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