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Abstract

Background The aim of this study was to describe the age-dependent changes in the parameters of physical performance
and body composition in Japanese older adults who are independently dwelling in the community. We also examined whether
the age-dependent changes differ among physical performance and body composition parameters.
Methods Cross-sectional data from 10 092 community-dwelling older adults (mean age 73.6 years; 5296 women) were
analyzed. The measures of physical performance included hand-grip strength, the five-times-sit-to-stand test, and walking
speed. Body composition parameters (body weight, fat mass, and appendicular skeletal muscle mass) were measured with
a bioelectrical impedance analyser. Correlations between age and the physical performance and body composition parameters
were tested. The T-scores of physical performance and body composition measurements were calculated and presented
according to 5-year age groups to examine the differences in age-dependent changes in physical performance and body
composition parameters.
Results All physical performance measures significantly decreased with aging. The cumulative mean T-scores according to
age group showed different age-dependent changes between body mass index (BMI) and appendicular skeletal muscle mass
index (ASMI) (cumulative mean T-score change of BMI and ASMI of �5.7 to �2.9 and �12.7 to �12.1, respectively). The slope
declines in age-associated changes were greater in grip strength (β = �0.77, 95% confidence interval = �0.82 to �0.76) for
men and in walking speed (β = �0.95, 95% confidence interval = �0.99 to �0.90) for women.
Conclusions The patterns of age-dependent decreases in physical performance measures differed among parameters and
between sexes. There is a possibility of a difference in the age-related slope patterns among parameters; decreases in grip
strength in men and walking speed in women may be more prominent with advancing age. Furthermore, the decrease in ASMI
with age is more striking than that of BMI.
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Introduction

Several important contributors to the ability of older adults to
live independently have been reported.1 Physical perfor-
mance, including grip strength, lower-extremity muscle
strength, and walking speed, could be significant predictors
of adverse health events such as disability,2–4 hospitalization,5

and mortality6–8 among older adults. Age-related declines in
muscle strength and mobility have been investigated, and
ethnicity- and sex-based differences have been reported.9–11

Sarcopenia, defined as low skeletal muscle mass, is
common in older persons and significantly associated with
functional decline and disability.12,13 Recently, several
organizations worldwide, including the International Working
Group on Sarcopenia,14 the European Working Group on
Sarcopenia in Older People,15 and the Asian Working Group
for Sarcopenia,16 have proposed more accurate definitions
for sarcopenia, including loss of not only skeletal muscle mass
but also functionality, such as weakness and slowness.
Muscle mass may be a major determinant of the age- and
sex-related differences in muscle strength.17 Muscle mass
peaks between the second and fourth decades of life, and
subsequently declines steadily with aging.18

Although some previous studies with large populations
(1000 or more participants) of older Asians have examined
age-dependent changes in physical performance19 and body
composition,20–22 few studies have demonstrated differences
amongage-dependent changes in specificmeasures of physical
performance (grip strength, lower-extremity muscle strength,
and walking speed) and body composition (body mass and
appendicular skeletal muscle) in the same large cohort.

The aim of this study was to describe the age-dependent
changes in multidimensional physical performance measures
and body composition parameters by using data from a
cross-sectional national study including >10 000 Japanese
older adults who were independently dwelling in the commu-
nity. We also examined whether the age-dependent changes
differ among the parameters of physical performance and
body composition.

Materials and methods

National Center for Geriatrics and
Gerontology-Study of Geriatric Syndromes cohort

We used data from the National Center for Geriatrics and
Gerontology-Study of Geriatric Syndromes (NCGG-SGS), a co-
hort study with a primary goal to establish a screening system
for geriatric syndromes in the community-dwelling popula-
tion. In our national study, we assessed 10 885 persons, aged
65 years and older, who were enrolled in the NCGG-SGS.23,24

Each participant was recruited from either Midori Ward (a
part of Nagoya City) or Obu City, Japan. Our inclusion criteria

were as follows: participants from Obu aged 65 years or older
(August 2011–February 2012) and those from Midori (Na-
goya) aged 70 years or older (July 2013–December 2013) at
the time of the examination. All participants resided in Obu
City or Midori Ward, Nagoya City. We excluded participants
with neurological disorders such as stroke and Parkinson’s
disease, as well as those with cognitive impairment (Mini-
mental State Examination score <18).25 Of the initial
10 885 participants, 793 were excluded; thus, data from
10 092 older adults (mean age 73.6 ± 5.5 years; 4796 men,
5296 women) were analysed in the present study. Informed
consent was obtained from all participants before their inclu-
sion in the study, and the ethics committee of the National
Center for Geriatrics and Gerontology approved the study
protocol.

Assessment of characteristics

Licensed nurses recorded demographic data, including age,
sex, number of prescribed medications, and medical history
in face-to-face interviews. The participants were asked about
their history of the following diagnoses: stroke, Parkinson’s
disease, hypertension, heart disease, diabetes mellitus, oste-
oporosis, and arthritis.

Assessments of physical performance

Measures of physical performance included grip strength, the
five-times-sit-to-stand test (FTSS), and walking speed. Well-
trained assessors administered these tests.

Grip strength was measured in kilograms for the dominant
hand of the participant, by using a Smedley-type handheld
dynamometer (GRIP-D; Takei Ltd, Niigata, Japan). The FTSS
involved standing up and sitting down five times from a
sitting position, as quickly as possible without pushing off.26

In the FTSS, well-trained assessors recorded the time taken
to perform five consecutive chair-stands (timed to 0.1 s) from
a seated position on a 45 cm tall chair, with arms folded
across the chest. Walking speed was measured in seconds,
by using a stopwatch. Participants were asked to walk on a
flat and straight surface at a comfortable walking speed.
Two markers were used to indicate the start and end of a
2.4 m walk path, with a 2 m section to be traversed before
passing the start marker, such that participants were
walking at a comfortable pace by the time they reached the
timed path.27

Assessment of body composition

Body composition parameters were examined by using a mul-
tifrequency bioelectrical impedance analyser (BIA) (MC-980A;
Tanita, Tokyo, Japan); this tool is used to assess whole and
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segmental body composition.28 The BIA instrument used six
electrical frequencies (1, 5, 50, 250, 500, and 1000 kHz).
The surface of the hand electrode was placed in contact with
each of the five fingers, while the heels and forefoot of the
participant were placed on the circular-shaped foot elec-
trode. The participants held out their arms and legs to avoid
contact with any other body segments during the measure-
ments. The measurements were recorded by well-trained
staff and completed within 30 s. The BIA assessment was
performed between 10:00 AM and 4:00 PM. The participants
were required to fast and avoid vigorous exercise for at least
1 h before BIA assessment. Height was measured with a
standard stadiometer (Seca, Marsden, UK). Body mass index
(BMI) was calculated by dividing the body weight (kg) by
the square of body height (m2). Appendicular skeletal muscle
index (ASMI) was derived from the appendicular muscle mass
(kg) divided by the square of height (m2).29

Statistical analysis

Means, standard deviations, and proportions were calculated
to describe the samples and provide summary information
about the measures used. Student’s t-test and chi-square test
were used to compare differences in measurements between
the sexes. Pearson’s correlation coefficients were calculated
to assess the simple correlations of physical performance
measures and body composition parameters with age.
According to Pearson’s coefficient (r), the correlations were
graded as weak (r < 0.3), moderate (0.3 < 0.5), or strong
(r > 0.5).30 We calculated the means of physical performance
measures including grip strength, FTSS, and walking speed,
and those of body composition parameters including body
weight, fat mass, and appendicular muscle mass in each age
group. The age-dependent changes were then plotted.

To compare the differences in the age-dependent changes
among various measures, T-scores were calculated by using
the following equation:

T score ¼ 50þ 10� participant’s value� population meanð Þ
=population standard deviation

Then, the T-scores for each measure in the 65–69 year age
group were set as references (i.e. T-score = 50), and the cu-
mulative mean T-score change for each age group was calcu-
lated. For the T-score curve for the FTSS, we inverted the
curve in a logical manner (decreasing with advancing age).

For the evaluation of the slope decline in age-associated
changes among parameters including grip strength, FTSS,
and walking speed for physical performance and BMI and
ASMI for body composition, we estimated the regression co-
efficients by using linear regression. The T-score changes that
were set as references for each parameter in the 65–69 year
age group were used as dependent variables in the linear

regression analysis. Linear regression coefficients (β) and
95% confidence intervals (CIs) for each parameter were calcu-
lated in men and women, separately.

Data entry and analysis were performed by using IBM SPSS
Statistics for Windows (version 23.0; SPSS Inc., Chicago, IL,
USA). A P value of<0.05 was considered statistically significant.

Results

Table 1 lists the characteristics of the participants. Older men
exhibited significantly better values for grip strength and FTSS
than women (P < 0.01); however, walking speed did not dif-
fer between sexes (P = 0.83). Among the body composition
measures, body weight and appendicular muscle mass were
higher in men, and fat mass was higher in women (P < 0.01).

Table 2 shows the correlations between age and physical
performance and body comparison parameters assessed by
using Pearson correlation coefficients. For physical perfor-
mance measures, grip strength (men: r = �0.44, P < 0.01;
women: r = �0.36, P < 0.01), FTSS (men: r = 0.27, P < 0.01;
women: r = 0.33, P < 0.01), and walking speed (men:
r = �0.37, P< 0.01; women: r = �0.48, P< 0.01) showed sig-
nificant weak to moderate negative associations with
advancing age. For body composition parameters, body
weight (men: r = �0.23, P < 0.01; women: r = �0.17,
P < 0.01) and appendicular muscle mass (men: r = �0.32,
P < 0.01; women: r = �0.32, P < 0.01) showed significant
weak and moderate negative associations with advancing
age, respectively. Fat mass showed a significant slight associa-
tion (r = �0.05, P < 0.01) with age in women; however, there
was no significant association in men (r = �0.02, P = 0.21).

Figures 1 and 2 show the age-dependent changes in phys-
ical performance and body composition parameters. Poorer
performance was observed in all physical performance mea-
sures with advancing age (Figure 1). The sex-based difference
in grip strength was greater than that of FTSS and walking
speed; the sex-based difference decreased with age. For body
composition, body weight and appendicular muscle mass
showed greater values in men than in women at all ages;
however, fat mass was greater in women than in men at all
ages (Figure 2). Body weight and appendicular muscle mass
gradually declined with advancing age. Fat mass showed a
smaller decline with aging.

Figure 3 shows the cumulative mean T-score changes in
physical performance measures. The trends toward age-
related declines in physical performance differed between
the sexes. All physical performance measures worsened
with advancing age. Particularly, declines in grip strength
in men (cumulative mean T-score changes of grip strength
in the ≥85 year age group: �16.8 in men and � 14.4 in
women) and walking speed in women (cumulative mean
T-score changes of walking speed in the ≥85 year age
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group: �14.4 in men and � 20.7 in women) were more
prominent with aging. The cumulative mean T-scores ac-
cording to age group showed different age-dependent
changes between BMI and ASMI, with an obvious age-
related change in ASMI (cumulative mean T-score changes
of BMI in the ≥85 year age group: �5.7 in men and �2.9 in
women; those of ASMI: �12.1 in men and �12.7 in women)
(Figure 4).

The slope declines in age-associated changes are described
visually in Figure 3 for physical performance measures and in
Figure 4 for body composition measures. For physical
performance measures, the linear regression coefficients for
assessing the slope declines in age-associated changes were
follows: β = �0.77, 95% CI = �0.82 to � 0.76 in men and
β = �0.67, 95% CI = �0.72 to � 0.63 in women for grip
strength; β = �0.50, 95% CI = �0.55 to � 0.45 in men and
β = �0.63, 95% CI = �0.68 to � 0.59 in women for FTSS;

β = �0.62, 95% CI = �0.66 to � 0.57 in men and
β = �0.95, 95% CI = �0.99 to � 0.90 in women for walking
speed. The slope declines in age-associated changes were
greater in grip strength for men and in walking speed for
women. In addition, there were greater sex differences in
the age-associated changes in walking speed. The linear re-
gression coefficients for body composition measures were
follows: β = �0.24, 95% CI = �0.29 to � 0.20 in men and
β = �0.06, 95% CI = �0.11 to � 0.01 in women for BMI;
β = �0.56, 95% CI = �0.60 to � 0.51 in men and
β = �0.60, 95% CI = �0.65 to � 0.56 in women for ASMI.

Discussion

The current study described age-dependent changes in
physical performance and body composition measures.

Table 1 Participant characteristics

Overall
(N = 10 092)

Missing
data (n)a

Men
(n = 4796)

Women
(n = 5296) P

Age (years), mean ± SDb 73.6 ± 5.6 — 73.7 ± 5.6 73.6 ± 5.6 0.114
Age groups, n (%)
65–69 years 2389 (23.7%) — 1101 (23.0%) 1288 (24.3%) 0.108
70–74 years 3642 (36.1%) — 1759 (36.7%) 1883 (35.6%) 0.241
75–79 years 2509 (24.9%) — 1161 (24.2%) 1348 (25.5%) 0.148
80–84 years 1177 (11.7%) — 588 (12.3%) 589 (11.1%) 0.075
85 years and older 375 (3.7%) — 187 (3.9%) 188 (3.5%) 0.354

Medical diagnoses, n (%)
Hypertension 4642 (46.0%) 2 2289 (47.7%) 2353 (44.5%) 0.002
Heart disease 1730 (17.2%) 13 975 (20.4%) 755 (14.3%) <0.001
Diabetes mellitus 1287 (12.8%) 3 765 (16.0%) 522 (9.9%) <0.001
Osteoporosis 1357 (13.5%) 5 84 (1.8%) 1,273 (24.1%) <0.001
Arthritis 1828 (18.2%) 18 509 (10.6%) 1,319 (25.0%) <0.001

Prescribed medications (n), mean ± SD 2.6 ± 2.6 27 2.6 ± 2.6 2.7 ± 2.5 0.026
Education (years), mean ± SD 11.7 ± 2.2 12 12.3 ± 2.8 11.2 ± 2.2 <0.001
Living alone, n (%) 1241 (12.3%) 22 285 (6.0%) 956 (18.1%) <0.001
Physical performance measures
Grip strength (kg), mean ± SD 26.6 ± 7.8 291 32.8 ± 6.1 20.9 ± 4.1 <0.001
Five-times-sit-to-stand test (s), mean ± SD 8.93 ± 3.06 395 8.80 ± 2.84 9.04 ± 3.24 <0.001
Walking speed (m/s), mean ± SD 1.14 ± 0.23 28 1.14 ± 0.22 1.14 ± 0.24 0.830

Body composition measures
Height (cm), mean ± SD 156.3 ± 8.7 12 163.3 ± 5.8 150.0 ± 5.6 <0.001
Body weight (kg), mean ± SD 56.8 ± 10.1 52 62.7 ± 8.7 51.5 ± 8.1 <0.001
Fat mass (kg), mean ± SD 15.9 ± 5.8 89 14.6 ± 5.1 17.1 ± 6.1 <0.001
Appendicular muscle mass (kg), mean ± SD 17.1 ± 4.1 89 20.5 ± 2.9 13.9 ± 1.8 <0.001
BMI (kg/m2), mean ± SD 23.2 ± 3.1 52 23.5 ± 2.8 22.9 ± 3.3 <0.001
ASMI (kg/m2), mean ± SD 6.9 ± 1.1 89 7.7 ± 0.9 6.2 ± 0.7 <0.001

an, number.
bSD, standard deviation.
cBMI, body mass index.
dASMI, appendicular skeletal muscle mass index.
ASMI was derived from the appendicular muscle mass (kg) divided by the square of height (m2).

Table 2 Correlations of age with physical performance measures and body comparison parameters: Pearson correlation coefficients

Grip strength, kg FTSSa, s Walking speed, m/s Body weight, kg Fat mass, kg Appendicular muscle mass, kg

Men �0.44** 0.27** �0.37** �0.23** �0.02 �0.32**
Women �0.36** 0.33** �0.48** �0.17** �0.05** �0.32**

aFTSS, five-times-sit-to-stand test.
**P < 0.01.
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The results showed that the age-dependent changes dif-
fered among various parameters for Japanese older adults.
The trends in age-related declines of physical performance
differed between the sexes; decreases in grip strength in
men and walking speed in women were more prominent
with advancing age. Furthermore, the age-related changes
were more prominent for ASMI than for BMI in both
sexes. Although the reference group was the 65–69 year
age group, the results of this study indicated that the
age-related slope patterns may be different among
parameters.

In the current study, physical performance was measured
by using grip strength, FTSS, and walking speed. The tests

used in this study are reliable and valid clinical tools
commonly used in assessing muscle strength and mobility in
community-dwelling older adults. Moreover, they require
limited space and can be administered quickly.8,31,32 Although
these clinical tests are very simple, parameters with poor per-
formance predict adverse health in older adults and would
have advantages over other common markers. For example,
a worldwide cohort study found grip strength to be a better
predictor of all-cause mortality and cardiovascular mortality
than blood pressure.33

The results of the current study indicate that trends
toward age-related declines in physical performance differ
between men and women. In older men, declines in grip

Figure 2 Age-dependent changes in body composition parameters.

Figure 1 Age-dependent changes in physical performance measurements.
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strength and walking speed seemed to be more striking after
age 70 years. On the other hand, although each physical
performance measure declined with advancing age, walking
speed seemed to decrease more rapidly than did grip
strength and FTSS in older women. Although there was a sig-
nificant sex-based difference in grip strength, this difference
decreased significantly with advancing age in a previous
cross-sectional study.19 Because age-related decrease in grip
strength is more significant than decreases in FTSS and
walking speed in older men, as shown by our current data,
the performance gap in grip strength between men and
women may decline with advancing age.

Walking speed is considered the most reliable physical
performance measure for predicting the onset of disability
in community-dwelling older adults,34 especially for very

old persons (e.g. aged 75 years and older).2 The population
of older adults with limited ability to carry out routine daily
activities seems to differ between the sexes, and older
women constitute the majority of disabled older adults.35

In the current study, the results obtained for older women
indicated that advancing age may have a stronger influence
on walking speed than on grip strength and FTSS. There
might be sex differences in walking speed, although its
use as a risk assessment measure (e.g. for estimating
survival) was confirmed in both sexes.7 Improvement or
maintenance of mobility in older adults could potentially
be a beneficial intervention for the prevention of future
disability.

Confirming previously reported findings, the present study
showed that both muscle mass and muscle strength declined

Figure 3 Cumulative mean T-score changes in physical performance measurements. FTSS, five-times-sit-to-stand test.

Figure 4 Cumulative mean T-score changes in body composition index. BMI, body mass index; ASMI, appendicular skeletal muscle index.
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considerably with advancing age in both men and women.
Reduced skeletal muscle mass appears to increase physical
disability,36 particularly mobility disability.37 On the other
hand, an increase in fat mass may cause greater functional
disability and lower physical performance in older adults.38

The current study demonstrates that differences between
age-related changes in BMI and ASMI, with a rapid decrease
in ASMI but only a slight change in BMI, increased with ad-
vancing age in both sexes, and those differences were most
notable in women. The differences in age-related changes
in body composition between men and women may affect
the sex-based differences in age-related changes in physical
performance.

This study has some limitations. In interpreting our results,
we should have considered the details of BIA measurement,
particularly the preparation of the participants and the timing
of the measurements. We could not strictly control for fac-
tors that could affect the accuracy of the BIA measurement.
Bioelectrical impedance analyser requires measurement
under standardized conditions, including hydration status,
recent food and beverage intake, skin temperature, and re-
cent physical activity. To prepare participants for BIA assess-
ment, avoiding alcoholic beverages for at least 8 h, fasting,
and drinking no water for 4–6 h were recommended.39

Although the participants were required to fast and avoid
vigorous exercise for at least 1 h before BIA assessment,
the actual state of dehydration or water retention may be
the main limitation of this study. Despite the exclusion of
participants with chronic diseases and those using prescribed
medications, as well as the predominance of participants
reporting a relatively consistent lifestyle pattern during the
previous year, the timing of measurement and food intake
or exercise before BIA measurement must be controlled to
minimize potential errors. In addition, prescribed medica-
tions, nutritional supplementation details, and medical
diagnoses could be potentially associated with age-associated
changes in body components. These factors should be consid-
ered in further studies.

The present data describe specific age-dependent changes
in multidimensional physical performance measures and
body composition parameters, and demonstrate differences
among age groups and between sexes in Japanese older
adults. As this study was a cross-sectional analysis, conclu-
sions could not be drawn concerning cause-and-effect

relationships. Selection bias should be considered another
limitation. Although this study included a very large sample,
most participants seemed to have good function because
they were able to independently participate in the assess-
ments at the community center. This corresponds to
approximately 30–40% of the target population. These
limitations related to the participants might have influenced
the results of the present study. In addition, analysis of
socio-demographic data (i.e. economic status) would be
largely important in enabling the results to be extrapolated
to other populations. Therefore, our results should be
interpreted carefully. Further longitudinal studies are
needed.

In conclusion, the patterns of age-dependent declines in
physical performance measures differed among parameters
itself and between sexes. There is a possibility of a difference
in age-related slope patterns among parameters; decreases in
grip strength in men and walking speed in women may be
more prominent with advancing age. Furthermore, the
decrease in muscle mass with aging is more striking than
the decrease in whole body mass.
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