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Abstract
Summary The present cross-sectional study investigated the
prevalence of sarcopenia and clarified its associated factors in
1,000 elderly participants of Japanese population-based
cohorts. Exercise habit in middle age was associated with
low prevalence of sarcopenia in older age, suggesting that it
is a protective factor against sarcopenia in older age.
Introduction The present study investigated the prevalence of
sarcopenia using the EuropeanWorking Group on Sarcopenia
in Older People (EWGSOP) definition, and clarified the
association of sarcopenia with physical performance in the
elderly participants of Japanese population-based cohorts of
the Research on Osteoarthritis/osteoporosis Against Disability
(ROAD) study.
Methods We enrolled 1,000 participants (aged ≥65 years)
from the second visit of the ROAD study who had completed
assessment of handgrip strength, gait speed, and skeletal
muscle mass measured by bioimpedance analysis. Presence
of sarcopenia was determined according to the EWGSOP

algorithm. Information collected included exercise habits in
middle age.
Results Prevalence of sarcopenia was 13.8 % in men and
12.4 % in women, and tended to be significantly higher
according to increasing age in both sexes. Factors associated
with sarcopenia, as determined by logistic regression
analysis, were chair stand time (odds ratio [OR], 1.09; 95 %
confidence interval [CI], 1.04–1.14), one-leg standing time
(OR, 0.97; 95 % CI, 0.96–0.99), and exercise habit in middle
age (OR, 0.53; 95 % CI, 0.31–0.90). Exercise habit in middle
age was associated with low prevalence of sarcopenia in older
age. Furthermore, linear regression analysis revealed that
exercise habits in middle age were significantly associated
with grip strength (P <.001), gait speed (P <.001), and one-
leg standing time (P =.005) in older age.
Conclusions This cross-sectional study suggests that exercise
habit in middle age is a protective factor against sarcopenia in
older age and effective in maintaining muscle strength and
physical performance in older age.

Keywords Elderly . Epidemiology . Exercise . Physical
performance . Sarcopenia

Introduction

Sarcopenia is characterized by generalized loss of skeletal
muscle mass and muscle strength and/or function in the
elderly, causing multiple adverse health outcomes, including
physical disability, poor quality of life, and death [1–6].
Although cross-sectional studies have investigated prevalence
of sarcopenia [7–13], epidemiologic evidence using
population-based samples is insufficient despite the urgent
need for strategies to prevent and treat this condition.

Japan is a super-aged society, and the proportion of the
aged population is increasing. The percentage of individuals
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aged ≥65 years was 23 % in 2010 and is expected to reach
30.1 % in 2024 and 39 % in 2051 [14]. The government of
Japan reported that musculoskeletal disorders were present in
22.9 % of the entire population of those who were certified as
requiring assistance or long-term care elderly in 2010 and
were ranked first among its causes, together with joint
diseases, falls, fractures, and spinal cord disorders [15]. For
preventing and treating musculoskeletal disorders, there is an
urgent need to develop and establish a prevention strategy and
treatment programs that are effective in reducing the risk of
disability among the elderly, which leads to requirement of
assistance or long-term care. Although sarcopenia is a
common musculoskeletal disease in the elderly, it is not
clearly categorized [15]. There appears to be insufficient
recognition of sarcopenia in daily clinical practice and society,
leading to the disease being undiagnosed and untreated. One
of the reasons may be the lack of a broadly accepted definition
of sarcopenia until the European Working Group on
Sarcopenia in Older People (EWGSOP) developed a practical
clinical definition and consensus diagnostic criteria for this
disease in 2010 [4]. There is a growing consensus that
sarcopenia should not be defined merely on the basis of
muscle mass but also with regard to muscle strength and
function [4]. However, few epidemiologic studies have been
based on the EWGSOP definition of sarcopenia using
population-based samples, and no epidemiologic study has
investigated the relationship between exercise habits inmiddle
age and sarcopenia in older age.

The Research on Osteoarthritis/osteoporosis Against
Disability (ROAD) study is a prospective cohort study aimed
at elucidating the environmental and genetic background of
musculoskeletal diseases [16, 17]. The present study
investigated the prevalence of sarcopenia using the EWGSOP
definition, and clarified the association of sarcopenia with
exercise habits in middle age and physical performance in
the elderly participants of Japanese population-based cohorts
of the ROAD study.

Methods

Participants

From 2005–2007, we began a large-scale population-based
cohort study entitled Research on Osteoarthritis/osteoporosis
Against Disability consisting of 3,040 participants in three
regions (baseline study) [16, 17]. The ROAD study is a
prospective cohort study with the aim of elucidating the
environmental and genetic backgrounds of musculoskeletal
diseases. It is designed to examine the extent to which risk
factors for these diseases are related to clinical features of the
diseases, laboratory and radiographic findings, bone mass,
bone geometry, lifestyle, nutritional factors, anthropometric

and neuromuscular measures, and fall propensity. It also aims
to determine how these diseases affect activities of daily living
and quality of life of Japanese men and women. The subjects
were residents of any one of three communities: an urban
region in Itabashi, Tokyo; a mountainous region in
Hidakagawa, Wakayama; and a coastal region in Taiji,
Wakayama. The inclusion criteria were as follows: ability to
(1) walk to the clinic where the survey was performed, (2)
provide self-reported data, and (3) understand and sign an
informed consent form. Participants from the urban regionwere
aged ≥60 years and were recruited from those enrolled in a
randomly selected cohort study from the previously established
Itabashi Ward residential registration database [18]. Invitation
letters were distributed only to inhabitants whose names were
listed on this database. Participants from Hidakagawa and Taiji
were aged ≥40 years and were recruited from residential
registration listings. Residents aged <60 years from Itabashi
and <40 years from Hidakagawa and Taiji who were interested
in participating in the study were also invited. A total of 99.8,
84.3, and 54.7 % of the participants were aged ≥60 years in
Itabashi, Hidakagawa, and Taiji, respectively. The response
rates in the groups aged ≥60 years were 75.6 % in Itabashi,
68.4% inHidakagawa, and 29.3% in Taiji. Two-thirds of the 3,
040 participants in the baseline survey were women, and their
mean age was 1 year less than that of the male participants. No
significant difference was observed in body mass index (BMI)
between the sexes.

After the baseline study, a second survey was performed in
the same communities from 2008 to 2010, in which 2,674
inhabitants (892 men, 1,782 women) aged 21–97 years
participated (second visit) [19]. Invitation letters were
distributed to the inhabitants whose names were listed on the
baseline database of the ROAD study. In addition to the
former participants, inhabitants aged ≥60 years from Itabashi
and those aged ≥40 years from Hidakagawa and Taiji who
were willing to participate in the ROAD survey performed in
2008–2010 were also included in the second visit. In addition,
residents aged <60 years from Itabashi and <40 years from
Hidakagawa and Taiji who were interested in participating in
the study were invited to be examined as well at the baseline.
The inclusion criteria were as follows: ability to (1) walk to the
clinic where the survey was performed, (2) provide self-
reported data, and (3) understand and sign an informed
consent form. No other exclusion criteria were used. Thus,
2,674 residents (892men and 1,782women) aged 21–97 years
participated in the second visit. Of the 2,674 participants, 1,
846 individuals aged ≥65 years visited the clinic and
underwent an examination at the survey site located in
Hidakagawa (504 individuals), Taiji (391 individuals), the
University of Tokyo Hospital (132 individuals), or Tokyo
Metropolitan Geriatric Hospital (819 individuals). For
participants from Itabashi, the survey site was randomly
assigned to either the University of Tokyo Hospital or Tokyo
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Metropolitan Geriatric Hospital. Since gait speed was not
measured at Tokyo Metropolitan Geriatric Hospital, 819
individuals who visited this hospital were removed from the
present study. Of 1,846 participants, the remaining 1,019
individuals aged ≥65 years who visited the survey site located
in Hidakagawa, Taiji, or at the University of Tokyo Hospital
and underwent an examination including gait speed assessment
were recruited for the present study. Of the 1,019 individuals,
19 were removed because 1 did not undergo handgrip strength
measurement and 18 did not undergo skeletal muscle mass
measurement. For the present study, we enrolled 1,000
participants (349 men and 651 women aged ≥65 years) from
the second visit who completed assessment of handgrip
strength, gait speed, and skeletal muscle mass. The mean age
of the participants was 75.7 (SD, 5.9) years in men and 74.4
(SD, 6.1) years in women. All participants provided written
informed consent, and the study was conducted with approval
from the Ethics Committee of the University of Tokyo.

Participants completed an interviewer-administered
questionnaire comprising 400 items regarding lifestyle
information such as smoking habits, alcohol consumption,
and physical activity. An interviewer asked the following
question regarding past physical activity: “During the time
you were aged 25–50 years, did you ever practice sports or
physical exercise sufficient to produce sweating or shortness of
breath?” Possible responses were as follows: never,
occasionally, <2 hours per week, and ≥2 hours perweek. Those
who answered “occasionally, <2 hours per week, or ≥2 hours
per week” were defined as having exercise habits in middle
age. The following question was asked regarding current
physical activity: “Do you practice walking more than
30 minutes every day?” Those who answered “yes” were
defined as having a current walking habit.

Anthropometric and physical performance measurements

Anthropometric measurements, including height and weight,
were obtained, and body mass index (weight [kg]/height
[m2]) was estimated based on the measured height and
weight. Grip strength was measured on the right and left sides
using a TOEI LIGHT handgrip dynamometer (TOEI LIGHT
CO. LTD, Saitama, Japan), and the highest measurement was
used to characterize maximum muscle strength. Subjects
were defined as having low grip strength if grip strength
was <30 kg in men and <20 kg in women, as reported by
Lauretani and colleagues [20].

Skeletal muscle mass was measured by bioimpedance
analysis [21–25] using the Body Composition Analyzer MC-
190 (Tanita Corp., Tokyo, Japan). The protocol was described
by Tanimoto and colleagues [10, 12], and the method has been
validated [26]. Appendicular skeletal muscle mass (ASM) was
derived as the sum of themuscle mass of the arms and the legs.
Absolute ASMwas converted to an appendicular muscle mass

index (SMI) by dividing by height in meters squared (kg/m2).
Subjects were defined as having low skeletal muscle mass if
the SMI was <2 SDs of the young adult mean. We used an
SMI of <7.0 kg/m2 in men and <5.8 kg/m2 in women as cut-
off points for low skeletal muscle mass based on the reference
data of SMI measured by the MC-190 in 1,719 healthy young
Japanese volunteers aged 18–39 years [10].

To measure physical performance, the time taken to walk
6 m at normal walking speed in a hallway was recorded, and
usual gait speed was calculated. Subjects were defined as
having low gait speed if usual gait speed was ≤0.8 m/s. The
time taken for five consecutive chair rises without the use of
hands was also recorded. Timing began with the command
“Go” and ended when the buttocks contacted the chair on the
fifth landing. One-leg standing time with eyes open was
measured on both sides, and the best measurement was used.
Participants were asked to stand on one leg while continuing
to elevate their contralateral limb. Timing commenced when
the participant assumed the correct posture and ended when
any body part touched a supporting surface.

Statistical analysis

All statistical analyses were performed using STATA
statistical software (STATA, College Station, TX). Differences
in the values of the parameters between two groups were
tested for significance using the nonpaired Student’s t test
and chi-square test. Trends in values were tested using the
Jonckheere-Terpstra trend test. Factors associated with
sarcopenia were determined using multivariate logistic
regression analysis with sarcopenia as the dependent variable;
the odds ratio (OR) and 95 % confidence interval were
determined after adjusting for age, sex, and BMI. Factors
associated with exercise habits in middle age were determined
using multivariate linear regression analysis with exercise
habits in middle age as the independent variable; the
regression coefficient and 95 % CI were determined after
adjusting for age, sex, and BMI.

Results

Table 1 shows the characteristics of the participants according
to EWGSOP sarcopenia status. Age was significantly greater,
while BMI, ASM, and SMI were significantly lesser in those
with sarcopenia than in those without sarcopenia in both men
and women. In physical performance, chair stand time was
significantly greater and one-leg standing time was
significantly lesser in those with sarcopenia than in those
without sarcopenia in both men and women. The percentage
of individuals with exercise habits in middle age was
significantly lower in those with sarcopenia than in those
without sarcopenia in both men and women.

Osteoporos Int (2014) 25:1081–1088 1083



Figure 1 shows sex- and age-wise distributions of prevalence
of sarcopenia (Fig. 1a), low SMI (Fig. 1b), low grip strength
(Fig. 1c), and low gait speed (Fig. 1d). The total prevalence of
sarcopenia was 13.8% inmen and 12.4% in women. Prevalence
of sarcopenia (number of cases/subjects) in the age strata of 65–
69, 70–74, 75–79, 80–84, and ≥85 years was 1.6% (1/63), 5.7%
(5/88), 17.8 % (19/107), 23.2 % (16/69), and 31.8 % (7/22) in
men and 0.6% (1/163), 5.5% (10/182), 13.8% (22/160), 22.9%
(25/109), and 62.2% (23/37) inwomen. Prevalence of sarcopenia
tended to be significantly higher according to increasing age
(P <.001 for trend) in both men and women. Prevalence of low
grip strength and low gait speed also tended to be significantly
higher according to increasing age (P <.001 for trend) in both
men and women. However, the increasing tendency of
prevalence of low SMI (P <.001 for trend) wasmilder compared
with that of sarcopenia, low grip strength, and low gait speed.

Then, we determined the factors associated with sarcopenia
by logistic regression analysis; the upper part of Table 2 shows
the results using sarcopenia as the dependent variable. In the
overall population, age (OR, 1.20; 95 % CI, 1.15–1.24) and
BMI (OR, 0.68; 95 % CI, 0.63–0.75) were significantly
associated with sarcopenia, whereas sex was not. In physical
performance, chair stand time (OR, 1.09; 95 % CI, 1.04–1.14)
and one-leg standing time (OR, 0.94; 95 %CI, 0.96–0.99) were
significantly associated with sarcopenia in the overall
population after adjusting for age, sex, and BMI. Current
walking habit (OR, 0.69; 95 % CI, 0.42–1.12) was not
significantly associated with sarcopenia. However, exercise
habit in middle age (OR, 0.53; 95 % CI, 0.31–0.90) was
associated with sarcopenia in the overall population after
adjusting for age, sex, and BMI, indicating that exercise habit

in middle age was significantly associated with low prevalence
of sarcopenia in older age. The significance of the association
did not change when current walking habit was added as an
explanatory variable in this logistic regressionmodel (OR, 0.53;
95 % CI, 0.32–0.90). In addition, we investigated the
association of each category—occasionally, <2 h per week,
and ≥2 h per week—with sarcopenia using “never” as a
reference, in addition to the association of the presence of
exercise habits in middle age with sarcopenia. The associated
ORs for the three categories were comparable, but they did not
reach significance level (occasionally: OR, 0.63; 95%CI, 0.34–
1.17; <2 h per week: OR, 0.30; 95 % CI, 0.09–1.01; ≥2 h per
week: OR, 0.49; 95 % CI, 0.22–1.09).

The lower part of Table 2 shows the results of linear
regression analysis using SMI, grip strength, gait speed, chair
stand time, or one-leg standing time as the dependent variable
and exercise habit in middle age as the independent variable.
Exercise habit in middle age was significantly associated with
grip strength in older age (P <.001), gait speed in older age
(P <.001), and one-leg standing time in older age (P =.005)
after adjusting for age, sex, and BMI in the overall population.
We conducted the same analyses in men and women separately
(Tables 3 and 4) and found results similar to those in the overall
population. Some sex differences were observed in the present
results. Exercise habit in middle age was significantly
associated with grip strength and gait speed in older age in both
men and women, whereas it was significantly associated with
chair stand time and one-leg standing time only in men;
however, the sample size of men was smaller than that of
women. In the overall population, exercise habit in middle
age was not associated with chair stand time.

Table 1 Characteristics of
participants according to
EWGSOP sarcopenia status

Except where indicated
otherwise, values are mean (SD)

ASM appendicular skeletal
muscle mass, BMI body mass
index, EWGSOP European
Working Group on Sarcopenia in
Older People, IQR interquartile
range, SMI skeletal muscle mass
index

*P<.001 vs. no sarcopenia in the
same sex group by unpaired
Student’s t test; †P <.01 vs. no
sarcopenia in the same sex group
by chi-square test

Men Women

No sarcopenia Sarcopenia No sarcopenia Sarcopenia

No. of subjects 301 48 570 81

Age, years 75.1 (5.8) 79.9 (5.2)* 73.5 (5.6) 80.8 (5.8)*

Height, cm 161.9 (6.0) 158.5 (5.8)* 148.9 (6.4) 145.6 (6.6)*

Weight, kg 61.2 (9.5) 52.9 (6.5)* 52.4 (8.4) 42.6 (6.3)*

BMI, kg/m2 23.3 (3.0) 21.0 (2.0)* 23.6 (3.3) 20.0 (2.3)*

ASM, kg 19.8 (3.0) 16.0 (1.7)* 13.8 (1.8) 11.4 (1.2)*

SMI, kg/m2 7.54 (0.90) 6.36 (0.47)* 6.22 (0.66) 5.35 (0.30)*

Grip strength, kg 36.9 (6.8) 28.0 (4.0)* 23.9 (4.6) 16.8 (3.4)*

Usual gait speed, m/s 1.11 (0.25) 0.85 (0.27)* 1.06 (0.28) 0.82 (0.22)*

Chair stand time, s 9.6 (3.7) 11.9 (4.2)* 9.9 (4.2) 13.4 (5.9)*

One-leg standing time,
median (IQR), s

31.0 (10.0–60.0) 8.0 (4.0–16.0)* 26.0 (8.0–60.0) 11.0 (5.0–23.0)*

Smoking, % 15.6 16.7 2.3 6.2

Alcohol consumption, % 58.8 45.8 14.7 18.8

Current walking habits, % 56.5 45.0 55.1 56.5

Exercise habits in middle age, % 69.9 46.2† 43.3 26.1†
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Discussion

The present study investigated the prevalence of sarcopenia
using the EWGSOP definition in the elderly participants of
Japanese population-based cohorts. We determined that age
was positively associated with sarcopenia and that BMI was
inversely associated, but sex was not. Exercise habit in middle
age was associated with increased muscle strength and

physical performance and low prevalence of sarcopenia in
older age. To the best of our knowledge, this is the first study
to show the relationship between exercise habits in middle age
and sarcopenia in older age in the elderly participants of
population-based cohorts.

Previous studies have reported the prevalence of
sarcopenia and its associated factors. For example, Tanimoto
and colleagues reported the prevalence of sarcopenia in

Fig. 1 Percentage of sarcopenia
(a), low skeletal muscle mass
index (SMI) (b), low grip strength
(c), and low gait speed (d) in
men and women in each age
stratum (65–69, 70–74, 75–79,
80–85, and ≥85 years). Low
SMI was defined as a value
of <7.0 kg/m2 in men and <5.8
kg/m2 in women. Low grip
strength was defined as a value of
<30 kg in men and <20 kg
in women. Low gait speed was
defined as a value of ≤0.8 m/s

Table 2 Factors associated with
sarcopenia and exercise habits in
middle age in the overall
population

BMI body mass index, CI
confidence interval, SMI skeletal
muscle mass index
aOdds ratio and 95 % CI
were calculated by logistic
regression analysis after
adjusting for age, sex, and BMI
bRegression coefficient and
95 % CI were calculated by linear
regression analysis after
adjusting for age and sex
c Regression coefficient and
95 % CI were calculated by linear
regression analysis after
adjusting for age, sex, and BMI

Factors associated with sarcopenia Odds ratio 95 % CI P value

Age (+1 year) 1.20 1.15–1.24 <.001

Sex (women vs. men) 0.98 0.63–1.53 .9

BMI (+1 kg/m2) 0.68 0.63–0.75 <.001

Chair stand time (+1 s) 1.09a 1.04–1.14 .001

One-leg standing time (+1 s) 0.97a 0.96–0.99 <.001

Smoking (yes vs. no) 1.86a 0.86–4.02 .1

Alcohol consumption (yes vs. no) 1.00a 0.60–1.67 .9

Current walking habits (yes vs. no) 0.69a 0.42–1.12 .1

Exercise habits in middle age (yes vs. no) 0.53a 0.31–0.90 .01

Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value

SMI 0.09b −0.02–0.19 .1

Grip strength 1.73c 1.02–2.44 <.001

Gait speed 0.07c 0.04–0.10 <.001

Chair stand time −0.47c −1.02–0.09 .09

One-leg standing time 4.14c 1.26–7.02 .005
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Japanese community-dwelling elderly individuals based on
the EWGSOP definition using bioimpedance analysis (MC-
190) [12]. They reported a prevalence of 11.3 % in men and
10.7 % in women [12], which is similar to our results.
Although the cut-off value for low SMI was the same in these
two studies, the cut-off value used for handgrip strength was
different; we used cutoff values of <30 kg in men and <20 kg
in women, in accordance with Lauretani and colleagues [20],
while they used values of <30.3 kg in men and <19.3 kg in
women, based on the lowest quartile of handgrip strength in

their study population [12]. In the population of the present
study, the lowest quartile of grip strength was 30.5 kg in men
and 20.0 kg in women. Considering that these two studies
showed similar results, cut-off values of 30 kg in men and
20 kg in women for handgrip strength [20] also may be
appropriate for the practical case definition of the EWGSOP
algorithm in the Japanese population.

Patel and colleagues reported the prevalence of sarcopenia
in Caucasians using the EWGSOP definition, in which low
muscle mass is defined as the lowest tertile of lean or fat-free

Table 3 Factors associated with sarcopenia and exercise habits in middle age in men

Factors associated with sarcopenia Odds ratio 95 % CI P value

Chair stand time (+1 s) 1.09a 1.01–1.18 .03

One-leg standing time (+1 s) 0.97a 0.95–0.99 .001

Smoking (yes vs. no) 1.49a 0.59–3.75 .4

Alcohol consumption (yes vs. no) 0.78a 0.40–1.53 .4

Current walking habits (yes vs. no) 0.60a 0.28–1.27 .1

Exercise habits in middle age (yes vs. no) 0.48a 0.22–1.03 .06

Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value

SMI 0.16b −0.06 to 0.38 .1

Grip strength 3.17c 1.70 to 4.65 <.001

Gait speed 0.10c 0.04 to 0.15 .001

Chair stand time −1.12c −1.95 to −0.28 .009

One-leg standing time 7.81c 2.57 to 13.05 .004

CI confidence interval, SMI skeletal muscle mass index
aOdds ratio and 95 % CI were calculated by logistic regression analysis after adjusting for age and BMI
bRegression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age
c Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age and BMI

Table 4 Factors associated with sarcopenia and exercise habits in middle age in women

Factors associated with sarcopenia Odds ratio 95 % CI P value

Chair stand time (+1 s) 1.08a 1.02–1.15 .01

One-leg standing time (+1 s) 0.98a 0.96–1.00 .01

Smoking (yes vs. no) 2.44a 0.61–9.72 .2

Alcohol consumption (yes vs. no) 1.26a 0.58–2.71 .5

Current walking habits (yes vs. no) 0.75a 0.39–1.44 .3

Exercise habits in middle age (yes vs. no) 0.55a 0.27–1.13 .1

Factors associated with exercise habits in middle age Regression coefficient 95 % CI P value

SMI 0.06b −0.05 to 0.17 .2

Grip strength 1.03c 0.29 to 1.78 .007

Gait speed 0.06c 0.01 to 0.10 .01

Chair stand time −0.12c −0.83 to 0.60 .7

One-leg standing time 2.19c −1.24 to 5.62 .2

CI confidence interval, SMI skeletal muscle mass index
aOdds ratio and 95 % CI were calculated by logistic regression analysis after adjusting for age and BMI
bRegression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age
c Regression coefficient and 95 % CI were calculated by linear regression analysis after adjusting for age and BMI
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mass [11]. They recommended use of the lowest tertile of
muscle mass as a cut-off value if the reference value of muscle
mass in a young healthy population is unavailable. In the
population of the present study, the lowest tertile of SMI
was 6.92 kg/m2 in men and 5.80 kg/m2 in women, which is
similar to the cut-off value of <2 SDs of the young adult mean
(7.0 kg/m2 in men and 5.8 kg/m2 in women) [10]. For
evaluating low muscle mass, use of the lowest tertile may be
an appropriate alternative method if the reference value of a
young healthy population is unavailable.

The present study showed an association between
sarcopenia and physical performance, including chair stand
time and one-leg standing time, which is consistent with
results of previous reports using the EWGSOP definition
[11, 13]. However, these were comparisons between
sarcopenia and current status of physical performance or
exercise habit. Therefore, causal association was unclear
whether sarcopenia was caused by decreased physical
performance or activity or whether low physical performance
or activity was due to sarcopenia. We also revealed that
exercise habit in middle age was associated with increased
muscle strength and physical performance and low prevalence
of sarcopenia in older age. These results suggest that exercise
habit in middle age is a protective factor against sarcopenia in
older age and effective in maintaining muscle strength and
physical performance in older age.

Some sex differences were observed in the present results.
Exercise habit in middle age was significantly associated
with grip strength and gait speed in older age in both men
and women, whereas it was significantly associated with
chair stand time and one-leg standing time only in men;
however, the sample size of men was smaller than that of
women. In the overall population, exercise habit in middle
age was not associated with chair stand time; this finding
may have been influenced by the fact that the sample size of
women was almost twice that of men. The present results
suggest that the impact of exercise habit in middle age on
physical ability in older age is greater in men than in
women.

Since exercise is a modifiable factor, it is a promising
finding that exercise habit may be effective in preventing
sarcopenia. In the present study, exercise habit was defined
as physical activity in the period when the individual was aged
25–50 years, in which subjects practiced sports or physical
exercise sufficient to produce sweating or shortness of
breath, occasionally or more frequently. Although exercise
habit was associated with low prevalence of sarcopenia at the
age of ≥65 years, some details remain unclear, including
exercise type, intensity, time, and other factors appropriate
for prevention of sarcopenia. In addition to the association of
the presence of exercise habit in middle age with sarcopenia,
we further investigated the association of each category—
occasionally, <2 h per week, and ≥2 h per week—with

sarcopenia using “never” as a reference. Among the three
categories, the analysis could not determine the best
frequency and amount of exercise for protection from
sarcopenia. The associated ORs for the three categories were
comparable, and no dose–response tendency was seen in the
relationship between frequency and amount of exercise and
prevalence of sarcopenia; the associations also did not reach
significance level. The present results suggest that abstaining
from exercise during middle age is a risk factor for sarcopenia
in older age. Furthermore, the presence of exercise habit in
middle age might be much more important than the frequency
and amount of exercise. Further studies are necessary to
develop intervention programs and to test their effectiveness,
along with accumulation of epidemiologic evidence including
longitudinal studies.

The present study has several limitations. First, since this
was a cross-sectional design, a causal relationship could not be
determined. Second, information regarding exercise habits in
middle age was obtained by self-report, and there is a
possibility of recall bias. Third, the present study included
participants who could walk to the survey site and could
understand and sign an informed consent form. Since those
who did not meet these inclusion criteria were not included in
the analyses, the study participants do not truly represent the
general population because of health bias. This should be
considered when generalizing the results of the present study.
Fourth, the results may have been affected by the
characteristics of the population, including age and BMI. In
the present study, age was positively associated with
sarcopenia, whereas BMI was inversely associated with
sarcopenia. Therefore, care should be taken when
extrapolating the data to other populations with different
characteristics, including age and BMI, which may confound
the results.

In conclusion, the present study revealed prevalence of
sarcopenia in the elderly participants of Japanese population-
based cohorts. Exercise habit in middle age was associated
with increased muscle strength and physical performance and
low prevalence of sarcopenia in older age. These results
suggest that exercise habit in middle age is a protective factor
against sarcopenia in older age and is effective in maintaining
muscle strength and physical performance in older age.
Further long-term longitudinal epidemiological studies are
necessary to develop effective intervention programs for the
prevention and treatment of sarcopenia.
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