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Abstract

Background Deteriorated skeletal muscle condition, including sarcopenia, is a risk factor for disability in older adults.
Promoting physical activity is a useful treatment for sarcopenia. However, optimal intensity of physical activity accord-
ing to sarcopenia characteristics is unclear.
Methods This longitudinal cohort study enrolled 2149 community-dwelling older adults (women 55.7%, mean age:
75.5 ± 4.0 years). Five-year disability incidence defined by Japanese long-term care insurance certification and
accelerometer-measured physical activities (light-intensity physical activity [LPA] and moderate-to-vigorous intensity
physical activity [MVPA]), which were adjusted for potential confounders, was analysed using cox-proportional hazard
model stratified by sarcopenia characteristics based on the diagnostic algorithm by the Asian working group for
sarcopenia (robust, low physical function, low muscle mass, and sarcopenia). The sarcopenia group was defined as
low muscle mass and low physical function (weakness and/or slowness). The low muscle mass and low physical func-
tion groups were each defined by these characteristics alone. Muscle mass was analysed via bioelectrical impedance
analysis. Each intensity of physical activity times was divided by median values.
Results The disability incidence rate was 15.4%, excluding those who could not be followed up. Mean LPA times were
43.8 ± 18.0, 45.6 ± 17.5, 45.4 ± 16.6, 40.8 ± 18.6, and 41.4 ± 18.5 min/day and MVPA times were 24.6 ± 17.6,
26.3 ± 18.3, 27.2 ± 17.3, 21.6 ± 16.3, and 21.5 ± 16.4 min/day in all participants, the robust, low muscle mass,
low physical function, and sarcopenia groups, respectively. For all participants, higher MVPA was associated with
disability incidence [hazard ratios (HR), 0.63; 95% confidence interval (95% CI), 0.49–0.81; P < 0.001], whereas
higher LPA showed no association (HR, 0.86; 95% CI, 0.68–1.10; P = 0.22). Higher LPA was associated in the
sarcopenia group (HR, 0.35; 95% CI, 0.15–0.85; P = 0.019), and MVPA was associated in the robust (HR, 0.58; 95%
CI, 0.39–0.87; P = 0.008) and low physical function (HR, 0.66; 95% CI, 0.45–0.98; P = 0.040) groups. Both LPA
and MVPA showed no association in the low muscle mass group. The P values for interactions between sarcopenia char-
acteristics and physical activity were 0.017 for LPA and 0.014 for MVPA.
Conclusions The LPA was associated with a lower risk of disability in older adults with sarcopenia, whereas MVPAwas
associated in subjects with robust and low physical function. Our findings indicate a need for individualized approaches
to prevent disability based on muscle condition.
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Introduction

Due to the rapidly ageing population, older people with
disability are expected to continuously increase in Japan.
The number of older people with disability who require
long-term care insurance reached 6.2 million in 2017.1

Because disability leads to a poor quality of life, higher risk
of mortality, and requirement of nursing care, it can be a con-
siderable social burden. Several risk factors, including physical
function, cognitive function, morbidity, mental condition, and
lifestyle have been reported to be associated with the
incidence of disability.2 Identifying effective interventions to
prevent disability for individuals with these risk factors is an
urgent issue.

Skeletal muscle condition, including muscle function and
mass, is a critical risk factor for disability in older adults. Par-
ticularly, a deteriorated muscle condition in which both low
function (such as slowness and weakness) and mass are pres-
ent is defined as sarcopenia. Sarcopenia leads to dependence
for activities of daily living (ADL), falls, poor quality of life, and
higher risk of mortality.3 The prevalence of sarcopenia, using
the Asian working group of sarcopenia (AWGS) criteria, was
reported as 9.8% for men and 10.1% for women among Jap-
anese older adults, with increasing prevalence with agieng.4,5

Both low muscle function and mass were risk factors for dis-
ability. Age-related loss of muscle strength and performance
is associated with disability in older adults.6,7 Further, loss
of muscle mass is an independent risk factor for disability8

and is considered the preliminary stage of sarcopenia. Indi-
viduals with loss of muscle function or mass are a consider-
able target for preventing disability in older adults.

Loss of muscle function and mass leads to disability in
older adults via progression of physical dysfunction, malnutri-
tion, and physical inactivity, known as the frail cycle.9

Non-drug treatments, especially physical exercise and nutri-
tional care, are a key component of treatment.10,11 Among
physical exercises, although resistance training is effective
for promoting muscle synthesis, and was adopted in previous
intervention trials for sarcopenia, promoting daily physical
activity is also considered a significant treatment. Physical
activity is a well-known intervention for preventing disability
in older adults and for maintaining muscle function and
mass.12,13 In the recent trial, walking-based physical activity
programme increased serum insulin-like growth factor-1
and muscle mass in community-dwelling older adults.14

Mijnarends et al. reported that a higher physical activity
was associated with a lower incidence of sarcopenia.15 Pro-
moting daily physical activity improves muscle condition
and protects against disability development in older adults.
However, the effect of daily physical activity on disability
prevention in older adults with poor muscle condition, in-
cluding sarcopenia, has not been well examined. There were
also unclear relationships between each poor muscle condi-
tion including low physical function, low muscle mass, and

sarcopenia and physical activity on disability incident among
community-dwelling older adults.

Several studies have reported that daily physical activity,
especially of moderate-to-vigorous intensity, is effective for
disability prevention,16 but a patient with sarcopenia has
low cardiorespiratory function due to low oxygen uptake,
blood volume and stroke volume; performing higher intensity
activity may be difficult.17–19 In addition, the American
College of Sports Medicine recommended moderate and/or
vigorous intensity physical activities for older adults, but
light-to-moderate intensity is beneficial for unconditioned
persons.20 These suggest that not only moderate-to-vigorous
intensity but also light-intensity daily physical activity may re-
late to disability in older adults with deteriorated muscle con-
dition. However, the effect and optimal intensity of daily
physical activity according to the muscle condition remain
unclear.

The aim of the present study was to identify the associa-
tion between physical activity and the incidence of disability
according to sarcopenia characteristics. In addition, the
optimal intensities of physical activities for each sarcopenia
characteristic were examined to clarify an individualized in-
tervention method.

Methods

Participants

The present study included community-dwelling older adults
who lived in Nagoya City, Japan, and were enrolled in a
sub-cohort of the National Center for Geriatrics and Geron-
tology–Study of Geriatric Syndromes (NCGG-SGS). We in-
cluded 5205 individuals ≥70 years of age who did not
require care from the long-term care insurance (LTCI) system
in Japan at a baseline survey which was conducted from
September to December 2013. After the baseline survey, par-
ticipants were asked to wear an accelerometer to measure
their physical activity for at least 2 weeks. We excluded indi-
viduals who did not have valid accelerometer data for
analysing physical activity, body composition, and physical
function data (n = 2808). In addition, individuals with demen-
tia (n = 8), stroke (n = 146), Parkinson’s disease (n = 5), de-
pression (n = 87), and those who required assistance to
accomplish basic ADL (n = 2), were excluded as they were
considered to have a higher risk of disability at baseline.
The remaining sample for analysis included 2149 participants
(mean age: 75.5 ± 4.0 years, women: 55.7%). Figure 1 shows
the flow diagram of the inclusion and exclusion of the
participants.

This study was approved by the appropriate institutional
review board (Approval Number: 1440-2). Based on the opt-
out approach, we disclosed information about this study
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and excluded data when the participants declined to partici-
pate directly or via proxy.

Physical activity measurement

We measured the time the participants engaged in physical
activity using a triaxial accelerometer (GT40-020: Kao Corpo-
ration: Tokyo, Japan) set at a 4 s epoch length. We defined
light-intensity physical activity (LPA) as activities ranging from
>1.5 to <3 metabolic equivalents and moderate-to-vigorous
intensity physical activity (MVPA) as activities of ≥3 metabolic
equivalents according to current guidelines of physical
activity.21 The intensity level of an activity was measured ac-
cording to the same algorithm of the Kenz Lifecorder
(Suzuken Corporation, Limited: Aichi, Japan).22 We calculated
the daily time taken to perform LPAs and MVPAs by adding
up all epochs in a day according to each intensity. After the
end of the baseline survey, we asked participants to wear a
waist accelerometer throughout the day, apart from bathing
and sleeping, for 14 consecutive days. We configured the dis-
play of the accelerometer as blind so as to not affect

participants’ behaviours by the feedback of their own activity
level. We identified the valid accelerometer data as partici-
pants wore it for ≥10 h a day for at least 7 out of 14 days ac-
cording to a current systematic review.23 Subsequently, we
calculated the mean daily time spent in LPAs and MVPAs.
Each level of physical activity was divided into two groups ac-
cording to the median values of the mean daily times for all
participants of the present study. Higher amount of physical
activities were defined as the median or more for each phys-
ical activity time.

Sarcopenia characteristics definition

We defined sarcopenia and deteriorated muscle condition
based on the diagnostic algorithm by the Asian working
group for sarcopenia (AWGS) that assesses muscle mass
and physical function (gait speed and grip strength).24 Partic-
ipants with both low muscle mass and low physical function
(weakness and/or slowness) were assigned to a sarcopenia
group. Participants with low muscle mass and normal physi-
cal function (preserved muscle strength and normal gait

Figure 1 Flow diagram demonstrating the inclusion and exclusion of the participants. LTCI, long-term care insurance.
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speed) were assigned to a low muscle mass group. Partici-
pants with normal muscle mass and low physical function
were assigned to a low physical function group. Finally, par-
ticipants with normal muscle mass and normal physical func-
tion were assigned to a robust group.

Amount of muscle mass was examined using a multifre-
quency (1, 5, 50, 250, 500, and 1000 kHz) whole and segmen-
tal body bioelectrical impedance analyser (BIA) (MC-980A;
Tanita, Tokyo, Japan). We determined the appendicular skel-
etal muscle mass according to the formulas of a previous
study.25 The skeletal muscle index (SMI) was calculated as
appendicular muscle mass divided by height squared. Low
muscle mass was defined as SMI < 7.0 kg/m2 for men and
<5.7 kg/m2 for women.

Grip strength was measured using a Smedley-type hand-
held dynamometer (Grip-D, Takei Ltd, Niigata). Low muscle
strength was defined as grip strength <26 kg for men and
<18 kg for women. Gait speed was measured in seconds over
a 2.4 m distance with a comfortable walking speed. Partici-
pants walked for an additional 2 m distance before and after
measurement to ensure a consistent speed during measure-
ment. Digital stopwatch automatically timed when partici-
pants walk past the infrared sensors sat on start and end of
the measurement area. Although the gait speed cut-off value
of the AWGS is 0.8 m/s, we modified it to 1.0 m per second
because the participants in the present study could indepen-
dently participate in community centre activities and seemed
to have better physical function compared with subjects in
clinic or hospital settings. In addition, slow gait speed identi-
fied by a cut-off value of 1.0 m per second satisfactorily pre-
dicted the incidence of disability in community-dwelling older
people in a previous study.26 The optimal cut-off value of gait
speed was defined as 1.0 m/s in the present study. Physical
function and body composition were assessed by trained
staff to correctly administer the assessment measures.

Incidence of disability

Incidence of disability was identified as the time point when
participants were identified to require care according to the
LTCI certification within 5 years after the baseline assess-
ment. Every Japanese adult aged 65 years or older is eligible
for institutional and community-based services from the LTCI
according to the ADL disability. Older adults who required
nursing care services from the LTCI were examined to deter-
mine their current physical and mental status in response to
self-reported information and information from their fami-
lies. Assessment of care needs by the LTCI system allocates
applicants to seven classes according to the individual’s level
of nursing care need. The assessment was conducted in two
steps. First, the individual’s physical function, basic ADL,
cognitive function, behavioural and psychological symptoms,
and social adaptation ability are assessed by trained local

government officials and the results were entered into a
computer to determine the temporary care needs level based
on the estimated time taken for care. Subsequently, the con-
firmed care needs level was decided by the Nursing Care
Needs Certification Board, including physicians, nurses, and
other experts, according to the initial assessment and the
attending physician’s opinion. LTCI certification data of sub-
jects in the present study were obtained from the local
government.

Covariates

Age, sex, self-reported educational history, Geriatric Depres-
sion Scale (GDS) scores, and smoking and alcohol drinking
status were collected. History of comorbidities (heart disease,
hypertension, hyperlipidaemia, diabetes, osteoporosis, and
pulmonary disease) and the number of prescribed medica-
tions were collected by trained nurses. Mini-mental state ex-
amination (MMSE) scores and body mass index (BMI) were
also entered into covariates.

Statistical analysis

Differences in baseline sociodemographic and clinical
characteristics between individuals stratified by sarcopenia
characteristics (sarcopenia, low muscle mass, low physical
function, and robust) were evaluated with Kruskal–Wallis
tests for continuous variables and χ2 tests for categorical var-
iables. The incidence of disability during the 5 year follow-up
period, according to the baseline of sarcopenia characteristics
and each level of physical activity (median or more, or less
than the mean daily time spent in MVPA and LPA) for all
participants and each group of sarcopenia characteristics,
was calculated using cox proportional hazard (CPH) regres-
sion models. The constructed multivariate regression model
was adjusted by age, sex, educational history, MMSE scores,
GDS scores, smoking (current smoker or not) and alcohol
drinking status (current drinker or not), comorbidities, num-
ber of medications, BMI, and accelerometer wearing time.
The P values for interaction between sarcopenia characteris-
tics and each level of physical activity were calculated with
multivariate CPH model. Statistical significance was set at
P < 0.05. Statistical analyses were performed using R version
3.6.2 (R core team, Vienna, Australia).

Role of the funding source

This work was supported by Strategic Basic Research Pro-
grams Redesigning Communities for Aged Society (RISTEX)
of the Japan Science and Technology Agency (JST), Health
and Labor Sciences Research Grants, and joint research with
Kao Corporation.
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Results

Participant characteristics

Table 1 presents the characteristics of all the study partici-
pants (n = 2149) and each group of sarcopenia characteristics.
Robust, low muscle mass, low physical function, and
sarcopeniawere diagnosed in1175 (mean age: 74.7 ±3.4 years,
women: 53.9%), 176 (mean age: 75.1 ± 3.8 years, women:
50.6%), 674 (mean age: 76.7 ± 4.5 years, women: 62.5%),
and 124 (mean age: 77.7 ± 6.6 years, women: 44.4%) individ-
uals, respectively. Age, sex, education years, GDS scores,
MMSE scores, prevalence of comorbidities (hypertension, dia-
betes, osteoporosis, and respiratory disease), number of med-
ications, BMI, SMI, grip strength, walking speed, and amount
of LPAs and MVPAs were significantly different between
groups. Mean LPA times were 43.8 ± 18.0, 45.6 ± 17.5,
45.4 ± 16.6, 40.8 ± 18.6, and 41.4 ± 18.5 min/day and MVPA
times were 24.6 ± 17.6, 26.3 ± 18.3, 27.2 ± 17.3, 21.6 ± 16.3,
and 21.5 ± 16.4 min/day in all participants, the robust, low
muscle mass, low physical function, and sarcopenia groups,
respectively. Median values for all participants were
41.1 min/day for LPA and 20.4 min/day for MVPA. Higher
LPA was observed in 1098 (51.1%), 660 (56.2%), 97 (55.1%),
284 (42.1%), and 57 (46.0%) in all participants, the robust,
low muscle mass, low physical function, and sarcopenia

groups, respectively. Higher MVPA was observed in 1088
(50.6%), 637 (54.2%), 104 (59.0%), 290 (43.0%), and 57
(46.0%) in all participants, the robust, low muscle mass, low
physical function, and sarcopenia groups, respectively.

Overall, 5 year incidence of disability was observed in
321 out of 2081 participants (15.4%), except for 68 who
could not be followed up due to death or relocation to an-
other region. Mean follow-up period until disability inci-
dence from baseline assessment was 33.3 ± 16.2 months.
Disability incidence rates were highest in individuals with
sarcopenia (33.6%) and second highest in those with low
physical function (22.9%). Individuals in the low muscle
mass group had a similar incidence rate as those in the
robust group (10.7% and 10.0%). Figure 2 shows the 5 year
incidence rates of disability stratified by amount of LPA and
MVPA. Individuals with higher LPA and MPVA amounts
had lower disability incidence regardless of the sarcopenia
characteristics.

Results of cox proportional hazard model

In the multivariate CPH model, participants classified as
sarcopenia [hazard ratio (HR), 2.31; 95% confidence interval
(CI), 1.48–3.62; P < 0.001] or low physical function group
(HR, 1.49; 95% CI, 1.14–1.95; P = 0.003) had an increased risk

Table 1 Characteristics of subjects and comparison between groups

All subjects
(n = 2149)

Robust
(n = 1175)

Low muscle
mass

(n = 176)

Low physical
function
(n = 674)

Sarcopenia
(n = 124) P value

Age, y 75.5 ± 4.0 74.7 ± 3.4 75.1 ± 3.8 76.7 ± 4.5 77.7 ± 6.6 <0.001
Sex, women, n (%) 1,198 (55.7) 633 (53.9) 89 (50.6) 421 (62.5) 55 (44.4) <0.001
Education, years 12.0 ± 2.6 12.3 ± 2.6 12.6 ± 2.4 11.4 ± 2.7 11.8 ± 2.6 <0.001
GDS score, points 2.65 ± 2.6 2.3 ± 2.4 2.6 ± 2.6 3.1 ± 2.8 3.3 ± 2.6 <0.001
MMSE scores, points 26.3 ± 2.4 26.6 ± 2.3 26.5 ± 2.2 25.9 ± 2.6 25.4 ± 2.7 <0.001
Comorbidity
Heart disease, n (%) 376 (17.6) 196 (16.8) 30 (17.0) 129 (19.2) 21 (16.9) 0.598
Hypertension, n (%) 985 (45.8) 563 (48.0) 42 (23.9) 346 (51.3) 34 (27.4) <0.001
Diabetes, n (%) 242 (11.3) 106 (9.0) 17 (9.7) 104 (15.4) 15 (12.1) <0.001
Hyperlipidaemia, n (%) 895 (41.6) 506 (43.1) 61 (34.7) 291 (43.2) 37 (29.8) 0.006
Osteoporosis, n (%) 363 (16.9) 164 (14.0) 31 (17.6) 139 (20.6) 29 (23.4) 0.001
Respiratory disease, n (%) 380 (17.7) 195 (16.6) 42 (23.9) 102 (15.1) 41 (33.3) <0.001

Number of medications, n 3.2 ± 2.6 2.9 ± 2.5 2.5 ± 2.1 3.9 ± 2.8 3.7 ± 3.3 <0.001
Current smoker, n (%) 118 (5.5) 63 (5.4) 9 (5.1) 36 (5.3) 10 (8.1) 0.166
Current alcohol drinker, n (%) 874 (40.7) 499 (42.5) 81 (46.0) 256 (38.0) 38 (30.6) 0.005
BMI, kg/m2 22.8 ± 2.9 23.3 ± 2.4 18.6 ± 1.4 23.7 ± 2.7 18.7 ± 1.9 <0.001
SMI, kg/m2 7.01 ± 0.94 7.18 ± 0.87 6.02 ± 0.62 7.14 ± 0.91 6.01 ± 0.67 <0.001
Grip strength, kg 26.3 ± 7.5 28.4 ± 7.0 27.4 ± 6.9 23.1 ± 7.4 22.1 ± 6.2 <0.001
Walking speed, m/s 1.11 ± 0.21 1.21 ± 0.15 1.24 ± 0.17 0.92 ± 0.17 0.97 ± 0.20 <0.001
Accelerometer wearing time, min/day 851.2 ± 115.25 854.4 ± 115.2 861.3 ± 118.3 843.6 ± 113.2 847.8 ± 119.2 0.058
LPA, min/day 43.8 ± 18.0 45.6 ± 17.5 45.4 ± 16.6 40.8 ± 18.6 41.4 ± 18.5 <0.001
Higher LPA (≥41.4 min/day), n (%) 1,098 (51.1) 660 (56.2) 97 (55.1) 284 (42.1) 57 (46.0) <0.001
MVPA, min/day 24.6 ± 17.6 26.3 ± 18.3 27.2 ± 17.3 21.6 ± 16.3 21.5 ± 16.4 <0.001
Higher MVPA (≥20.4 min/day), n (%) 1,088 (50.6) 637 (54.2) 104 (59.0) 290 (43.0) 57 (46.0) <0.001
Disability incidence, n (%) 321 (15.4) 114 (10.0) 18 (10.7) 151 (22.9) 38 (33.6) <0.001

BMI, body mass index; GDS, Geriatric Depression Scale; LPA, light-intensity physical activity; MMSE, Mini-Mental State Examination;
MVPA, moderate-to-vigorous intensity physical activity; SMI, skeletal muscle index.
Data were expressed as mean ± SD or percentage. Kruskal–Wallis test for continuous variables and χ2-test for categorical variable were
carried out.
Disability incidence rates were calculated except for 68 subjects who could not be followed up.
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of disability incidence compared with robust group (Table 2).
Figure 3 shows the HRs of disability incidence associated with
high vs. low time spent in LPA and MVPA for all participants
and each group. HRs, 95% CIs, and P values are shown in
Tables 3 and 4. Multivariate models suggest that higher LPA
was associated with a lower risk of disability in the sarcopenia
group (HR, 0.35; 95% CI, 0.15–0.85; P = 0.019) and MVPA was
associated with a lower risk of disability in the robust (HR,
0.58; 95% CI, 0.39–0.87; P = 0.008) and low physical function
(HR, 0.66; 95% CI, 0.45–0.98; P = 0.040) groups. Neither LPA
(HR, 1.36; 95% CI, 0.36–5.22; P = 0.649) nor MVPA (HR,

0.33; 95% CI, 0.10–1.10; P = 0.070) was associated with the
low muscle mass group. The P values for interaction were
0.017 for LPA and 0.014 for MVPA.

Discussion

In the present longitudinal survey of community-dwelling
older Japanese people, we identified 31.4%, 8.2%, and 5.8%
individuals with low physical function, low muscle mass,

Figure 2 Five-year disability incident rate stratified by (A) the amount of light-intensity physical activity and (B) the amount of moderate-to-vigorous
intensity physical activity. Higher activity individuals are those with light or moderate-to-vigorous intensity physical activity time per day of 50 percen-
tile or more.
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and sarcopenia, respectively. Individuals with low physical
function and sarcopenia had significantly higher risk for dis-
ability compared with robust. Disability incidence rate was
lower in individuals with higher LPA and MVPA among all par-
ticipants and in each group according to sarcopenia character-
istics. In the multivariate CPH model, higher physical activity
was associated with a lower incidence of disability in the ro-
bust, low physical function, and sarcopenia groups, but related
physical activity intensity was different between groups. In the
robust and low physical function groups, higher MVPA was
protective against disability incidence, whereas there was no
evidence in LPA. In the sarcopenia group, higher LPA was
protective against disability incidence, whereas there was no
evidence in MVPA. Higher physical activity showed no associ-
ation with disability incidence in the low muscle mass group.

The prevalence of lower physical function, low muscle
mass, and sarcopenia were 31.4%, 8.2%, and 5.8% in a previ-
ous study. The prevalence rates of sarcopenia detected using
AWGS criteria in Japanese community-dwelling older adults
were 9.8% in men and 10.1% in women.4 Compared with this
previous report, our participants had lower prevalence rates.
In the present study, participants without objectively mea-
sured physical activity were excluded, and the remaining par-
ticipants relatively had favourable physical function. Physical
activity, both MVPA and LPA time, was particularly decreased
in the low physical function and sarcopenia group. In con-
trast, physical activity in the low muscle mass group that con-
sists of individuals with low SMI and normal physical function
was not decreased compared with the robust group. Previous
study indicated that loss of muscle mass leads to a decline in
its function and even loss in physical activity.9 Individuals in

the low physical function and sarcopenia group might have
low physical activity due to deteriorated physical function,
whereas those in the low muscle mass group maintained
physical activity.

Disability incidence was most observed in the sarcopenia
group, followed by the low physical function group. These re-
sults are consistent with those of previous studies.27–29 How-
ever, the low muscle mass group had a similar incidence rate
with the robust group. In a recent review,30 lower muscle
mass was reportedly a significant risk factor for disability in
older adults but risk of disability for individuals with low mus-
cle mass alone was still inconsistent.8,31–34 Other previous
studies have shown muscle function strongly predicting dis-
ability incidence compared with muscle mass volume. In ad-
dition, muscle integrity of low muscle mass assessed using
phase angle of BIA is reportedly not different for robust.35

Subjects in low muscle mass group had lower disability risk
and that was not different compared with the robust group.

In the present study, higher MVPA was associated with
lower disability incidence in the robust and low physical func-
tion groups, and higher LPA was associated with sarcopenia.
MVPA was reportedly associated with a lower risk of disabil-
ity for older adults including individuals with low physical
function.16,36 The results of the present study were in line
with these previous studies. Recent guideline of physical ac-
tivity stated that MVPA, in particular, is recommended to
maintain cardiorespiratory and muscular fitness, cognitive
function, and physiological health for older adults.21 Those
with higher MVPA in the robust and low physical function
groups might reduce the risk of disability via maintaining
physical function. Moderate or above intensity is needed to

Table 2 Hazard ratios and 95% confidence intervals for 5 year incidence of disability according to sarcopenia characteristics.

Crude model Adjusted model

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Sarcopenia characteristics
Robust Reference Reference
Low muscle mass 1.07 0.65–1.75 0.803 1.07 0.62–1.84 0.821
Low physical function 2.51 1.97–3.20 <0.001 1.49 1.14–1.95 0.003
Sarcopenia 3.83 2.66–5.53 <0.001 2.31 1.48–3.62 <0.001

Age, years 1.15 1.12–1.17 <0.001
Sex, women 0.47 0.50–0.90 0.007
Education, years 1.02 0.97–1.07 0.466
GDS score, points 1.05 1.01–1.09 0.024
MMSE scores, points 0.94 0.90–0.98 0.003
Comorbidity
Heart disease 1.08 0.81–1.45 0.599
Hypertension 1.04 0.81–1.33 0.782
Diabetes 1.00 0.71–1.41 0.995
Hyperlipidaemia 0.72 0.56–0.91 0.007
Osteoporosis 0.98 0.73–1.33 0.917
Respiratory disease 1.17 0.89–1.55 0.251

Number of medications 1.09 1.04–1.13 <0.001
Current smoker 0.87 0.48–1.57 0.639
Current alcohol drinker 0.89 0.68–1.15 0.365
BMI, kg/m2 1.02 0.94–1.07 0.417

BMI, body mass index; CI, confidence interval; GDS, Geriatrics Depression Scale; MMSE, Mini-Mental State Examination.
Statistical significance was determined at P < 0.05.
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prevent disability for older adults without sarcopenia. In the
present study, we did not analyse the subjects by sex, and
influence of sex difference was adjusted in multivariate
models. Previous studies investigated objectively measured
physical activity and loss of lean body mass separately for
men and women. Steps and MVPA to identify the risk of lean
body mass loss were reportedly higher in men.37,38 Further
study that identifies the effect of physical activity by sex is
needed.

The LPA was associated with disability incidence for indi-
viduals in the sarcopenia group although both LPA and MVPA
were associated with physical function in older adults.39,40

Ability of oxygen consumption due to low skeletal muscle
mass and physical function might affect these associations.
Fat-free mass, primarily skeletal muscle, is associated with
blood volume and stroke volume.18 Previous studies reported
that SMI is associated with cardiorespiratory fitness in older
adults.19,41 In addition, low physical function is associated
with low peak VO2.42 Individuals in the sarcopenia group
who had both lower skeletal muscle mass and physical func-
tion might have lower cardiorespiratory fitness compared
with those in other groups. Although intensity criteria of
LPA in the present study was a generally accepted range,21

LPA was of higher intensity for the sarcopenia group

Figure 3 Hazard ratio of disability for individuals with (A) higher amount of light-intensity physical activity stratified by sarcopenia characteristics. (B)
Hazard ratio of disability for individuals with higher amount of moderate-to-vigorous intensity physical activity stratified by sarcopenia characteristics.
Higher activity individuals are those with light or moderate-to-vigorous intensity physical activity time per day of 50 percentile or more. Individuals
with lower amount of light or moderate-to-vigorous intensity physical activity were reference for each hazard ratios.

1990 I. Chiba et al.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 1983–1994
DOI: 10.1002/jcsm.12801



compared with the non-sarcopenia group because of the
decreased cardiorespiratory fitness. LPA was the favourable
intensity for disability prevention in participants with
sarcopenia, and physical activity intensity was better to in-
crease with recovery of physical function.

Contrarily, higher physical activity—both MVPA and LPA—
did not show significant association with disability incidence
in the low muscle mass group. MVPA may relate to disability
incidences in the low muscle mass group via promoting skel-
etal muscle synthesis, maintaining physical function, and mit-
igating frail cycle. The low statistical power was considered

for this result. Low muscle mass group had small numbers
of individuals with disability incidence due to smaller sample
size and similar prevalence of disability incidence compared
with the robust group. To clarify association of physical activ-
ity and disability incidence in low muscle mass individuals, fu-
ture study with larger sample size is needed.

In general, resistance training and nutritional intervention
are effective treatments for disability prevention in older
adults with sarcopenia and low physical function.10,11,43 How-
ever, the association between the pattern of daily physical ac-
tivity outside training or treatment and disability incidence in

Table 3 Hazard ratios and 95% confidence intervals for 5 year incidence of disability according to LPA stratified by sarcopenia characteristics

Crude model Adjusted model

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

All participants
Lower LPA Reference Reference
Higher LPA 0.59 0.47–0.74 <0.001 0.86 0.68–1.10 0.224

Sarcopenia characteristics
Robust
Lower LPA Reference Reference
Higher LPA 0.71 0.49–1.02 0.065 1.06 0.71–1.60 0.778

Low muscle mass
Lower LPA Reference Reference
Higher LPA 0.82 0.33–2.07 0.676 1.36 0.36–5.22 0.649

Low physical function
Lower LPA Reference Reference
Higher LPA 0.66 0.47–0.92 0.014 0.82 0.57–1.18 0.281

Sarcopenia
Lower LPA Reference Reference
Higher LPA 0.44 0.22–0.88 0.020 0.35 0.15–0.85 0.019

CI, confidence interval; LPA, light-intensity physical activity.
Adjusted for age, sex, education, Geriatrics Depression Scale, Mini-Mental State Examination, body mass index, number of medications,
heart disease, hypertension, hyperlipidaemia, diabetes, osteoporosis, respiratory disease, smoking status, alcohol status, moderate-to-
vigorous intensity physical activity, and accelerometer wearing time. Statistical significance was determined at P level of less than 0.05.

Table 4 Hazard ratios and 95% confidence intervals for 5 year incidence of disability according to MVPA stratified by sarcopenia characteristics

Crude model Adjusted model

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

All participants
Lower MVPA Reference Reference
Higher MVPA 0.46 0.36–0.57 <0.001 0.63 0.49–0.81 <0.001

Sarcopenia characteristics
Robust
Lower MVPA Reference Reference
Higher MVPA 0.52 0.36–0.76 0.001 0.58 0.39–0.87 0.008

Low muscle mass
Lower MVPA Reference Reference
Higher MVPA 0.41 0.16–1.05 0.062 0.33 0.10–1.10 0.070

Low physical function
Lower MVPA Reference Reference
Higher MVPA 0.46 0.33–0.66 <0.001 0.66 0.45–0.98 0.040

Sarcopenia
Lower MVPA Reference Reference
Higher MVPA 0.57 0.30–1.10 0.096 0.82 0.38–1.78 0.616

CI, confidence interval; MVPA, moderate-to-vigorous intensity physical activity.
Adjusted for age, sex, education, Geriatrics Depression Scale, Mini-Mental State Examination, body mass index, number of medications,
heart disease, hypertension, hyperlipidaemia, diabetes, osteoporosis, respiratory disease, smoking status, alcohol status, light-intensity
physical activity, and accelerometer wearing time. Statistical significance was determined at P level of less than 0.05.
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older adults with sarcopenia or low physical function has been
unclear. The result of the present study clarifies these associ-
ations and is useful for preventive strategies for disability.
Recommended physical activity intensities are different due
to sarcopenia characteristics. Daily physical activity promotion
as additional treatment for sarcopenia should start with
light-intensity and the intensity should be increased along
with recovery.

The major strengths of the present study are the rela-
tively large sample size and the use of a triaxial accelerom-
eter to measure physical activity. Physical activity data in
the present study had higher validity compared with those
obtained via a questionnaire. In addition, the incidence of
disability was measured as a monthly follow-up using social
data from the mandatory LTCI in Japan. This criterion of
disability incidence is common in Japan. The results of the
present study have high generalizability because of large
sample size, valid assessment, and common outcome
measurements.

Limitations

The present study had several limitations. First, the partici-
pants of the present study were in relatively good health
and had good physical function. Participants could indepen-
dently participate in a baseline survey at the community cen-
tre, and the use of the accelerometer given to all participants
was optional. A previous study showed that non-participation
in accelerometry was associated with several cardiometabolic
risk factors.44 The self-selection bias in the baseline survey
and accelerometry may have resulted in our underestimating
the incidence of disability. Second, the accelerometer that we
provided could not discriminate several movements, includ-
ing ergometer and machine exercise. Physical activity data
in the present study were underestimated in individuals
who had these exercise habits. Third, physical activity data
were corrected only 14 days after the baseline survey, and
longitudinal change was unclear. Several patterns of physical
activity trajectory in older adults including stable, increasing,
or decreasing were reported.45 These fluctuations might af-
fect disability incidence of the present study. Finally, some
potential confounding factors were lacked in the present
study. Detailed nutritional assessment had not been

measured, whereas malnutrition relates to sarcopenia and
disability incidence for older adults.3,46 In addition, time
spent in sedentary time was not included in the analysis
due to lack of accuracy, because we had not asked the partic-
ipants to wear off the accelerometer during sleeping time.
Prolonged sedentary time is associated with sarcopenia and
muscle atrophy due to inflammation.47,48 Future study is
needed to adjust such critical confounders.

In conclusion, physical activities were associated with a
lower incidence of disability in community-dwelling older
adults, but activities of related intensities were different
between sarcopenia characteristics. These findings indicate
the importance of muscle condition assessment and the need
for an individualized approach to prevent disability.
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