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Abstract

Background Identifying factors that contribute to the development of sarcopenia in older adults is a public health pri-
ority. Although several studies have examined the association between sleep duration and sarcopenia, additional evi-
dence is needed to reveal the causality of this association, especially from a longitudinal study. The purpose of the
present study was to examine whether sleep duration was associated with the progression to sarcopenia and its sub-
components among community-dwelling older adults in Japan.
Methods A total of 3918 older community-dwelling people (mean age: 73.2 ± 6.0 years, 51.8% female) included in
the National Center for Geriatrics and Gerontology Study of Geriatric Syndromes were analysed. Sleep duration was
assessed using a self-reported questionnaire. Logistic regression analysis was used to estimate the odds ratios (ORs)
and 95% confidence intervals (CIs) of progression of sarcopenia at Wave 2 (4 years later), according to the three cat-
egories of sleep duration [short: ≤6.0 h, medium: 6.1–8.9 h (control), & long: ≥9.0 h)] at Wave 1.
Results The numbers in each group in the second wave among the total sample were as follows: short 403 (10.3%),
medium 2877 (73.4%), and long 638 (16.3%). Significant associations with the progression of sarcopenia were found
in the long sleep duration group compared with the medium one, even after adjustment for other covariates (OR 1.66,
95% CI: 1.02–2.69, P = 0.040). Long sleep duration was significantly associated with slow gait (OR: 1.55, 95% CI:
1.17–2.06, P = 0.002) and low grip strength (OR: 1.34, 95% CI: 1.00–1.78, P = 0.047) but was not associated with
low muscle mass (OR: 1.33, 95% CI: 0.74–2.38, P = 0.343).
Conclusions This study revealed that long sleep duration was associated with an increased risk of progression to
sarcopenia among older adults.
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Introduction

Sarcopenia, defined as the changes in body composition in-
cluding a loss of skeletal muscle mass with advancing age,
was proposed by Rosenberg.1 Under normal conditions, after
30 years of age, muscle mass decreases by about 3% to 5%
every 10 years.2,3 Sarcopenia was also found to predispose

affected older adults to consecutive functional impairment,
disability, and frailty.4–6 Therefore, identifying factors that
may contribute to the development of sarcopenia in older
adults is a public health priority.

An adequate amount of sleep plays an important role in
physical health and quality of life among older adults. Many
previous studies have established that both too short and
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too long sleep are related to all-cause mortality,7 cardiovascu-
lar disease,8,9 diabetes,10 and metabolic syndrome.11 In
addition, several previous studies demonstrated that sleep
duration was associated with skeletal muscle loss or
sarcopenia.12–15 Although a systematic review showed the
U-shaped association of sleep duration and the risk of
sarcopenia,16 the studies used in this meta-analysis were
cross-sectional in nature, not longitudinal. Therefore,
additional evidence is needed to reveal the association
between sleep duration and sarcopenia, especially from a
longitudinal study. The purpose of the present study was to
examine whether sleep duration was associated with the pro-
gression to sarcopenia and its subcomponents among
community-dwelling older adults in Japan.

Methods

Setting and participants

This study was part of a prospective cohort survey, the
National Center for Geriatrics and Gerontology Study of
Geriatric Syndromes, conducted in Obu, Japan.17,18 Individ-
uals selected for participation in the first wave of National
Center for Geriatrics and Gerontology Study of Geriatric Syn-
dromes were those eligible from among the 15 974 older peo-
ple living in Obu, Japan, between August 2011 and February
2012. The survey recruited 5104 community-dwelling older in-
dividuals aged ≥ 65 years at the time of the first wave, and the
detailed protocol of which has been presented elsewhere.19

The second wave (2015–2016) was carried out nearly 4 years
after the first wave. The exclusion criteria were as follows:
health problems such as Alzheimer’s disease (n = 8),
Parkinson’s disease (n = 23), depression (n = 144), or stroke
(n = 268); inability to perform basic daily living tasks such as
eating, grooming, bathing, and climbing up and down stairs
(n = 26); need for support or care as certified by the Japanese
public long-term care insurance due to disability (n = 96);
global cognitive impairment as indicated by a Mini Mental
State Examination (MMSE) score < 18 (n = 28); missing data
on exclusion criteria (n = 274); and defined sarcopenia at the
first wave (n = 168). Moreover, those who moved elsewhere
(n = 45) or died (n = 106) during the follow-up period were
also excluded. Finally, 3918 participants were included in the
analyses (Figure 1). All participants gave their written
informed consent before they were included in the study.
The study protocol was approved by the Ethics Committee
of the National Center for Geriatrics and Gerontology.

Assessment of sarcopenia

Sarcopenia was evaluated in accordance with the flowchart
used in the 2019 revised recommendations of the EWGSOP

(EWGSOP2).20 We assessed sarcopenia indices including mus-
cle mass, muscle strength, and physical performance.

As muscle mass, the appendicular skeletal muscle mass
was evaluated using multi-frequency bioelectrical impedance
analysis (MC-980A; TANITA, Tokyo, Japan). The surface of the
hand electrode was placed in contact with each of the partic-
ipants’ five fingers, and their heels and forefeet were placed
on the circular-shaped foot electrode. The participants held
out their arms and legs so that they would not contact any
other body parts during the measurements. The appendicular
skeletal muscle mass was calculated in accordance with a
previous study21 and was converted into the skeletal muscle
mass index by dividing the muscle mass by the height in
meters squared (kg/m2). Low muscle mass was defined using
cut-off values of skeletal muscle mass index (<7.0 kg/m2 in
men and <5.7 kg/m2 in women).22 Muscle strength was
assessed using handgrip strength.

Handgrip strength was measured in kilograms on the
dominant hand of each participant using a Smedley-type
handheld dynamometer (Takei Ltd., Niigata, Japan). Low
muscle strength was defined by cut-off values of <26 kg in
men and <18 kg in women.22

As physical performance, we measured walking speed
under normal conditions. Walking time was measured over
2.4 m in the middle of a straight walkway of 6.4 m, between
marks at 2.0 and 4.4 m from the start of the walkway. Low
physical performance was defined by a cut-off value of
<1.0 m/s in both men and women.19 Based on the results of
these indices, participants were classified as being ‘robust’ or
having ‘sarcopenia’ (‘sarcopenia confirmed’ and ‘sarcopenia
severe’).20 Sarcopenia confirmed involved having low muscle
mass and low muscle strength, while in sarcopenia severe,
there was the additional feature of low physical performance.

Assessment of sleep habits

At the first wave, participants were asked about their usual
sleep and wake times, and the answers were used to calcu-
late sleep duration, which was calculated as the difference
between them. The participants were divided into three
groups according to their self-reported sleep duration [short:
≤6 h, medium: 6.1–8.9 h (control), & long: ≥9 h].23

Other measurements

Data on sociodemographic variables including sex, age, and
educational level (years) were collected, along with medical
history, weight (kg), and height (m). Body mass index (BMI)
was derived as weight in kilograms divided by the square of
height in meters. Participants were asked about medical diag-
noses (heart disease, diabetes, respiratory disease, hyperten-
sion, and hyperlipidaemia) and medications in face-to-face
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interviews. Depressive symptoms were measured with the
15-item Geriatric Depression Scale (GDS, range 0–15), with
higher scores indicating more depressive symptoms.24 Global

cognitive function was measured using the MMSE.25 We eval-
uated physical inactivity by asking the following questions
about time spent engaged in sports and exercise: (i) ‘Do you

Figure 1 Participant flow in this study.
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engage in moderate levels of physical exercise or sports aimed
at health?’ and (ii) ‘Do you engage in low levels of physical
exercise aimed at health?’ Participants who answered ‘no’
to both of these questions were classified as having physical
inactivity.19 For smoking and alcohol drinking status, partici-
pants were categorized as current, past, or never smokers or
alcohol drinkers, respectively.

Statistical analysis

All analyses were performed using SPSS v.25 (IBM Corp.,
Chicago, IL, USA). Statistical significance was set at
P < 0.05. Sarcopenia status at the second wave was imputed
for participants with missing data (n = 1411). Multiple impu-
tation was used to adjust for selection bias and loss of infor-
mation. Fifty imputed values were generated for each
participant with missing data, yielding 50 complete data sets.
Analysis of variance and χ2 test were used to investigate the
differences of demographic data among the sleep duration
groups at the first wave. Univariate and multivariate logistic
regression analyses were used to examine the associations
of sleep duration with sarcopenia status at the second wave.
In the multivariate models, adjustments were performed for
age (<75 or ≥75 years), sex, BMI (<18.5, 18.5–24.9, or
≥25 kg/m2), education (<10 or ≥10 years), number of medi-
cations (<5 or ≥5), GDS score (<6 or ≥6), MMSE score
(<24 and ≥24), medical history, current drinking habit, cur-
rent smoking habit, and physical inactivity. Sleep duration
was submitted as an independent variable to the crude and

adjusted models. Sarcopenia status (confirmed and severe)
at the second wave was submitted as a dependent variable.
Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated. In addition, each subcomponent of sarcopenia at
the second wave was individually submitted as a dependent
variable to the same models. Each analysis was conducted af-
ter excluding participants with the component at the first
wave (low muscle mass: n = 400; slow gait: n = 510; low grip
strength: n = 498). Therefore, there were 3518 participants
for analysis of low muscle mass, 3408 for analysis of slow
gait, and 3420 for analysis of low grip strength.

Results

At the first wave, there were 403 participants (10.3%)
classified as having short sleep duration, 2877 (73.4%) with
medium sleep duration, and 638 (16.3%) with long sleep
duration. The differences of characteristics among the sleep
duration groups at the first wave are summarized in Table
1. During follow-up (mean period 47.9 ± 1.8 months), 45
participants had moved out of the area and 106 died. There
were 2507 participants who were in both the first and the
second waves. In terms of their sleep duration, they were
classified as follows at the first wave: short 266 (10.6%), me-
dium 1896 (75.6%), and long 345 (13.8%).

In the univariate logistic regression analyses, long sleep
duration had an impact on the progression of sarcopenia
compared with medium sleep duration (Table 2, crude

Table 1 Characteristics of participants stratified by sleep duration at first wave

Short Medium Long
Characteristic (n = 403) (n = 2877) (n = 638) P

Age (year) 70.43 ± 4.44 71.20 ± 4.98 73.65 ± 5.67 <0.001
Female, n (%) 234 (58.1) 1554 (54.0) 243 (38.1) <0.001
Education level (year) 11.75 ± 2.51 11.48 ± 2.48 11.02 ± 2.54 <0.001
Medications (number) 1.86 ± 2.09 1.81 ± 1.92 2.17 ± 2.11 <0.001
Body mass index (kg/m2) 24.10 ± 3.2 23.53 ± 2.97 23.46 ± 3.01 <0.001
Mini Mental State Examination (points) 26.52 ± 2.52 26.56 ± 2.43 25.65 ± 2.8 <0.001
Geriatric Depression Scale (points) 2.85 ± 2.57 2.49 ± 2.34 3.18 ± 2.71 <0.001
Current alcohol consumption, n (%) 0.069
Never 193 (47.9) 1361 (47.3) 266 (41.7)
Past 27 (6.7) 187 (6.5) 55 (8.6)
Current 183 (45.4) 1329 (46.2) 317 (49.7)

Current smoking habit, n (%) <0.001
Never 249 (61.8) 1800 (62.6) 323 (60.5)
Past 106 (26.3) 816 (28.4) 253 (39.7)
Current 48 (11.9) 261 (9.1) 62 (9.7)

Physical inactivity, n (%) 121 (30.0) 753 (26.2) 224 (35.1) <0.001
Disease, n (%)
Heart disease 72 (17.9) 416 (14.5) 122 (19.1) 0.005
Diabetes 60 (14.9) 351 (12.2) 100 (15.7) 0.032
Respiratory disease 46 (11.4) 293 (10.2) 70 (11.0) 0.669
Hypertension 175 (43.4) 1262 (43.9) 307 (48.1) 0.133
Hyperlipidaemia 164 (40.7) 1227 (42.6) 241 (37.8) 0.072

Values are presented as n (%) or mean ± standard deviation. Continuous variables were analysed by analysis of variance, and categorical
variables were analysed by χ2 tests.
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model). Significant association between long sleep duration
and the progression of sarcopenia was found, even after ad-
justment for other covariates (Table 2, adjusted model).
Among the covariates, age (≥75 years), male, and low BMI
were significantly associated with the progression of
sarcopenia (Table 2). Short sleep duration was not associated
with the progression of sarcopenia in both univariate and
multivariate models.

Regarding the progression of each subcomponent, long
sleep duration was significantly associated with slow gait
(OR: 1.82, 95% CI: 1.40–2.36, P = 0.002) and low grip strength
(OR: 1.77, 95% CI: 1.36–2.31, P < 0.001) and was not associ-
ated with low muscle mass (OR: 1.37, 95% CI: 0.79–2.38,
P = 0.257). Short sleep duration was not associated with all
components (slow gait OR: 0.93, 95% CI: 0.65–1.31,
P = 0.665; low grip strength OR: 0.85, 95% CI: 0.59–1.22,

P = 0.376; low muscle mass OR: 0.90, 95% CI: 0.44–1.87,
P = 0.783). The significance of results remained in logistic
regression models (Table 3).

Discussion

Our study revealed that long sleep duration was associated
with the risk of progression to sarcopenia among older
adults. These results were sustained in multivariate analyses
adjusted for age, sex, BMI, education, medication, medical
history, current drinking habit, current smoking habit, physi-
cal inactivity, GDS score, and MMSE score. Furthermore, long
sleep duration was significantly associated with slow gait and

Table 2 Associations between progression of sarcopenia and sleep duration by logistic regression models

Variable

Crude model Adjusted model

OR (95% CI) P OR (95% CI) P

Sleep duration
Short 0.77 (0.35–1.68) 0.750 0.98 (0.44–2.21) 0.965
Medium ref. ref.
Long 2.18 (1.40–3.41) <0.001 1.66 (1.02–2.69) 0.040

Age (≥75 years) 1.78 (1.11–2.85) 0.017
Sex (male) 4.02 (2.13–7.58) <0.001
Education (≥10 years) 0.97 (0.58–1.61) 0.899
Medications (≥5) 1.06 (0.51–2.21) 0.868
MMSE ≥ 24 0.83 (0.46–1.48) 0.521
GDS (≥6 points) 1.21 (0.68–2.17) 0.513
Low 9.33 (4.93–17.67) <0.001
High 0.00 (0.00–0.00) 0.988

Current alcohol consumption
Past 1.44 (0.67–3.10) 0.346
Current 0.88 (0.52–1.47) 0.610

Current smoking habit
Past 0.57 (0.32–1.00) 0.050
Current 0.91 (0.45–1.81) 0.780

Physical inactivity 1.35 (0.84–2.14) 0.212
Heart disease 1.17 (0.65–2.11) 0.598
Diabetes 1.08 (0.55–2.14) 0.823
Respiratory disease 1.70 (0.99–2.92) 0.056
Hypertension 0.82 (0.51–1.32) 0.405
Hyperlipidaemia 0.93 (0.58–1.50) 0.769

BMI, body mass index; CI, confidence interval; GDS, geriatric depression scale; MMSE, Mini Mental State Examination; OR, odds ratio.

Table 3 Associations between development of sarcopenia subcomponents and sleep duration at baseline by logistic regression models

Variable

Lower muscle mass (n = 3518) Slow gait (n = 3408) Lower grip strength (n = 3420)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Sleep duration
Short 0.99 (0.45–2.14) 0.970 0.89 (0.62–1.29) 0.541 0.91 (0.62–1.32) 0.616
Medium ref. ref. ref.
Long 1.33 (0.74–2.38) 0.343 1.55 (1.17–2.06) 0.002 1.34 (1.00–1.78) 0.047

Adjusted for age (<75 or ≥75 years), sex, BMI (<18.5, 18.5–24.9, or ≥25 kg/m2), education (<10 or ≥10 years), number of medications (<5
or ≥5), GDS score (<6 or ≥6), MMSE score (<24 and ≥24), medical history, current drinking habit, current smoking habit, and physical in-
activity. Each analysis was conducted after excluding participants with the component of sarcopenia at the first wave.
CI, confidence interval; OR, odds ratio.
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low grip strength and was not associated with low muscle
mass in univariate and multivariate models.

In this study, long sleep duration was associated with pro-
gression to sarcopenia during 4 years, whereas short sleep
duration was not. Several cross-sectional studies revealed
that older adults with short or long sleep duration were at
an increased risk of having sarcopenia,12,13 although the re-
sults of subanalyses according to sex were inconsistent; only
long sleep duration12 or long and short sleep duration13 was
associated with an increased risk of sarcopenia among
women, and not among men. Other studies among
middle-aged and older adults showed that only long sleep du-
ration was cross-sectionally associated with sarcopenia.14,15

Moreover, a meta-analysis revealed a U-shaped association
between sleep duration and the risk of sarcopenia, although
short sleep duration was not associated with it among
men.16 The results of that meta-analysis were calculated from
a small number of cross-sectional studies, so the association
between sleep duration and sarcopenia has remained contro-
versial. This is the first study to examine the temporal
association between long sleep duration and sarcopenia
using longitudinal cohort data, although it was not possible
to examine the association according to sex because of the
small number of cases that progressed to sarcopenia during
the follow-up period.

Among each subcomponent of sarcopenia, long sleep du-
ration was associated with slow gait and lower grip strength,
but was not associated with lower muscle mass. Our previous
study examined the cross-sectional association between
sleep duration and physical frailty and showed that long sleep
duration was associated with higher rates of slowness and
weakness.26 Other studies also showed that long sleep dura-
tion was associated with lower muscle strength among older
adults.27,28 Our findings were in line with these studies and
provided additional evidence on the temporal association of
long sleep duration and physical performance. Conversely,
sleep duration was not associated with muscle mass in our
study. Differences between the sexes in the association
between sleep duration and muscle mass or sarcopenia were
also observed; there were significant associations among
women, but not among men.12,13,15 In our study, being male
was highly significantly associated with the progression of
sarcopenia in logistic regression analysis. Because we
could not examine the association between sleep duration
and progression of sarcopenia according to sex because of
the small number of cases that progressed to sarcopenia
during the follow-up period, the discrepancy between
previous studies and our study was fully confirmed. There is
thus a need for additional studies considering the effects of
sex while examining the relationship between sleep duration
and muscle mass in a longer follow-up period or with larger
samples.

The biological mechanisms underlying the relationship
between sleep and sarcopenia remain unclear, and further

research is needed to investigate the related pathophysiol-
ogies. Several previous studies reported that poor sleep qual-
ity and long sleep duration are associated with low physical
activity.29–31 Indeed, low physical activity is considered an im-
portant risk factor for sarcopenia.32 As a result, it is possible
that reduced levels of physical activity resulting from long
sleep duration can increase the risk for sarcopenia.29,31,32 Re-
garding sleep-related hormonal pathways, poor sleep quality
has been associated with decreased secretion of growth
hormone, insulin-like growth factor 1, and testosterone,
which results in the deterioration of muscle mass.33,34 In
addition, circadian rhythms and the molecular clock may be
critical for both maintenance and adaptation of skeletal
muscle.35,36 These findings suggest that general physical dis-
orders associated with long sleep duration may increase the
risk of sarcopenia.

The strength of this study was its use of a prospective
cohort design, which can address the causality between
sleep duration and the progression of sarcopenia. However,
there were also several limitations to this study. First,
self-reported measures of sleep duration based on the in-
terval between the usual time of going to bed and the
usual time of waking up were used, so we could not con-
sider the daily variance of sleep duration or change of
sleep habit. In addition, previous research suggested that
self-reported long sleepers,37 as well as average sleepers,38

tend to overestimate their total sleep time and instead
consider it to be equivalent to their total time in bed. Mor-
tality risks associated with self-reported long sleep might
be partly attributable to a long time spent in bed. However,
given the high correlation of time in bed with total sleep
time, reported long sleep is likely to be indicative of long
physiological sleep, as confirmed recently.39 Additionally,
as sleep quality, such as prolonged sleep latency, waking
prematurely after sleep onset, and a delay in getting up
due to morning stiffness, was not assessed, we could not
discuss whether the association of long sleep duration with
frailty was mediated by prolonged sleep latency or just
poor sleep quality. Second, there were other potential con-
founders that we could not assess, such as drug therapy
and diet quality. Third, medical diagnoses were obtained
by self-report, not by consulting medical records. Further-
more, given the absence of random sampling methods,
our participants were exclusively those who had the ability
to access health check-ups from their homes. Therefore,
our results may not be directly applicable to all older
adults in Japan, which is one of the limitations of this
study. Finally, we failed to address other covariates
related to sleep duration or sarcopenia, such as caffeine
intake, daily living conditions, and other diseases. Thus,
future studies must confirm the associations of sleep
duration with sarcopenia using objective instruments, such
as wrist actigraphy measurements, while considering other
covariates.
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In summary, this study revealed that long sleep duration
was associated with an increased risk of progression to
sarcopenia among older adults. Although further studies are
required to confirm these findings, our results underscore
the importance of assessing sleep characteristics to prevent
sarcopenia in older adults.
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