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Study Objectives: The aim of this research was to investigate the relationships between objectively measured sleep duration and physical function in
older adults.
Methods: We recruited community-dwelling older adults aged ≥ 60 years old in Taipei City, Taiwan. Sleep duration was measured with accelerometers and
recorded as the total hours of sleep per night for each participant. The following physical functions were assessed: 1) grip strength (measured by handgrip
dynamometer), 2) balance (1-leg standing test), 3) lower body strength (5-timed chair stand), 4) basic mobility (timed up and go test), 5) gait speed (5-m walk test).
The relationships between sleep duration and physical function outcomes were analyzed using generalized additivemodels, controlling for objectively measured
sedentary behavior and moderate-to-vigorous physical activity, and other sociodemographic variables.
Results: A total of 121 older adults (men = 28.9%; mean age = 70.0 ± 5.0 years) was included in this study. A positive association of sleep duration with grip
strength was found after adjusting for covariates (P = .005). No significant associations were observed between sleep duration and the other physical
function outcomes.
Conclusions:For older adults, lengthening their sleep durationmay be helpful to enhance the grip strength. This result has implications for improving their health
by targeting better performance in specific physical functions. Further studies of sleep duration and physical function among older adults should investigate
the underlying mechanisms.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Existing studies lack the adjustment with objectively measured physical activity and have inconsistent results
while examining older adults’ sleep duration-physical function relationships. The aim of this researchwas to investigate the relationships between objectively
measured sleep duration and physical function in older adults.
Study Impact:Our results indicated sleep duration is positively associated with grip strength in older adults. Given that grip strength is an important indicator
of geriatric syndrome, the findings may suggest that strategies for lengthening sleep duration could be effective for maintaining healthy aging.

INTRODUCTION

The global life expectancy at birth has increased significantly by
5.5 years from 2000 to 2016.1 In addition, the number of people
aged 60 years or older is estimated to reach 2 billion worldwide
by 2050.2 Successful aging, defined as not only the absence of
disease or disability but also the continuity of a better cognitive
and physical function,3 therefore has become one of the im-
portant health issues. Physical function, one of the identifying
characteristics of sarcopenia,4 has been reported as negatively
associated with age4 as well as the risks of disability5 and
mortality.6,7 The examination of modifiable behavioral factors
that could delay the physical function decline in older adults may
inform developing new strategies to promote successful aging.

Sleep is a routine behavior that plays a critical role in the
human body’s homeostasis.8 Generally, the appropriate sleep
duration for older adults is regarded as 7–8 hours per night, with
a 1–2 hour time buffer.9 Inappropriate sleep duration, such as
short sleep duration, was associated with a greater decline
in physical function than those sleeping an appropriate
duration.10,11 However, previous studies mostly used self-
reported sleep duration that may result in recall bias, particu-
larly for older adults. Studies measuring sleep duration
objectively aimed at eliminating recall bias could provide more
accurate estimateswhen investigating the relationships between
sleep duration and physical functions.

Previous studies objectively assessing sleep duration tar-
geting older adults showed inconsistent findings. For example,
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studies from the United States12,13 showed that inappropriate
sleep duration was associated with worse physical function in
younger-old adults (≥ 65 years) after adjusting for reported
physical activity. By contrast, a study from Japan found no
associations between sleep duration and physical function in
oldest-old adults (≥ 80 years) after adjusting for accelerometer-
measured physical activity.14 Given the different nature of
physical activity adjustment, the lifestyle varied by age
groups, and the cultural differences between West and Asia,
we aimed to investigate the relationships between accelerometer-
measured sleep duration and physical function in a younger-
old Taiwanese population after adjusting for objective-measured
physical activity.

METHODS

Participants
We recruited community-dwelling older adults aged ≥ 60 years
from 28 neighborhoods in Taipei City, Taiwan. For inclu-
sion, the participants needed to have the ability to walk inde-
pendently without assistance. Each participant was asked
to complete some questions in relation to their demo-
graphic and health-related factors (health status and depres-
sion), as the questions of health status and depression were
commonly used,15,16 and perform 5 on-site tests to assess their
physical function outcomes. Afterward, they were asked to
wear accelerometers for 7 consecutive days, with the exception
of water activities such as bathing or swimming, and record
their bedtimes and wakeup times in a sleep log. A total of
170 older adults completed the questionnaire and on-site tests,
22 of them declined to wear the accelerometer to measure their
sleep duration. After excluding data with incomplete infor-
mation on personal characteristics (n = 5) and those wearing
an accelerometer with insufficient valid days (n = 22), the data
from 121 participants were included in the analyses. Data
were considered valid for any participant who wore the device
for at least 600 minutes per day for at least 4 days, includ-
ing 1 weekend day, during the 7-day period.17 Signed consent
forms from all participants were obtained prior to participa-
tion, and the study was approved by the Research Ethics
Committee of the National Taiwan Normal University (REC
number: 201711HM003).

Objectively measured sleep duration
To accurately measure nightly sleep duration, ActiGraph
wGT3×-BT triaxial accelerometers (ActiGraph, LLC, Pensa-
cola, FL) were utilized. All participants were asked to wear an
accelerometer on the hip 24 hours per day for 7 consecutive
days. A strong correlation has been shown between sleep du-
ration assessed by polysomnography and hip-worn devices.18

The participants were also asked to record their bedtimes and
wakeup times in a sleep log.18,19 These logs were used to
crosscheck the data recorded by the accelerometers. ActiLife
version 6.0 software (Pensacola, FL) was used to process the
raw data, and all analyses were conducted with data using 60-
second epochs17 We used the Cole-Kripke algorithm that was
previously validated with adult participants20 for scoring sleep,

and the mean sleep duration of valid days was calculated
for each participant.

Physical function
Five physical functions were measured by performing on-site
tests, as follows:

1. Grip strength: Grip strength was measured using a
hydraulic hand dynamometer (Jamar Plus+ Digital
563213, Lafayette InstrumentCompany, Lafayette, IN).
Participants adjusted their elbows to 90° and then
exerted maximum effort using 1 hand per time on the
hand dynamometer. The same motion would be
conducted using both hands by turns.

2. Balance: We assessed balance performance using the
1-leg standing test with eyes open. On-site examiners
timed the participants from the moment they lifted 1 leg
off the floor until they put their down on the floor, with
the maximum test time set at 60 seconds.21

3. Lower body strength: The 5-times chair stand test
was used to measure the participants’ lower body
strength.22 They were instructed to rise from a chair
to a full standing position and then sit back downon the
sitting position in a seated position as quickly as
possible. The total time for 5 identical repetitions
was recorded.

4. Basic mobility: We assessed basic mobility using the
timed up and go test.23 Participantswere instructed to rise
from a standard chair, walk 3 meters forward, turn
around, and thenwalk back to the chair and sit down as
soon as possible.

5. Gait speed: The 5-meter walk test was used to measure
gait speed. Participantswere instructed towalk 11meters
as fast as possible. The on-site examiners would record
the time spent walking in the middle 5 meters for each
participant as the beginning and final 3 meters were
interrupted by acceleration and deceleration.

The best performance selected from three (1) and two (2-4)
repetitive attempts with a one-minute gap between these at-
tempts and the performance measured once (5) were used for
the analyses.

Covariates
Demographic information and health-related factors were
collected from self-rated questionnaires. We included the fol-
lowing covariates: age, sex, marital status (married or not), and
education (tertiary education or not). Self-reported weight and
height were used to calculate the body mass index, and the
participants were divided into 2 groups as normal weight (18–
24kg/m2) or beingoverweight (>24 kg/m2).24Weused a 5-point
scale (from extremely good to extremely bad) to assess overall
health status and categorized the results as fair-good (extremely
good, good, and fair) or poor (bad and extremely bad). We also
asked the participants to report whether they have frequently
experienced symptoms of depression.

The physical activity assessed by accelerometers was also
included as the covariate in the models based on previous
findings.11,13 Furthermore, after considering that the associations
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of sedentary behavior with sleep duration25 and physical
function26,27 might confound the association in question, we
also regarded accelerometer-measured sedentary behavior as a
covariate in the models. The Troiano algorithm28,29 in ActiLife
software was used to identify physical activity (≥ 100 cpm) or
sedentary behavior (< 100 cpm).30

Statistical analyses
Chi-squared tests for categorical variables and t tests for con-
tinuous variables were conducted to examine if there were any
sex differences using IBM SPSS 23.0 software (SPSS Inc.,
IBM, Chicago, IL). Scatterplots of the measured sleep duration
and physical function outcomes showed possible nonlinear
associations. Therefore, we used generalized additivemodels to
examine the associations in question to allow a higher degree
of freedom not restricted to integer numbers compared to a
quadratic regression model.31 This model provides a smooth

function of the exposure variable that allows flexible fits with
relaxed assumptions of the nonlinear associations,32 thereby
providing a potentially better data fit than fully parametric
models. The mgcv package of R software was used to imple-
ment the generalized additive model, and the analyses were
executed in R version 3.5.0.

RESULTS

Participant characteristics
The results from121older adults (men: 28.9%;mean age: 70.0±
5.0 years) were analyzed.Table 1 shows thatmenwere younger
(68.7 vs 70.5 years), had a higher proportion married (88.6% vs
57.0%), and spent more time on moderate-to-vigorous physical
activity thanwomen (36.2 vs 19.9min/day). The sex differences
were also found in grip strength (33.1 kg in men vs 21.5 kg in

Table 1—Studied characteristics of participants by sex.

Categorical Variables
Overall (n = 121) Men (n = 35) Women (n = 86)

P Value
n % n % n %

Sex

Men 35 28.9% - - - -

Women 86 71.1% - - - -

Marital status .001**

Married 80 66.1% 31 88.6% 49 57.0%

Not married 41 33.9% 4 11.4% 37 43.0%

Education .292

Tertiary education 27 22.3% 10 28.6% 17 19.8%

No tertiary education 94 77.7% 25 71.4% 69 80.2%

Body mass index (kg/m2) .624

Normal weight (18–24) 63 52.1% 17 48.6% 46 53.5%

Overweight (> 24) 58 47.9% 18 51.4% 40 46.5%

Health status .194

Fair-good 38 31.4% 14 40.0% 24 27.9%

Poor 83 68.6% 21 60.0% 62 72.1%

Depressed symptoms .335

Yes 16 13.2% 3 8.6% 13 15.1%

No 105 86.8% 32 91.4% 73 84.9%

Continuous Variables (units) Mean SD Mean SD Mean SD P Value

Age (year) 70.0 5.0 68.7 3.8 70.5 5.4 .046*

Monitor wearing time per day (hour) 15.4 1.4 15.0 1.8 15.5 1.1 .107

Sedentary behavior time per day (hour) 10.1 1.2 10.1 1.4 10.1 1.1 .750

Moderate-to-vigorous physical activity time per
day (minute)

24.6 23.3 36.2 28.0 19.9 19.4 .003**

Sleep duration per day (hour) 7.0 1.0 7.0 1.1 7.1 1.0 .633

Grip strength: hand grip dynamometer (kg) 24.9 7.0 33.1 6.5 21.5 3.5 < .001**

Balance: 1-leg standing test (second) 36.8 23.2 40.5 23.4 35.2 23.0 .257

Gait speed: 5-m walk test (second) 3.0 0.8 2.9 1.1 3.1 0.7 .216

Basic mobility: timed up-and-go test (second) 7.1 2.1 7.1 2.9 7.1 1.8 .986

Lower body strength: 5-times chair stand (second) 7.5 2.6 7.6 2.2 7.5 2.7 .852

*P value < .05; **P value < .01.
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women) but not in other performances of physical function.
Sleep duration was similar in men (7.0 ± 1.1 hours) and women
(7.1 ± 1.0 hours).

Sleep duration and physical function in older adults
The generalized additive model revealed that there was no
statistical evidence for associations in sleep duration with most
of the physical function outcomes (P = .428–.904). The only
exceptionwas grip strength (P= .005) even after adjusting for all
covariates (Figure 1). This model showed a linear association
(F =8.18; the degree of freedom=1) between sleep duration and
grip strength (Figure 1).

To make sure the associations between sleep duration
and physical function were not confounded by body mass
index,33 the grip strength standardized to body mass index was
transformed34 to conducted the generalized additive model.
After the adjustment of all covariates, the significant relation-
ship between sleep duration and standardized grip strength still
existed (P < .001).

DISCUSSION

Our data showed that sleep duration among older adults had a
positive associationwith grip strength performance but notwith
any other physical functions. Thesefindings indicate that longer
objectively measured sleep duration was associated with better
grip strength performance in keeping with the previous pro-
spective study.35 Themechanisms underlying the association of
sleep duration with grip strength remain unclear. Some possible
explanations for the positive association between the 2 variables
may be attributable to the detrimental effects of endocrine and
immune systems derived from sleep deprivation (ie, short sleep
duration). First, sleep deprivation is associated with insulin
resistance36,37 that has been proven to be associated with lower
levels ofmuscle strength in older adults through the impairment of
intracellular energy production38 or the reduction in myocytes.39

Second, sleep deprivation may result in increased secretion
of proinflammatory cytokines40 and cortisol.37 Higher levels
of these proinflammatory cytokines and cortisol may lead to
muscle fiber atrophy and decrease41 and muscle and protein
degradation,42 respectively. The loss of muscle mass may
further cause a decline in muscle strength.43

Although previous findings have indicated that muscle
strength may be decreased through the increased secretion of
endocrine induced by sleep deprivation, our data showed that
the association was observed only in grip strength and not in
lower body strength. A possible explanation for this difference
is that our data showed a smaller variance in lower body strength
examined by 5-times chair stand (2.6 seconds) with a larger
variance in grip strength (7.0 kg) examined by the hand grip
dynamometer. The smaller variance in our participants’ per-
formance of lower body strength than grip strength may at-
tenuate the associations observed. Future research is needed to
further confirm these associations between sleep duration and
different muscle strength measurements.

Our findings were inconsistent with previous findings that
found long sleep duration to be associated with weaker grip

strength comparedwithmidrange sleep duration (ranged from 6
to 8 hours).10,13 Cultural and lifestyle differences between
Western and Asian nations may explain this inconsistency. For

Figure 1—Estimated dose-response relations between
objectively measured sleep duration and physical
function outcomes.

Modelsadjust for sex, age,marital status, education, depressedsymptom,body
mass index,healthstatus, sedentarybehavior, andmoderate-to-vigorousphysical
activity. Dashed line: the rangewithin onestandarddeviation. **P value < .01.
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example, beverages like coffee, with higher concentrations of
caffeine, are more popular in Western countries (eg, North
America and Europe) than in Asia.44 A recent review has in-
dicated the consumption of caffeine typically leads to worse
sleep quality.45 Likewise, higher intake of junk food, which is
high in calories, fat, processed carbohydrates but low in useful
nutrients, in someWestern countriesmay lead to less restorative
sleepwithmore frequent arousals.46 Furthermore, some specific
physical activities such as tai chi are more common in older
adults from Asian countries compared to those from Western
ones. Tai chi exercise has been suggested to be associated with
improved self-reported sleep quality,47 which has significant
correlationswith the rate ofmicroarousals.48As sleep efficiency
and wake after sleep onset were associated with lower grip
strength in older adults,13,35 sleep quality in long sleepers may
be better in Asian older adults compared to Western older
adults because of lower intake of caffeine/junk food and spe-
cific physical activities. Future studies considering diverse
sources of caffeine, such as coffee, tea, and energy drinks,
dietary intake, and lifestyle factors are needed to confirm the
underlying mechanism.

Other studies have shown no associations between sleep
duration and grip strength.12,14,49 Our sample showed a larger
variance in grip strength performance (standard deviation =
7.0 kg) than the variance in previous studies (4.1 kg),12 thus the
performance of grip strength with a larger variation across
samples may avoid the mitigation of the association. Fur-
thermore, the inconsistency of associations between sleep
duration and grip strength in different studies may be attrib-
utable to the interactive effects of age. One study showed a
positive association of upper extremity function with hand
dexterity in older adults,50 and the reduced hand steadinessmay
cause unstable estimates of the associations in the previous
study as their participants (mean age = 83.5 years) were older
than ours (70.0 years).

Our study is among the few conducted within an Asian
context related to the association between objectively assessed
sleep duration and physical function among community-
dwelling older adults. We measured the sleep duration of
older adults using an actigraph to eliminate recall bias and
increase the validity of the data. While the findings are im-
portant, some limitations in this study should be considered
while interpreting the results. First, our small sample size
may lead to less precise estimations of the associations in
question, especially for those with long sleep duration. The
findings may not be applicable outside the range of sleep
duration. In addition, the convenience sample may not be
generalized to the general population. Future research in-
volving a representative population of older adults is sug-
gested. Second, active older adults with health conditions
may be more likely to participate in this study. However, our
data on self-reported health status revealed a higher propor-
tion of rather poor than good health; therefore, the effect of
this limitation should be assumed to be limited. Third,
covariates such as body mass index and health status may be
affected by social desirability. Individuals tend to underes-
timate their weight and overestimate their height.51 However,
since trained research assistants met all participants, we

confirmed that the reported data were not so different from
physical appearance. Additionally, older adults may have a
higher possibility to misperceive their health status, considering
physical limitations as a part of the normal aging process.52

Although this potential bias was unable to be ignored, bet-
ter self-reported health status had significant correlations
(absolute value of r ranged from .196 to .211; P values range
from .02 to .03) with better performance of some objectively
measured physical function (eg, grip strength and balance) in
our data. Finally, this cross-sectional design could not infer
causal relationships.

In conclusion, our data showed that there was a positive
association between sleep duration and grip strength among
older adults. Our findings have implications for healthy
aging by delaying or mitigating the decline of physical
function. Future research investigating objectively mea-
sured sleep duration with physical function among older
adults is needed to explore the underlying mechanisms. The
studies across long-term periods to examine the prevalence
of older adults’ physical function is also needed, and outcomes,
such as grip strength, standardized to age or body mass index
are suggested.
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