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Abstract

Aims Aging is associated with declines in muscle strength and physical function, and sleep plays a crucial role in maintaining
musculoskeletal health. This cohort study, based on the China Health and Retirement Longitudinal Study (CHARLS), aims
to explore the relationship between sleep characteristics and physical performance in middle-aged and elderly individuals.
Methods A total of 2,998 participants from the CHARLS cohort were included, with baseline data from the 2011 survey
and follow-up data from the 2015 survey. Nighttime sleep and napping patterns were assessed, and changes in sleep duration
over time were categorized. Physical functioning was assessed through handgrip strength, the chair stand test, the walking
test, appendicular skeletal muscle mass, and SPPB scores. Multiple linear regression and restricted cubic spline models were
employed to analyze the effects of sleep patterns on muscle health.

Results After adjusting for all confounding factors, multifactor liner regression indicated that napping durations exceeding
90 min were associated with reduced grip strength (f = -0.39, 95% CI: -1.43, -0.01, P<0.05) and longer chair stand test
times (£=0.59, 95% CI: 0.18, 0.99, P<0.01). The restricted cubic spline indicated a clear U-shaped relationship between
nap duration and grip strength (non-linear P<0.05), whereas no such relationship was observed between nap duration and
performance on the chair stand test. In subgroup analyses addressing significant confounding factors, it was found that
participants older than 65 years, males, and those with low levels of daily activity exhibited greater sensitivity to the effects
of sleep on physical function. The joint analysis showed that compared to individuals with less than 6 h of nighttime sleep
and no napping, those with 6-8 h of nighttime sleep and 30-90 min of napping exhibited longer chair stand test durations
(£=0.63, 95% CI: 0.06, 1.20, P<0.05). Additionally, individuals with 6—8 h of nighttime sleep and naps exceeding 90 min
showed longer walking times (f=1.44, 95% CI: 0.68, 2.21, P<0.01).

Conclusions Both insufficient and excessive nighttime sleep at baseline were linked to diminished physical performance.
For older adults, a nap duration approximately 50 min may be potentially optimal for maintaining grip strength. These find-
ings highlight the importance of proper sleep management, particularly for men over 65 years old with low activity levels,
in preserving physical function and reducing the risk of mobility decline.
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Abbreviations Background
CHARLS China Health and Retirement Longitudinal

Study The aging population is becoming prominent demographic
SPPB Short Physical Performance Battery trend worldwide, with the United Nations General Assem-
AWGS Asian Working Group for Sarcopenia bly declaring 2021-2030 as the “Decade of Healthy Ageing”
ASM Appendicular skeletal muscle [1]. The demographic shift brought by aging populations
RCS Restricted cubic spline has placed significant pressure on socio-economic systems.

The growing number of elderly individuals not only bur-
dens the working-age population but also strains public
finances. A decline in physical functioning, particularly in
terms of loss of muscle mass, is a prominent aspect of aging.
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often linked to adverse health outcomes, such as depression,
falls, and disabilities [2]. These outcomes present an esca-
lating challenge for healthcare systems as the aging process
accelerates.

As the aging process accelerates, maintaining good health
becomes more challenging, and various factors, includ-
ing lifestyle habits, play a significant role in mitigating or
exacerbating age-related declines. Among these factors,
sleep is a critical element that influences both physical and
mental well-being, particularly in middle-aged and elderly
individuals. The mechanisms underlying the relationship
between sleep and aging-related physical decline remain
complex and multifaceted. One potential pathway involves
sleep’s crucial role in muscle repair and growth. During
deep sleep, the body secretes growth hormone, which is
essential for muscle protein synthesis and the maintenance
of muscle mass [3]. Besides, Chronic sleep disturbances
have been linked to elevated levels of pro-inflammatory
cytokines, such as interleukin-6 and tumor necrosis factor-
alpha, which contribute to muscle degradation [4]. Given
these physiological connections, understanding the optimal
sleep patterns for maintaining muscle health and physical
function is crucial for promoting healthy aging.

Research has suggested that sleep duration among
middle-aged and elderly individuals is linked with vari-
ous health issues, with appropriate sleep being essential
for the regulation of metabolic and physiological functions.
In older individuals, Inadequate or disrupted sleep pat-
terns, such as shorter sleep duration, prolonged sleep onset
latency, and fragmented sleep, are commonly observed and
are associated with several age-related diseases [5—7]. How-
ever, the relationship between sleep duration and physical
functioning in older adults remains inconsistent. Some
meta-analyses suggested a U-shaped relationship between
sleep duration and sarcopenia, indicating that both insuffi-
cient and excessive sleep might have negative impacts on
physical function [8, 9]. For example, Fu L et al. [10] found
only a negative correlation between shorter sleep duration
and decreased muscle mass in elderly Chinese community
members, while Shibuki et al. [11] reported that individuals
with longer sleep durations were more likely to develop sar-
copenia or reduced physical function in a Japanese cohort.
In addition to nighttime sleep, napping is another prevalent
sleep habit, particularly in East Asian countries. It has been
reported that prolonged naps are linked to cognitive decline
and impaired fasting glucose [12, 13]. However, there is
limited research exploring the impact of nap duration on
physical functioning, and further investigation is needed to
understand this relationship.

Despite the growing study on sleep and physical function
in older individuals, several important gaps remain. Most
existing studies rely on cross-sectional designs, which limit
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the ability to establish causal relationships between sleep
characteristics and physical function. Moreover, many stud-
ies lack clear and consistent classification criteria for dif-
ferent sleep durations, making comparisons across studies
challenging. While considerable attention has been paid to
the effects of insufficient sleep, the potential adverse effects
of excessive sleep have not been adequately explored. Addi-
tionally, there is a lack of research on the combined effects
of nighttime sleep and napping on physical function. Most
studies have focused on either nighttime sleep or nap dura-
tion in isolation, neglecting the cumulative impact that both
may have on overall health. Given the rapid aging of the
population and the increasing prevalence of sleep-related
concerns in modern society, this research is particularly
timely and important.

To better understand these issues, our study leverages data
from the China Health and Retirement Longitudinal Study
(CHARLS), a large-scale longitudinal survey designed to
study the health, socioeconomic status, family, and commu-
nity environment of middle-aged and elderly individuals in
China. Organized and implemented by the National School
of Development at Peking University, CHARLS aims to
provide valuable data to policymakers and researchers on
China’s aging population. The survey employs a multi-stage
sampling method proportional to population size, covering
150 county-level units, 450 village-level units, and approxi-
mately 17,000 individuals from 10,000 households [14].
The project has received approval from the Biomedical Eth-
ics Review Committee of Peking University, and all par-
ticipants have provided informed consent [5]. By utilizing
the comprehensive data collected in CHARLS, this study
aims to explore the relationship between sleep patterns and
physical functioning in middle-aged and elderly individu-
als, offering critical insights into healthy aging strategies.
Our study aims to address these gaps and provide a more
comprehensive understanding of how different sleep pat-
terns—including both nighttime sleep and napping—affect
physical functioning in middle-aged and elderly individu-
als. The findings of this study may offer valuable insights
into the role of circadian rhythms in maintaining physical
function and promoting healthy aging.

Methods
Study population

The study population was drawn from 2011 to 2015 of
CHARLS. Participants were excluded based on the follow-
ing criteria: (1) age<45 years; (2) missing information on
sleep duration or napping duration; (3) inability to com-
plete or missing information in physical function tests; (4)
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diagnosed with sarcopenia at baseline (2019 criteria of the
Asian Working Group for Sarcopenia (AWGS)) [13]; (5)
presence of mental or memory-related diseases. Ultimately,
this analysis included 2,998 participants (Fig. 1).

Physical functioning

Physical function was assessed using handgrip strength
tests, chair stand tests, walking tests, appendicular skeletal
muscle mass (ASM) measurements, and Short Physical Per-
formance Battery (SPPB) scores. Handgrip strength was
measured using a dynamometer, with the average of two tri-
als recorded as the final result. Chair stand and walking tests
were conducted to evaluate lower limb strength and mobil-
ity, while ASM was calculated using a validated formula,
adjusted for height (ASM/HT?) to assess muscle mass [14].
The SPPB score, which includes standing balance, walking

speed, and a repeated chair stand test, was used to provide a
comprehensive evaluation of participants’ physical function
[15]. Detailed measurement procedures as well as SPPB
score are provided in the supplementary material.

Sleeping duration

The duration of sleep primarily relies on participants’ sub-
jective responses from the questionnaire. Questions include:
“In the past month, how many hours did you actually fall
asleep each night on average? (likely shorter than the time
spent lying in bed)” and “During the past month, how long
did you take a nap after lunch?*. Nighttime sleep duration
is divided into 3 groups: <6 h, 68 h, and >8 h, based on
previous studies that have identified these thresholds as rel-
evant for assessing the association between sleep duration
and health outcomes in middle-aged and elderly populations

(N = 17705)

Subjects who participated in 2011 CHARLS Wavel and have follow-up datain 2015 CHARLS Wave3

(N =271)

Participants excluded at baseline:

1. Age < 45 (N =391)

2. Missing data on sleeping. (N = 525)

3.Missing data on muscle measurements. (N = 11632)

4. Missing other important covariates. (N = 98)

5.With mental memory disorders or diagnosed sarcopenia.

Participants at baseline in 2011. (N = 4788)

Participants excluded at follow-up:
1.Missing data (N=1790)

Y

Participants ultimately included. (N = 2998)

Fig. 1 Flowchart of sample selection process
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[18]. The 6-8 h range is always considered optimal for
maintaining overall health in this demographic. Napping
duration is categorized into 4 groups: No napping, <30 min,
30-90 min, and >90 min. Based on changes in nighttime
sleep duration from baseline to follow-up, participants are
divided into 3 groups: Not change, increased, and decreased.

Covariates

We included additional sociodemographic and health-
related covariates in the analysis [5, 16]. Sociodemographic
characteristics comprised age, gender, residence area (rural
or urban), education level (secondary education or above vs.
below), marital status (married/cohabitation vs. other), and
insurance coverage. Health-related characteristics included
BMI, smoking status, alcohol consumption, the presence of
14 common comorbidities, and daily activity scores.

Age, marital status, insurance coverage, and education
level were obtained from the corresponding questionnaire
modules. Alcohol consumption was defined as a history of
habitual intake of alcoholic beverages including spirituous
liquor, wine, and rice wine, either in the past or present.
Smoking status was defined as a history of habitual use of
cigarettes, pipe tobacco, dry tobacco, or chewing tobacco,
either in the past or present. BMI was calculated based on
the participants’ height and weight, which were measured
on-site. Presence of comorbidities and daily activity scores
were obtained from retrospective questionnaires. Detailed
explanations of this section are provided in the supplemen-
tary materials.

Statistical analysis

Continuous variables were described using mean and stan-
dard deviation (M, SD), while categorical variables were
described using frequency and percentage (n, %). Multivari-
ate linear regression models were constructed to describe
the relationship between different sleep characteristics and
physical functioning. Nighttime sleep of 6-8 h, no nap-
ping, and no change in nighttime duration from baseline
to follow-up were used as the reference group. To exam-
ine the relationship between different sleep characteristics
and physical functioning, we adopted a stepwise approach
by progressively adding covariates to the models. Model 1
included only 3 sleep characteristics. Model 2 included age,
marital status, insurance coverage, and education, which
serve as basic sociodemographic factors. Model 3 further
adjusted for lifestyle factors: alcohol consumption, smok-
ing status, BMI, number of comorbidities, and daily activity
levels. Model 4 included all covariates to provide the most
comprehensive analysis, controlling for a wide range of fac-
tors that might influence the relationship between sleep and
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physical functioning. Restricted cubic splines (RCS) were
used to model the dose-response relationship of continuous
variables. This method allows for the flexible modeling of
nonlinear relationships by dividing the continuous variable
into intervals based on data percentiles and fitting piecewise
cubic splines to these intervals. RCS can provide a more
accurate representation of complex relationships between
continuous predictors and outcomes, as opposed to assum-
ing a linear association. A P-value of less than 0.05 was con-
sidered statistically significant. The significant codes were
as follows: “***” for P<0.001, “**” for P<0.01, and “*”
for P<0.05. All statistical analyses were conducted using R
version 4.4.1.

Results
Participant characteristics

In total, 2,959 middle-aged and elderly individuals were
included in the study, comprising 1,362 females and 1,636
males. Participants with memory-related diseases were
excluded from the study, as most variables were assessed
based on retrospective questionnaires. Individuals with
memory impairment may introduce substantial recall bias,
which could affect the accuracy of results. Besides, they
could also impact physical function and sleep. The average
age was 66.31+5.34 years. There were statistically signifi-
cant differences between genders in all variables except for
the number of chronic diseases, unless otherwise speci-
fied by tumorous diseases. As for sleeping patterns, males
tended to sleep slightly longer at night (6.56 h) compared
to females (6.02 h). Males napped for a longer duration
(46.39 min) compared to females (36.09 min). A higher pro-
portion of females napped for <30 min (7.6%) compared to
males (5.9%), and more males napped for >90 min (18.1%)
compared to females (12.0%). Specific basic characteristics
are shown in Table 1.

Relationships between sleep characteristics and
physical functioning

Multivariate linear regression revealed that, after adjusting
for confounding factors in Model 2 and Model 3, both short
nighttime sleep duration (<6 h) and prolonged nighttime
sleep were negatively associated with handgrip strength.
Conversely, napping for 30-90 min appeared to mitigate
grip strength decline. Additionally, shorter nighttime sleep,
excessive napping (>90 min), and changes in nighttime
sleep duration (either an increase or decrease) were asso-
ciated with poorer chair stand test performance and higher
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Table 1 Baseline characteristics of participants

Overall Female Male P-values

n 2998 1362 1636
Age (years, mean (SD)) 66.31 (5.34) 65.90 (5.20) 66.65 (5.43) <0.001
Education=Secondary education or above (n, %) 43 (1.4) 9(0.7) 34(2.1) 0.002
Residence=Urban (n, %) 470 (15.7) 240 (17.6) 230 (14.1) 0.009
Marital status=Married/cohabitation (n, %) 2525 (84.2) 1073 (78.8) 1452 (88.8) <0.001
Under Insurance (n, %) 2850 (95.1) 1291 (94.8) 1559 (95.3) 0.581
Number of chronic diseases (n, %) 0.003
No self-reported chronic diseases 797 (26.6) 325 (23.9) 472 (28.9)

=1 898 (30.0) 406 (29.8) 492 (30.1)

=2 641 (21.4) 296 (21.7) 345 (21.1)

>=3 662 (22.1) 335 (24.6) 327 (20.0)
History of drinking (n, %) 1000 (33.4) 162 (11.9) 838 (51.2) <0.001
History of smoking (n, %) 1361 (45.4) 145 (10.6) 1216 (74.3) <0.001
BMI (mean (SD)) 23.29 (3.86) 24.04 (4.05) 22.66 (3.57) <0.001
Hypertension (n, %) 897 (30.0) 462 (34.0) 435 (26.7) <0.001
Diabetes or high blood sugar (n, %) 186 (6.2) 104 (7.7) 82 (5.1) 0.004
Cancer or malignant tumor (n, %) 25(0.8) 14 (1.0) 11 (0.7) 0.388
Heart disease (n, %) 424 (14.2) 217 (16.0) 207 (12.7) 0.013
Arthritis or rheumatism (n, %) 1124 (37.5) 589 (43.3) 535 (32.8) <0.001
Asthma (n, %) 152 (5.1) 48 (3.5) 104 (6.4) 0.001
Daily activity level (n, %) <0.001

Low 1257 (41.9) 418 (30.7) 839 (51.3)

Medium 863 (28.8) 402 (29.5) 461 (28.2)

High 878 (29.3) 542 (39.8) 336 (20.5)
Nighttime (hours, mean (SD)) 6.32 (2.10) 6.02 (2.23) 6.56 (1.95) <0.001
Napping time (minutes, mean (SD)) 41.71 (46.34) 36.09 (43.81) 46.39 (47.86) <0.001
Napping duration (n, %) <0.001

<30 min 200 (6.7) 104 (7.6) 96 (5.9)

> 90 min 460 (15.3) 164 (12.0) 296 (18.1)

30-90 min 1149 (38.3) 509 (37.4) 640 (39.1)

No napping 1189 (39.7) 585 (43.0) 604 (36.9)
Variations in nighttime sleep duration (n, %) <0.001

Increased 1179 (39.3) 520 (38.2) 659 (40.3)

Not changed 708 (23.6) 268 (19.7) 440 (26.9)

Decreased 1111 (37.1) 574 (42.1) 537 (32.8)
Nighttime sleep duration (n, %) <0.001

<6h 1000 (33.4) 554 (40.7) 446 (27.3)

>8h 334 (11.1) 142 (10.4) 192 (11.7)

6-8h 1664 (55.5) 666 (48.9) 998 (61.0)
Handgrip (kg, mean (SD)) 27.74 (8.83) 22.05 (6.29) 32.47 (7.78) <0.001
Pace of walking (seconds, mean (SD)) 3.62 (3.89) 3.94 (5.58) 3.36 (1.25) <0.001
Chair stand test(seconds, mean (SD)) 10.40 (3.99) 10.95 (4.48) 9.94 (3.47) <0.001
ASM/HT? (kg/m?, mean (SD)) 8.86 (1.77) 10.60 (0.84) 7.41 (0.75) <0.001
SPPB score (n, %) <0.001

4 4(0.1) 3(0.2) 1(0.1)

5 35(1.2) 18 (1.3) 17 (1.0)

6 350 (11.7) 212 (15.6) 138 (8.4)

7 116 (3.9) 75 (5.5) 41 (2.5)

8 170 (5.7) 98 (7.2) 72 (4.4)

9 1452 (48.4) 567 (41.6) 885 (54.1)

10 189 (6.3) 99 (7.3) 90 (5.5)

11 404 (13.5) 187 (13.7) 217 (13.3)

12 278 (9.3) 103 (7.6) 175 (10.7)
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ASM/HT?. A decrease in nighttime sleep duration was also
linked to lower SPPB scores.

After adjusting for all covariates in Model 4, we found
that extended nighttime sleep duration was associated with
lower grip strength (f=-0.61, 95% CI: -1.23,-0.01, P<0.05)
and longer chair stand test completion time (#=0.40, 95%
CI: 0.04, 0.75, P<0.05). Additionally, napping for more
than 90 min was linked to reduced grip strength (f = -0.39,
95% CI: -1.43, -0.01, P<0.05) and poorer chair stand test
performance ($=0.59, 95% CI: 0.18, 0.99, P<0.01). This
suggests maintaining a moderate and stable sleep pattern
may be beneficial for physical function. Detailed regression
results are presented in Table 2.

To further investigate the dose-response relationship
between napping duration and physical function, we treated
napping duration as a continuous variable in Model 4. As
shown in Fig. 2, the dose-response relationship between
napping duration and handgrip strength in middle-aged and
elderly individuals reveals a U-shaped association (non-
linear P<0.05). Specifically, grip strength tends to decline
significantly if napping duration exceeds 50 min. However,
no U-shaped relationship was observed between napping
duration and chair stand test performance.

Differences in the impact of sleep characteristics on
physical functioning by daily activity

To control for confounding factors, we selected gender,
age, and daily activity levels as the primary variables for
subgroup analysis. The results indicated that the impact of
sleep characteristics on physical function varied across the
3 levels of daily activity (Table 3). Among middle-aged and
elderly individuals with low daily activity levels, decreased
nighttime sleep duration was significantly associated with
lower handgrip strength (f = -1.18, 95% CI: -2.15, -0.21,
P<0.01) and longer chair stand test time (£=0.41, 95%
CI: 0.05, 0.77, P<0.05).Additionally, prolonged nighttime
sleep (> 8 h) was associated with longer chair stand test time
($#=0.60, 95% CI: 0.11, 1.09, P<0.05), longer walking time
(=1.30, 95% CI: 0.37, 2.23, P<0.001), and lower SPPB
scores (f =-0.31, 95% CI: -0.59, -0.03, P<0.05). Further-
more, excessive napping (>90 min) was also found to be
associated with a decline in grip strength (f = -1.18, 95%
CI: -2.25, -0.12, P<0.05) and longer chair stand test time
(#=0.70, 95% CI: 0.24, 1.16, P<0.001).

Differences in the impact of sleep characteristics on
physical functioning by gender

To explore age-related variations, we performed a subgroup

analysis, dividing participants into an older group (>65
years) and a younger group (<65 years) (Table 4). In the
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older group, excessive napping (>90 min) was associated
with lower handgrip strength (f = -0.89, 95% CI: -1.69,
-0.08, P<0.05) and longer chair stand test time (£=0.77,
95% CI: 0.30, 1.25, P<0.01). Changes in nighttime sleep
duration, whether an increase (£=0.45, 95% CI: 0.04,
0.86, P<0.05) or a decrease (=0.54, 95% CI: 0.12, 0.96,
P<0.05), were associated with longer chair stand test time.
Moreover, increased nighttime sleep duration was nega-
tively associated with handgrip strength (8 = -0.74, 95%
CI: -1.44, -0.04, P<0.05). In contrast, among the younger
group, only prolonged nighttime sleep (>8 h) was signifi-
cantly associated with slower walking speed (8=3.06, 95%
CI: 0.96, 5.16, P<0.01), indicating fewer sleep-related
effects on other physical function measures in this subgroup.

Gender differences in the impact of sleep
characteristics on physical functioning

The impact of sleep characteristics on physical function var-
ied significantly between males and females (Table 5). In
males, both moderate (30-90 min) and excessive (>90 min)
napping were associated with longer chair stand test time
($=0.53, 95% CI: 0.18, 0.89, P<0.001; f=0.66, 95% CIL:
0.21, 1.11, P<0.001). Additionally, reduced nighttime sleep
duration was correlated with prolonged chair stand test time
($=0.46, 95% CI: 0.05, 0.87, P<0.05). Increased nighttime
sleep duration was also negatively associated with handgrip
strength (f =-0.96, 95% CI: -1.80, -0.12, P<0.05), whereas
decreased nighttime sleep duration was linked to lower
SPPB scores (f = -0.21, 95% CI: -0.42, -0.01, P<0.05).
Conversely, in females, the primary significant association
observed was between prolonged nighttime sleep (>8 h)
and slower walking speed (=1.32, 95% CI: 0.31, 2.34,
P<0.01), suggesting fewer adverse sleep-related effects on
other physical function measures compared to males.

The combined effect of nighttime sleep and napping

Table 6 illustrated the combined effect of nighttime sleep
and napping. Compared to individuals with less than 6 h
of nighttime sleep and no napping, those who slept 68 h
at night and napped for 30-90 min had longer chair stand
test times ($=0.63, 95% CI: 0.06-1.20, P<0.05). Similarly,
individuals with 68 h of nighttime sleep and naps exceed-
ing 90 min showed longer walking times (f=1.44, 95% CI:
0.68-2.21, P<0.01). This suggests that while moderate nap-
ping combined with sufficient nighttime sleep may support
physical function, excessive napping could be associated
with slower mobility, highlighting the importance of bal-
anced sleep patterns for maintaining optimal physical per-
formance in middle-aged and elderly individuals.
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Fig. 2 Dose-response relationship between nap duration and grip strength, and chair stand test time

Discussion

This study found that both excessively short and long night-
time sleep durations, as well as longer napping durations,
can negatively affect physical functioning in older adults.
Specifically, napping for more than 90 min was linked to
decreased handgrip strength (£ =-0.39,95% CI: -1.43,-0.01,
P<0.05) and prolonged chair stand test time (£=0.59, 95%
CI: 0.18, 0.99, P<0.01). RCS indicated that an potentially
optimal napping duration of around 50 min was beneficial
for maintaining handgrip strength. Additionally, the joint
analysis revealed that individuals with moderate nighttime
sleep duration but longer naps performed worse on physi-
cal tests. Subgroup analysis highlighted that maintaining
healthy sleep habits was particularly important for men over
65 with low daily activity levels. These findings underscore
the complex relationship between sleep patterns and physi-
cal functioning in older adults, suggesting that both ade-
quate nighttime sleep and appropriate napping duration are
crucial for preserving physical function in this population.
In our cohort, the average baseline nighttime sleep dura-
tion for middle-aged and older adults was 6.32+2.10 h,
indicating that the nighttime sleep duration for Chinese
middle-aged and older adults is significantly below the rec-
ommendation of the National Sleep Foundation [19]. Insuf-
ficient sleep is associated with a range of adverse health
outcomes, including increased risk of chronic conditions
such as cardiovascular disease, diabetes, and mental health
disorders. Our study confirms that interventions on sleep
characteristics in middle-aged and older adults may affect
their physical functioning. In the subgroup analyses con-
trolling for confounders, we observe associations between

@ Springer

nighttime sleep duration and certain physical functioning
measures that are not evident in the overall linear models.
This discrepancy may be attributable to the heterogeneity
within the general population model. Although these find-
ings require cautious interpretation, they are consistent with
some existing studies [8, 9]. Both excessively short and long
nighttime sleep durations have been shown to adversely
affect physical function, underscoring the importance of
maintaining an optimal sleep duration. Several mechanisms
may explain this relationship. Disruptions in circadian
rhythm, which regulate essential physiological processes,
can impair muscle repair and metabolism. For instance,
insufficient sleep or irregular sleep patterns may lead to
disturbances in the secretion of growth hormone, which is
critical for muscle tissue regeneration [20]. Abnormal sleep
patterns can influence blood glucose regulation, blood pres-
sure, cognitive function, and hormonal balance (especially
as cortisol and melatonin), all of which are essential for mus-
cle protein synthesis and breakdown [21, 22]. Short sleep
duration has been linked to insulin resistance and impaired
glucose metabolism, which in turn may reduce energy avail-
ability for muscle function and repair. Elevated cortisol lev-
els, often seen with sleep deprivation or excessive sleep,
may promote muscle catabolism (breakdown) and inhibit
muscle growth. Yang H [23] established mouse models of
sleep deprivation and observed that in sleep-deprived mice
led to a significant decline in limb grip strength, a reduction
in gastrocnemius muscle mass and muscle index, as well as
a marked decrease in the melatonin to cortisol ratio, while
exposure to arsenite. Some studies have also suggested that
the relationship between sleep duration and muscle mass
and function may be linked to testosterone secretion, which
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Table 3 Linear regression results of subgroup analysis by daily activity levels (Model 4)

Outcome Activity level: low (N=1257) Activity level: medium (N=863)  Activity level: high (N=878)
variables
B-Coefficients(95%CI) B-Coefficients(95%CI) B-Coefficients(95%CI)
Night- 6-8h <6h >8h <6h >8h <6h >8h
time sleep
duration
Handgrip Ref -1.18(- -0.74(- -0.91(- -1.23(- 0.96(-0.01, 0.48(-
2.15, 2.06, 1.87,0.05) 2.68,0.22) 1.93) 1.08, 2.05)
-0.21)**  0.59)
ASM/HT? Ref 0.01(- 0.01(- 0.00(-0.04, -0.02(- -0.01(- -0.04(-
0.03, 0.04, 0.03) 0.07,0.03) 0.05,0.03) 0.11,0.02)
0.05) 0.06)
Chair Ref 0.41(0.05, 0.60(0.11, 0.23(-0.32, -0.58(- -0.29(- 0.26(-
stand test 0.77)* 1.09)* 0.78) 1.42,0.25) 0.99,0.41) 0.86,1.38)
Pace of Ref 0.10(- 1.30(0.37, 0.12(-0.04, 0.23(- -0.16(- -0.09(-
walking 0.58, 2.23)%*% 0.28) 0.02, 0.47) 0.61,0.28) 0.81,0.63)
0.78)
SPPB Ref -0.04(- -0.31(- 0.07(-0.18, -0.28(- -0.10(- 0.19(-
score 0.24, 0.59, 0.32) 0.66, 0.10) 0.36,0.16) 0.23,0.61)
0.17) -0.03)*
Variations Not Increased Decreased Increased  Decreased Increased  Decreased
innight-  changed
time sleep
duration
Handgrip Ref -0.58(- 0.30(- -1.23(- -0.76(- 0.05(-1.25, 0.62(-
1.48, 0.64, 2.35, 1.92,0.39) 1.34) 0.64, 1.87)
0.31) 1.24) -0.11)*
ASM/HT? Ref -0.02(- -0.01(- 0.01(-0.03, -0.02(- 0.04(-0.01, 0.00(-
0.06, 0.06, 0.05) 0.06, 0.02) 0.09) 0.05, 0.06)
0.02) 0.03)
Chair Ref 0.29(- 0.22(- 0.05(-0.59, 0.53(- 0.45(-0.48, 0.49(-
stand test 0.10, 0.18, 0.70) 0.13,1.19) 1.38) 0.41, 1.40)
0.67) 0.63)
Pace of Ref 0.46(- -0.08(- 0.15(-0.04, 0.04(- -0.26(- -0.55(-
walking 0.27, 0.85, 0.34) 0.15,0.23) 0.85,0.34) 1.12,0.03)
1.19) 0.69)
SPPB Ref -0.05(- -0.05(- -0.24(- -0.24(- -0.05(- -0.14(-
score 0.27, 0.28, 0.54,0.05) 0.54,0.06) 0.41,0.30) 0.48,0.20)
0.17) 0.18)
Napping  No <30min  30-90 min >90 min <30 min 30-90 min >90 min <30 min 30-90 min >90 min
duration napping
Handgrip Ref 1.24(- 0.13(- -1.18(- -0.19(- 0.62(- -1.17(-  1.53(-0.38, 0.67(- 0.20(-
0.27, 0.69, 2.25, 1.96,1.59) 0.36,1.61) 2.52, 3.44) 0.38, 1.71) 1.16,
2.76) 0.94) -0.12)* 0.19) 1.56)
ASM/HT? Ref -0.02(- 0.02(- 0.03(- 0.02(-0.05, 0.01(- 0.00(- -0.03(- -0.03(- -0.02(-
0.09, 0.01, 0.01, 0.08) 0.03,0.04) 0.05, 0.11,0.05) 0.07,0.01) 0.08,
0.04) 0.06) 0.08) 0.05) 0.03)
Chair Ref 0.49(- 0.20(- 0.70(0.24, -0.04(- 0.46(- 0.46(- -0.19(- 0.03(- 0.47(-
stand test 0.16, 0.15, 1.16)***  1.06,0.97) 0.11,1.02) 0.32, 1.56,1.18) 0.72,0.79) 0.51,
1.14) 0.55) 1.24) 1.45)
Pace of Ref -0.44(- -0.37(- -0.20(- 0.16(-0.14, -0.11(- -0.04(-  -0.13(- 0.06(- -0.03(-
walking 1.69, 1.04, 1.07, 0.45) 0.27,0.06) 0.27, 1.01,0.75) 0.42,0.54) 0.66,
0.80) 0.30) 0.68) 0.18) 0.59)
SPPB Ref 0.21(- -0.01(- -0.06(- -0.29(- 0.26(0.00, -0.06(-  0.49(-0.03, 0.06(- -0.03(-
score 0.16, 0.21, 0.33, 0.75,0.17) 0.51)* 0.41, 1.01) 0.23,0.34) 0.39,
0.58) 0.19) 0.20) 0.29) 0.34)
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could explain the stronger associations observed in the
male subgroup. Some studies have also suggested that the
relationship between sleep duration and muscle mass and
function may be related to the secretion of testosterone [24].
A multicenter clinical study conducted in Europe showed
that among middle-aged and elderly individuals aged 30
to 79, average testosterone levels declined as sleep quality
deteriorated [25]. We observed that the higher number of
positive results in the male subgroup may also be related
to this factor. Regarding extended nighttime sleep duration,
some studies have indicated that extreme long sleep dura-
tion is associated with higher levels of CRP (ES 0.17; 95%
CI 0.01-0.34) and IL-6 (ES 0.11; 95% CI 0.02-0.20) [26].
Some observational studies have also noted a strong asso-
ciation between excessively long sleep duration (generally
considered to be over 9 h) and sarcopenia [5, 27]. Our study
suggests that an appropriate duration of nighttime sleep may
have a protective effect on the physical function of middle-
aged and elderly individuals.

Our subgroup analysis revealed that the impact of abnor-
mal sleep patterns on physical functioning was more pro-
nounced in individuals with low daily activity levels, older
adults, and males. The differences between the overall and
subgroup analyses may stem from population heteroge-
neity. In the general analysis, the diverse characteristics
of the population may obscure certain associations due to
variations in baseline physical function, lifestyle factors,
and physiological resilience. However, within more homo-
geneous subgroups sharing similar risk factors, the detri-
mental effects of sleep disturbances on physical function
become more evident, highlighting patterns that might not
be detectable in the broader population. Our hypothesis is
as follows: In individuals with lower daily activity levels,
the impact of insufficient or excessive sleep may be more
pronounced due to their already diminished baseline physi-
cal function. Physical inactivity itself is a well-established
risk factor for muscle weakness, and disruptions in sleep
patterns could further exacerbate these issues [28]. Among
older adults (aged over 65), who are inherently at a higher
risk of frailty, abnormal sleep patterns may have a more
substantial impact. This population is also more likely to
experience cognitive decline, which can further impair
motor function and balance [29]. In males, the association
between sleep disturbances and physical function may be
influenced by hormonal factors, particularly testosterone.
Testosterone plays a crucial role in maintaining muscle
mass and strength, and disruptions in sleep—especially
those that alter hormonal balance—may have a more pro-
nounced effect on physical performance in men [24, 25].
Additionally, given that males generally have greater mus-
cle mass, they may be more sensitive to the detrimental
effects of sleep disturbances on muscle strength and overall

physical function. We believe that these subgroups repre-
sent high-risk populations for functional decline, making
them key targets for potential interventions aimed at miti-
gating the adverse effects of sleep disturbances on physical
health. Identifying and addressing sleep-related risk factors
in these vulnerable groups could help reduce the burden of
age-related physical decline, promote independent living in
these groups, and alleviate healthcare costs associated with
mobility impairments and frailty-related complications.
Currently, there is limited research on the association
between daytime napping and health outcomes. Some
research showed that participants who napped for over
90 min per day have higher prevalence rates of type 2 diabe-
tes and obesity compared to those who nap for 5 to 30 min
per day [30-32]. In contrast, another research based on
CHARLS found that older adults who napped for less than
30 min exhibited a higher risk of frailty, whereas those who
napped for a moderate duration (more than 30 min) exhib-
ited the opposite result [32]. Our linear regression analysis
of the overall population revealed a U-shaped relationship
between nap duration and handgrip strength, with data sug-
gesting that around 50 min of napping may be associated
with potentially optimal handgrip strength. However, the
determination of a healthy napping duration remains conten-
tious, primarily due to the diverse nature of napping charac-
teristics. Among middle-aged and older adults, the reasons
for napping differ: some nap to compensate for inadequate
nighttime sleep, others nap out of boredom, and some have a
habitual napping routine regardless of their nighttime sleep
duration [32-35]. In our study, we carefully controlled for
potential confounding factors, including daily activity lev-
els in subgroup analyses. The results indicated that napping
for more than 90 min was associated with a decline in hand-
grip strength (f =-1.18, 95% CI: -2.25, -0.12, P<0.05) and
longer chair stand test time (=0.70, 95% CI: 0.24, 1.16,
P<0.001). Interestingly, within the range of nighttime sleep
duration between 6 and 8 h, longer nap durations appeared
to be associated with worse physical function. This also
suggested that prolonged, low-energy napping might pose
a risk to the physical functioning of older adults. Previous
studies had reported the association between nap duration
and sarcopenia among older Chinese adults: They found
that individuals who napped for 1-59 min and 60—119 min
had a significantly reduced risk of sarcopenia [36]. Addi-
tionally, research on athletes has shown that both short and
long-term napping habits are associated with lower levels of
muscle damage and oxidative stress markers compared to
individuals who do not nap [37]. Some scholars noted that
daytime napping can mitigate the microvascular immune-
inflammatory effects caused by nighttime sleep deprivation
and improve oxidative stress [38—40]. Nevertheless, further
research is needed to better understand the complex impact

@ Springer
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of napping characteristics on the health of middle-aged and
elderly individuals.

The distribution of sleep duration is shaped by a range
of demographic, lifestyle, and health-related factors, mak-
ing the relationship between nighttime sleep and daytime
napping particularly complex. Our study is among the few
to comprehensively examine the association between over-
all sleep patterns and physical function in middle-aged and
older adults. A key strength of our study lies in its use of a
nationally representative cohort from across China, along
with rigorous control of potential confounders. Notably,
we account for daily activities as covariates and employe
RCS to assess the dose-response relationship between sleep
duration and physical function. Furthermore, by analyzing
the combined effects of nighttime sleep and napping dura-
tion, our study provides a more nuanced understanding of
how different sleep patterns collectively influence physical
health. Given that the baseline nighttime sleep duration in
our cohort is notably lower than the recommendations of the
National Sleep Foundation, these findings have important
public health implications. Insufficient sleep is a growing
concern among aging populations, with potential conse-
quences for functional decline, frailty, and overall quality of
life. Understanding how sleep patterns interact with physi-
cal function is crucial for developing targeted interventions
to promote healthy aging. By highlighting the significance
of balanced sleep habits, our findings may inform future
public health strategies aimed at mitigating the risks asso-
ciated with abnormal sleep patterns in older adults. These
methodological approaches strengthen the credibility of our
study and offer valuable insights for guiding future research
and healthcare policies to improve the well-being of aging
populations.

This study has several limitations. First, the assessment
of participants’ sleep duration was primarily based on self-
reported questionnaires. Despite excluding participants with
mental or memory-related disorders, the findings may still
be subject to recall bias and reporting inaccuracies, poten-
tially leading to misclassification [41]. Second, our study
only considered sleep duration and lacked an evaluation of
sleep quality, such as sleep fragmentation, early awakenings,
or night disturbances. Additionally, participants with poorer
physical function were less likely to complete the physical
performance tests, and the exclusion of these missing values
may have introduced selection bias. We estimated partici-
pants’ muscle mass using anthropometric equations rather
than Dual-Energy X-ray absorptiometry. While the formula
has proven highly effective in the Chinese population, cau-
tion should be exercised when generalizing these findings to
other ethnic groups [17, 42]. Furthermore, while our study
identified an optimal nap duration for maintaining grip
strength, this recommendation is based on observational

@ Springer

data rather than a definitive causal conclusion, and individ-
ual differences in sleep needs should be considered. Finally,
as a cohort study with a follow-up design, our findings pro-
vide valuable insights but do not establish causality. Future
research should incorporate randomized controlled trials
to further validate these associations and explore potential
mechanisms underlying the observed relationships.

Conclusions

Our study demonstrates that maintaining an adequate and
stable sleep duration benefits the physical function of older
adults. Both excessively short and long nighttime sleep, as
well as extended daytime napping, were linked to poorer
physical performance. These findings highlight the need
for tailored sleep recommendations, particularly for high-
risk groups such as older individuals, males, and those with
low activity levels. Given the aging population and rising
sleep disturbances, our results underscore the importance
of incorporating sleep health into public health strategies to
support mobility and independence in older adults.

Supplementary Information The online version  contains
supplementary material available at https://doi.org/10.1007/s40520-0
25-03020-9.

Acknowledgements The authors would like to thank the National
School of Development at Peking University for providing the data.

Author contributions ZL, Z designed the study and collected the data
and processed and analyzed the data and wrote the first draft and was
responsible for reviewing and editing the article. LH, Y provides guid-
ance on feasibility analysis and topic selection for the article, and is
responsible for all aspects of the work.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Data availability The original data for this study can be obtained by
applying through the CHARLS (https://charls.pku.edu.cn/en/). The
processed dataset from the current study is available upon reasonable
request from the corresponding author.

Declarations

Ethics approval and consent to participate CHARLS has received eth-
ical approval from the Institutional Review Board of Peking Univer-
sity (Approval number: IRB00001052-11015;IRB00001052-11014).
Written informed consent was obtained from all participants prior to
the survey. CHARLS was conducted in accordance with the Declara-
tion of Helsinki.

Consent for publication All authors consent to publication.

Competing interests The authors declare no competing interests.


https://doi.org/10.1007/s40520-025-03020-9
https://doi.org/10.1007/s40520-025-03020-9

Aging Clinical and Experimental Research (2025) 37:118

Page 150f 16 118

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.o
rg/licenses/by/4.0/.

References

1. Chen X, Giles J, Yao Y, Yip W, Meng Q, Berkman L, Chen H,
Chen X, Feng J, Feng Z, Glinskaya E, Gong J, Hu P, Kan H, Lei
X, Liu X, Steptoe A, Wang G, Wang H, Wang H, Wang X, Wang
Y, Yang L, Zhang L, Zhang Q, Wu J, Wu Z, Strauss J, Smith J,
Zhao Y (2022) The path to healthy ageing in China: a Peking
University-Lancet Commission. Lancet. 400(10367):1967-2006.
doi: 10.1016/S0140-6736(22)01546-X. Epub 2022 Nov 21.
PMID: 36423650; PMCID: PMC9801271

2. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Berna-
bei R, Cesari M, Chumlea WC, Dochner W, Evans J, Fried LP,
Guralnik JM, Katz PR, Malmstrom TK, McCarter RJ, Gutierrez
Robledo LM, Rockwood K, von Haehling S, Vandewoude MF,
Walston J (2013) Frailty consensus: a call to action. J] Am Med
Dir Assoc 14(6):392-397. https://doi.org/10.1016/j.jamda.2013.0
3.022PMID: 23764209; PMCID: PMC4084863

3. Ma D, Zhang T (2025) Different Temporal relationship between
sex hormones and sleep status in midlife women: a longitudinal
cohort study. Sex Med 13(1):qfaf009. https://doi.org/10.1093/sex
med/qfaf009PMID: 40041303; PMCID: PMC11879248

4. Rangwala HS, Fatima H, Syed AM, Abbas SR, Rangwala BS
(2025) From diagnosis to treatment: A comprehensive review of
biomarkers and therapeutic advances in Parkinson’s disease. Ann
Neurosci 32(1):51-57. https://doi.org/10.1177/09727531231200
733Epub 2023 Nov 1. PMID: 40017568; PMCID: PMC11863227

5. Song Y, Liu H, Liu Y (2024) The association between nap
time, nighttime sleep and depression in Chinese older adults: A
cross-sectional study. PLoS ONE 19(6):¢0302939. https://doi.
org/10.1371/journal.pone.0302939PMID: 38843237; PMCID:
PMCI11156306

6. Corral-Pérez J, Vazquez-Sanchez MA, Casals-Sanchez JL, Con-
treras-Garcia FJ, Costilla M, Casals C (2024) A 6-month educa-
tional program improves sleep behaviour in community-dwelling
frail older adults: A randomised controlled trial. Sleep Med.
121:196-202. doi: 10.1016/j.sleep.2024.07.011. Epub ahead of
print. PMID: 39002328

7. Cai H, Shu XO, Xiang YB, Yang G, Li H, Ji BT, Gao J, Gao
YT, Zheng W (2015) Sleep duration and mortality: a prospec-
tive study of 113 138 middle-aged and elderly Chinese men and
women. Sleep 38(4):529-536. https://doi.org/10.5665/sleep.456
4PMID: 25348122; PMCID: PMC4355892

8. Pourmotabbed A, Ghaedi E, Babaei A, Mohammadi H, Khazaie
H, Jalili C, Symonds ME, Moradi S, Miraghajani M (2020) Sleep
duration and sarcopenia risk: a systematic review and dose-
response meta-analysis. Sleep Breath 24(4):1267-1278. https:/
doi.org/10.1007/s11325-019-01965-6Epub 2019 Dec 12. PMID:
31832982

9. Gao Q, Hu K, Yan C, Zhao B, Mei F, Chen F, Zhao L, Shang
Y, Ma Y, Ma B (2021) Associated factors of sarcopenia in

11.

12.

13.

14.

15.

17.

19.

20.

21.

Community-Dwelling older adults: A systematic review and
Meta-Analysis. Nutrients 13(12):4291. https://doi.org/10.3390/n
ul3124291PMID: 34959843; PMCID: PMC8707132

Fu L, Yu X, Zhang W, Han P, Kang L, Ma Y, Jia L, Yu H, Chen
X, Hou L, Wang L, Guo Q (2019) The relationship between sleep
duration, falls, and muscle mass: A cohort study in an elderly Chi-
nese population. Rejuvenation Res 22(5):390-398. https://doi.org
/10.1089/rej.2018.2102Epub 2019 Jan 24. PMID: 30565504
Shibuki T, Tida M, Harada S, Kato S, Kuwabara K, Hirata A,
Sata M, Matsumoto M, Osawa Y, Okamura T, Sugiyama D,
Takebayashi T (2023) The association between sleep parameters
and sarcopenia in Japanese community-dwelling older adults.
Arch Gerontol Geriatr 109:104948 Epub 2023 Jan 31. PMID:
36764202

Zhang L, Chen C, Zhang H, Peng B (2023) Longitudinal asso-
ciations between daytime napping and cognitive function in Chi-
nese older adults. Arch Gerontol Geriatr 107:104909. https://do
i.org/10.1016/j.archger.2022.104909Epub 2022 Dec 16. PMID:
36577195

Fang W, Li Z, Wu L, Cao Z, Liang Y, Yang H, Wang Y, Wu T
(2013) Longer habitual afternoon napping is associated with a
higher risk for impaired fasting plasma glucose and diabetes mel-
litus in older adults: results from the Dongfeng-Tongji cohort of
retired workers. Sleep Med. 14(10):950-4. https://doi.org/10.101
6/j.sleep.2013.04.015. Epub 2013 Jul 3. PMID: 23831240
Zhao'Y, Hu Y, Smith JP, Strauss J, Yang G (2014) Cohort profile:
the China health and retirement longitudinal study (CHARLS).
Int J Epidemiol 43(1):61-68. https://doi.org/10.1093/ije/dys20
3Epub 2012 Dec 12. PMID: 23243115; PMCID: PMC3937970
Woo J, Leung J, Morley JE (2015) Defining sarcopenia in terms
of incident adverse outcomes. ] Am Med Dir Assoc 16(3):247—
252. https://doi.org/10.1016/j.jamda.2014.11.013Epub 2014 Dec
23. PMID: 25548028

Chen J, Yan L, Chu J, Wang X, Xu Z (2024) Pain characteristics
and progression to sarcopenia in Chinese Middle-Aged and older
adults: A 4-Year longitudinal study. J Gerontol Biol Sci Med Sci
79(5):glae080. https://doi.org/10.1093/gerona/glac080PMID:
38469680; PMCID: PMC11005774

Wen X, Wang M, Jiang CM, Zhang YM (2011) Anthropomet-
ric equation for estimation of appendicular skeletal muscle mass
in Chinese adults. Asia Pac J Clin Nutr. 20(4):551-6. PMID:
22094840

Hu K, Li W, Zhang Y, Chen H, Bai C, Yang Z, Lorenz T, Liu K,
Shirai K, Song J, Zhao Q, Zhao Y, Zhang JJ, Wei J, Pan J, Qi J, Ye
T, Zeng Y, Yao Y (2022) Association between outdoor artificial
light at night and sleep duration among older adults in China:
A cross-sectional study. Environ Res 212(Pt B):113343. https:/
doi.org/10.1016/j.envres.2022.113343Epub 2022 Apr 21. PMID:
35461841

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, Don-
Carlos L, Hazen N, Herman J, Katz ES, Kheirandish-Gozal L,
Neubauer DN, O’Donnell AE, Ohayon M, Peever J, Rawding
R, Sachdeva RC, Setters B, Vitiello MV, Ware JC (2015) Adams
Hillard PJ. National sleep foundation’s sleep time duration rec-
ommendations: methodology and results summary. Sleep Health
1(1):40-43 Epub 2015 Jan 8. PMID: 29073412

Bemanalizadeh M, Parsapoor M, Emami L, Imani V, Parsapour Z,
Kelisahdi R (2024) The association between sleep consolidation
and growth and development in early childhood: A systematic
review. Health Promot Perspect 14(4):312-318. https://doi.org/1
0.34172/hpp.43037PMID: 40041733; PMCID: PMC11873771
Dattilo M, Antunes HK, Medeiros A, Monico Neto M, Souza HS,
Tufik S, de Mello MT (2011) Sleep and muscle recovery: endo-
crinological and molecular basis for a new and promising hypoth-
esis. Med Hypotheses 77(2):220-222. https://doi.org/10.1016/j.m
¢hy.2011.04.017Epub 2011 May 7. PMID: 21550729

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1016/j.jamda.2013.03.022
https://doi.org/10.1093/sexmed/qfaf009
https://doi.org/10.1093/sexmed/qfaf009
https://doi.org/10.1177/09727531231200733
https://doi.org/10.1177/09727531231200733
https://doi.org/10.1371/journal.pone.0302939
https://doi.org/10.1371/journal.pone.0302939
https://doi.org/10.5665/sleep.4564
https://doi.org/10.5665/sleep.4564
https://doi.org/10.1007/s11325-019-01965-6
https://doi.org/10.1007/s11325-019-01965-6
https://doi.org/10.3390/nu13124291
https://doi.org/10.3390/nu13124291
https://doi.org/10.1089/rej.2018.2102
https://doi.org/10.1089/rej.2018.2102
https://doi.org/10.1016/j.archger.2022.104909
https://doi.org/10.1016/j.archger.2022.104909
https://doi.org/10.1016/j.sleep.2013.04.015
https://doi.org/10.1016/j.sleep.2013.04.015
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1093/ije/dys203
https://doi.org/10.1016/j.jamda.2014.11.013
https://doi.org/10.1093/gerona/glae080
https://doi.org/10.1016/j.envres.2022.113343
https://doi.org/10.1016/j.envres.2022.113343
https://doi.org/10.34172/hpp.43037
https://doi.org/10.34172/hpp.43037
https://doi.org/10.1016/j.mehy.2011.04.017
https://doi.org/10.1016/j.mehy.2011.04.017

118

Page 16 of 16

Aging Clinical and Experimental Research

(2025) 37:118

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lv X, Peng W, Jia B, Lin P, Yang Z (2024) Longitudinal asso-
ciation of sleep duration with possible sarcopenia: evidence from
CHARLS. BMJ Open 14(3):¢079237. https://doi.org/10.1136/bm
jopen-2023-079237PMID: 38521528; PMCID: PMC10961493
Yang H, Chen X, Yu X, Sun B, Tao J, Chen X (2025) Sleep depri-
vation and subchronic arsenite exposure synergistically induced
skeletal muscle aging by disrupting melatonin and cortisol secre-
tion in mice. Toxics 13(2):97. https://doi.org/10.3390/toxics1302
0097PMID: 39997912; PMCID: PMC11861524

Auyeung TW, Kwok T, Leung J, Lee JS, Ohlsson C, Vanden-
put L, Wing YK, Woo J (2015) Sleep duration and disturbances
were associated with testosterone level, muscle mass, and muscle
Strength—A Cross-Sectional study in 1274 older men. J Am Med
Dir Assoc 16(7):630e. 1-6Epub 2015 May 8. PMID: 25959075
Sharma SD, Cook MIJ, Antonio L, Gielen E, Bartfai G, Casa-
nueva FF, Huhtaniemi IT, Maggi M, Punab M, Rastrelli G,
Slowikowska-Hilczer J, Tournoy J, Vanderschueren D, Wu FC,
O’Neill TW (2023) Does testosterone influence the association
between sleep and frailty in men: results from the European male
aging study. BMC Geriatr 23(1):813. https://doi.org/10.1186/s12
877-023-04450-8PMID: 38057724; PMCID: PMC10702097
Irwin MR, Olmstead R, Carroll JE, Sleep Disturbance (2016)
Sleep duration, and inflammation: A systematic review and
Meta-Analysis of cohort studies and experimental sleep depriva-
tion. Biol Psychiatry 80(1):40-52. https://doi.org/10.1016/j.biop
sych.2015.05.014Epub 2015 Jun 1. PMID: 26140821; PMCID:
PMC4666828

Smith L, Shin JI, Veronese N, Soysal P, Lopez Sanchez GF, Piz-
zol D, Demurtas J, Tully MA, Barnett Y, Butler L, Koyanagi A
(2022) Sleep duration and sarcopenia in adults aged>65 years
from low and middle-income countries. Aging Clin Exp Res
34(7):1573-1581 Epub 2022 Feb 1. PMID: 35103953

Rahmati M, Lee H, Lee H, Park J, Vithran DTA, Li Y, Kazemi
A, Boyer L, Fond G, Smith L, Veronese N, Soysal P, Dragioti
E, Cortese S, Kang J, Yon DK, Solmi M (2025) Associations
between exercise training, physical activity, sedentary behaviour
and mortality: an umbrella review of Meta-Analyses. J Cachexia
Sarcopenia Muscle 16(2):e13772. https://doi.org/10.1002/jcsm.1
3772PMID: 40042073; PMCID: PMC11880915

Su C, Zhang S, Zheng Q, Miao J, Guo J (2025) Prevalence and
correlation of sarcopenia with Alzheimer’s disease: A systematic
review and meta-analysis. PLoS ONE 20(3):¢0318920. https://d
oi.org/10.1371/journal.pone.0318920PMID: 40029915; PMCID:
PMCI11875368

Papandreou C, Diaz-Lopez A, Babio N, Martinez-Gonzalez MA,
Bullé M, Corella D, Fito6 M, Romaguera D, Vioque J, Alonso-
Goémez AM, Wairnberg J, Martinez AJ, Serra-Majem L, Estruch
R, Fernandez-Garcia JC, Lapetra J, Pint6 X, Tur JA, Garcia-Rios
A, Bueno-Cavanillas A, Delgado-Rodriguez M, Matia-Martin P,
Daimiel L, Martin-Sanchez V, Vidal J, Vazquez C, Ros E, Buil-
Cosiales P, Becerra-Tomas N, Martinez-Lacruz R, Schréder H,
Konieczna J, Garcia-de-la-Hera M, Moreno-Rodriguez A, Baron-
Lopez J, Pérez-Farinds N, Abete I, Bautista-Castaiio I, Casas R,
Munoz-Garach A, Santos-Lozano JM, Trias F, Gallardo-Alfaro
L, Ruiz-Canela M, Barragan R, Goday A, Galmés-Panadés AM,
Gonzalez-Botella A, Vaquero-Luna J, Toledo E, Castafier O
(2019) Salas-Salvad6 J. Long daytime napping is associated with
increased adiposity and type 2 diabetes in an elderly population
with metabolic syndrome. J Clin Med 8(7):1053. https://doi.org/1
0.3390/jcm8071053PMID: 31330940; PMCID: PMC6678571
Han X, Liu B, Wang J, Pan A, Li Y, Hu H, Li X, Yang K, Yuan J,
Yao P, Miao X, Wei S, Wang Y, Liang Y, Zhang X, Guo H, Yang
H, Hu FB, Wu T, He M (2016) Long sleep duration and afternoon

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

napping are associated with higher risk of incident diabetes in
middle-aged and older Chinese: the Dongfeng-Tongji cohort
study. Ann Med. 48(4):216—23. https://doi.org/10.3109/0785389
0.2016.1155229. Epub 2016 Mar 11. PMID: 26969344

Zhang Y, Zhou L, Ge M, Lin X, Dong B (2023) Association
between daytime nap duration and risks of frailty: findings from
the China health and retirement longitudinal study. Front Public
Health 10:1098609. https://doi.org/10.3389/fpubh.2022.109860
9PMID: 36777767; PMCID: PMC9911424

Lin JN (2018) Sep-Oct;39(5):543-547 Correlates and influences
of taking an afternoon nap on nocturnal sleep in Chinese elderly:
A qualitative study. Geriatr Nurs. https://doi.org/10.1016/j.gerinu
15¢.2018.03.002. Epub 2018 Apr 10. PMID: 29653772

Devine JK, Wolf JM (2016) Determinants of cortisol awakening
responses to naps and nighttime sleep. Psychoneuroendocrinol-
ogy 63:128-134. https://doi.org/10.1016/j.psyneuen.2015.09.01
6Epub 2015 Sep 21. PMID: 26441231

Goldman SE, Hall M, Boudreau R, Matthews KA, Cauley JA,
Ancoli-Israel S, Stone KL, Rubin SM, Satterfield S, Simonsick
EM, Newman AB (2008) Association between nighttime sleep
and napping in older adults. Sleep 31(5):733—-740. https://doi.org/
10.1093/sleep/31.5.733PMID: 18517043; PMCID: PMC2398743
Hu Z, Yang A, Tian Y, Song X (2022) Daytime napping, comor-
bidity profiles, and the risk of sarcopenia in older individuals.
Front Physiol 13:1000593. https://doi.org/10.3389/fphys.2022.1
000593PMID: 36388101; PMCID: PMC9663836

Romdhani M, Souissi N, Chaabouni Y, Mahdouani K, Driss T,
Chamari K, Hammouda O (2020) Improved Physical Perfor-
mance and Decreased Muscular and Oxidative Damage With
Postlunch Napping After Partial Sleep Deprivation in Athletes.
Int J Sports Physiol Perform. 15(6):874—883. https://doi.org/10.1
123/ijspp.2019-0308. PMID: 32023544

Cruz-Jentoft AJ, Sayer AA, Sarcopenia (2019) Lancet.
393(10191):2636-2646. doi: 10.1016/S0140-6736(19)31138-9.
Epub 2019 Jun 3. Erratum in: Lancet. 2019;393(10191):2590. htt
ps://doi.org/10.1016/S0140-6736(19)31465-5. PMID: 31171417
Liu X, Wang G, Wang X, Wang Y, Min Y, Zhang J, Chang RT,
Zhao X, He W, Moshfeghi DM, Lu Y, Hsing AW, Yao K, Zhu
S (2022) Daytime napping is associated with retinal micro-
circulation: a large population-based study in China. Sleep.
45(3):zsab277. https://doi.org/10.1093/sleep/zsab277. PMID:
34875091

Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA (2015)
Combined effects of time spent in physical activity, sedentary
behaviors and sleep on obesity and cardio-metabolic health mark-
ers: a novel compositional data analysis approach. PLoS ONE
10(10):€0139984.  https://doi.org/10.1371/journal.pone.013998
4PMID: 26461112; PMCID: PMC4604082

Irwin MR, Carrillo C, Olmstead R (2010) Sleep loss activates
cellular markers of inflammation: sex differences. Brain Behav
Immun 24(1):54-57. https://doi.org/10.1016/j.bbi.2009.06.00
1Epub 2009 Jun 9. PMID: 19520155; PMCID: PMC2787978
Wu X, Li X, XuM, Zhang Z, He L, Li Y (2021) Sarcopenia prev-
alence and associated factors among older Chinese population:
findings from the China health and retirement longitudinal study.
PLoS ONE 16(3):¢0247617. https://doi.org/10.1371/journal.pone
.0247617PMID: 33661964; PMCID: PMC7932529

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.3109/07853890.2016.1155229
https://doi.org/10.3109/07853890.2016.1155229
https://doi.org/10.3389/fpubh.2022.1098609
https://doi.org/10.3389/fpubh.2022.1098609
https://doi.org/10.1016/j.gerinurse.2018.03.002
https://doi.org/10.1016/j.gerinurse.2018.03.002
https://doi.org/10.1016/j.psyneuen.2015.09.016
https://doi.org/10.1016/j.psyneuen.2015.09.016
https://doi.org/10.1093/sleep/31.5.733
https://doi.org/10.1093/sleep/31.5.733
https://doi.org/10.3389/fphys.2022.1000593
https://doi.org/10.3389/fphys.2022.1000593
https://doi.org/10.1123/ijspp.2019-0308
https://doi.org/10.1123/ijspp.2019-0308
https://doi.org/10.1016/S0140-6736(19)31465-5
https://doi.org/10.1016/S0140-6736(19)31465-5
https://doi.org/10.1093/sleep/zsab277
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1016/j.bbi.2009.06.001
https://doi.org/10.1016/j.bbi.2009.06.001
https://doi.org/10.1371/journal.pone.0247617
https://doi.org/10.1371/journal.pone.0247617
https://doi.org/10.1136/bmjopen-2023-079237
https://doi.org/10.1136/bmjopen-2023-079237
https://doi.org/10.3390/toxics13020097
https://doi.org/10.3390/toxics13020097
https://doi.org/10.1186/s12877-023-04450-8
https://doi.org/10.1186/s12877-023-04450-8
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.1016/j.biopsych.2015.05.014
https://doi.org/10.1002/jcsm.13772
https://doi.org/10.1002/jcsm.13772
https://doi.org/10.1371/journal.pone.0318920
https://doi.org/10.1371/journal.pone.0318920
https://doi.org/10.3390/jcm8071053
https://doi.org/10.3390/jcm8071053

	﻿Association between sleep characteristics and physical functioning in middle-aged and elderly adults: findings from Chinese cohorts
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Physical functioning
	﻿Sleeping duration
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Participant characteristics
	﻿Relationships between sleep characteristics and physical functioning
	﻿Differences in the impact of sleep characteristics on physical functioning by daily activity
	﻿Differences in the impact of sleep characteristics on physical functioning by gender
	﻿Gender differences in the impact of sleep characteristics on physical functioning
	﻿The combined effect of nighttime sleep and napping

	﻿Discussion
	﻿Conclusions
	﻿References


