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Abstract
Background: With changes in lifestyle, the issue of sleep disorders is becoming increasingly common. Diabetes and
sarcopenia have been found to be independently associated with sleep disorders. However, fewer studies have explored the
interaction between the combination of diabetes and sarcopenia at different stages and sleep disorders.
Objective: This study aimed to explore the relationship between the combination of diabetes and sarcopenia and the incidence
of sleep disorders in adults aged 45 years and older.
Methods: Based on data from the CHARLS (China Health and Retirement Longitudinal Study), we selected participants with
comprehensive diagnostic information on diabetes and sarcopenia from 2011 who had normal sleep duration at baseline and
checked their follow-up information of sleep duration from 2013, 2015, 2018, and 2020. Diabetes was classified into diabetes
(D), prediabetes (PD), and nondiabetes (ND), and sarcopenia was divided into sarcopenia (S), possible sarcopenia (PS), and
nonsarcopenia (NS). The participants were divided into DS, DPS, DNS, PDS, PDPS, PDNS, NDS, NDPS, and NDNS groups.
Kaplan-Meier survival curves, the log-rank test, Cox proportional hazards regression, and restricted cubic spline models were
used for statistical analysis.
Results: A total of 4936 participants were included in this study. The DS group had the highest incidence of sleep disorders:
49.32%, 28.57%, 36.36%, and 80.00% in 2013, 2015, 2018, and 2020 respectively. In the crude model, compared with the
NDNS group, the risk of sleep disorders was increased in the DS group (hazard ratio [HR] 1.707, 95% CI 1.196‐2.437), PDS
(HR 1.599, 95% CI 1.235‐2.071), NDS (HR 1.465, 95% CI 1.282‐1.674), and DPS group (HR 1.318, 95% CI 1.097‐1.583).
The risk was increased but not statistically significant in the PDPS group (HR 1.160, 95% CI 0.987‐1.365). After adjusting for
covariates, the risk of sleep disorders remained statistically significant in the DS group (HR 1.515, 95% CI 1.059‐2.167) and
was significantly higher in the PDS (HR 1.423, 95% CI 1.096‐1.847) and NDS (HR 1.279, 95% CI 1.113‐1.468) groups than
that in the NDNS group. The nonlinear associations between appendicular skeletal muscle mass, grip strength, 5-time chair
test, fasting plasma glucose, and sleep disorders were observed and described.
Conclusions: The combination of diabetes and sarcopenia significantly increases the risk of sleep disorders in adults aged 45
years and older. and the implementation of progression control of both diabetes and sarcopenia may be helpful to prevent sleep
disorders in this population.
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Introduction
With changes in lifestyle, the issue of sleep disorders is
becoming increasingly common. Studies report the worldwide
prevalence of obstructive sleep apnea, poor sleep quality,
other sleep problems, insomnia, and excessive daytime
sleepiness to be 46%, 10%, 37%, 29%, and 19% respectively
[1]. Even among adolescents, the prevalence of short and
disturbed sleep is as high as 34.1% [2]. The impact of sleep
disorders on the health of the older adults is more obvi-
ous, which can lead to cardiovascular disease [3], dementia
[4], depression, and many other health problems. With the
acceleration of aging, sleep disorders in older adults has
become a global public health problem. A large number
of studies have focused on the factors influencing sleep
disorders. In addition to psychological [5], environmental [6],
lifestyle [7] factors, chronic diseases, such as diabetes [8]
and sarcopenia [9] are found to be closely related to sleep
disorders. According to the International Diabetes Federation
report, a total of 537 million adults worldwide had diabetes
in 2021, which is expected to increase by 46% to 783 million
by 2045 [10]. The prevalence of diabetes in people aged
≥45 years in China is 10.6% [11], and there are significant
differences between men and women, and individuals in
urban and rural areas. With the increase in age, human
function significantly declines, and coupled with the impact
of metabolic diseases, sarcopenia is becoming more com-
mon in older adults. With a reported prevalence of 27% in
individuals over 60 years of age [12], sarcopenia has become
one of the common comorbidities in older adults.

Diabetes is an important factor affecting sleep disorders
[13]. Studies have found a significant association between
obstructive sleep apnea risk and type 2 diabetes (odds ratio
[OR] 2.44, 95% CI 1.78-3.35; P<.001) [14]. Compared with
patients without diabetes, both patients with type 1 (hazard
ratio [HR] 1.41, 95% CI 1.37-1.46, ) and type 2 diabetes (HR
1.40, 95% CI 1.37‐1.44) have a significantly increased risk
of sleep disorders [15]. In addition, studies have shown that
sarcopenia is a chronic disease that induces sleep disorders
[16], and people with both sarcopenia and diabetes have
a significantly increased risk of sleep abnormalities [17].
Even self-reported sleep duration may provide the possibility
for early prediction of sarcopenia. These findings suggest a
complicated relationship between diabetes, sarcopenia, and
sleep disorders.

However, these existing studies have not elucidated the
risk of sleep disorders in populations with comorbid diabetes
and sarcopenia; most studies have analyzed the relationships
between diabetes and sleep disorders, as well as the impact
of sarcopenia on sleep disorders. Another important issue is
that both diabetes guidelines and the expert consensus on
sarcopenia emphasize prediabetes and possible sarcopenia,
which are similar to large icebergs beneath the surface—and
their contribution to sleep disorders also warrants atten-
tion. With aging, the prevalence of diabetes and sarcopenia
gradually increases in the older population, which prompts
us to consider whether an interaction between diabetes and
sarcopenia at different stages significantly increases the risk

of sleep disorders. Previous studies have mostly explored the
relationship between sarcopenia, diabetes, and sleep disorders
using a cross-sectional design. On the one hand, there is a
lack of evidence from longitudinal cohort designs; on the
other hand, the interaction of the risk between diabetes and
sarcopenia at different stages and sleep disorders has not
been elucidated. Based on this scientific question, the present
study used the China Health and Retirement Longitudinal
Study (CHARLS) to analyze the impact of the interaction of
diabetes and sarcopenia on the occurrence of sleep disor-
ders over four longitudinal follow-up visits (ie, 2013, 2015,
2018, 2020) from the 2011 baseline population, to provide a
reference for the prevention and treatment of sleep disorders
in adults aged ≥45 years.

Methods
Participants and Study Design
The participants for this study were derived from the
CHARLS, a nationally representative longitudinal survey
initiated in 2011. It covered 150 county-level units,
450 village-level units, and 10,257 households across 28
provinces. These participants were followed up every 2 to 3
years. CHARLS covers basic personal information, household
structure, health status, physical measurements, health service
utilization, health insurance, and basic community character-
istics. Four waves of follow-up data collection have been
completed so far, and detailed information on CHARLS has
been published [18].

Data were collected from CHARLS during 2011‐2020.
All information related to diabetes, sarcopenia, and sleep
disorders among participants aged ≥45 years could be
downloaded from 2011, 2013, 2015, 2018, and 2020.

We selected participants according to the following steps
and excluded based on the following criteria: (1) lack of
age information or age<45 years in 2011; 2) missing height
and weight measurements at baseline; (3) height and weight
data beyond mean (3 SD); (4) missing gender information;
(5) missing sarcopenia-related information; (6) missing FPG
(fasting plasma glucose) information; (7) FPG <3.9 mmol/L,
(8) no sleep status at baseline, (9) nightly sleep duration <6
or >8 hours; (10) questionnaire lacked diabetes self-report
information, (11) normal FPG but choosing a self-reported
diagnosis of “diabetes or high blood sugar” for the question
“Have you been diagnosed with by a doctor?”.

Subsequently, all the participants selected at baseline were
matched by ID to the database of 2013, 2015, 2018, and 2020,
respectively; those without necessary information about sleep
duration were excluded. Only the first record of occurrence of
sleep disorder was retained, if one ID was found repeatedly
across years.
Measures
The measurements of exposure variables (ie, diabetes,
sarcopenia), outcome variables (ie, sleep disorder, change
of sleep duration or status), and covariates (ie, age, gender,
education level, habitation, current marital status, current
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smoking, and drinking status) were respectively assessed
across the cohort at each survey wave.
Assessment of Diabetes
All participants were classified as having diabetes, predia-
betes, and nondiabetes according to the Guidelines for the
Prevention and Treatment of type 2 Diabetes Mellitus in
China (2020 edition) [19]. Since only FPG in venous blood
was measured in the CHARLS, the diagnosis in this study
was based only on FPG values. A venous FPG value
≥7.0 mmol/L was classified as diabetes, FPG ≥6.1 mmol/L
and <7.0 mmol/L as prediabetes, and FPG <6.0 mmol/L
as nondiabetes. Although the baseline survey included the
question “Have you been diagnosed with by a doctor?”,
the participants answering “diabetes or high blood sugar,
(including impaired glucose tolerance and elevated fasting
blood sugar),” were excluded, as it was not possible to
distinguish between diabetes and prediabetes.
Assessment of Sarcopenia
The Asian Working Group for Sarcopenia: 2019 Consensus
Update on Sarcopenia Diagnosis and Treatment (AWGS
2019) was used to assess the status of the sarcopenia and
classify participants into sarcopenia, possible sarcopenia, and
nonsarcopenia groups. The average of maximum values of
handgrip strength was measured using either or both hands
to evaluate the skeletal muscle strength. According to AWGS
2019, the threshold for low handgrip strength is <18 kg for
women and <28 kg for men. The 5-time chair stand test was
used to evaluate physical performance of the participants; a
time ≥12 s of the 5-time chair stand test was defined as low
physical performance. Individuals who could not complete
the test were excluded. The muscle mass of the participants
was evaluated using a previously validated formula [20]:

ASM = 0.193 × body weigℎt (kg) + 0.107 ×ℎeigℎt (cm) − 4.157 × sex (1 = male, 2 =female) – 0.037 × age (years) − 2.631
Following the estimation of appendicular skeletal muscle
mass index (ASM) using the above formula, the appendicular
skeletal muscle mass index (ASMI) was calculated using the
ASM divided by the square of height in meters (ASMI =
ASM/height2 m2). Therefore, the cut-off values for ASMI
used in this study were based on the percentile value of the
lowest 20% of the study population; low muscle mass was
defined as ASMI <7.05 kg/m2 for men and <5.36 kg/m2 for
women. Sarcopenia was diagnosed if muscle mass, muscle
strength, or physical performance were low, and possible
sarcopenia was diagnosed if muscle strength or physical
performance was low.
Covariates
Based on the literature review, some common factors
correlated with sleep disorders, including demographic

factors (eg, age and gender), area of residence (ie, city or
rural), current marital status (ie, married or unmarried), and
education level with a cut-off of junior high school graduation
were selected as covariates to divide the participants into two
groups. Health–related factors included current smoking and
alcohol consumption status.
Statistical Analysis
The categorical variables such as gender, education level, and
habitation were expressed as percentages. The χ2 test was
used for comparison between groups and Fisher exact test
was used for analyses when the χ2 test was not appropriate.
For quantitative indicators such as age, FPG, and muscle
mass index, the mean (SD) was used for normally distributed
variables. When the variables were not normally distributed,
median with interquartile range was used calculated. The
2-tailed t test, ANOVA, or Kruskal-Wallis tests were used
for comparison among groups, as appropriate. Kaplan-Meier
survival analysis and log-rank test were used to compare the
incidence of sleep disorders. Based on the different adjust-
ment covariates, three Cox proportional hazards regression
models were used to analyze the combined effect of diabetes
and sarcopenia on sleep disorders. The restricted cubic spline
(RCS) models were used to analyze the exposure-response
and nonlinear relationships between FPG, muscle mass index,
grip strength, 5-time chair stand test, and sleep disorders.
Microsoft Excel (2021), SPSS software (version 27.0; IBM
Corp) and R software (version 4.3.2; R Foundation for
Statistical Computing) were used to conduct data collation,
statistical testing, and RCS modelling respectively. A P<.05
was considered statistically significant.
Ethical Considerations
In this study, all data were extracted from CHARLS, which
received approval from Peking University Biomedical Ethics
Committee (IRB00001052-11015) prior to conducting the
original field investigation and all the participants had signed
the informed consent form before enrollment. The secondary
analysis was approved and anonymized data was used for
analysis.

Results
A total of 17,705 participants were included at baseline. Of
these, 12,615 were gradually excluded based on the exclusion
criteria, and matched with follow-up data from 2013, 2015,
2018, and 2020 according to the participant ID. The first
occurrence of sleep disorders was retained in the database.
Finally, 4936 participants were included in the analysis
(Figure 1).
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Figure 1. The flow chart of screening for enrolled individuals. CHARLS: China Health and Retirement Longitudinal Study; FPG: fasting plasma
glucose.

A total of 4936 participants were selected and followed
up on their sleep during 4 follow-up visits from 2011
to 2020, including 2427 male (49.2%) and 2509 female
(50.8%) participants. Further comparison of the combina-
tion of diabetes and sarcopenia at different stages—NDNS,
NDPS, NDS, PDNS, PDPS, PDS, DNS, DPS, and DS were
statistically significant for age, sex, marital status, place of
residence, education level, smoking, alcohol consumption,
review status, weight, grip strength, skeletal muscle mass,
5-time chair stand test, and blood glucose levels (all Ps<.05;
Table 1).
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Based on survival analysis, it was observed that with the
change in follow-up time, there was a significant difference in
the incidence of sleep disorders among all groups
(χ28=73.486, P<.001; Figure 2). In 2020, the DS group had
the highest incidence of sleep disorders (80. and the incidence
in the DPS, PDS and NDS groups reached 52.00%, 50.00%,
and 48.78%, respectively; whereas, the incidence of sleep
disorders was the lowest in the NDNS group (36.02%).

Furthermore, the incidence of sleep disorders in the DS group
was 49.32%, 28.57%, 36.36%, and 80.00% in 2013, 2015,
2018, and 2020, respectively, showing a significantly
increasing trend. Significant differences were also observed
between men and women, and the incidence of short sleep
duration (<6 hours) and long sleep duration (>8 hours), as
shown in Figure 3.

Figure 2. The incidence of sleep disorders of the co-exposure of diabetes and sarcopenia at different stages. In the diabetes group, (+) represents
diabetes, (±) represents prediabetes, and (-) depicts nondiabetes. In the sarcopenia group, (+) represents sarcopenia, (±) indicates possible sarcopenia,
and (-) depicts nonsarcopenia.
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Figure 3. Incidence of sleep disorders related to co-exposure of diabetes and sarcopenia among groups. Follow-up time depicts the number of years
of follow-up in 2013, 2015, 2018, 2020, respectively. χ2 indicates the statistic from the log-rank test. NDNS: Nondiabetes and Nonsarcopenia,
NDPS: Nondiabetes and Possible Sarcopenia, NDS: Nondiabetes and Sarcopenia, PDNS: Prediabetes and Nonsarcopenia, PDPS: Prediabetes and
Possible Sarcopenia, PDS: Prediabetes and Sarcopenia, DNS: Diabetes and Nonsarcopenia, DPS: Diabetes and Possible Sarcopenia, DS: Diabetes
and Sarcopenia; SD: sleep disorders (including sleep duration <6h and >8h); <6 hours: sleep duration at the final follow-up was <6 hours; >8 hours:
sleep duration at the final follow-up was >8 hours.

According to Cox regression analysis, there was a significant
association between the combined status of diabetes mellitus,
sarcopenia, and sleep disorders. In Model 1, no covariates
were adjusted, compared with the NDNS group, the risk of
sleep disorders was increased in the DS group (HR 1.707,
95% CI 1.196‐2.437, P=.003), PDS (HR 1.599, 95% CI
1.235‐2.071, P<.001), NDS (HR 1.465, 95% CI 1.282‐1.674,
P<.001), and DPS (HR 1.318, 95% CI 1.097‐1.583, P=.003).

The risk was increased but not statistically significant in the
PDPS group. After adjusting for the variables (Model 3), the
risk of sleep disorders in the DS group (HR 1.515, 95% CI
1.059‐2.167; P=.02) was still statistically significant, and the
risk in the PDS (HR 1.423, 95% CI 1.096‐1.847; P=.008) and
NDS (HR 1.279,95% CI 1.113‐1.468; P<.001) groups were
significantly higher than that in the NDNS group (Table 2).

Table 2. Association between sleep disorders and co-exposure to diabetes and sarcopenia at different status. Symbols indicate existing condition:
diabetes (+), nondiabetes (–), prediabetes (±) in the diabetes group, and sarcopenia (+), possible sarcopenia (–), and no sarcopenia (±) in the
sarcopenia group.
Group

Model 1a, HRb (95% CI) Model 2c, HR (95% CI) Model 3d, HR (95% CI)Diabetes Sarcopenia
Sleep disorderse

- - Reference Reference Reference
- ± 1.105 (1.003-1.218) 1.058 (0.959-1.167) 1.033 (0.936-1.139)
- ＋ 1.465 (1.282-1.674) 1.344 (1.171-1.541) 1.279 (1.113-1.468)
± - 1.107 (0.992-1.235) 1.100 (0.986-1.277) 1.098 (0.984-1.225)
± ± 1.160 (0.987-1.365) 1.114 (0.946-1.311) 1.110 (0.943-1.307)
± + 1.599 (1.235-2.071) 1.501 (1.157-1.946) 1.423 (1.096-1.847)
+ - 1.067 (0.935-1.219) 1.061 (0.929-1.212) 1.070 (0.936-1.223)
+ ± 1.318 (1.097-1.583) 1.251 (1.040-1.504) 1.228 (1.021-1.477)
+ + 1.707 (1.196-2.437) 1.594 (1.115-2.279) 1.515 (1.059-2.167)
Sleep duration <6 hours
- - Reference Reference Reference
- ± 1.100 (0.981-1.234) 1.046 (0.932-1.174) 1.023 (0.911-1.149)
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Group

Model 1a, HRb (95% CI) Model 2c, HR (95% CI) Model 3d, HR (95% CI)Diabetes Sarcopenia
- ＋ 1.455 (1.233-1.716) 1.343 (1.134-1.591) 1.286 (1.084-1.525)
± - 1.120 (0.985-1.273) 1.120 (0.985-1.273) 1.118 (0.983-1.271)
± ± 1.086 (0.884-1.334) 1.059 (0.861-1.302) 1.061 (0.863-1.305)
± + 1.596 (1.139-2.235) 1.503 (1.071-2.110) 1.417 (1.008-1.992)
+ - 1.073 (0.915-1.258) 1.070 (0.913-1.255) 1.075 (0.916-1.261)
+ ± 1.366 (1.099-1.697) 1.287 (1.035-1.601) 1.260 (1.012-1.568)
+ + 1.713 (1.123-2.612) 1.623 (1.062-2.481) 1.546 (1.010-2.365)
Sleep duration >8 hours
- - Reference Reference Reference
- ± 1.208 (1.007-1.450) 1.137 (0.946-1.367) 1.073 (0.892-1.290)
- ＋ 2.132 (1.696-2.681) 1.791 (1.415-2.268) 1.601 (1.262-2.030)
± - 1.197 (0.972-1.474) 1.173 (0.952-1.445) 1.160 (0.942-1.429)
± ± 1.594 (1.222-2.080) 1.465 (1.121-1.914) 1.429 (1.093-1.869)
± + 2.545 (1.699-3.814) 2.256 (1.502-3.389) 2.033 (1.351-3.058)
+ - 1.198 (0.941-1.525) 1.162 (0.913-1.480) 1.195 (0.937-1.524)
+ ± 1.665 (1.184-2.343) 1.516 (1.076-2.136) 1.502 (1.065-2.118)
+ + 2.739 (1.414-5.306) 2.340 (1.205-4.543) 1.970 (1.011-3.840)
Decreased sleep durationf

- - Reference Reference Reference
- ± 1.122 (1.014-1.242) 1.073 (0.969-1.189) 1.052 (0.949-1.166)
- ＋ 1.368 (1.175-1.593) 1.274 (1.090-1.490) 1.224 (1.046-1.433)
± - 1.076 (0.958-1.208) 1.069 (0.952-1.201) 1.067 (0.950-1.199)
± ± 1.121 (0.933-1.349) 1.091 (0.907-1.313) 1.101 (0.914-1.325)
± + 1.735 (1.261-2.386) 1.617 (1.174-2.229) 1.525 (1.105-2.104)
+ - 1.063 (0.923-1.224) 1.058 (0.918-1.219) 1.069 (0.928-1.232)
+ ± 1.251 (1.018-1.537) 1.188 (0.966-1.461) 1.167 (0.948-1.435)
+ + 1.546 (1.015-2.357) 1.452 (0.951-2.216) 1.391 (0.910-2.124)
Increased sleep durationg

- - Reference Reference Reference
- ± 1.253 (1.078-1.457) 1.212 (1.042-1.409) 1.167 (1.002-1.358)
- ＋ 1.674 (1.363-2.056) 1.468 (1.188-1.814) 1.385 (1.119-1.713)
± - 1.115 (0.937-1.325) 1.099 (0.924-1.308) 1.081 (0.908-1.286)
± ± 1.377 (1.094-1.733) 1.295 (1.028-1.631) 1.259 (0.998-1.588)
± + 1.952 (1.367-2.787) 1.815 (1.270-2.595) 1.697 (1.185-2.429)
+ - 1.104 (0.901-1.353) 1.078 (0.879-1.322) 1.088 (0.886-1.335)
+ ± 1.270 (0.941-1.714) 1.196 (0.885-1.616) 1.201 (0.888-1.624)
+ + 2.067 (1.167-3.662) 1.852 (1.043-3.288) 1.641 (0.920-2.924)

aModel 1 represents no covariates were adjusted.
bHR: hazard ratio.
cModel 2 represents adjusting for gender and age.
dModel 3 represents adjustment for gender, age, education, current marital status and habitation, smoking, and drinking.
eSleep disorders including sleep duration <6 hours and >8 hours.
fDecreased indicates difference of sleep duration between baseline and follow-up <0.
gIncreased indicates the difference of sleep duration between baseline and follow-up >0.

After a stratified analysis of sleep duration (ie, <6 hours and
>8 hours), the risk of short sleep duration (< 6 hours) was
significantly increased in the DS group without adjusting for
variables (Model 1: HR 1.713, 95% CI 1.123‐2.612) and
remained statistically significant after adjusting for variables

(Model 3: HR 1.546, 95% CI 1.010‐2.365). The risk of
long sleep duration (> 8 hours) was significantly increased
in the DS group without adjusting for variables (Model 1:
HR 2.739, 95% CI 1.414‐5.306), which remained statistically
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significant after adjusting for variables (Model 3: HR 1.970,
95% CI 1.011‐3.840; Table 2).

To analyze the changes in sleep duration, we stratified
participants based on the difference in sleep duration between
the final follow-up and baseline. If the difference was <0,
it was defined as “Decrease,” while a difference >0, was
defined as “Increase in sleep duration.” Cox regression
analysis revealed that the risk of “Decrease” in sleep duration
in the NDS group without adjusting for the variable (Model
1) is significantly higher (HR 1.735, 95% CI 1.261‐2.386),
and this remained statistically significant after adjusting for
covariates (Model 3: (HR 1.525, 95% CI 1.105‐2.104). After
adjusting for covariates, the risk of “Increase” in the PDS
(Model 3: HR 1.697, 95% CI 1.185‐2.429) and NDS (Model
3: HR 1.385, 95% CI 1.119‐1.713) groups also increased
significantly (Table 2).

To further assess the relationship between diabetes,
sarcopenia, and sleep disorders, the RCS model was used
to describe important factors related to sarcopenia—ASM,
handgrip strength, 5-time chair stand test performance—and
the exposure response relationship between FPG levels, and
sleep disorders. Figure 4 illustrates these association of
sleep disorders with ASM (χ2=45.04, P<.001, P for nonli-
nearity=.0284), handgrip strength (χ2=16.62, P<.008, P for
nonlinearity<.0017), and 5-time chair stand tests (χ2=8.78,
P=.03, P for nonlinearity=.0806). A nonlinear correlation
was observed between sleep disorders and both ASM and
handgrip strength. The relationship between FPG and long
sleep duration (>8 hours) was also significant (χ2=9.44,
P=.02, P for nonlinearity=.10731).

Figure 4. Exposure-response relationship among diabetes, sarcopenia, and sleep disorders.. The restricted cubic spline (RCS) was used to model
expose-response curves after adjusting for factors including gender, age, education, current marital status, and habitation, smoking, and drinking.
ASM: appendicular skeletal muscle mass; FPG: fasting plasma glucose; HR: hazard ratio; SD: sleep disorders; <6 h: sleep duration was <6 hours; >8
h: sleep duration was >8 hours.

Discussion
With increasing age, the issue of sleep disorders in older
adults is becoming more severe [21]. Common chronic
conditions including diabetes mellitus and sarcopenia which
are highly prevalent could affect sleep quality. In particular,
prediabetes and possible sarcopenia are now being diagnosed
at an early age. If this status is not addressed during rever-
sible stages, the risk of sleep disorders in adults aged ≥45
years is even more severe. Although studies have reported
a relationship between diabetes [22] or sarcopenia [23] and
sleep disorders, there is a lack of studies on the relation-
ship between co-exposure at varying stages of diabetes and
sarcopenia. This study found that participants with diabe-
tes and sarcopenia had the highest risk of sleep disorders;
groups with prediabetes and sarcopenia, nondiabetes with
sarcopenia, and diabetes with possible sarcopenia had a

significantly higher risk of sleep disorders. Additionally,
there was an exposure-response relationship between ASM,
handgrip strength, 5-time chair test, FPG levels, and sleep
disorders. These findings can provide a reference for the
prevention of sleep disorders in adults aged ≥45 years and the
development of early screening and personalized intervention.

Diabetes, as a chronic disease with high incidence in
older adults, is an important factor contributing to sarcope-
nia [24] and sleep disorders [25]. Our findings showed that
participant groups with both diabetes and prediabetes have
an increased risk of sleep disorders. This may be explained
by the following mechanisms. On one hand, diabetes can
affect the function of the hypothalamic-pituitary-adrenal axis,
resulting in abnormal secretion of hormones such as cortisol
[26]. The rhythm of these hormones can affect the sleep-wake
cycle, leading to the sleep disorders [27]. On the other hand,
hyperglycemia may lead to the secretion of melatonin, which
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plays a key role in regulating sleep rhythms [28]. Its altered
secretion can lead to difficulty falling asleep and poor sleep
quality [29]. In addition, patients with sarcopenia are prone
to muscle fatigue and damage due to the loss of mass and
strength of several muscles [30]. During sleep, changes in
body posture may strain already fragile muscles, causing
pain and discomfort, resulting in sleep disruption. Muscle
strength in the chest and abdomen decreases in patients
with sarcopenia, resulting in decreased respiratory function
[31]. During sleep, weakness in respiratory muscles may
cause poor breathing, snoring and even apnea, thus interfer-
ing with sleep [32]. It is also important to note that dia-
betes can cause sarcopenia. Long-term hyperglycemia may
lead to peripheral neuropathy [33], causing a decrease in
muscle blood supply, affecting the nutrition and innervation
of nerves to muscles [34], which in turn leads to muscle
waste atrophy. Patients with diabetes and prediabetes have
widespread insulin resistance, which blocks insulin signal-
ing pathways such as PI3K/Ak [35] and Ras-MAPK [36],
thus cannot effectively promote the uptake of amino acids
by muscle cells, thereby inhibiting the synthesis of muscle
proteins; this results in a decrease in muscle mass. These
mechanisms reveal the relationship between FPG, ASM,
handgrip strength, 5-time chair stand test, and sleep disorders,
as identified by the RCS model.

This study found that participants with comorbid diabetes
and sarcopenia had the highest risk of sleep disorders, and
the groups with prediabetes and sarcopenia, nondiabetes and
sarcopenia, and diabetes with possible sarcopenia also had
a significantly higher risk of sleep disorders. The potential
mechanisms of sleep disorders caused by the comorbidity
of diabetes and sarcopenia may be related to the follow-
ing: (1) patients with diabetes already have abnormal blood
sugar regulation; sarcopenia will further affect the uptake
and utilization of glucose by muscles, resulting in more
frequent and difficult-to-control blood sugar fluctuations [37].
This may result in the superposition of metabolic disorders,
triggering energy metabolism imbalance [38], making the
body unable to obtain enough energy at night to maintain
normal physiological functions and sleep status. (2) Neuropa-
thy caused by diabetes, including damage to peripheral and
autonomic nerves can affect the sensory and motor functions
of muscles [39]. Sarcopenia aggravates muscle weakness and
atrophy, further impairing the function of the neuromuscular
junction [40]. This neuromuscular dysfunction can lead to
nocturnal muscle twitches, spasms, or pain that interfere with
sleep. Autonomic dysfunction is common in both diabetes
and sarcopenia; it affects the regulation of the cardiovascular
and respiratory systems, resulting in abnormal fluctuations in
blood pressure and heart rate at night, poor breathing, and
increases the risk of sleep disruption [41]. Both diabetes and
sarcopenia are associated with abnormal hormone secretion
[42], which may lead to reduced secretion of testosterone,
estrogen, and insulin-like growth factor 1 (IGF-1) among
others. Significant gender differences were observed in our
study, which may further support this phenomenon. Fur-
thermore, diabetes and sarcopenia are both accompanied
by chronic inflammation and increased levels of oxidative
stress [43]. Tumor necrosis factor α (TNF-α), interleukin

6 (IL-6) promote muscle catabolism and may affect the
central nervous system function, resulting in disorders in
sleep regulation centers. Reactive oxygen species produced
during oxidative stress can damage both neural and muscular
systems, aggravate physical discomfort, and then affect sleep
[44].

Our findings have several implications. First, special
attention should be paid to adults aged ≥45 years with
sleep disorders. To improve sleep duration and quality, it is
necessary to effectively manage diabetes, perform physi-
cal exercises to improve muscle mass and function, and
continuously monitor sleep quality. Second, for people with
prediabetes or possible sarcopenia, early intervention should
be carried out to prevent the occurrence of diabetes or
sarcopenia, which can effectively reduce the risk of sleep
disorders. Third, the community should build appropriate
sports facilities and provide an environment that promotes
physical exercise to improve the health of residents. In
addition, regular screening for diabetes and sarcopenia should
be implemented to detect patients with diabetes and sarcope-
nia at an early stage, and comprehensive interventions should
be actively used to prevent sleep disorders.

The advantages of this study include the following aspects.
It is a large-scale, nationally representative cohort study
of community residents, using survival analysis and Cox
regression models to explore the co-exposure of diabetes
and sarcopenia—as well as the impact of prediabetes with
latent risk and possible sarcopenia—on sleep duration and
sleep status. However, there are also a few limitations within
our study: First, due to limitations in the CHARLS data,
we could not fully explore the relationship between diabetes
status, progression trends in sarcopenia from 2011 to 2020,
and specific types of sleep disorders. Our analysis was limited
to examining the impact of diabetes and sarcopenia status
on sleep disorders in 2011; the relationship between the
factors affecting progression and sleep disorders is complex.
Concurrently, due to limited data, we included a smaller
number of participants aged ≥75 years in our study, and the
differences in population distribution across age groups may
limit the extrapolation of our findings. Second, prediabetes is
an intermediate stage that can revert toward normoglycemia
and diabetes. Therefore, our study only analyzed the effect
of prediabetes exposure at baseline on sleep disorders. Since
the CHARLS did not provide data on FPG levels for the
four follow-up waves , it was impossible to explore the role
of changes in prediabetes status on sleep disorders. How-
ever, our findings still suggest that patients with prediabe-
tes were at an increased risk of sleep disorders. Therefore,
family-based and both individual health education [45], and
community-level behavioral interventions play an important
role in the prevention of sleep disorders [46]. Fourth, there
is a mutual relationship among diabetes, sarcopenia, and
sleep disorders. Although both diabetes and sarcopenia can
lead to sleep disorders, the interaction between diabetes and
sarcopenia on sleep disorders could not be analyzed due
to lack of sufficient data. Fifth, this study found a poten-
tial relationship between the co-exposure to various diabetes
and sarcopenia statuses, and sleep disorders. Diabetes and
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sarcopenia may have a synergistic effect on the occurrence of
sleep disorders; however, causality cannot be based solely on
our findings. Future research should focus on the progression
and changes of diabetes, sarcopenia, and sleep disorders,
including sleep efficiency [47] to explore the relationship
among them.

In conclusion, this study found that diabetes combined
with sarcopenia in adults aged 45 years and older may

increase the risk of sleep disorders. To reduce this risk, it
is essential to implement effective disease management for
both diabetes and sarcopenia, and to further evaluate joint
intervention measures for individuals with prediabetes or
possible sarcopenia.
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