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Abstract

Background With the rapid advancement of China’ s aging wave, chronic dis-
ease multimorbidity has posed significant challenges to public health and clinical
practice. Nocturnal sleep status (sleep duration and quality) is crucial for reg-
ulating bodily metabolism and physiological functions in older adults; however,
current research on the relationship between nocturnal sleep status and chronic
disease multimorbidity is limited to specific regions or young and middle-aged
populations, and the association between nocturnal sleep status and the risk
of developing chronic disease multimorbidity among community-dwelling older
adults in China remains unclear.

Objective To explore the association between nocturnal sleep status and the risk
of developing chronic disease multimorbidity among community-dwelling older
adults in China.

Methods In April 2023, this study selected 11,917 community-dwelling older
adults from the 2018 Chinese Longitudinal Healthy Longevity Survey and Happy
Family Study (CLHLS-HF) data. Multivariate logistic regression analysis was
used to explore the association between sleep duration, sleep quality, and the
risk of chronic disease multimorbidity among community-dwelling older adults,
expressed as odds ratios (OR) and 95% confidence intervals (95%CTI); restricted
cubic spline (RCS) analysis based on logistic regression was employed to examine
the dose-response relationship between sleep duration and the risk of chronic
disease multimorbidity in this population.

Results Among the 11,917 community-dwelling older adults, the mean age was
84.4$+$11.4 years, with an age range of 65.0-117.0 years. The study population
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included 6,477 (54.35%) females and 5,440 (45.65%) males. Multivariate logis-
tic regression analysis showed that after adjusting for covariates such as sex,
age, region, and years of education, older adults with shorter nocturnal sleep
duration (<6 h) had a higher risk of developing chronic disease multimorbidity
compared to those with sleep duration of 6-8 h (OR=1.51, 95%CI=1.36-1.67);
compared to older adults with good sleep quality, those with fair sleep quality
(OR=1.34, 95%CI=1.22-1.46) and poor sleep quality (OR=2.14, 95%CI=1.91-
2.40) were associated with a higher risk of chronic disease multimorbidity. RCS
plot results indicated a U-shaped nonlinear association between sleep duration
and the risk of chronic disease multimorbidity, with an optimal sleep duration
of approximately 7 h.

Conclusion Community-dwelling older adults with sleep duration <6 h and fair
or poor sleep quality are associated with an increased risk of chronic disease
multimorbidity; the optimal sleep duration for community-dwelling older adults
is approximately 7 h, and normal sleep duration and good sleep quality are of
significant importance for preventing the occurrence of chronic disease multi-
morbidity.

Full Text

Abstract

Background

With the rapid progression of population aging in China, multimorbidity has
become a significant public health and clinical challenge. Nocturnal sleep status,
encompassing both sleep duration and quality, plays a crucial role in regulating
metabolic and physiological functions among older adults. However, existing
research on the relationship between nocturnal sleep status and multimorbidity
has been limited to specific regions or middle-aged populations. The associa-
tion between nocturnal sleep status and multimorbidity risk among community-
dwelling older adults in China remains unclear.

Objective
To investigate the association between nocturnal sleep status and multimorbid-
ity risk among community-dwelling older adults in China.

Methods

In April 2023, we selected 11,917 community-dwelling older adults from the 2018
wave of the Chinese Longitudinal Healthy Longevity and Happy Family Study
(CLHLS-HF). Multivariate logistic regression analysis was employed to examine
the association between sleep duration, sleep quality, and multimorbidity risk,
with results expressed as odds ratios (OR) and 95% confidence intervals (95%CTI).
Additionally, restricted cubic spline (RCS) analysis based on logistic regression
was used to explore the dose-response relationship between sleep duration and
multimorbidity risk.

Results
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Among the 11,917 community-dwelling older adults, the mean age was
84.4$+$11.4 years (range: 65.0-117.0 years), with 6,477 (54.35%) females and
5,440 (45.65%) males. After adjusting for covariates including gender, age,
region, and years of education, multivariate logistic regression revealed that
older adults with short sleep duration (<6 h) had a higher multimorbidity risk
compared to those with normal sleep duration (6-8 h) (OR=1.51, 95%CI=1.36-
1.67). Similarly, individuals with fair sleep quality (OR=1.34, 95%CI=1.22-
1.46) and poor sleep quality (OR=2.14, 95%CI=1.91-2.40) showed higher
multimorbidity risk compared to those with good sleep quality. RCS analysis
demonstrated a U-shaped nonlinear association between sleep duration and
multimorbidity risk, with an optimal sleep duration of approximately 7 hours.

Conclusion
Community-dwelling older adults with sleep duration <6 h and fair or poor
sleep quality are associated with increased multimorbidity risk. The optimal
sleep duration for community-dwelling older adults is approximately 7 hours.
Normal sleep duration and good sleep quality are important for preventing mul-
timorbidity.

Keywords
Aged; Multimorbidity; Sleep duration; Sleep quality; Association study

Introduction

Multimorbidity is defined as the coexistence of two or more chronic conditions
in an individual [1-2]. As global population aging accelerates, the disease bur-
den of multimorbidity has risen significantly, with prevalence reaching 55%-
98% among the general population aged over 60 years [3]. Compared with sin-
gle disease conditions, multimorbidity is associated with longer hospital stays
and higher mortality risk [4-5], posing important challenges to public health and
clinical practice. Sleep is a fundamental human need that plays a vital role in
regulating body metabolism and physiological functions. With advancing age,
sleep patterns and architecture undergo changes [6]. Multiple studies have re-
ported high prevalence of abnormal sleep duration and poor sleep quality among
older adults [7], and both short sleep duration and poor sleep quality are associ-
ated with the development and progression of various chronic diseases including
diabetes [8], hypertension [9], and cardiovascular disease [10]. Evidence from the
Canadian Longitudinal Study on Aging indicates that self-reported short sleep
duration and dissatisfaction with sleep quality among middle-aged and older
adults are associated with increased risk of certain chronic diseases [11]. A lon-
gitudinal study in the United Kingdom also demonstrated that sleep duration
in older adults is associated with increased risk of chronic diseases and subse-
quent multimorbidity [12]. While the association between nocturnal sleep status
and chronic diseases has been well-established, research specifically examining
the relationship between nocturnal sleep status and multimorbidity remains
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limited. Current domestic studies have primarily focused on specific regions
or middle-aged populations [13-14], leaving the relationship between nocturnal
sleep status and multimorbidity risk among Chinese community-dwelling older
adults unclear. Therefore, this study utilizes data from the Chinese Longitudi-
nal Healthy Longevity and Happy Family Study (CLHLS-HF) [15] to explore the
relationship between nocturnal sleep status and multimorbidity among Chinese
community-dwelling older adults, aiming to provide new insights for reducing
multimorbidity risk, alleviating chronic disease burden, and achieving healthy

aging.

Methods

Data Source

The CLHLS-HF data were collected using a multistage, disproportionate target
random sampling method. Previous studies have systematically evaluated the
CLHLS-HF data, demonstrating high data quality and good population repre-
sentativeness [16]. In April 2023, we selected cross-sectional survey data from
the 2018 wave of the CLHLS-HF, which included 15,874 valid samples. The
inclusion criteria were: (1) adults aged $ $65 years; (2) community-dwelling res-
idents. Exclusion criteria were: (1) older adults residing in nursing institutions;
(2) individuals with missing data on current disease status or key variables (liv-
ing arrangement, sleep duration, or sleep quality). Based on these criteria, 103
individuals were <65 years old, 900 resided in nursing institutions or did not
report living arrangements, and 3,698 did not report nocturnal sleep status or
disease information. Ultimately, 11,917 community-dwelling older adults were
included in the study. The CLHLS-HF was approved by the Biomedical Ethics
Committee of Peking University (IRB00001052-13074), and all participants or
their relatives provided written informed consent.

Variables

Outcome Variable Based on data availability and general evaluation meth-
ods for multimorbidity [17], this study assessed multimorbidity using 19 chronic
conditions: hypertension, diabetes, heart disease, stroke, respiratory diseases
(bronchitis, emphysema, pneumonia, asthma), tuberculosis, cataract, glaucoma,
cancer, gastric or duodenal ulcer, Parkinson’ s disease, arthritis, dementia,
epilepsy, cholecystitis or cholelithiasis, hematologic diseases, rheumatism or
rheumatoid disease, chronic nephritis, and hepatitis. Older adults with $ $2
chronic conditions were classified as having multimorbidity and included in
the multimorbidity group, while others were placed in the non-multimorbidity

group.

Nocturnal Sleep Status Variables Nocturnal sleep status was assessed
through two variables: sleep duration and sleep quality. Following previous
studies [18-19], self-reported sleep duration from the question “How many hours
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do you generally sleep per day?” was categorized into three groups: <6 h (short
sleep duration), >8 h (long sleep duration), and 6-8 h (normal sleep duration).
Sleep quality was based on self-reported responses to “How is your current sleep
quality?” and categorized as good, fair, or poor.

Covariates Based on previous research on multimorbidity risk fac-

tors and data availability [13], we a priori assessed covariates includ-

ing sociodemographic characteristics, health status, and lifestyle vari-

ables. Sociodemographic variables comprised age (65-79, 80-94, and

$$95 years), gender (male and female), ethnicity (Han and minor-

ity), marital status (married and cohabiting with spouse, widowed,

unmarried or separated), years of education (no education, 1-6 years,

$ Tyears), residence[urban(town)andrural], livingarrangement(livingaloneandlivingwith family), occupation
ratedeconomicstatus(wealthy, average, andpoor).Healthstatusandli festylevariablesincludedsmoking(never,
18.5kg/m2} normal :18.5-23.9kg/m (91§ = gyerweight /obese:  $ $24.0), and self-

rated health status (good, average, and poor).

Statistical Analysis

Data processing and analysis were performed using R version 4.2.2, with pack-
ages including “rms,” “Comparegroups,” “forestplot,” and “ggplot2.” Categorical
variables were presented as frequencies and compared using chi-square tests.
Normality of continuous variables was assessed using the Shapiro-Wilk test,
with normally distributed variables presented as mean + standard deviation.
Multivariate logistic regression analysis was used to examine the association
between nocturnal sleep status and multimorbidity risk, with results expressed
as odds ratios (OR) and 95% confidence intervals (95%CI). Stratified analyses
were conducted by age, gender, residence, years of education, marital status, self-
rated economic status, BMI, and self-rated health status. Statistical significance
was set at P<0.05. The dose-response relationship between sleep duration and
multimorbidity risk was analyzed using restricted cubic spline (RCS) models
based on logistic regression, with optimal knot selection determined by Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC).

” «

Results
Basic Characteristics of Study Participants

A total of 11,917 community-dwelling older adults were included, with a mean
age of 84.48+$11.4 years (range: 65.0-117.0 years). The sample comprised
6,477 (54.35%) females and 5,440 (45.65%) males. Regarding residence, 6,492
(54.48%) lived in urban areas and 5,425 (45.52%) in rural areas. Ethnically,
11,312 (94.92%) were Han Chinese and 605 (5.08%) were minorities. Marital
status distribution showed 6,510 (54.62%) widowed, 5,103 (42.82%) married
and cohabiting with spouse, and 304 (2.56%) unmarried or separated. For liv-
ing arrangements, 2,014 (16.90%) lived alone and 9,903 (83.10%) lived with
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family. Education levels were: 5,056 (42.43%) with no formal education, 4,758
(39.93%) with 1-6 years, and 2,103 (17.64%) with $ $7 years. Occupation be-
fore age 60 was farming for 8,718 (73.16%) and other occupations for 3,199
(26.84%). Self-rated economic status was wealthy for 2,371 (19.90%), average
for 8,298 (69.63%), and poor for 1,248 (10.47%). BMI categories included 2,028
(17.02%) underweight, 6,213 (52.13%) normal weight, and 3,676 (30.85%) over-
weight /obese. Sleep duration distribution was <6 h for 2,198 (18.44%), 6-8 h
for 6,570 (55.14%), and >8 h for 3,149 (26.42%). Sleep quality was good for
6,332 (53.13%), fair for 3,796 (31.85%), and poor for 1,789 (15.02%). Smoking
status showed 8,177 (68.62%) never smokers, 1,830 (15.36%) former smokers,
and 1,910 (16.02%) current smokers. Alcohol consumption was never for 8,668
(72.74%), former for 1,416 (11.88%), and current for 1,833 (15.38%). Physical
activity was never for 8,668 (72.74%), former for 976 (8.11%), and current for
2,282 (19.15%). Self-rated health status was good for 5,634 (47.28%), average
for 4,629 (38.84%), and poor for 1,654 (13.88%).

Comparison of Basic Characteristics Between Multimorbidity and
Non-Multimorbidity Groups

Significant differences between multimorbidity and non-multimorbidity groups
were observed in age, gender, marital status, residence, ethnicity, years of educa-
tion, occupation before age 60, self-rated economic status, BMI, sleep duration,
sleep quality, smoking status, alcohol consumption, physical activity, and self-
rated health status (all P<0.05). No significant difference was found in living
arrangement between groups (P>0.05) .

Association Between Sleep Duration and Multimorbidity Risk

Using multimorbidity status as the dependent variable and sleep duration as
the independent variable, multivariate logistic regression analysis showed that
after adjusting for covariates (age, gender, marital status, residence, ethnicity,
living arrangement, years of education, occupation before age 60, self-rated
economic status, BMI, smoking status, alcohol consumption, physical activity,
and self-rated health status), older adults with sleep duration <6 h had higher
multimorbidity risk compared to those with 6-8 h sleep duration (P<0.05) .

Stratified analysis revealed that among older adults with 1-6 years of education,
poor self-rated economic status, and poor self-rated health status, sleep dura-
tion >8 h was associated with increased multimorbidity risk (P<0.05). Across
different age groups, genders, residences, education levels, self-rated economic
statuses, BMI categories, self-rated health statuses, and marital statuses (mar-
ried/cohabiting or widowed), sleep duration <6 h was consistently associated
with increased multimorbidity risk (P<0.05) [Figure 1: see original paper]. Dose-
response analysis using RCS showed a U-shaped nonlinear association between
sleep duration and multimorbidity risk (P__{nonlinear}<0.001), with an optimal
sleep duration of approximately 7 hours [Figure 2: see original paper].
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Association Between Sleep Quality and Multimorbidity Risk

Using multimorbidity status as the dependent variable and sleep quality as the
independent variable, multivariate logistic regression analysis demonstrated that
after adjusting for covariates, older adults with fair sleep quality (OR=1.34,
95%CI=1.22-1.46) and poor sleep quality (OR=2.14, 95%CI=1.91-2.40) had
higher multimorbidity risk compared to those with good sleep quality (P<0.05)

Stratified analysis showed that among older adults aged $ $95 years, living in
rural areas, with $ $7 years of education, widowed, with average economic status,
and poor self-rated health status, fair sleep quality was associated with increased
multimorbidity risk (P<0.05). Poor sleep quality was associated with increased
multimorbidity risk across different age groups, genders, residences, education
levels, self-rated economic statuses, BMI categories, self-rated health statuses,
and marital statuses (married/cohabiting or widowed) (P<0.05) [Figure 3: see
original paper].

Discussion

This study examined the association between nocturnal sleep status and multi-
morbidity risk among Chinese community-dwelling older adults. The findings
indicate that short sleep duration (<6 h) is associated with higher multimorbid-
ity risk, consistent with a German cross-sectional study showing that short sleep
duration in women was associated with increased multimorbidity risk [20]. A lon-
gitudinal study in Luxembourg also demonstrated a linear association between
short sleep duration and number of chronic diseases [21]. The dose-response
analysis revealed an optimal sleep duration of approximately 7 hours, with a
U-shaped relationship between sleep duration and multimorbidity risk.

Furthermore, our results show that fair or poor sleep quality is associated with
increased multimorbidity risk. A cross-sectional survey in Cyprus found that
poor sleep quality was associated with higher risk of multiple chronic diseases
[22], aligning with our findings. A community-based cross-sectional study in
China also reported similar results, observing higher prevalence of cardiovas-
cular diseases (arrhythmia, hypertension, cerebral hemorrhage, migraine, and
hyperlipidemia) among patients with insomnia [23].

The mechanisms linking sleep disorders to multimorbidity development have
been extensively studied, with inflammatory responses potentially playing a
crucial role. A meta-analysis of 72 studies indicated that sleep disorders and ab-
normal sleep duration are associated with increased inflammatory markers such
as C-reactive protein (CRP) and interleukin-6 (IL-6) [24]. Evidence from the
US Health and Retirement Study showed that CRP and glycated hemoglobin
are significantly associated with multimorbidity risk in older adults [25]. Lon-
gitudinal data from the US Midlife Development Study further demonstrated
that IL-6, CRP, and fibrinogen mediate multimorbidity development in middle-
aged and older adults [26]. A 9-year longitudinal study found that older adults
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with high baseline IL-6 levels and rapid cumulative IL-6 progression had higher
multimorbidity risk [27]. Additionally, short sleep duration may co-occur with
behavioral risk factors such as smoking, alcohol consumption, and physical in-
activity [21,28], which may further increase multimorbidity risk. The causal as-
sociations and mechanisms between sleep disorders and multimorbidity require
further investigation.

The prevalence of sleep disorders is high among Chinese older adults [29]. With
advancing age, physiological decline makes older adults more susceptible to sleep
problems such as shortened sleep duration and insomnia. Sleep issues in older
adults warrant greater attention, and community health service institutions
should implement comprehensive psychological and exercise interventions along
with appropriate health guidance to improve sleep quality. Incorporating sleep
pattern assessment into community public health services and clinical history-
taking could help identify high-risk individuals for multimorbidity and reduce
disease burden.

This study utilized CLHLS-HF data to examine the association between multi-
morbidity and nocturnal sleep status among Chinese community-dwelling older
adults, providing a theoretical basis for developing prevention and control strate-
gies. The RCS analysis precisely characterized the dose-response relationship
between sleep duration and multimorbidity risk, offering more targeted inter-
vention strategies and health guidance for improving nocturnal sleep status in
community-dwelling older adults. However, due to data availability limitations,
this cross-sectional analysis cannot establish causal relationships between noc-
turnal sleep status and multimorbidity risk, and prospective multicenter studies
are needed to confirm these findings. Additionally, sleep duration and quality
were based on self-reported data, which may introduce assessment bias.

In conclusion, community-dwelling older adults with sleep duration <6 h and
fair or poor sleep quality are associated with increased multimorbidity risk. The
optimal sleep duration for community-dwelling older adults is approximately 7
hours. Normal sleep duration and good sleep quality are important for prevent-
ing multimorbidity.
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