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Background: The aim of this study was to provide global estimates of the prevalence of sleep quality and chronic diseases and to analyze the correlation between sleep and multimorbidity in community-dwelling older adults (≥65 years) in China.

Methods: This is a cross-sectional study and a stratified multistage random sampling method was used to collect data on demographic characteristics, the Pittsburgh Sleep Quality Index (PSQI), and assessment of chronic conditions. Chi-squared tests, t-tests, Wilcoxon rank sum test and analysis of variance were used to test the correlation between sleep and multimorbidity.

Results: Of the 1,173 community-dwelling older adults enrolled, the mean total PSQI score was 7.25 ± 4.23. Of these, 588 (50.1%) had a total PSQI score >7 (with poor sleep quality) and 920 (78.4%) had chronic diseases. In addition, 43.8% (403/920) had a single chronic disease and 56.2% (517/920) had multimorbidity. A combination of two and three chronic conditions dominated the pattern of multimorbidity among community-dwelling older adults. Overall, the prevalence of poor sleep quality with multimorbidity among community-dwelling older adults in the community was 57.6% (298/517). The prevalence of poor sleep quality in older adults with multimorbidity was 1.30 times higher than in those without multimorbidity (RR = 57.6%/44.2% = 1.30). The prevalence of poor sleep quality increased with the number of chronic conditions, and women had a higher prevalence of poor sleep quality than men. T-test and analysis of variance showed statistically significant differences in all seven components of the PSQI between those with and without multimorbidity and different numbers of chronic conditions (p < 0.05).

Conclusion: Community-dwelling older adults with multimorbidity were more likely to have sleep problems. The number of chronic conditions also had an additive effect on sleep problems, and women reported poorer sleep quality than men. One of the most challenging aspects of falling asleep was for participants with multimorbidity.
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1 Introduction

Globally, every country is experiencing growth in both the size and proportion of older adults in the population. Between 2015 and 2050, the proportion of the world’s population over 60 years will almost double from 12 to 22% (1). Since entering the aging society in 2000, the aging of China’s population has continued to deepen (2). Data from the Seventh Population Census show that the degree of aging is on the rise. By the end of 2020, China’s senior citizens over 60 years has reached 264 million, accounting for 18.7% of the total population (3). Increasing health problems associated with aging will seriously affect the healthy life expectancy and quality of life of seniors, and will also place a heavy economic burden on families and society (4).

Sleep is an active periodic biological phenomenon that is necessary for human survival and is one of the most important human behaviors, accounting for approximately one third of human life (5). Sleep quality is a measure of how a person feels about being energetic, active, and ready for a new day (6). Sleep quality is closely related to the level of health, well-being and quality of life of human psychological and physiological functions (7). Good sleep quality protects the psychological and somatic functional status of older adults (8). Sleep quality is essential for health, but declines with age (9). The World Health Organization has identified poor sleep quality as a public health problem that increases the risk of death (10).

Multimorbidity is an age-related clinical chronic disease syndrome, defined as the presence of two or more chronic diseases at the same time (11). The prevalence rate of chronic multimorbidity among people aged 40 to 60 years in Singapore was 41.7% (12). The detection rate of chronic multimorbidity in middle-aged and older adults in China was 55.7% (13). In seniors, the phenomenon of “one body and multiple diseases” is more common, with the rate of coexistence of multiple diseases as high as 55 to 98% (14). In South America, the overall prevalence of multimorbidity was 33.1%, with 2, 3, 4, 5 and 6 chronic conditions found in 19.9, 9.1, 2.6, 1.1 and 0.4% of the population, respectively (15). Compared with those with one or no chronic condition, people with multimorbidity have a higher risk of death, poorer quality of life, and greater financial burden (5). Multimorbidity is an increasing public health concern as the world’s population continues to grow at an accelerated rate.

Current research shows that abnormal sleep duration and poor sleep behavior (including sleep duration and sleep quality) are associated with several chronic conditions, such as hypertension (16), diabetes (17), hyperlipidemia (18), osteoarthritis (19), obesity and affective symptoms (e.g., anxiety, depression). Although the correlation between sleep behavior and single chronic diseases is well established, researchers have paid more attention to the correlation with multimorbidity. Recent evidence from 46 low-and middle-income countries, excluding China, Comoros, Republic of Congo, Ivory Coast, India, and Russia, confirmed that physical multimorbidity was positively associated with sleep problems in adults (20). Results from the UK found that short sleep duration at ages 50, 60, and 70 was associated with risk of chronic disease and subsequent multimorbidity but not with progression to death (21). A study of Brazilians aged ≥ 18 years showed a higher prevalence of multimorbidity in self-reported sleep problems (22). Data from the Chinese Longitudinal Healthy Longevity Survey (2014 wave) (23) highlighted the importance of normal nightly sleep duration and good sleep quality in preventing multimorbidity. A survey in Shanxi Province, China, found that older adults with low socioeconomic status (SES) and poor sleep quality had the highest risk of the prevalence of multimorbidity (24). However, the prevalence, pattern and demographic factors of multimorbidity and its correlation with sleep in older adults remain unclear.

Given the importance of sleep as a major public health issue in a given population and the clinical significance of multimorbidity, the aim of the present study was to provide global estimates of the prevalence of sleep quality and chronic disease conditions among community-dwelling older adults in China. In addition, the correlation between sleep and multimorbidity was analyzed to provide a reference for the prevention and control of chronic disease comorbidity.



2 Materials and methods


2.1 Study design

A cross-sectional community-based study design was adopted from March 1, 2022 to May 30, 2022. The study was conducted in two cities of Changsha and Xiangtan in the Hunan Province, China.



2.2 Setting

Two cities (states) were randomly selected from 14 cities and states in Hunan Province, Changsha City and Xiangtan City. Participants were all regular residents of both cities.



2.3 Participants


2.3.1 Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) ≥ 65 years of age; (2) All were permanent residents of Hunan Province (residence time > 6 months); (3) Normal communication ability; (4) Voluntary participation and signed informed consent.

The exclusion criteria were as follows: (1) With severe organic mental disorders or undergoing psychiatric treatment; (2) With cognitive impairment.



2.3.2 Sample size calculation

The minimum sample size was calculated by the equation [image: image] (25), when α = 0.05,[image: image]=1.96, [image: image]=1.37, [image: image]=0.1, which was equal to 721.02 ≈ 722. If n is the required sample size and d is the dropout rate as per formula, then adjusted sample size N1 is obtained as N1 = n/(1-d). Considering a 20% non-responders rate, the target sample size was N1 = 721.02 / (1–0.20) = 901.275 ≈ 902. Finally, 1,173 valid questionnaires were collected in this study.




2.4 Sampling procedure

The stratified multi-stage random sampling method was used to collect the samples. First, the 14 cities (states) were numbered from 1 to 14, and two cities (states), Changsha City and Xiangtan City, were randomly selected from Hunan Province. Then, the districts administered by the two cities are numbered starting from 1 to 50, two districts, Tianxin District and Furong District, were randomly selected from Changsha City, and Yuetang District was randomly selected from Xiangtan City by further stratification. Finally, the communities in the selected districts are numbered from 1 to 200, three communities (not retirement homes), Heishipu Community (N = 439), Shaoguang Community (N = 374), and Zhaojiazhou Community (N = 360) were randomly selected from the selected districts. Figure 1 shows the flowchart for screening the subjects in this study.

[image: Figure 1]

FIGURE 1
 Flowchart for screening the subjects (N = 1,173).




2.5 Demographic characteristics

Data included sociodemographic characteristics (e.g., gender, age in years, marital status, educational level, number of children, pre-retirement occupation, monthly personal income, and religion), body mass index (BMI), and lifestyle habits (e.g., smoking and physical activity).



2.6 Pittsburgh sleep quality index (PSQI)

Sleep quality among older adults was assessed using the Chinese version of the Pittsburgh Sleep Quality Index (PSQI), developed by Buysse et al. (26) in 1989 and translated by Liu and Tang (27) in 1996. PSQI is a self-rated questionnaire that assesses sleep quality over the past month. It consists of 19 self-rated items and 5 other-rated items, of which the 19th self-assessment question and 5 other-rated questions are not part of the calculation of the PSQI score. It contains 18 items grouped into seven components: subjective sleep quality, time to fall asleep, sleep duration, sleep efficiency, sleep disturbance, hypnotic medication, and daytime dysfunction. Each component score ranges from 0 to 3, and the total score ranges from 0 to 21. And the higher the score, the worse the quality of sleep. The Cronbach alpha of the scale was 0.842 and the split-half reliability was 0.866 (27). Participants with a global PSQI score greater than 7 were defined as having poor sleep quality in this study.



2.7 Chronic condition assessment

Self-reported chronic diseases were measured by a multiple choice question, which referred to chronic non-communicable diseases. A total of 9 chronic conditions of all human systems (e.g., hypertension, hyperlipidemia, diabetes, stroke or coronary heart disease, respiratory diseases, Alzheimer’s disease, urinary diseases, and arthritis) were coded according to the International Classification of Diseases (ICD-10). Multimorbidity was defined as having at least two chronic conditions, in line with previous definitions. The number of chronic conditions was also classified as 0, 1, 2, 3, 4 and ≥5 conditions.



2.8 Data collection procedure

The study protocol was approved by the Medical Ethics Committee of Xiangya Hospital of Central South University (reference number: 201909818). Prior to the investigation, investigators received uniform training on objectives, methodology, tools, ethical issues, data collection, and some considerations. Subsequently, investigators who received unified training visited different communities. The purpose, benefits, and risks of participating in the research were explained to potential participants. All participants provided written informed consent prior to participating in the survey. Participants were also informed that their participation was voluntary and that they had the right to withdraw at any time. Information was obtained through face-to-face interviews conducted by trained interviewers. The questionnaire was subjected to standard translation procedures to ensure comparability. Each questionnaire took about 15–20 min to complete. After completing each questionnaire, the investigator will check the questionnaire on the spot to ensure the integrity and accuracy of the data. Initially, 1,200 older adults consented to participate in the study and received the questionnaires. Of these, 27 were ultimately excluded from the analysis due to incomplete or missing data. In total, 1,173 questionnaires were eligible for data analysis in the study, resulting in a response rate of 97.8%.



2.9 Statistical analysis

The statistical analysis was performed with IBM SPSS Statistics 23.0. Continuous variables (such as age, BMI, and PSQI scores) are presented as mean ± standard deviation (SD) and categorical variables (such as gender, age group, BMI group, marital status, educational level, number of children, pre-retirement occupation, monthly personal income, religion, smoking, physical activity, and number of chronic conditions) as absolute frequencies (percentages). The prevalence of poor sleep quality in the number of chronic conditions was tested by Chi-squared tests. The Wilcoxon rank sum test was used to compare the number of chronic conditions in older adults with and without poor sleep quality. The PSQI total score and dimension scores between multimorbidity and non- multimorbidity were analyzed by two sample t-tests. The difference in total PSQI scores and dimension scores among chronic conditions was compared by variance analysis. All p-values < 0.05 were considered statistically significant (two-tailed).




3 Results


3.1 Overall status of sleep and multimorbidity in community-dwelling older adults


3.1.1 Status of PSQI in community-dwelling older adults

Of the 1,173 community elders enrolled, the mean total PSQI score was 7.25 ± 4.23. Among the study subjects, 588 participants had a total PSQI score >7 (with poor sleep quality), accounting for 50.1% of the total.



3.1.2 Prevalence and pattern of multimorbidity in community-dwelling older adults

Of the 1,173 people, 253 (21.6%) had no chronic diseases and 920 (78.4%) had chronic diseases. Of 920 people with chronic diseases, 43.8% (403/920) had one chronic disease and 56.2% (517/920) had multimorbidity. Of the 517 community-dwelling older adults with multimorbidity, 56.9% (294/517) had two chronic diseases, 25.7% (133/517) had three chronic diseases, and 17.4% (90/517) had four and more chronic diseases. The prevalence of multimorbidity is shown in Table 1 and Figure 2. And the pattern of multimorbidity among community-dwelling older adults was dominated by a combination of binary and ternary chronic diseases.



TABLE 1 The prevalence of multimorbidity in community-dwelling older adults (n = 1,173).
[image: Table1]
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FIGURE 2
 The prevalence of multimorbidity in community-dwelling older adults (n = 1,173).





3.2 Demographic characteristics of community-dwelling older adults with multimorbidity

A total of 517 senior citizens with multimorbidity participated in the study, of whom 237were men (45.8%) and 280 women (50.4%). The average age was 73.99 ± 6.67 years, and the majority of the population was aged between 60 and 69 years (31.3%). The mean BMI was 23.57 ± 7.79 kg/m2 and the majority of the population had a BMI between 18.5 and 23.9 (52.2%). Most (43.1%) had primary education or less, 71.8% were married, and 42.0% had three or more children. And 47.4% of seniors worked manual jobs before retiring, and most had no religious beliefs (93.0%) or smoking habits (81.0%). Monthly personal income of 1,000–3,000 yuan ($143.9–431.7) was common (42.9%). In terms of physical exercise, more than a third (34.8%) exercised daily and almost half (48.8%) exercised within 30 min. The demographic characteristics of community-dwelling older adults with multimorbidity were demonstrated in Table 2.



TABLE 2 Demographic characteristics of community-dwelling older adults with multimorbidity (n = 517).
[image: Table2]



3.3 Correlation between prevalence of poor sleep quality and multimorbidity


3.3.1 Comparison of the prevalence of poor sleep quality among older adults with and without multimorbidity

Overall, the prevalence of poor sleep quality with multimorbidity in older adults in the community was 57.6% (298/517). According to the Chi-square test, the difference of prevalence of poor sleep quality between senior citizens with and without multimorbidity was statistically significant (χ2 = 20.869, p < 0.001) (Table 3). And the prevalence of poor sleep quality in older adults with multimorbidity was 1.30 times higher than without multimorbidity (Odds Ratio = 57.6%/44.2% = 1.30).



TABLE 3 Comparison of the prevalence of poor sleep quality among older adults with different numbers of chronic conditions (n = 1,173).
[image: Table3]



3.3.2 Comparison of the numbers of chronic conditions among older adults with and without poor sleep quality

Wilcoxon rank sum test results showed older adults with poor sleep quality experienced a greater number of chronic conditions than those without (p < 0.05) (Table 4).



TABLE 4 Comparison of the numbers of chronic conditions among older adults with and without poor sleep quality (n = 517).
[image: Table4]



3.3.3 Prevalence of poor sleep quality by number of chronic conditions

The prevalence of poor sleep quality increased with an increasing number of chronic conditions overall (Figure 3), and women had a higher prevalence of poor sleep quality than men (Figure 4). However, there was no distinct trend in the incidence of poor sleep quality by age group (Figure 5).

[image: Figure 3]

FIGURE 3
 Prevalence of poor sleep quality by number of chronic conditions in the overall sample (n = 1,173).


[image: Figure 4]

FIGURE 4
 Prevalence of poor sleep quality by number of chronic conditions in sex-stratified samples (n = 1,173).
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FIGURE 5
 Prevalence of poor sleep quality by number of chronic conditions in age-stratified samples (n = 1,173).





3.4 Correlation between PSQI scores and multimorbidity


3.4.1 Comparison of PSQI scores among older adults with and without multimorbidity

PSQI scores of older adults with and without multimorbidity were compared across seven PSQI components. T-test showed statistically significant differences in all seven PSQI components between with and without multimorbidity (p < 0.05) (Table 5).



TABLE 5 Comparison of the PSQI scores among older adults with and without multimorbidity (n = 1,173).
[image: Table5]



3.4.2 Comparison of the PSQI scores among older adults with different numbers of chronic conditions

PSQI scores of older adults with different numbers of chronic conditions were compared across seven PSQI components. Variance analysis showed statistically significant differences in all seven components of PSQI between different numbers of chronic conditions (p < 0.05) (Table 6).



TABLE 6 Comparison of the PSQI scores among older adults with different numbers of chronic conditions (n = 517).
[image: Table6]





4 Discussion


4.1 Overall status of sleep and multimorbidity was unoptimistic

The total PSQI scores of the participants was 7.25 ± 4.23, which was much higher than the national norm in China (3.23 ± 3.12) (27). The results of this study showed that the incidence of poor sleep quality was 50.1%, which was slightly higher than a meta-analysis by Liu et al. (28) (47.2%), and significantly higher than the study by Liu et al. (29) (16.8%), and Kathleen (30) (30–40%). This may be related to the different age groups, regions and years of study, but it also reflects to some extent that the incidence of poor sleep quality among the senior citizens in China is at a high level. In this cross-sectional study, a prevalence of multimorbidity (56.2%) was observed in the study population in Hunan Province, China. This was consistent with the findings of multimorbidity in primary care in Canada (57.9%). This was found to be higher than the longitudinal study of health and retirement in China conducted by Zhang et al. (31) in 2015 (43.6%) and studies of older people in Mexico in 2018 (27.3%) (32). Similar studies from other countries reported multimorbidity of 69.4% in South Africa (33) and 62.8% in Japan (34). This variation may be explained by differences in the definition or measurement of multimorbidity, study populations, demographics, study settings, and self-reported data (35). A combination of two and three chronic conditions dominated the pattern of multimorbidity among community-dwelling older adults. With the rapid development of the society and the changes in lifestyles, chronic diseases are becoming younger and more prevalent, which not only greatly increases the difficulty of providing health care for chronic diseases, but also places a heavy economic burden on families, society and the country. Kingston et al. (36) predicted that by 2035, the number of patients with ≥ 4 chronic diseases in the UK will double from 2015, and society and families will soon face a heavy economic burden.



4.2 Participants with multimorbidity had a higher incidence of poor sleep quality

This study found that older adults without multimorbidity had better overall sleep quality and a lower incidence of poor sleep quality than those with multimorbidity. And the incidence of poor sleep quality was 1.30 times higher in older adults with multimorbidity than in those without. This suggests that older adults with multimorbidity in the community may be more prone to poor sleep quality. Fu et al. (37) found that chronic diseases such as hypertension and cervical spondylosis affect sleep quality in older adults. One reason for poor sleep quality in older adults with hypertension is that they are overly concerned about the cost of medical care and the effectiveness of treatment (38). Patients with heart disease have a weakened respiratory regulatory center and often experience breathing difficulties, resulting in sleep problems such as waking up easily at night and excessive daytime sleep (39). Sleep disturbance in seniors with cervical spondylosis, which causes physical pain and restricted movement, resulting in discomfort that affects sleep quality (40). Priority should therefore be given to the physical well-being of older adults in the community and to active management of chronic conditions to improve their sleep.



4.3 The number of chronic conditions had additive effects on poor sleep quality

In general, there has been an increasing trend in poor sleep quality as the number of chronic conditions has increased. We observed differences in the incidence of poor sleep quality between men and women. Specifically, women reported poorer sleep quality than men, which is consistent with other epidemiological studies (22). In addition, the prevalence of poor sleep quality increased with an increasing number of chronic conditions overall. That is, the greater the number of chronic conditions, the worse the sleep quality. The association with sleep problems is likely to be explained by psychological factors (e.g., higher levels of anxiety and depression), lifestyle factors (e.g., obesity, physical inactivity and high levels of sedentary time), and subclinical inflammation (21). Therapy outcomes may be worse in people with multiple chronic diseases, which may be an important factor in fatal outcomes (41). To some extent, multimorbidity may lead to sleep problems through an accumulation of different pathways (20), while sleep problems can also likely result in multimorbidity via circadian rhythm dysfunction and generalized inflammation (42).



4.4 Women are more likely to have poor sleep quality than men

We observed differences in the incidence of poor sleep quality between men and women. Specifically, women reported poorer sleep quality than men, which is consistent with other epidemiological studies (22). Binary logistic regression analysis showed that gender was the risk factor for poor sleep quality in older adults with multimorbidity, with women having 1.632 times the risk of men. According to the standardized regression coefficient, gender has the greatest influence on PSQI scores. Some researchers believe that women care more than men about family relationships, the future of their children, and even the details of the third generation (43). These can lead to a higher incidence of poor sleep quality in women than in men.



4.5 Participants with multimorbidity had the most severe difficulty falling asleep

The results of this study showed that seniors with multimorbidity had the highest sleep quality score in terms of time to fall asleep, indicating that older adults in the community had the greatest difficulty falling asleep. On the one hand, this may be related to the aging of the body, which leads to changes in the sleep rhythm. On the other hand, long periods spent in bed, reduced daytime activity and other general factors make it harder for seniors to fall asleep. We also found that hypnotic medication scored the lowest of the seven components, suggesting that the use of hypnotic medication is not widespread among older adults. This suggests that older adults should not only pay attention not only to the quality of their sleep, but also pay attention to other dimensions, such as the time it takes to fall asleep. There is evidence that seniors often go to bed (too) early and before the biological triggers that promote sleep (42).



4.6 Sleep and multimorbidity may interact with each other

Previous studies have shown that short or long sleep duration and poor sleep satisfaction are associated with the coexistence of multiple diseases (44), and the coexistence of sleep problems and multiple diseases may be mutually reinforcing (45). Ucar et al. (46) investigated the association between sleep duration and cardiovascular and metabolic comorbidities in patients with obstructive sleep apnea and confirmed that ensuring adequate sleep duration and modifying lifestyle factors and sleep hygiene could be beneficial in the prevention of cardiovascular and coronary events. Poor sleep quality can affect hormone levels in the body by stimulating phytomeres, thereby affecting the function of digestive organs and causing chronic digestive disorders (47). In addition, poor sleep quality leads to a reduction in functional and stimulatory connections in brain regions associated with executive function, thereby reducing an individual’s ability to regulate autonomy and affecting an individual’s level of mental health, and psychological factors are associated with many chronic diseases (48, 49). Previous studies (50) have reported the correlation between the combined effect of sleep duration and sleep quality and various chronic diseases, and the results showed that the combined effect of insufficient sleep duration and poor sleep quality had the strongest correlation with chronic diseases such as hypertension. Therefore, there is a need to understand the potential impact of poor sleep and multiple chronic comorbidities in order to inform clinical and public health strategies for the prevention and management of comorbidities. Efforts to better understand and manage multimorbidity should continue among researchers and policy makers.



4.7 Strengths and limitations

Our study has several strengths. First, to the best of our knowledge, this is the first large population-based study to provide evidence of a correlation between sleep and multimorbidity among older adults in the Chinese population. As the aging process accelerates and life expectancy increases, there is a need to study China’s older adults because of the significant differences in culture and health care system compared to other countries. In addition, the data collected were analyzed using reliable statistical methods, and the results may provide theoretical support for future interventions for poor sleep quality and chronic disease.

Some limitations need to be addressed. First, the PSQI only assesses sleep quality, which is often uncorrelated with objective measures of sleep. Although self-report is the most feasible method for population-based studies, it has the potential to underestimate prevalence and may lead to some misclassification. In addition, the measure cannot be used to make sleep diagnoses, but actual clinical sleep diagnoses could be included in future research. One of the limitations of this study is that its cross-sectional design does not allow us to establish a causal relationship between the variables studied and multimorbidity. For example, (a) people with mental illness or cognitive impairment were excluded and these individuals might be expected to have worse medical outcomes; (b) socio-demographics, BMI and sleep disrupting behaviors could have been used as independent correlates of sleep quality; (c) the number of related chronic diseases/conditions could have been expanded to include obesity and mental health and eating disorder diagnoses. Further studies on the pathophysiological processes underlying multimorbidity are needed to improve understanding of the interactions and synergies between different diseases.




5 Conclusion

Community-dwelling older adults with multimorbidity were more likely to have sleep problems. The number of chronic conditions also had an additive effect on sleep problems, and women reported poorer sleep quality than men. One of the most challenging aspects of falling asleep was for participants with multimorbidity.
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