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Background: This study aims to explore the relationship between sleep duration and Activity of Daily Living (ADL) disability among older adults in China. ADL disability severely impacts the quality of life of older adults and is associated with various physical and mental health issues. With the aging population in China, the burden of ADL disability is increasing.

Methods: Data were sourced from the 2018 national follow-up of the Chinese Longitudinal Healthy Longevity Survey (CLHLS), including 9,572 participants aged 65 and above. Sleep duration was assessed via self-reported questionnaire and categorized into short (<7 h), medium (7–8 h), and long (≥9 h). ADL disability was evaluated through Basic Activities of Daily Living (BADL) and Instrumental Activities of Daily Living (IADL). Logistic regression models were used to analyze the relationship between sleep duration and ADL disability, with subgroup analyses conducted to explore differences by gender and physical activity.

Results: The study found a significant non-linear relationship between sleep duration and ADL disability. Compared to older adults with a sleep duration of 7–8 h, those with over 9 h of sleep had a significantly higher risk of BADL and IADL disability (OR = 1.36, OR = 1.35). Subgroup analyses indicated that this relationship existed among older adults of different genders, age, and physical activity levels.

Conclusion: For older adults in China, maintaining a sleep duration of 7–8 h may be an effective strategy for preventing ADL disability. Both excessively long and short sleep duration are associated with an increased risk of ADL disability in this population.
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1 Introduction

Activities of Daily Living (ADL) refer to the basic competencies required for individuals to independently care for themselves, including dressing, eating, and bathing (1). ADL disability is a significant health issue that can lead to decreased quality of life and heightened vulnerability to the surrounding environment (2). Presently, ADL disability is primarily evaluated through Basic Activities of Daily Living (BADL) and Instrumental Activities of Daily Living (IADL) (3, 4). Existing research has demonstrated that ADL disability is strongly associated with physical and mental health issues, including depression, cognitive impairment, frailty, and sarcopenia (5–7). Beyond this, demographic factors, lifestyle behaviors, and health conditions are also significantly linked with ADL disability (8–10). ADL disability not only severely affects the individual patient and family but also poses significant challenges to socio-economic development and the public health system (11). Currently, with the aging population, China is facing an increasing burden of ADL disability, which has become a significant public health issue. A study indicates that the prevalence of ADL disability among individuals aged 60 years and older in China is 23.8% (12). By 2026, the number of individuals aged 65 years and older with ADL disabilities is projected to reach 96.2 million (13). Therefore, to mitigate the burden of ADL disability on individuals, families, and society, it is crucial to identify its risk factors and implement corresponding preventive and intervention measures.

Sleep duration is a critical factor influencing the physical and mental health of older adults and is associated with increased risks of cognitive impairment, cardiovascular disease, type 2 diabetes, and sarcopenia, among others (14–17). Numerous studies have demonstrated a statistically significant ‘U-shaped’ or ‘J-shaped’ association between sleep duration and conditions such as cognitive impairment, depression, and various chronic diseases (18–24). This suggests that patients may face an elevated risk of cognitive impairment, depressive symptoms, and various chronic diseases when sleep duration is either too long or too short. Additionally, other studies have reported that patients experience accelerated cognitive decline when sleep duration is either too long or too short (21). Concurrently, it should be noted that differences in sleep duration requirements exist between age groups and genders, which means they are differently affected by sleep duration (25, 26).

Several previous studies have examined the relationship between sleep duration and ADL disability, but findings have been inconsistent. In 2015, the National Sleep Foundation suggested that the recommended amount of sleep for older adults is 7 to 8 h (27). A study based on the Guangxi Longevity Population Database reported that excessive sleep duration (greater than 12 h) is associated with an increased risk of ADL disability in the oldest population (older than 90 years), and that the optimal sleep duration for this population is 8 to 10 h (28). Luo et al. (29) and Zou et al. (30) demonstrated an association between sleep durations of less than 7 h or more than 7 h and an increased risk of ADL disability in individuals aged over 65 years. Meanwhile, Lee et al. (31) found that older adults with greater limitations in basic activities of daily living (BADL) and instrumental activities of daily living (IADL) experienced more difficulty achieving the recommended sleep duration. These inconsistent results may be attributed to differences in study populations, methods, and designs (17). Moreover, socio-economic, cultural, and ethnic factors may contribute to the heterogeneity observed among different countries or regions in this context (32). However, it is worth noting that current research on sleep duration and ADL disability in older adults remains limited, with insufficient exploration of BADL and IADL classifications. In addition, prior studies on the association between sleep duration and ADL disability in older adults have focused primarily on the overall older adult population, without adequately exploring differences in this association by factors such as gender and physical activity. Therefore, further exploration of the relationship between sleep duration and ADL disability in older adults is necessary to enrich the research in this area and provide a basis for future studies.

In summary, this study aimed to further explore the relationship between sleep duration and ADL disability in older adults, based on existing findings and using data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), to provide a scientific basis for future research and the development of prevention and intervention strategies for ADL disability in older adults.



2 Materials and methods


2.1 Participants

Data for this study were sourced from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). The CLHLS is a national prospective longitudinal study organized by the Peking University Centre for Healthy Aging and Development (CHADS) to investigate issues related to aging. Since 1998, the CLHLS has conducted eight national surveys. More information can be found in other related topics (33).

National follow-up data from CLHLS 2018 were used in this study. To begin with, this study excluded participants with missing data on ADL disability (n = 892) and sleep duration (n = 1,610); in addition, participants with missing data on covariates were excluded (n = 3,729). Finally, participants aged under 65 years were excluded (n = 71). Ultimately, 9,572 participants were enrolled in this study. The detailed flowchart of participant inclusion and exclusion for this study is presented in Figure 1.
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FIGURE 1
 Flowchart of participant screening flowchart.




2.2 Assessment of sleep duration

Self-reported sleep duration data were obtained using the question, “How many hours of sleep do you currently get per day?” To better understand the relationship between sleep duration and ADL disability in older adults, this study categorized sleep duration into three groups: short (less than 7 h), medium (7 to 8 h), and long (9 h or more), based on the National Sleep Foundation criteria (27).



2.3 Assessment of ADL disability

Participants’ ADL disability status can be assessed through the BADL or IADL. BADL in the CLHLS comprises six items: (1) bathing; (2) eating; (3) dressing; (4) indoor transfers; (5) toileting; (6) incontinence control. IADL comprises eight items: (1) Can you go to your neighbor’s house alone? (2) Can you go out shopping alone? (3) Can you cook alone if needed? (4) Can you do laundry alone if needed? (5) Can you walk 2 miles continuously? (6) Can you lift about 10 pounds (5 kg)? (7) Can you squat down and stand up three times in a row? (8) Can you travel alone on public transport? Participants were considered to have ADL disability if they were unable to perform one or more of the 14 items independently.



2.4 Covariates

In order to obtain more reliable results, we included the following covariates that may affect activities of daily living disability based on available references: age (65 to 74, 75 to 89, 90 years or older), gender (male, female), residence (city, town, rural), currently smoking (yes, no), currently drinking (yes, no), marital status (married, unmarried/separated/widowed), physical exercise (yes, no), BMI (obese, overweight, normal, underweight), depression (yes, no), and cognitive impairment (yes, no) (34, 35). Assessment criteria for depression and cognitive impairment are detailed in Supplementary Tables S1, S2.



2.5 Ethical considerations

Data for this study were sourced from the CLHLS and used in accordance with the Declaration of Helsinki. Ethical approval was obtained from the Biomedical Ethics Committee of Peking University (IRB00001052-13074) (36). Participants and their families have signed an informed consent form.



2.6 Statistical analysis

Statistical analyses of the study were performed using Stata version 18.0 and R version 4.4.1. GraphPad Prism version 9.0 was used to visualize the results of the subgroup analyses. Descriptive statistics were used to summarize the baseline characteristics of the study population. Logistic models were used to estimate the risk ratio (OR) and its corresponding 95% confidence interval (CI) for the association between sleep duration and disability in activities of daily living in older adults. Restricted cubic spline bars were plotted to explore potential non-linear relationships between sleep duration and ADL disability. The Akaike Information Criterion (AIC) was applied to determine the optimal number of knots for the spline. Wald’s test assessed the linearity of the observed relationship. Model 1 was a crude model. Model 2 is adjusted for age, gender, residence, smoking, drinking, marital status, physical exercise, and BMI. Model 3 further adjusted for depression and cognitive impairment based on Model 2. Subgroup analyses based on Model 3 were conducted to examine potential differences in the correlation between sleep duration and ADL disability across gender, age, and physical exercise groups. Statistical significance was set at p < 0.05 for two-sided tests.




3 Results


3.1 Baseline characteristics

This study included 9,572 participants, with 4,575 males (47.8%) and 4,997 females (52.2%). The majority of older adult participants resided in rural areas (43.7%). Among the participants, the largest group (38.3%) reported sleeping 7 to 8 h per day, followed by those who slept less than 7 h (37.8%). In contrast, the smallest proportion (23.9%) reported sleeping more than 9 h. The survey results showed that 1,482 participants (15.5%) experienced BADL disability, and 5,552 participants (58.0%) had IADL disability. The 2018 CLHLS data showed that ADL had good internal consistency, with a Cronbach’s alpha of 0.82.

In this study, significant differences in BADL and IADL were found between groups of older adult participants with different sleep durations, ages, genders, smoking, drinking, marital status, physical exercise, BMI, depression, and cognitive impairment (p < 0.05). All these associations were statistically significant at the p < 0.05 level, as detailed in Table 1.



TABLE 1 Baseline characteristics of participants.
[image: Table1]



3.2 Association of sleep duration with disability in activities of daily living

Figure 2 demonstrates a significant statistical association between sleep duration and both Basic Activities of Daily Living (BADL) and Instrumental Activities of Daily Living (IADL) (p < 0.001). A non-linear relationship is observed between sleep duration and BADL or IADL (p < 0.001). In Model 1 (shown in Table 2), compared to individuals with 7–8 h of sleep, those with less than 7 h and more than 9 h of sleep have a significantly higher risk of BADL disability (OR = 1.22, p = 0.003; OR = 1.96, p < 0.001). In Model 3, after adjusting for all covariates, compared to those with 7–8 h of sleep, the risk of BADL disability in individuals with less than 7 h of sleep is no longer statistically significant (p = 0.421), while those with more than 9 h of sleep still exhibit a higher risk of BADL disability (OR = 1.36, p < 0.001). Similarly, in Model 1 (Supplementary Table S4), individuals with less than 7 h and more than 9 h of sleep have a significantly higher risk of IADL disability (OR = 1.45, p < 0.001; OR = 1.96, p < 0.001). In Model 3, the risk of IADL disability remains significantly higher in those with less than 7 h and more than 9 h of sleep (OR = 1.17, p = 0.007; OR = 1.35, p < 0.001).

[image: Figure 2]

FIGURE 2
 Restricted cubic spline regression analysis for sleep duration and BADL and IADL. The red curve indicates the association between sleep duration and BADL in older adults. The blue curve indicates the association between sleep duration and IADL in older adults.




TABLE 2 Association of sleep duration with the incidence of BADL disability risk.
[image: Table2]



3.3 Subgroup analysis of sleep duration and disability in activities of daily living

To further explore the association between sleep duration and ADL disability in older adult individuals with different gender, physical exercise, and age levels, we conducted subgroup analyses based on gender, physical exercise, and age (as shown in Figures 3, 4 and Supplementary Figure S1). The results indicated that, compared to older adult individuals with 7–8 h of sleep, those with sleep durations of 9 h or more had a higher risk of IADL and BADL disability, regardless of whether they were male or female participants. Among older adult individuals who engage in physical exercise, no significant difference in the risk of BADL and IADL disability was observed between those who slept less than 7 h and those who slept 7–8 h (p = 0.202, p = 0.748).

[image: Figure 3]

FIGURE 3
 Association between sleep duration and disability in activities of daily living based on gender stratification.
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FIGURE 4
 Association between sleep duration and disability in activities of daily living based on physical activity stratification.





4 Discussion

This study examined the association between sleep duration and ADL disability in older adults. The results of the study demonstrated a non-linear relationship between sleep duration and BADL and IADL disability in older adults. For older adults, 7–8 h of sleep is optimal, and either too long or too short a sleep duration is associated with an increased risk of ADL disability. Previous studies have demonstrated that BADL and IADL disabilities are significant risk factors for older adults who struggle to meet the recommended sleep duration (31). Thus, a bidirectional relationship may exist between sleep duration and ADL disability in older adults. Additionally, the association between sleep duration and ADL disability varied by gender and physical exercise. Specifically, when sleep duration is 9 h or more, older men exhibited a greater proportion of the increased risk of BADL disability compared to older women. When sleep duration was either too long or too short, the proportion of ADL disability risk increased more among older adults who engaged in physical exercise than among those who did not.

Our study demonstrated a U-shaped relationship between sleep duration and ADL disability in older adults, with both shorter and longer sleep durations than optimal being associated with an increased risk of ADL disability. Multiple physical and psychological risk factors may mediate this association, including depressive symptoms, cognitive impairment, and chronic diseases like cardiovascular disease and diabetes. Depressive symptoms are more common in older adults (37, 38). Yan et al. reported that ADL disability is strongly associated with depressive symptoms in older adults (39, 40). Older adults with depressive symptoms are more likely to experience physical dysfunction and ADL disability, which may in turn contribute to the development of depressive symptoms (40). Concurrently, sleep duration also demonstrates a bidirectional relationship with depressive symptoms (41). In this context, an optimal sleep duration of 8 h reduces the risk of depression, whereas both prolonged and shortened sleep durations increase this risk (42).

Cognitive impairment also plays an important role in this association. Several previous studies have demonstrated that cognitive decline directly impacts ADL ability in older adults, with this effect being particularly pronounced in those with dementia and cognitive loss (43, 44). Additionally, through a comprehensive analysis of two nationally representative aging cohorts, Ma et al. indicated a U-shaped relationship between sleep duration and cognitive functioning (45). Both shorter (6 h or less) and longer (8 h or more) sleep durations negatively affect cognitive performance in older adults, increasing the risk of cognitive impairment and dementia, particularly with extreme sleep durations of 4 h or less or 10 h or more per night (45, 46).

Furthermore, the role of various chronic diseases in the relationship between sleep duration and ADL disability in older adults is noteworthy. Existing studies indicate that chronic degenerative diseases (CDDs), including obesity, cardiovascular disease, diabetes, and inflammation, are among the primary causes of ADL disability in older adults (8, 47–49). A Polish study identified the comorbidity of chronic diseases as the primary risk factor for BADL disability in older adults, with the risk of BADL disability increasing as the number of coexisting chronic diseases rises (50). The pain caused by these chronic diseases may also limit physical activity, thus inducing IADL disability in older adults (50). Simultaneously, an association between sleep duration and chronic disease has been demonstrated. Dashti et al. (51) investigated the relationship between short sleep duration and chronic diseases, concluding that short sleep duration is associated with increased total calorie, fat, and protein intake, thereby contributing to chronic diseases such as obesity, type 2 diabetes, and cardiovascular disease. Simultaneously, the risk of certain chronic diseases also demonstrates a U-shaped relationship with sleep duration, where only an appropriate sleep duration can maintain a low risk, as seen in chronic kidney disease and various cardiovascular diseases (52–54). This appropriate sleep duration tends to be closer to the recommended time, between 6 and 9 h.

Subgroup analyses demonstrate the robustness of the study findings. Research shows that both long and short sleep times are associated with increased ADL disability risk in the older adult, regardless of gender, physical status, or age subgroup. Moreover, subgroup analyses revealed gender and physical exercise differences in the association between sleep duration and ADL disability in older adults. Firstly, when sleep duration is 9 h or more, older men exhibited a greater proportion of the increased risk of ADL disability compared to older women. This may be attributed to the physiological differences between men and women. Research indicates that women require more sleep than men (55, 56). Furthermore, as women are required to perform a significant portion of unpaid work (e.g., care for family members) in addition to paid work, they are more likely to experience sleep disorders and have lower sleep quality compared to men (55, 57). Therefore, appropriately extending sleep duration may improve their physical health while mitigating the adverse effects of prolonged sleep.

Secondly, when sleep duration was too long or too short, the increase in risk of ADL disability was more pronounced in older adults who were physically exercising compared to those who were not. This finding differs from previous studies that typically concluded older adults participating in physical exercise have a relatively low risk of ADL disability (58–61). This may be attributed to the fact that the CLHLS questionnaire, when assessing participants’ physical exercise, only indicates whether they are currently exercising, without evaluating the frequency or intensity of their physical exercise. Therefore, this subgroup analysis can only reflect the magnitude of the change in the risk of ADL disability in older adults caused by excessive or insufficient sleep duration, but not the intensity of the original risk or the intensity of the increase. The conclusion should thus be interpreted with caution. It may also be that older adults who participate in physical activity are in better physical condition, sleep better, and require less sleep than those who do not participate in physical activity. Therefore, sleeping too much may have a more pronounced effect on their increased risk of disability in daily mobility.

It is also worth noting that the distribution of sleep duration among Chinese older adults is distinct from other global regions. Our study found that the proportion of Chinese seniors with optimal sleep duration is lower than that in other global regions, while the proportion of those with short sleep duration is higher (62–65). This may be attributed to a range of factors including culture, lifestyle, social support systems, health behaviors, and psychological factors (66, 67). Simultaneously, this may also indicate that sleep duration has a greater influence on the risk of ADL disability in Chinese older adults than in those from other countries and regions. Based on these findings, future studies should focus more on Chinese older adults with short sleep duration.

Finally, current evidence indicates that patients’ sleep duration can be improved through pharmacotherapy, including benzodiazepines, antihistamines, etc. (68). Nevertheless, certain medications may heighten the risk of adverse effects in older adults, potentially compromising their ADL capacity (69). For instance, benzodiazepines may impair cognitive performance and neuromotor function in older adults (69, 70). Therefore, pharmacological interventions targeting adverse sleep duration in older adults must be exercised with caution. In addition, studies have shown that certain lifestyle habits related to health are associated with sleep duration, such as frequent alcohol use, heavy coffee intake, and bedtime mobile phone use (71). Thus, clinicians should prioritize non-pharmacological interventions in clinical practice and aim to improve patients’ sleep duration through behavioral or psychological interventions wherever feasible. Concurrently, policymakers should strive to promote healthy lifestyle habits and enhance public awareness of sleep hygiene through community-based health education.



5 Innovations and limitations

This study has several notable strengths. To begin with, the data used in this study are nationally representative; In addition, the study is clinically significant for maintaining the physical and mental health and self-care capacity of Chinese older adults. However, this study also has several limitations. First, the data used in this study were derived from a self-assessment questionnaire, which may introduce recall bias. Second, the cross-sectional design limits the exploration of causal relationships. Finally, the CLHLS database records only whether participants currently engage in physical exercise, without assessing the frequency or intensity of physical exercise, which may potentially confound the study results.



6 Conclusion

In conclusion, a sleep duration of 7–8 h seems to be optimal for Chinese older adults, and too long or too short a sleep duration is associated with an increased risk of ADL disability in this population. Maintaining a sleep duration of 7–8 h may be an effective strategy for preventing ADL disability in Chinese older adults.
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Model 1 was a crude model. Model 2 is adjusted for age, gender, residence, smoking, drinking, maritalstatus, physical exercise, and BM1. Model 3 further adjusted for depression and cognitive
impairment based on Model 2.
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