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Background: This study delves into the complex interaction between leisure activities and cognitive function in older people with disabilities, with a particular emphasis on the moderating influence of depression. Despite the well-documented cognitive benefits of leisure activities among the older people, the intricate relationship between depression and the association between leisure activities and cognitive function in this specific demographic has been rarely reported.

Methods: Drawing on data from the 2017–2018 Chinese Longitudinal Healthy Longevity Survey (CLHLS), this study meticulously examined a cohort of 713 participants aged 65–89 years. We constructed a moderation model to examine the impact of leisure activity on cognitive function in older people with disabilities, with depression levels as a moderating variable.

Results: We found a positive association between engagement in leisure activities and cognitive function, highlighting the potential cognitive advantages associated with leisure engagement among disabled older people. However, the present analysis also reveals a significant moderation effect of depression on this relationship, shedding light on the nuanced nature of this association. Specifically, elevated levels of depression emerge as a critical moderator, attenuating the otherwise favorable impact of leisure activities on cognitive function among older people contending with disabilities.

Conclusion: In conclusion, the findings provide a compelling rationale for tailored interventions that comprehensively target both leisure activity engagement and concurrent depression management, effectively fostering improvements in cognitive function among the cohort of disabled older people.
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1 Introduction

Cognitive function of older people plays a pivotal role in their overall well-being and quality of life (1, 2). Cognitive decline, a common phenomenon in aging, can significantly impact an individual’s ability to perform daily activities and maintain independence (3–5). This decline is even more pronounced among disabled older people, who may already face additional challenges in their daily lives (6, 7), indicating the necessity of understanding factors that can influence cognitive function in this population.

Leisure activities can be defined as activities people engage in during their free time (8), which have long been recognized as beneficial for cognitive health in older adults (9–11). Engaging in intellectually stimulating and socially engaging leisure activities, such as reading, puzzles, and social interactions, has been associated with a reduced risk of loneliness and an improved cognitive function (12–14). These activities provide opportunities for mental stimulation, maintaining cognitive abilities and promoting brain health. However, the relationship between leisure activities and cognitive function may be effected by other factors such as depression (15, 16). Depression is a prevalent mental health condition among older people, known to have detrimental effects on cognitive function. Meanwhile, depression can impair attention, memory, and executive functions, thereby exacerbating cognitive decline in older adults (17). Moreover, depressed individuals may experience reduced motivation and interest in leisure activities, further compromising their cognitive abilities (16).

Despite the recognized benefits of leisure activities on cognitive function and the negative impact of depression, the interaction between these factors among disabled older people has been rarely examined. Investigating the potential interaction between leisure activities and cognitive function, particularly in the context of depression among this vulnerable population, is of paramount importance. Such understanding can serve as a valuable foundation for designing interventions and strategies aimed at enhancing cognitive health and overall quality of life for disabled older people.


1.1 Leisure activity and cognitive function

Engagement in leisure activities has emerged as a salient determinant impacting cognitive function among older adults (18–20). Extensive academic efforts have been devoted to exploring the intricate association between participation in leisure activities and cognitive function. For instance, a systematic review and meta-analysis conducted by Yates et al. (21) examined the impact of leisure activities on cognitive function in older adults, and revealed the association between participating in leisure activities and improvements in various cognitive domains, such as attention, memory, executive function, and processing speed. Moreover, engaging in leisure activities appeared to be related to structural changes in the brain and a deceleration in cognitive decline among older individuals. Further supporting these findings, Chapman et al. (22) conducted a comparative study focusing on physical exercise and cognitive function in older adults, and found that regular physical exercise was linked to better cognitive performance. Additionally, cultural and social leisure activities have been associated with cognitive benefits in older adults. Engagement in activities such as reading, writing, art, learning new skills has shown positive effects on cognitive function (23–26). For instance, in a longitudinal study conducted by Yates et al. (21), it was discovered that consistent engagement in intellectually stimulating leisure activities was linked to the sustained maintenance of cognitive function over the long term in older adults. Additionally, the recent LANCET Dementia Commission has identified social isolation as one of the modifiable risk factors for dementia (27). Social isolation can have a significant impact on the cognitive function of disabled older adults. The influence of biological factors is also very important when studying cognitive impairment, for example, how comorbidities such as vascular and neuroinflammatory conditions can trigger the amyloid cascade that leads to cognitive impairment and dementia (28). Secondly, another important aspect is that all these biological factors contribute to the condition of ‘frailty’ (29). This adds to the overall burden on patients, caregivers and the health system, and patients need more attention from medical and healthcare professionals.

Collectively, previous studies have highlighted the positive relationship between leisure activity and cognitive function in older adults (30–32). Engaging in a variety of leisure activities, including physical exercise, cultural pursuits, and social interactions, appears to promote cognitive health and potentially slow down cognitive decline (23–26). However, previous research has been constrained by two primary limitations: Firstly, there has been a paucity of studies focusing on leisure activity and its impact on cognitive function specifically in disabled older people. Secondly, most studies have solely addressed the influence of leisure activities on cognitive function in older adults, disregarding the potential underlying mechanisms of this relationship. To this end, this study was conducted to examine the effects of leisure activity on cognitive function in disabled older people and explore the potential underlying mechanisms of the impact of leisure activities on cognitive function.



1.2 Leisure activity, depression and cognitive function

The association between depression and cognitive function has been extensively investigated, revealing a complex interplay between these two constructs (33–35). Research consistently demonstrates that individuals with depression often exhibit cognitive impairments, including deficits in attention, memory, executive function, and processing speed (36, 37). These cognitive deficits and depression may significantly impact daily functioning and quality of life (38). On the other hand, engaging in leisure activities has been shown to have positive effects on mood and cognitive function in older adults, including those suffering from depression (39). Participation in enjoyable and meaningful leisure activities could serve as a potential protective factor against cognitive decline and may alleviate some depression symptoms (9, 40, 41).

Social Engagement Theory (SET) focuses on the impact of individual participation in social interactions on their cognitive and emotional development. According to SET leisure activities may influence depression and cognitive function in disabled older adults (42). In terms of the relationship between leisure activities, depression, and cognitive function, the potential moderating effect of depression should be clearly acknowledged. Depression can influence engagement in leisure activities, as individuals with depression may experience reduced motivation, interest, and pleasure in participating in activities they once enjoyed. Such decreased engagement in leisure activities may further contribute to cognitive decline or exacerbate existing cognitive impairments in individuals with depression.

In summary, depression is correlated with cognitive impairments, which may affect one’s involvement in leisure activities and subsequently have an impact on cognitive function. While engagement in leisure activities has demonstrated positive effects on cognitive function, depression may potentially moderate this relationship. In this case, further research should be carried out to better understand the complex interrelationships between depression, leisure activities, and cognitive function, ultimately informing interventions and strategies to promote cognitive well-being in individuals with depression.



1.3 The current study

Herein, the study was conducted mainly to examine the influence of leisure activity on cognitive function in disabled older people while investigating the potential moderating role of depression in this relationship. The level of engagement in leisure activities was assessed, cognitive function was evaluated using various measures, and the presence and severity of depression symptoms among disabled older people were identified. The contribution of this study lies in exploring the interactive effects between leisure activities and cognitive function in a specific population of older people with disabilities. Previous studies have mainly focused on the impact of leisure activities on cognitive function in older people, with little attention paid to the role of depression and this particular group of older adults with disabilities. This study addresses the following two research questions. (1) Is there a significant association between leisure activity and cognitive function among disabled older people? (2) What is the moderating effect of depression on the relationship between leisure activity and cognitive function among disabled older people? Our hypotheses were (1) that higher levels of engagement in leisure activities among disabled older individuals are positively associated with better cognitive function, and (2) that depression moderates the relationship between leisure activity and cognitive function in disabled older individuals, such that a higher level of depression weakens the association between leisure activity and cognitive function. The innovation of this study lies in its focus on the relationship among leisure activity, cognitive function, and depression in disabled older people. This research is significant for understanding the mental health and cognitive function of disabled older individuals. By investigating the moderating role of depression in the association between leisure activity and cognitive function, we can gain a more comprehensive understanding of the complex relationships among these factors.




2 Materials and methods


2.1 Data and study population

The data utilized in this study were obtained from the Chinese Longitudinal Healthy Longevity Survey (CLHLS 2017–2018), i.e., a longitudinal survey of the older people population in China, conducted by the Center for Healthy Aging and Development Studies (CHADS) of Peking University, which was initially carried out in 1998. From 1998 to 2018, the CLHLS has conducted eight waves, with a gap of 2–3 years. At the same time, the study population consisted of older people aged 65 years and older, as well as their adult children aged 35–64 years, residing in 23 Chinese provinces (32). The CLHLS is an open, nationally representative cohort study that has included >20,000 individuals from 22 provinces in mainland China, with sampling areas covering >85% of the Chinese population. To ensure representative and reliable sample data, CLHLS utilized a multi-stage disproportionate and targeted random sampling method in its sampling design. Participants or proxy respondents (usually a spouse or close family member) were asked to self-report information on sociodemographic factors, including sex, ethnicity, lifestyle, disease history, etc. Proxy interviews were conducted for respondents who were too impaired to directly participate in study interviews. Very few participants had full proxy interviews in any given wave (<1% of those <90 years of age, ≈1.5% of those 90 to 99 years of age, <5% of those 100–105 years of age). Prior research has ruled out substantial bias due to proxy interviews in the CLHLS (43, 44). Furthermore, additional information regarding the CLHLS survey was available in other studies (45), and its data quality was recognized by scholars both domestically and internationally. In the most recent survey, CLHLS sampled 15,874 older people and collected data on their cognitive function, psychological status, and leisure activities. As the focus of the present study was on the older people population aged between 65–89 years, individuals under the age of 65 and age over 89 years were excluded (46). Moreover, the Activities of Daily Living (ADL) scale was utilized to assess the functional limitations of the older people population, and those with an ADL score of 0 were excluded (47). Consequently, the final sample size of the disabled older people population was 713.



2.2 Measurements


2.2.1 Cognitive function

Herein, the Chinese version of the Mini-Mental State Examination (MMSE), a widely used assessment tool for testing cognitive status, was used to assess the global cognitive functioning of older adults with disabilities (48). The MMSE consists of 30 items in six domains including Orientation, Registration, Attention, Language, Memory, and Spatial organization. The total score on the MMSE ranges from 0 to 30, with higher scores indicating better cognitive function. Cognitive impairment was hereby defined as a low MMSE score of 18 or less (49).



2.2.2 Leisure activity

Self-reported information for the leisure activity data was collected through in-home interviews. During the survey, participants were queried about eight different categories of leisure activities, including the frequency of their engagement in tai chi, square dancing, socializing with friends, watching TV or listening to the radio, playing cards or mahjong, reading newspapers or books, raising livestock or pets, gardening, and religious activities. Participants reported how often they engaged in each activity as “almost every day,” “at least once a week,” “at least once a month,” “sometimes,” or “never.” For potential hierarchical analyses, the frequency of the activity was redefined and categorized as “1 = never,” “2 = sometimes,” “3 = at least once a month,” “4 = at least once a week,” and “5 = almost every day,” with values of the 5 options ranging from 1 to 5 successively, and the total score from 0 to 40.



2.2.3 Depression

Depression was evaluated by the Center for Epidemiologic Studies Depression Scale (CES-D-10) in this study. The CES-D-10 includes ten items using a four-point metric, ranging from 0 = “Rarely” to 3 = “Most of the time.” The total scores of CES-D-10 range from 0 to 30 with higher scores suggesting more symptoms of depression. An individual is suggested to have depressive symptoms if he/she scores more than 10 in the CES-D-10. Previous research has used CES-D-10 in Chinese people and reported its good validity and reliability (50).



2.2.4 Covariates

Control variables included the demographic variables age, gender, region, marital status, household income, and perceived social stratification. Perceived social stratification was measured by a single sentence, that is, “How would you rate your economic status compared to other people in your neighborhood?” All answers were assigned a score from 1 to 5, ranging from “very rich” to “very poor” (51–53).




2.3 Statistical analysis

The present study was primarily carried out to investigate the effect of leisure activities on cognitive function in disabled older people, and the potential moderating role of depression was also explored. To accomplish this, statistical analysis was conducted using STATA 17 software. Specifically, a three-step analytical approach was employed. Firstly, descriptive analysis was performed to illustrate the general characteristics of the study population, generating a summary of the relevant demographic and clinical variables, such as age, gender, region, and marital status. Secondly, correlation analysis was utilized to examine the relationships between the key study variables, namely leisure activities, depression, and cognitive function, so as to assess the strength and direction of these relationships, and to identify any potential confounding factors that might affect the main study outcomes. Finally, regression analysis was employed to investigate the impact of interaction terms (i.e., moderating effects) on cognitive function, while controlling for potential confounding factors identified during the correlation analysis stage, for which, a series of regression models were constructed to examine the main and interactive effects of leisure activities, depression, and other relevant covariates on cognitive function. Overall, this analytical approach allowed for a thorough examination of the research questions, and provided valuable insights into the role of leisure activities and depression in cognitive functioning among disabled older people. The research model is shown in Figure 1.
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FIGURE 1
 Research model.





3 Results


3.1 Characteristics of the study population

Table 1 reveals distinct differences between the “65–74” and “75–89” age groups across various aspects. In the realm of health and well-being measures, notable distinctions emerge between the “65–74” and “75–89” age groups. Specifically, the “65–74” age cohort exhibits a higher mean cognitive function score (25.55) compared to the “75–89” age group (22.13), implying superior cognitive abilities within the former group. Additionally, the “65–74” age group presents a greater degree of engagement in leisure activities (mean: 2.15) relative to the “75–89” age group (mean: 1.52). Conversely, in terms of levels of depression, the “65–74” age group reports a slightly higher mean score (7.33) compared to the “75–89” age group (6.62). In summary, the study population is predominantly composed of individuals in the “75–89” age group, accounting for 85.97% of the total, while the “65–74” age group represents 14.03%. While no significant gender differences are observed in perceived social stratification within each age group, the “75–89” age group demonstrates a slightly higher mean score compared to the “65–74” age group. Socio-economically, the “65–74” age group has a higher proportion of rural residents (68%) compared to the “75–89” age group, where there is a higher concentration of urban residents (32%). Additionally, the mean household income is higher in the “75–89” age group, indicating a relatively higher income level in the older age group.



TABLE 1 Characteristics of the study population (N = 713).
[image: Table1]



3.2 Characteristics of the main variables

Table 2 provides insights into the distribution and central tendency of the variables measured in the study. Cognitive function scores range from 0 to 30, with an average score of 22.60 and a standard deviation of 7.43. The distribution is negatively skewed and leptokurtic. Leisure activity scores range from 0 to 40, featuring an average value of 13.09 and a standard deviation of 5.80. The distribution is positively skewed and platykurtic. Depression scores range from 0 to 25, with an average score of 6.72 and a standard deviation of 4.36. The distribution is positively skewed and leptokurtic. Overall, the skewness and kurtosis values are within acceptable ranges, indicating normal distributions for data analysis.



TABLE 2 Characteristics of the main variables (N = 713).
[image: Table2]

Table 3 presents the associations between cognitive function, engagement in leisure activities, and the onset of depressive symptoms. A cutoff score ≥ 10 was hereby used to identify the respondents exhibiting significant depressive symptoms (54). In terms of leisure activities, compared to their counterparts with depressive symptoms (M = 12.311, SD = 0.392), individuals without depressive symptoms displayed a higher mean score (M = 13.317, SD = 0.192). The corresponding p-value of 0.007 demonstrated a statistically significant association between engagement in leisure activities and the onset of depressive symptoms. These findings imply that engagement in leisure activities is linked to the development of depressive symptoms, while there exists no significant association in relation to cognitive function.



TABLE 3 Association between cognitive function, leisure activity and depressive symptom onset.
[image: Table3]



3.3 Correlation analysis

Herein, a correlation analysis was conducted to examine the relationships among the variables, as shown in Table 4. The results revealed important insights into the associations between cognitive function, leisure activity, depression, and gender. First, in the context of leisure activities, a statistically significant moderate positive correlation coefficient of 0.361 (p < 0.001) was observed in relation to cognitive function, suggesting the association between increased engagement in leisure activities and improved cognitive function. The observed correlation coefficient evidences the potential positive impact of leisure activities on cognitive abilities. Next, in terms of investigations into depression, a weak positive correlation coefficient of 0.048 was observed with gender. However, this correlation was not statistically significant (p > 0.5), indicating that gender might not exert a substantial influence on depression in this particular study. Overall, these results suggest that other factors may play a more prominent role in determining depression levels, and that gender may not be a significant predictor. In summary, the correlation analysis highlights a significant positive association between cognitive function and leisure activity, supporting the notion that greater participation in leisure activities may contribute to enhanced cognitive abilities. Conversely, the lack of a statistically significant correlation between depression and gender indicates that gender may not necessarily affect the depression levels in this study. These findings offer valuable academic insights into the interrelationships among these variables, emphasizing the potential impact of leisure activity on cognitive function.



TABLE 4 Correlation analysis.
[image: Table4]



3.4 The moderating effects of depression

Table 5 shows the moderation models, suggesting a moderating role of depression in the relationship between leisure activity and cognitive function. Model 1 controls for age, gender, region, marital status, household income, and perceived social stratification, and the results suggest insignificant effect of depression level on the cognitive function of the impaired older people in this study. With the independent variable leisure activities added, Model 2 explains 19.0% of the dependent variable’s variance (R2 = 0.190), with an improvement due to the independent variable (ΔR2 = 0.074), and the overall model is statistically significant (F = 20.64, p < 0.001). The results indicate that the independent variable of leisure activity has a statistically significant positive effect (β = 0.341, p < 0.001) on the cognitive function of the impaired older people, suggesting that increased engagement in leisure activities is associated with higher values of the cognitive function. Furthermore, Model 3 includes an interaction term between leisure activity and depression, which exhibits a statistically significant negative effect (β = −0.039, p < 0.001), suggesting that the relationship between leisure activity and cognitive function is moderated by depression. Specifically, depression moderates the positive relationship between leisure activity and cognitive function among disabled older people (Figure 2).



TABLE 5 The moderating effects of depression.
[image: Table5]

[image: Figure 2]

FIGURE 2
 Effects of leisure activity on cognitive function at different depression levels.





4 Discussion

The primary objective of this study was to examine the impact of leisure activity on cognitive function within the disabled older people, with a particular focus on the moderation effect of depression. The results illuminate the intricate interplay among leisure activities, cognitive function, and depression within this vulnerable population.

Consistent with previous research, the present results evidence the positive association between leisure activity and cognitive function in disabled older people (18, 55, 56). Engaging in leisure activities is associated with better cognitive function, suggesting the crucial role of these activities in maintaining cognitive abilities in this population. These findings support the notion that intellectually stimulating, and socially engaging leisure activities can provide cognitive benefits by promoting mental stimulation and brain health. However, this study also reveals the important moderating role of depression in the relationship between leisure activity and cognitive function among disabled older people. Specifically, the beneficial effects of leisure activities on cognitive function are diminished among individuals with higher levels of depression, suggesting the possible role of depression as a barrier that hinders the potential cognitive benefits of leisure activities. The research findings, as described, contribute to the Social Engagement Theory by providing evidence that supports the positive association between leisure activity and cognitive function in disabled older people. The results highlight the importance of engaging in intellectually stimulating and socially engaging leisure activities for maintaining cognitive abilities in this population.

Several explanations can be put forth to understand this moderation effect. First, depression is known to have detrimental effects on cognitive function, including impairments in attention, memory, and executive functions. These cognitive deficits associated with depression may overshadow the positive effects of leisure activities, leading to a reduced impact on cognitive function among depressed individuals (39). Second, depressed individuals may experience reduced motivation and interest in getting involved in leisure activities, thereby terribly limiting their exposure to cognitive stimulation and social interactions, further compromising cognitive function (16). Finally, leisure activities can contribute to the maintenance and improvement of cognitive function in older adults by providing cognitive stimulation, promoting neuroplasticity, and protecting brain health (57). Depression could potentially modulate the influence of leisure activities on cognitive function by affecting brain health.

The present findings have important implications for interventions and strategies aimed at improving cognitive health among disabled older people and indicate the necessity of addressing depression as a potential barrier to the cognitive benefits of leisure activities. Interventions should take into consideration incorporating strategies, such as cognitive-behavioral therapy, integrate mental health and disabled older people care services, or other evidence-based approaches, so as to effectively manage and treat depression. Collaboration between mental health services and older people care providers should be enhanced to ensure a holistic approach in addressing the mental health needs of disabled older people. Coordinated efforts can lead to comprehensive care that considers both cognitive and emotional aspects, thereby improving overall quality of life. By addressing depression, individuals may experience improved cognitive function and better engage in leisure activities, thus creating a positive feedback loop. Additionally, the findings highlight the need for personalized approaches in promoting leisure activities for disabled older people (58). After recognizing the impact of depression, interventions should be tailored to address the unique challenges faced by individuals with high levels of depression. Besides, providing support, encouragement, and creating a supportive social environment may be beneficial in motivating depressed individuals to engage in leisure activities and reap the cognitive benefits (59).

Meanwhile, the present study is also subject to certain limitations. First, the cross-sectional design limits the establishment of causal relationships between leisure activities, depression, and cognitive function. Future longitudinal studies are thus needed to examine the long-term effects and potential bidirectional relationships between these variables. Second, the study relies on self-reported measures, subject to recall bias and social desirability bias. Incorporating objective measures of cognitive function and activity levels should be considered in future research to provide a more comprehensive understanding of the relationship between leisure activities and cognitive function. Lastly, this study is a cross-sectional study, and it is challenging to diagnose cognitive impairment at a specific moment solely based on the 24-point MMSE screening scale. Further analysis is needed. In future research, it is imperative to address the identified limitations by conducting longitudinal studies to explore the long-term effects and bidirectional relationships between leisure activities, depression, and cognitive function. Moreover, incorporating objective measures of cognitive function and activity levels can mitigate recall bias and social desirability bias. Additionally, utilizing more precise diagnostic tools beyond the 24-point MMSE screening scale would enhance the accuracy of diagnosing cognitive impairment at specific moments. By pursuing these avenues, future studies can offer a more comprehensive understanding of the intricate interplay between leisure activities and cognitive function, paving the way for more insightful research in this field.

In conclusion, this study contributes considerably to the growing body of literature on the role of leisure activities in promoting cognitive function among disabled older people. The findings highlight the importance of considering depression as a moderator in this relationship. Addressing depression and designing personalized interventions are crucial steps toward optimizing cognitive health and improving the quality of life for disabled older people. The underlying mechanisms and potential interventions that can effectively promote cognitive function in this population should be continuously explored in future research.



5 Conclusion

In conclusion, with a specific focus on the potential moderation effect of depression, the relationship between leisure activity and cognitive function among disabled older people was hereby investigated. The findings provide valuable insights into the complex interplay between leisure activity, cognitive function, and depression in this vulnerable population.

The study results support the notion that leisure activity holds significant potential for promoting cognitive function in disabled older people. Engaging in leisure activities has been shown to have positive effects on cognitive abilities, including memory, attention, and executive function. These activities provide mental stimulation, social interaction, and opportunities for physical exercise, all functioning as important factors contributing to cognitive well-being. Importantly, the study reveals the moderating role of depression in the relationship between leisure activity and cognitive function in disabled older people. The presence of depression symptoms can potentially weaken the beneficial effects of leisure activity on cognitive outcomes, indicating that addressing and managing depression symptoms should be considered an essential component when designing interventions aimed at enhancing cognitive function in this population. Tailored interventions that target both leisure activity engagement and depression management may be necessarily important to optimize cognitive outcomes in disabled older people.

The detailed discussion of the research results can significantly impact future policy-making and practical implementation in several ways. Firstly, the findings emphasize the critical role of addressing depression in disabled older individuals to enhance cognitive function through leisure activities. The proportion of leisure activities in service facilities for disabled older people needs to be increased compared to the current situation. Secondly, the research highlights the need for tailored interventions that consider the moderating effect of depression on the relationship between leisure activity and cognitive function. Policy initiatives can focus on promoting accessible and diverse leisure opportunities that cater to the mental health needs of disabled older people. Service facilities for disabled older people need to pay more attention to investment in mental health programs for older people. Lastly, the study underscores the importance of holistic approaches that address both mental well-being and cognitive health in the care and support services provided to disabled older individuals. By incorporating these research insights into policy development and practical implementation, policymakers can better support the mental and cognitive well-being of disabled older people.

Overall, these findings have important implications for clinical practice and public health interventions. Healthcare professionals and caregivers should recognize the potential benefits of leisure activity in promoting cognitive function among disabled older people. Additionally, depression symptoms should be assessed and addressed as part of comprehensive care plans for this population. Encouraging and facilitating participation in meaningful leisure activities tailored to individual abilities and interests may not only improve cognitive function but also enhance their overall well-being and quality of life.



Data availability statement

The original contributions presented in the study are included in the article/supplementary materials, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the datasets that support this article are publicly available from the project of the CLHLS. It was approved by research ethics committees of Peking University (IRB00001052-13074). The datasets analyzed during the current study are available online (http://opendata.pku.edu.cn/) from Peking University Open Research Data for researchers who meet the criteria for access to these de-identified data. No experimental interventions were performed. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

HH: Conceptualization, Writing – original draft, Data curation, Formal analysis, Software, Validation, Writing – review & editing. MK: Funding acquisition, Methodology, Project administration, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the BK21 FOUR funded by the Ministry of Education (MOE, Korea) and National Research Foundation of Korea (NRF) (4199990314436).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Kim, HJ, Fredriksen-Goldsen, K, and Jung, HH. Determinants of physical functioning and health-related quality of life among sexual and gender minority older adults with cognitive impairment. J Aging Health. (2023) 35:138–50. doi: 10.1177/08982643221108658 

 2. Rajan, KB, Aggarwal, NT, Wilson, RS, Everson-Rose, SA, and Evans, DA. Association of cognitive functioning, incident stroke, and mortality in older adults. Stroke. (2014) 45:2563–7. doi: 10.1161/STROKEAHA.114.005143 

 3. Dodge, HH, Kadowaki, T, Hayakawa, T, Yamakawa, M, Sekikawa, A, and Ueshima, H. Cognitive impairment as a strong predictor of incident disability in specific ADL–IADL tasks among community-dwelling elders: the Azuchi study. Gerontologist. (2005) 45:222–30. doi: 10.1093/geront/45.2.222 

 4. Liu, Y, Yang, X, Xu, Y, Wu, Y, Zhong, Y, and Yang, S. Cognitive function and depressive symptoms among Chinese adults aged 40 years and above: the mediating roles of IADL disability and life satisfaction. Environ Res Public Health. (2023) 20:4445. doi: 10.3390/ijerph20054445 

 5. Njegovan, V, Man-Son-Hing, M, Mitchell, SL, and Molnar, FJ. The hierarchy of functional loss associated with cognitive decline in older persons. J Gerontol. (2001) 56:M638–43. doi: 10.1093/gerona/56.10.M638 

 6. Barberger-Gateau, P, and Fabrigoule, C. Disability and cognitive impairment in the elderly. Disabil Rehabil. (1997) 19:175–93. doi: 10.3109/09638289709166525

 7. McGuire, LC, Ford, ES, and Ajani, UA. Cognitive functioning as a predictor of functional disability in later life. Am J Geriat Psychiat. (2006) 14:36–42. doi: 10.1097/01.JGP.0000192502.10692.d6

 8. Pressman, SD, Matthews, KA, Cohen, S, Martire, LM, Scheier, M, Baum, A , et al. Association of enjoyable leisure activities with psychological and physical well-being. Psychosom Med. (2009) 71:725–32. doi: 10.1097/PSY.0b013e3181ad7978 

 9. Ferreira, N, Owen, A, Mohan, A, Corbett, A, and Ballard, C. Associations between cognitively stimulating leisure activities, cognitive function and age-related cognitive decline. Int J Geriatr Psychiatry. (2015) 30:422–30. doi: 10.1002/gps.4155 

 10. Iwasa, H, Yoshida, Y, Kai, I, Suzuki, T, Kim, H, and Yoshida, H. Leisure activities and cognitive function in elderly community-dwelling individuals in Japan: a 5-year prospective cohort study. J Psychosom Res. (2012) 72:159–64. doi: 10.1016/j.jpsychores.2011.10.002 

 11. Zhu, X, Qiu, C, Zeng, Y, and Li, J. Leisure activities, education, and cognitive impairment in Chinese older adults: a population-based longitudinal study. Int Psychogeriatr. (2017) 29:727–39. doi: 10.1017/S1041610216001769 

 12. Teh, JK, and Tey, NP. Effects of selected leisure activities on preventing loneliness among older Chinese. Soc Sci Med. (2019) 9:100479. doi: 10.1016/j.ssmph.2019.100479 

 13. Wang, HX, Karp, A, Winblad, B, and Fratiglioni, L. Late-life engagement in social and leisure activities is associated with a decreased risk of dementia: a longitudinal study from the Kungsholmen project. Am J Epidemiol. (2002) 155:1081–7. doi: 10.1093/aje/155.12.1081 

 14. Ybarra, O, Burnstein, E, Winkielman, P, Keller, MC, Manis, M, Chan, E , et al. Mental exercising through simple socializing: social interaction promotes general cognitive functioning. Personal Soc Psychol Rev. (2008) 34:248–59. doi: 10.1177/0146167207310454 

 15. Poelke, G, Ventura, MI, Byers, AL, Yaffe, K, Sudore, R, and Barnes, DE. Leisure activities and depressive symptoms in older adults with cognitive complaints. Int Psychogeriatr. (2016) 28:63–9. doi: 10.1017/S1041610215001246 

 16. Sharifian, N, Gu, Y, Manly, JJ, Schupf, N, Mayeux, R, Brickman, AM , et al. Linking depressive symptoms and cognitive functioning: the mediating role of leisure activity. Neuropsychology. (2020) 34:107–15. doi: 10.1037/neu0000595 

 17. Donovan, NJ, Wu, Q, Rentz, DM, Sperling, RA, Marshall, GA, and Glymour, MM. Loneliness, depression and cognitive function in older US adults. Int J Geriatr Psychiatry. (2017) 32:564–73. doi: 10.1002/gps.4495 

 18. Park, S, Choi, B, Choi, C, Kang, JM, and Lee, JY. Relationship between education, leisure activities, and cognitive functions in older adults. Aging Ment Health. (2019) 23:1651–60. doi: 10.1080/13607863.2018.1512083

 19. Richards, M, Hardy, R, and Wadsworth, ME. Does active leisure protect cognition? Evidence from a national birth cohort. Soc Sci Med. (2003) 56:785–92. doi: 10.1016/S0277-9536(02)00075-8 

 20. Scarmeas, N, Luchsinger, JA, Brickman, AM, Cosentino, S, Schupf, N, Xin-Tang, M , et al. Physical activity and Alzheimer disease course. Am J Geriatr Psychiatry. (2011) 19:471–81. doi: 10.1097/JGP.0b013e3181eb00a9 

 21. Yates, LA, Ziser, S, Spector, A, and Orrell, M. Cognitive leisure activities and future risk of cognitive impairment and dementia: systematic review and meta-analysis. Int Psychogeriatr. (2016) 28:1791–806. doi: 10.1017/S1041610216001137 

 22. Chapman, SB, Aslan, S, Spence, JS, DeFina, LF, Keebler, MW, Didehbani, N , et al. Shorter term aerobic exercise improves brain, cognition, and cardiovascular fitness in aging. Front Aging Neurosci. (2013) 5:75. doi: 10.3389/fnagi.2013.00075 

 23. Murphy, M, O'Sullivan, K, and Kelleher, KG. Daily crosswords improve verbal fluency: a brief intervention study. Int J Geriatr Psychiatry. (2014) 29:915–9. doi: 10.1002/gps.4079 

 24. Park, DC, Lodi-Smith, J, Drew, L, Haber, S, Hebrank, A, Bischof, GN , et al. The impact of sustained engagement on cognitive function in older adults: the synapse project. Psychol Sci. (2014) 25:103–12. doi: 10.1177/0956797613499592 

 25. Schindler, M, Maihöfner, C, Bolwerk, A, and Lang, FR. Does participation in art classes influence performance on two different cognitive tasks? Aging Ment Health. (2017) 21:439–44. doi: 10.1080/13607863.2015.1114587 

 26. Suzuki, H, Kuraoka, M, Yasunaga, M, Nonaka, K, Sakurai, R, Takeuchi, R , et al. Cognitive intervention through a training program for picture book reading in community-dwelling older adults: a randomized controlled trial. BMC Geriatr. (2014) 14:1–9. doi: 10.1186/1471-2318-14-122 

 27. Livingston, G, Huntley, J, Sommerlad, A, Ames, D, Ballard, C, Banerjee, S , et al. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. The Lancet. (2020). 396:413–446. doi: 10.1016/S0140-6736(20)30367-6

 28. Martorana, A, Di Lorenzo, F, Belli, L, Sancesario, G, Toniolo, S, Sallustio, F , et al. Cerebrospinal fluid Aβ42 levels: when physiological become pathological state. CNS Neurosci Ther. (2015) 21:921–5. doi: 10.1111/cns.12476 

 29. Koch, G, Belli, L, Giudice, TL, Lorenzo, FD, Sancesario, GM, Sorge, R , et al. Frailty among Alzheimer’s disease patients. CNS Neurol Disord Drug Targets. (2013) 12:507–11. doi: 10.2174/1871527311312040010

 30. Bae, S, Lee, S, Lee, S, Jung, S, Makino, K, Harada, K , et al. The effect of a multicomponent intervention to promote community activity on cognitive function in older adults with mild cognitive impairment: a randomized controlled trial. Complement Ther Med. (2019) 42:164–9. doi: 10.1016/j.ctim.2018.11.011 

 31. Fancourt, D, Aughterson, H, Finn, S, Walker, E, and Steptoe, A. How leisure activities affect health: a narrative review and multi-level theoretical framework of mechanisms of action. Psychiatry. (2021) 8:329–39. doi: 10.1016/S2215-0366(20)30384-9 

 32. Li, W, Sun, H, Xu, W, Ma, W, Yuan, X, Wu, H , et al. Leisure activity and cognitive function among Chinese old adults: the multiple mediation effect of anxiety and loneliness. J Affect Disorders. (2021) 294:137–42. doi: 10.1016/j.jad.2021.07.051 

 33. Koenig, AM, Bhalla, RK, and Butters, MA. Cognitive functioning and late-life depression. JINS. (2014) 20:461–7. doi: 10.1017/S1355617714000198 

 34. Muhammad, T, and Meher, T. Association of late-life depression with cognitive impairment: evidence from a cross-sectional study among older adults in India. BMC Geriatr. (2021) 21:364. doi: 10.1186/s12877-021-02314-7 

 35. Steffens, DC, Otey, E, Alexopoulos, GS, Butters, MA, Cuthbert, B, Ganguli, M , et al. Perspectives on depression, mild cognitive impairment, and cognitive decline. Arch Gen Psychiat. (2006) 63:130–8. doi: 10.1001/archpsyc.63.2.130

 36. Hu, L, Smith, L, Imm, KR, Jackson, SE, and Yang, L. Physical activity modifies the association between depression and cognitive function in older adults. J Affect Disorders. (2019) 246:800–5. doi: 10.1016/j.jad.2019.01.008

 37. Shimada, H, Park, H, Makizako, H, Doi, T, Lee, S, and Suzuki, T. Depressive symptoms and cognitive performance in older adults. J Psychiatr Res. (2014) 57:149–56. doi: 10.1016/j.jpsychires.2014.06.004

 38. De Paula, JJ, Diniz, BS, Bicalho, MA, Albuquerque, MR, Nicolato, R, de Moraes, EN , et al. Specific cognitive functions and depressive symptoms as predictors of activities of daily living in older adults with heterogeneous cognitive backgrounds. Front Aging Neurosci. (2015) 7:139. doi: 10.3389/fnagi.2015.00139 

 39. Kim, MJ, Tsutsumimoto, K, Doi, T, Nakakubo, S, Kurita, S, Makizako, H , et al. Relationships between cognitive leisure activities and cognitive function in older adults with depressive symptoms: a cross-sectional study. BMJ Open. (2020) 10:e032679. doi: 10.1136/bmjopen-2019-032679 

 40. Bone, JK, Bu, F, Fluharty, ME, Paul, E, Sonke, JK, and Fancourt, D. Engagement in leisure activities and depression in older adults in the United States: longitudinal evidence from the health and retirement study. Soc Sci Med. (2022) 294:114703. doi: 10.1016/j.socscimed.2022.114703 

 41. Doi, T, Verghese, J, Makizako, H, Tsutsumimoto, K, Hotta, R, Nakakubo, S , et al. Effects of cognitive leisure activity on cognition in mild cognitive impairment: results of a randomized controlled trial. J Am Med Dir Assoc. (2017) 18:686–91. doi: 10.1016/j.jamda.2017.02.013

 42. Gao, M, Sa, Z, Li, Y, Zhang, W, Tian, D, Zhang, S , et al. Does social participation reduce the risk of functional disability among older adults in China? A survival analysis using the 2005–2011 waves of the CLHLS data. BMC Geriatr. (2018) 18:224–13. doi: 10.1186/s12877-018-0903-3 

 43. Bai, W, Zhang, J, Smith, RD, Cheung, T, Su, Z, Ng, CH , et al. Inter-relationship between cognitive performance and depressive symptoms and their association with quality of life in older adults: a network analysis based on the 2017–2018 wave of Chinese longitudinal healthy longevity survey (CLHLS). J Affect Disorders. (2023) 320:621–7. doi: 10.1016/j.jad.2022.09.159 

 44. Zeng, Y. (2017). Chinese longitudinal healthy longevity survey (CLHLS), 1998–2014.

 45. Zeng, Y. Toward deeper research and better policy for healthy aging–using the unique data of Chinese longitudinal healthy longevity survey. China Economic J. (2012) 5:131–49. doi: 10.1080/17538963.2013.764677 

 46. Wu, F, and Sheng, Y. Differences in social isolation between young and old elderly in urban areas of Beijing, China: a cross-sectional study. Int J Nurs Sci. (2020) 7:49–53. doi: 10.1016/j.ijnss.2019.11.003 

 47. Han, Y, Hu, K, Wu, Y, and Fang, Y. Future life expectancy with disability among elderly Chinese individuals: a forecast based on trends in stroke and dementia. Public Health. (2021) 198:62–8. doi: 10.1016/j.puhe.2021.06.013 

 48. Katzman, R, Zhang, M, Wang, Z, Liu, WT, Yu, E, Wong, SC , et al. A Chinese version of the mini-mental state examination; impact of illiteracy in a Shanghai dementia survey. J Clin Epidemiol. (1988) 41:971–8. doi: 10.1016/0895-4356(88)90034-0

 49. Chei, CL, Raman, P, Yin, ZX, Shi, XM, Zeng, Y, and Matchar, DB. Vitamin D levels and cognition in elderly adults in China. J Am Geriatr Soc. (2014) 62:2125–9. doi: 10.1111/jgs.13082 

 50. Cheng, ST, and Chan, AC. The center for epidemiologic studies depression scale in older Chinese: thresholds for long and short forms. Int J Geriatr Psychiatry. (2005) 20:465–70. doi: 10.1002/gps.1314 

 51. Pei, Z, Zhang, J, Qin, W, Hu, F, Zhao, Y, Zhang, X , et al. Association between dietary patterns and depression in Chinese older adults: a longitudinal study based on CLHLS. Nutrients. (2022) 14:5230. doi: 10.3390/nu14245230

 52. Shen, K, Zhang, B, and Feng, Q. Association between tea consumption and depressive symptom among Chinese older adults. BMC Geriatr. (2019) 19:246–8. doi: 10.1186/s12877-019-1259-z 

 53. Wang, R, Ye, C, Huang, X, Halimulati, M, Sun, M, Ma, Y , et al. cMIND diet, indoor air pollution, and depression: a cohort study based on the CLHLS from 2011 to 2018. Nutrients. (2023) 15:1203. doi: 10.3390/nu15051203 

 54. Luo, H, Li, J, Zhang, Q, Cao, P, Ren, X, Fang, A , et al. Obesity and the onset of depressive symptoms among middle-aged and older adults in China: evidence from the CHARLS. BMC Public Health. (2018) 18:909–9. doi: 10.1186/s12889-018-5834-6 

 55. Hansdottir, H, Jonsdottir, MK, Fisher, DE, Eiriksdottir, G, Jonsson, PV, and Gudnason, V. Creativity, leisure activities, social engagement and cognitive impairment: the AGES-Reykjavík study. Aging Clin Exp Res. (2022) 34:1027–35. doi: 10.1007/s40520-021-02036-1

 56. Leung, GT, Fung, AW, Tam, CW, Lui, VW, Chiu, HF, Chan, WM , et al. Examining the association between participation in late-life leisure activities and cognitive function in community-dwelling elderly Chinese in Hong Kong. Int Psychogeriatr. (2010) 22:2–13. doi: 10.1017/S1041610209991025 

 57. Hertzog, C, Kramer, AF, Wilson, RS, and Lindenberger, U. Enrichment effects on adult cognitive development: can the functional capacity of older adults be preserved and enhanced? Psychol Sci Publ Int. (2008) 9:1–65. doi: 10.1111/j.1539-6053.2009.01034.x

 58. Neugarten, BL. Personality and aging In: J Birren and KW Schaie, editors. Handbook of the psychology of aging. New York: Van Nostrand Reinhold Co. (1977)

 59. Liu, L, Gou, Z, and Zuo, J. Social support mediates loneliness and depression in elderly people. J Health Psychol. (2016) 21:750–8. doi: 10.1177/1359105314536941


Copyright
 © 2024 Hao and Kim. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1345699-t003.jpg
Cognitive
function
Leisure

activity

No depressive

symptoms
Mean SD
2739 0329
13317 0192

Depressive p value
symptoms
Mean SD
22149 0498 0188
1231 0392 0007





OPS/images/fpubh-12-1345699-t004.jpg
(0]
@
@)
@)
)
)
@
®)
©)

P05 P01 #0001

(1)
1000
—0.138%%*
—0.242%%%
0.099%%+
—0.014
0.101%#%
0.158%%+
0.048

03614+

(2)

1000
0.100%#+
0.006
0.099%++
-0.019
~0.030
0023

—0.117%#

(3)

1.000
0057
0018
0019

0.087+*

~0.048

—0.233%+¢

(4)

1.000
0.202%%%
0.268%++
0.181%+%

~0.017

0.172%%%

(5)

1.000
—0.143%%%
~0.009
0.007

~0.035

(6)

1.000
0.233%%%
~0.026

0.157%%%

1. Cognitive function, 2. Female (ref. Male), 3. Age, 4. Urban (ref. Rural), 5. Solitary (ref. Cohabitation), 6. Household income, 7. Soci

7) (8) (9)

1.000
01325 1000
0.133%%% 0001 1000

economic status, 8. Depression, 9. Leisure activity.





OPS/images/fpubh-12-1345699-t001.jpg
65-74 TE=E)

Frequency (N) Percentage Frequency (N) Percentage

Male 56 56.00 258 4209
Gender

Female 44 4400 355 5791

Young older people 100 (14.03)
Age

Old older people 613 (85.97)

Rural 68 68.00 386 6297
Region

Urban 32 3200 277 37.03

Cohabitation 7 79.00 484 7896
Marital status

Solitary 2 2100 129 2104
Household income (Mean/SD) CNY 3708281 (SD 35798.55) 41347.15 (36462.93)
Perceived social stratification (Mean/SD) 293(SD 0.77) 3.08 (SD 0.69)
Cognitive function (Mean/SD) 2555 (SD 5.46) 2213 (SD 7.60)
Leisure activity (Mean/SD) 1487 (8D 5.77) 12.80 (SD 4.35)

Depression (Mean/SD) 7.33(SD 4.96) 6.62(SD 4.25)





OPS/images/fpubh-12-1345699-t002.jpg
Variables Range Mean SD Skewness

Dependent variable Cognitive function 0~30 260 743 -1.26 103

Independent variable | Leisure activity 0~40 1309 463 107 580

Moderating variables | Depression 0~25 672 436 096 406





OPS/images/fpubh-12-1345699-t005.jpg
Variables Model 1 Model 2 Model 3

Female (ref.Male) ~1.676%* =0.112 —-1321*% —0.088 -1.303* —0.087
Old older people (ref.
=0.301%** —0.248 02150 =0.177 0217 =0.179
Young older people)
Urban (ref.Rural) 1.068 0.069 0.453 0.029 0.568 0.037
Solitary (ref.
0.362 0.020 0395 0.022 0523 0.029
Cohabitation)
Household income 0.194 0.053 0.21 0.033 0.098 0.027
Perceived social
1.679%+% 0.160 12774+ 0.121 1.189%* 0.113
stratification
Depression 0.106 0.062 0.114 0.067 0.105 0.061
Leisure activity 0466+ 0.290 0.506%#* 0315
Leisure activity x
—0.039%** —0.142
Depression
Constant 40.207%%% 29.172%%% 29.050%%%
R 0.116 0.190 0.209
Adj. R 0.107 0.181 0.199
AR - 0.074 0.018
F IBapeee 20.64%%% 20.67%**

*<0.5; **p<0.01; *+p<0.001





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Moderating role of depression in the association between leisure activity and cognitive function among the disabled older people



		1 Introduction



		1.1 Leisure activity and cognitive function



		1.2 Leisure activity, depression and cognitive function



		1.3 The current study









		2 Materials and methods



		2.1 Data and study population



		2.2 Measurements



		2.2.1 Cognitive function



		2.2.2 Leisure activity



		2.2.3 Depression



		2.2.4 Covariates









		2.3 Statistical analysis









		3 Results



		3.1 Characteristics of the study population



		3.2 Characteristics of the main variables



		3.3 Correlation analysis



		3.4 The moderating effects of depression









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1345699-g001.jpg
Depression

Leisure
activity

Cognitive
function






OPS/images/fpubh-12-1345699-g002.jpg
8 0 %

26

Cognitive function
2

20
Leisure actvity

28

——— Depression(Mean - 15D) ~ Depression( Mean )

Depression(Mean + 1SD)






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Moderating role of depression in
the association between leisure
activity and cognitive function

among the disabled older people












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






