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Abstract
Background: Emerging evidence indicates that leisure activities are associated with higher risk of
cognitive impairment and dementia among the older adults, but how speci�c activities in�uence cognitive
decline among different age groups, especially the late middle-aged and the early old, remains
inadequately studied. This study aims to examine association between speci�c activities with trajectories
of cognitive functions in different age groups in China.

Methods: This longitudinal cohort study included 14,161 Chinese individuals aged 45 years or above
from the China Health and Retirement Longitudinal Study (CHARLS). Data were collected bi-annually
from 2011 to 2015. Cognitive function, including memory and mental status, was measured by
Telephone Interview of Cognitive Status (TICS) battery. Mixed effects growth models were applied to
analyse the association between speci�c activities and cognitive functions.

Results: Four activities, respectively interacting with friends, playing Mah-jong or other card games, going
to a sport and providing help to others, were found to be signi�cantly associated with participants’
cognitive functioning. All four activities are associated with better memory. Infrequently playing Mah-jong
or other card games and daily sports are signi�cantly associated with better mental status. In addition,
speci�c effect of each activity varies among population of different age, education level, gender and
residence. 

Conclusions: This study identi�es four social activities that are associated with better cognitive functions,
and provides a comprehensive, in-depth understanding on the speci�c protective effect of each activity
among different subgroups. These �ndings have practical implications for feasible and personalized
cognitive health interventions.  

Introduction
Dementia increasingly creates burden for both the patients and their caregivers (1, 2), while no effective
treatment has been found (3). It is important to identify modi�able risk and protective factors and
implement feasible early intervention (2, 4, 5). Scholars have found that overall involvement in leisure
activities is associated with reduced risk of cognitive impairment (5-11) and dementia (12, 13) among
older adults. However, what speci�c activities, for whom and under what circumstance are associated
with cognitive trajectory remains largely unknown (14, 15). Furthermore, the de�nition of leisure activities
varies across nations and cultures. For research �ndings to be translated into feasible interventions, it is
necessary to study the context-speci�c association between activities and cognitive trajectories. 

Among all the activities studied, most evidence points to the protective effect of cognitive-stimulating
activities(16, 17), and some results suggest activities including social interactions and productive work
are also bene�cial(18, 19). The ideal frequency, forms and target population, however, are less discussed,
rendering the results inapplicable in real-life contexts. Only one national-level, longitudinal study focused
on the association between speci�c leisure activities and cognitive impairment among the oldest old (80+
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years)(5), while such associations among the younger population remains unclear. Cognitive
deterioration in middle life is associated with onset of cognitive impairment and dementia in later
years(20). Therefore, it is important to include the middle-aged as well as the late middle-aged population
in the study so as to identify effective early interventions. Furthermore, studies may generate con�icting
�ndings if age and regional differences are not taken into consideration. For example, while a regional
study including 5,437 participants aged above 55 found that watching TV is associated with higher risk
of cognitive impairment(10), the opposite was found among the older adults aged above 80(5). Social
contexts may also play an important role on this issue. Most evidence is accumulated in developed
countries and regions, with indigenous evidence scantly generated. Even within the same country,
regional differences may still exist(21). It has been found that 18% of cognitive capacity disparity could
be attributed to urban-rural disparity in terms of social participation(22). This study aims to provide a
comprehensive understanding of associations between activities and cognitive decline among Chinese
middle-aged and older adults, taking into consideration the distinct effect among groups of different age,
gender, education and residence.

Method
Participants

Data used in this study were derived from the China Health and Retirement Longitudinal Study (CHARLS)
2011-2015, and a detailed description of the data collection has been published (23). Brie�y, the data
were collected biannually from 2011 to 2015 through interviews with a nationally representative sample
of adults aged 45 or above. Multistage cluster sampling was adopted for sample selection, and the
overall response rate was 80.05% (24). The national baseline survey of CHARLS included 17,705
respondents from 10257 households. We included participants that had responded to at least two waves
of surveys. Participants with missing data in both mental status and memory assessments or activities
were excluded. A �owchart of the participant enrolment in this study is shown in Figure 1. Different from
previous studies that only included participants aged above 65 years, we included participants of all ages
and categorized them into three groups, respectively the middle-aged adults (45-54), the late middle-aged
adults (55-64) and the older adults (65 or above). We aimed to examine the potential protective effect of
activities against cognitive decline in different life phases.

Assessment of activities

The participants were interviewed about their engagement in activities in the last month, including
“interacting with friends”, “playing Mah-jong, chess, cards or going to community club”, “providing help to
family, friends, or neighbors who do not live with you for free”, “going to a sport”, “taking part in a
community-related organization”, “doing voluntary or charity work”, “caring for a sick or disabled adult
who does not live with you”, “attending a course”, “stock investment” and “using the Internet”. Frequency
of doing the abovementioned activities was asked if the participant answered yes to any of the activities,
and the frequency was categorized into “infrequent participation” and “daily participation”. We combined
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these two questions and re-categorized the frequency of doing each activity into “no participation”,
“infrequent participation” and “daily participation”. Activities with “no participation” rate over 95% were
excluded to ensure the activities have considerable acceptability within the studied population. A detailed
description of the excluded activities is presented in Table S1. In the end, four activities were selected as
independent variables of this study, respectively “interacting with friends”, “playing Mah-jong and other
games”, “going to a sport” and “providing help to family, friends or neighbors”.

Assessment of cognitive functions

CHARLS adopted components of the Telephone Interview of Cognitive Status (TICS) battery (25) for
cognitive assessment. The TICS evaluated respondents’ cognitive capacity in terms of episodic memory
and mental status (26). In this study, we analyzed the protective effect of activities on these two
constructs separately.

In CHARLS, memory was assessed by an immediate and a four-minute-delayed word recall of 10 Chinese
words that were read to them (25, 27). The total score was calculated by averaging the number of words
correctly recalled in the immediate and delayed tests, ranging from 0 to 10. Mental status was assessed
by 11 questions: orientation was assessed by asking respondents the current year, season, month, day,
and day of the weak; numeric ability was assessed by serial subtraction of 7 from 100 (up to �ve times);
visuospatial ability was assessed by respondents to draw the �gure shown to them (two overlapped
pentagons). The total score on mental status was the number of correct answers, ranging from 0 to 11
(28). For both assessments, higher scores indicate better cognitive ability.

Assessment of covariates

Sociodemographic information, comorbidity and health behaviors were considered as covariates in this
study. Sociodemographic information included age (years), gender (female and male), residence (urban
and rural), highest education (illiterate, elementary and below, junior high and above) and marital status
(married with spouse or not). Comorbidity included self-reported psychiatric problems (yes or no),
hypertension (yes or no), heart disease (yes or no), stroke (yes or no), diabetes (yes or no), and memory
disease (yes or no). Health behaviors included smoking (yes or no) and alcohol consumption (drinking
more than once a month, drinking but less than once a month or none of these).

Statistical analysis

We �t multilevel growth modelling with an unstructured covariance matrix and random intercept and
random slope to examine the association between time-varying activity frequency with changes in global
cognition and individual cognition including mental status and memory. In our study, two-level linear
growth models were used with time as our level-1 variable and respondents/individuals as the level-2
variable.

In our models, individual’s mental status and memory scores over the 3 waves were modelled as a
function of time (years since the baseline including 1, 3, 5 ). The intercept (individual initial mental status
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or memory score at baseline) and slope (the yearly rate of change in both scores) were speci�ed as
random at level-2 (person level). The frequency of activity was the predictor variables, and mental status
and memory were two separate outcome variables. Age, gender, residence, highest education, marital
status, psychiatric problems, hypertension, heart disease, stroke, diabetes, memory disease, smoking,
alcohol, and disabled were adjusted for the �nal multivariate model. Random forest imputation was
applied to �ll in the missing data on covariates.

First, we used the unconditional means model to estimate the Intraclass Correlation Coe�cient (ICC).
Second, we used the unconditional growth model to examine the unadjusted association between
speci�c activities and mental status or memory scores. At last, we used a two-level multilevel growth
model to model the change in mental status and memory scores over time for older people by different
frequency of activity. In this model, level-1 model addressed how individual changes over time and a
level-2 model that addressed how changes in mental status and memory scores differs between
individual by frequency of activity. All statistical analysis was performed using R version 4.0.0. P < 0.05
(two-sided) was considered statistically signi�cant.

Results
Sample characteristics

In total, 14,161 participants were included in this study and the baseline characteristics of the
participants were summarized in Table 1. 51.5% of the participants were women, 77.6% of the
participants were urban residents, and the percentage of participants aged between 45 to 54, 55 to 64
and above 65 was respectively 34%, 39.7% and 26.3%. In terms of education level, 20.4% of the
participants were illiterate, 32.6% of them received elementary education or below, and 28.6% attended
school until junior high or above.

Participation in activities

Interaction with friends had the highest participation rate, with 19.9% of the participants infrequently
doing it and 17.9% daily doing it. 15.1% of the participants infrequently played Mah-jong and other
games and 5.5% of the participants daily engaged in it. Providing help to others and going to sports are
comparatively less popular among the respondents, with percentage of infrequent participants being
9.2% and 2.6%, and daily participants 1.0% and 4.9%.

Association between speci�c activities and cognitive functions

From the unconditional means model, the Intraclass Correlation Coe�cient (ICC) was 0.56 for mental
status and 0.47 for memory, suggesting that 56% of the total variation in mental status score was
attributable to differences between individuals and 47% in memory was attributable to differences
between individuals.
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Table 2 showed the results of multilevel growth modelling presenting the relationship between frequency
of speci�c activities and cognitive ability of the participants. In the unadjusted model, except for the
variable ‘interacting with friends every day’, other variables were statistically signi�cant with cognitive
function. In the adjusted model considering basic control variables, compared with the individuals who
never participated in playing Mah-jong and other games, ‘infrequent participation’ in these activities ()
signi�cantly improved mental status; compared with the individuals who never went to a sport, daily
participation in a sport () signi�cantly improved mental status.

Interaction with friends, playing Mah-jong and other games, going to a sport and infrequently providing
help to others are all signi�cantly associated with better memory. Generally, a dose-response relationship
has also been detected between these activities and better memory. Speci�cally, daily interaction with
friends (is more strongly associated with better performance in memory than infrequent interaction (, both
in reference to no interaction. Similarly, daily participation in Mah-jong and other games (is more strongly
associated with better memory than infrequent participation (, both in reference to no interaction. In
contrast, infrequently going to a sport ( has more positive effect on memory than daily participation (. In
terms of providing help to others, only infrequent participation is signi�cantly associated with higher
score on memory (.

Sub-group Analysis

Figure 2 presents the sub-group analysis of the association between each selected activity and mental
status, and Figure 3 presents the sub-group analysis of the association between each selected activity
and memory. With all covariates adjusted, interactions between subgroup characteristics and activities
were identi�ed, indicating the distinct effect each activity had on different subgroups. Interaction between
age and the protective effect of playing Mah-jong or other games was found. The association between
infrequent Mah-jong playing and memory preservation, compared with never playing, is more signi�cant
among the middle-aged and late-middle-aged groups than that of the older group, while such association
between daily playing, also compared with never playing, is more signi�cant among the older group.
Residential differences were also identi�ed in the analysis. The association between infrequent
interaction with friends and memory preservation, compared with no interaction, was more signi�cant
among the urban participants. In addition, the protective effect of playing Mah-jong and other games on
cognitive function is more signi�cant among the rural participants. The protective effect of playing Mah-
jong and other games against memory decline is signi�cant among people with no formal education and
people with junior high education or above, but not among those who received elementary education. In
addition, people with the highest education level bene�t signi�cantly more from daily going to a sport (in
reference to never doing sports) in terms of memory reservation, compared to other groups. No gender
differences were identi�ed in the association between each activities and cognitive function.

Sensitivity analysis

Sensitivity analysis was conducted by excluding participants with missing data on covariates
(Supplementary Table S2), and only including participants that had responded to all three waves of
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surveys (Supplementary Table S3). No substantial differences from the presented results were identi�ed
in the sensitivity analysis.

Discussion
This study has identi�ed signi�cant associations between activity participation and cognitive functions,
adjusting for important confounders. Furthermore, we investigated the speci�c in�uence of activity types,
frequency and population characteristics on this association, providing practical implications on
cognition preservation.

Interaction with friends, playing Mah-jong and other games, going to a sport and providing help to others
are all signi�cantly associated with better memory, while only daily participation in a sport and infrequent
participation in playing Mah-jong and other games are signi�cantly associated with better mental status.
These results are consistent with previous evidence on the association between memory improvement
and enriched environments, de�ned as exposure to novel objects, elevated social interactions and
exercise (29, 30).

Sub-group analysis provides insights into the association between activities and cognitive function in
population with different characteristics. Previous studies have yielded mixed �ndings regarding whether
physical activities alone are associated with cognitive function (31, 32). While our �ndings suggest
overall participation in a sport is associated with better cognitive performances, the protective effect of
participation in sports varies among participants of different educational level. It is observed that the
protective effect of doing a sport against memory decline is stronger among those who received
education until junior high or above, in comparison to participants with lower education. This might be
explained by the neurogenic reserve hypothesis, which suggests that exercise preserves the potential for
neuroplasticity by maintaining neurogenesis in an activated state, and thus preserves the brain’s
compensatory potential against neurodegeneration (33-35). The more educated groups may increase the
effect of doing sports by integrating more enriched somatosensory, visual and social stimulation into the
sports (36), therefore better preserving their cognitive functions. This result is consistent with previous
�ndings that doing sports in mid-life may have preventive effect against risk of dementia in later life
(37). 

 Previous studies have consistently found the association between playing Mah-jong and lower risk of
cognitive impairment or dementia, possibly because the cognitive stimulation and interpersonal
interactions embedded in these activities (5, 11, 38). Interestingly, although a previous study found these
games to have stronger positive effect among people with higher education (5), our �ndings identi�ed a
more nuanced difference. In terms of memory, the protective effect of playing these games are similarly
strong among the illiterate group and most educated group, while such effect on mental status increases
with education level. Furthermore, the protective effect of playing these games against cognitive is
stronger among rural residents than their urban counterparts. This result may be explained by the
popularity of Mah-jong and games in less developed regions in China. When players develop



Page 8/20

considerable skills through long-term practice, they may enrich the stimulation and interactions
embedded in these games regardless of their education level.

Signi�cant interaction between age and the protective effect of playing Mah-jong and other games
against cognitive decline has also been found. Infrequent participation in these games is more bene�cial
for the middle-aged group (45-54) while daily participation is more bene�cial for the older group (> 64).
Such difference may be caused by difference in living circumstances as well as accessibility to activities.

Compared to other cognitive-stimulating activities, Mah-jong is more widely accepted by people of
different backgrounds in China, making it a feasible intervention for cognitive health management. But it
is noteworthy that although both frequent and infrequent engagement in Mah-jong and other games are
associated with better memory, daily engagement is not associated with better mental status. This might
be explained by the possible negative in�uences of addiction to gambling, including monotonous
stimulation and limited social interactions. Therefore, it is important that an appropriate frequency of
these activities is recommended.

Social interaction is another widely studied protective factor against cognitive decline (6, 18, 39). This
study has found signi�cant association between interacting with friends and memory, but not with
mental status. In addition, a previous study has identi�ed the positive effect of productive work for family
on cognitive functions (19), but in our study, only infrequently providing help to others is associated with
memory preservation, and such effect decreases with education level. This result partially implies the
bene�ts of ‘agentic aging’, a lifestyle in which older adults engage in activities and interactions by their
own choice, instead of routinely providing help for their families.

There are several potential limitations of this study. The longitudinal design cannot prove causality
between these activities and cognitive functions. Randomized controlled trails should be conducted in the
future to further evaluate the effectiveness of these interventions. In addition, although we have
controlled several confounding variables, other unknown or unmeasured confounders might still exist.

Conclusions And Implications
Increasing evidence has suggested that enriched and stimulating lifestyle factors are protective against
cognitive impairment (40). Our study has expanded evidence on this issue by examining the speci�c
effect of particular activities on cognitive trajectories and subgroup differences. It is recommended that
frequent social interactions, frequent engagement in sports and infrequent involvement in Mah-jong and
other games might be translated into preventive interventions against cognitive impairment and
dementia. Clinical studies on the effect of non-pharmacological interventions for cognitive impairment
often yield mixed results (41), probably caused by the ignorance of the individual heterogeneity of the
studied population. In this study, we provided more in-depth evidence for developing individualized
intervention programs. With the increasing prevalence of cognitive impairment and dementia, it is
important for scholars to continuously identify speci�c and practical approaches for cognitive health
management. 



Page 9/20

Declarations
Ethics approval and consent to participate: We used public secondary deidenti�ed data in this study so
ethics approval is not required.

Consent for publication: All authors have agreed to the submission.

Availability of data and materials: The datasets supporting the conclusions of this article are available on
http://charls.pku.edu.cn/pages/data/111/en.html.

Competing interests: There are no competing interests.

Funding: This work was supported by the Shenzhen Social Science Fund (Grant No. SZ2020C015) and
the Shenzhen Science and Technology Program (Grant No. KQTD20190929172835662).

Authors' contributions: Dr. Bingyu Li and Dr. Feng Sha are responsible for the research design,
methodology development, discussion and manuscript writing. Ms. Jiefeng Bi and Ms. Chang Wei
contributed greatly to the data analysis and data cleaning.

Acknowledgements: The authors would like to thank the sponsors for supporting this project.

References
1. Kivimäki M, Singh-Manoux A. Prevention of dementia by targeting risk factors. The Lancet.

2018;391(10130):1574–5.

2. Shah H, Albanese E, Duggan C, Rudan I, Langa KM, Carrillo MC, et al. Research priorities to reduce the
global burden of dementia by 2025. Lancet Neurol. 2016;15(12):1285–94.

3. Keady J, Gilliard J. The experience of neuropsychological assessment for people with suspected
Alzheimer’s disease. The person with Alzheimer’s disease: Pathways to understanding the
experience. 2002:1–28.

4. Brooker DJ, Woolley RJ. Enriching opportunities for people living with dementia: The development of
a blueprint for a sustainable activity-based model. Aging Mental Health. 2007;11(4):371–83.

5. Mao C, Li Z-H, Lv Y-B, Gao X, Kraus VB, Zhou J-H, et al. Speci�c Leisure Activities and Cognitive
Functions Among the Oldest-Old: The Chinese Longitudinal Healthy Longevity Survey. The Journals
of Gerontology: Series A. 2019;75(4):739–46.

�. Hsu H. Does social participation by the elderly reduce mortality and cognitive impairment? Aging
Ment Health. 2007;11(6):699–707.

7. Hughes T, Sun Z, Chang C, Ganguli M. CHANGE IN LEISURE COGNITIVE ACTIVITY AND RISK OF
INCIDENT MILD COGNITIVE IMPAIRMENT. Gerontologist. 2016;56(Suppl_3):4-.

�. Sattler C, Toro P, Schönknecht P, Schröder J. Cognitive activity, education and socioeconomic status
as preventive factors for mild cognitive impairment and Alzheimer's disease. Psychiatry research.



Page 10/20

2012;196(1):90–5.

9. Verghese J, LeValley A, Derby C, Kuslansky G, Katz M, Hall C, et al. Leisure activities and the risk of
amnestic mild cognitive impairment in the elderly. Neurology. 2006;66(6):821–7.

10. Wang J, Zhou D, Li J, Zhang M, Deng J, Tang M, et al. Leisure activity and risk of cognitive
impairment: the Chongqing aging study. Neurology. 2006;66(6):911–3.

11. Zhu X, Qiu C, Zeng Y, Li J. Leisure activities, education, and cognitive impairment in Chinese older
adults: a population-based longitudinal study. International psychogeriatrics. 2017;29(5):727–39.

12. Shin SH, Park S, Wright C, D’astous VA, Kim G. The Role of Polygenic Score and Cognitive Activity in
Cognitive Functioning among Older Adults. The Gerontologist. 2020.

13. Verghese J, Lipton RB, Katz MJ, Hall CB, Derby CA, Kuslansky G, et al. Leisure activities and the risk
of dementia in the elderly. N Engl J Med. 2003;348(25):2508–16.

14. Stern C, Munn Z. Cognitive leisure activities and their role in preventing dementia: a systematic
review. International Journal of Evidence-Based Healthcare. 2010;8(1):2–17.

15. Yates LA, Orrell M. Cognitive leisure activities and future risk of cognitive impairment and dementia:
systematic review and meta-analysis. 2016.

1�. Yates LA, Ziser S, Spector A, Orrell M. Cognitive leisure activities and future risk of cognitive
impairment and dementia: systematic review and meta-analysis. International psychogeriatrics.
2016;28(11):1791–806.

17. Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle in late life might
protect against dementia. Lancet Neurol. 2004;3(6):343–53.

1�. Pan X, Chee KH. The power of weak ties in preserving cognitive function: a longitudinal study of
older Chinese adults. Aging & mental health. 2019:1–8.

19. Luo Y, Pan X, Zhang Z. Productive activities and cognitive decline among older adults in China:
Evidence from the China Health and Retirement Longitudinal Study. Soc Sci Med. 2019;229:96–105.

20. Knopman DS, Gottesman RF, Sharrett AR, Tapia AL, DavisThomas S, Windham BG, et al. Midlife
vascular risk factors and midlife cognitive status in relation to prevalence of mild cognitive
impairment and dementia in later life: the Atherosclerosis Risk in Communities Study. Alzheimer's
Dement. 2018;14(11):1406–15.

21. Chandola T, Ferrie J, Sacker A, Marmot M. Social inequalities in self reported health in early old age:
follow-up of prospective cohort study. BMJ. 2007;334(7601):990.

22. Sun J, Lyu S. Social participation and urban-rural disparity in mental health among older adults in
China. J Affect Disord. 2020;274:399–404.

23. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort Pro�le: The China Health and Retirement
Longitudinal Study (CHARLS). Int J Epidemiol. 2012;43(1):61–8.

24. Li LW, Liu J, Zhang Z, Xu H. Late-life depression in rural China: do village infrastructure and
availability of community resources matter? Int J Geriatr Psychiatry. 2015;30(7):729–36.



Page 11/20

25. Crimmins EM, Kim JK, Langa KM, Weir DR. Assessment of cognition using surveys and
neuropsychological assessment: the Health and Retirement Study and the Aging, Demographics, and
Memory Study. Journals of Gerontology Series B: Psychological Sciences Social Sciences.
2011;66(suppl_1):i162-i71.

2�. McArdle JJ, Fisher GG, Kadlec KM. Latent variable analyses of age trends of cognition in the Health
and Retirement Study, 1992–2004. Psychol Aging. 2007;22(3):525.

27. Bender AC, Austin AM, Grodstein F, Bynum JP. Executive function, episodic memory, and Medicare
expenditures. Alzheimer's Dement. 2017;13(7):792–800.

2�. Lei X, Smith JP, Sun X, Zhao Y. Gender differences in cognition in China and reasons for change over
time: evidence from CHARLS. The journal of the economics of ageing. 2014;4:46–55.

29. Arai JA, Li S, Hartley DM, Feig LA. Transgenerational Rescue of a Genetic Defect in Long-Term
Potentiation and Memory Formation by Juvenile Enrichment. The Journal of Neuroscience.
2009;29(5):1496–502.

30. Frick KM, Fernandez SM. Enrichment enhances spatial memory and increases synaptophysin levels
in aged female mice. Neurobiol Aging. 2003;24(4):615–26.

31. Sturman MT, Morris MC, Mendes de Leon CF, Bienias JL, Wilson RS, Evans DA. Physical Activity,
Cognitive Activity, and Cognitive Decline in a Biracial Community Population. Arch Neurol.
2005;62(11):1750–4.

32. Grande G, Vanacore N, Maggiore L, Cucumo V, Ghiretti R, Galimberti D, et al. Physical activity reduces
the risk of dementia in mild cognitive impairment subjects: a cohort study. Journal of Alzheimer's
disease. 2014;39(4):833–9.

33. Kempermann G. The neurogenic reserve hypothesis: what is adult hippocampal neurogenesis good
for? Trends in neurosciences. 2008;31(4):163–9.

34. Kraft E. Cognitive function, physical activity, and aging: possible biological links and implications for
multimodal interventions. Aging Neuropsychology Cognition. 2012;19(1–2):248–63.

35. Lista I, Sorrentino G. Biological mechanisms of physical activity in preventing cognitive decline. Cell
Mol Neurobiol. 2010;30(4):493–503.

3�. Nithianantharajah J, Hannan AJ. The neurobiology of brain and cognitive reserve: mental and
physical activity as modulators of brain disorders. Progress in neurobiology. 2009;89(4):369–82.

37. Chang M, Jonsson PV, Snaedal J, Bjornsson S, Saczynski JS, Aspelund T, et al. The Effect of Midlife
Physical Activity on Cognitive Function Among Older Adults: AGES—Reykjavik Study. The Journals of
Gerontology: Series A. 2010;65A(12):1369–74.

3�. Lee AT, Richards M, Chan WC, Chiu HF, Lee RS, Lam LC. Association of daily intellectual activities
with lower risk of incident dementia among older Chinese adults. JAMA psychiatry. 2018;75(7):697–
703.

39. Marioni RE, Proust-Lima C, Amieva H, Brayne C, Matthews FE, Dartigues J-F, et al. Social activity,
cognitive decline and dementia risk: a 20-year prospective cohort study. BMC Public Health.
2015;15(1):1–8.



Page 12/20

40. Fratiglioni L, Marseglia A, Dekhtyar S. Ageing without dementia: can stimulating psychosocial and
lifestyle experiences make a difference? Lancet Neurol. 2020;19(6):533–43.

41. Dyer SM, Harrison SL, Laver K, Whitehead C, Crotty M. An overview of systematic reviews of
pharmacological and non-pharmacological interventions for the treatment of behavioral and
psychological symptoms of dementia. International psychogeriatrics. 2018;30(3):295–309.

Tables



Page 13/20

Table 1
Baseline descriptive statistics

  No./Mean % /SD   No./Mean % /SD

Cognitive function     Gender    

Mental status score 8.34 2.51 Male 6864 48.5

Memory score 3.52 1.72 Female 7297 51.5

Interacting with friends     Residence    

No participation 8821 62.3 Urban 3174 22.4

Infrequent participation 2808 19.9 Rural 10987 77.6

Daily participation 2532 17.9 Highest Education    

Playing Ma-jong, etc.     Illiterate 2885 20.4

No participation 11238 79.4 Elementary and below 4619 32.6

Infrequent participation 2143 15.1 Junior high and above 4047 28.6

Daily participation 780 5.5 Marital status    

Providing help to others     Married with spouse 11946 84.4

No participation 12716 89.8 No spouse 2215 15.6

Infrequent participation 1307 9.2 Psychiatric problems (Yes) 128 0.9

Daily participation 138 1.0 Hypertension (Yes) 2887 20.4

Going to a sport, etc.     Heart Disease (Yes) 1493 10.5

No participation 13088 92.4 Stroke (Yes) 242 1.7

Infrequent participation 369 2.6 Diabetes (Yes) 781 5.5

Daily participation 704 4.9 Memory Disease (Yes) 170 1.2

Age (in years)     Smoking (Yes) 4510 31.8

45 ~ 54 4817 34.0 Alcohol (Yes) 4855 34.2

55 ~ 64 5620 39.7 Disabled (Yes) 2133 15.1

65 or more 3724 26.3 Total sample size 14161 100
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Table 2
Regression coe�cients from two-level growth models (CHARLS, 2011–2015)

  Unadjusted Model Adjusted Model

  Mental status Memory Mental status Memory

Interacting with friends (ref. no
participation)

       

Infrequent participation 0.19 (0.13 to
0.24)***

0.25 (0.21 to
0.29)***

0.10 (-0.02 to
0.23)

0.13 (0.03 to
0.22)**

Daily participation 0.06 (-0.01 to
0.12)

0.09 (0.04 to
0.13)***

0.11 (-0.01 to
0.24)

0.19 (0.09 to
0.28)***

Playing Ma-jong, etc. (ref. no
participation)

       

Infrequent participation 0.40 (0.33 to
0.47)***

0.32 (0.27 to
0.37)***

0.30 (0.17 to
0.43)***

0.12 (0.02 to
0.22)**

Daily participation 0.40 (0.29 to
0.50)***

0.32 (0.24 to
0.39)***

0.14 (-0.07 to
0.34)

0.26 (0.10 to
0.42)**

Providing help to others (ref.
no participation)

       

Infrequent participation 0.17 (0.10 to
0.24)***

0.22 (0.17 to
0.27)***

0.11 (-0.06 to
0.28)

0.24 (0.11 to
0.37)***

Daily participation 0.20 (0.00 to
0.41)

0.28 (0.12 to
0.43)***

0.25 (-0.27 to
0.78)

0.30 (-0.09 to
0.69)

Going to a sport, etc. (ref. no
participation)

       

Infrequent participation 0.34 (0.21 to
0.48)***

0.38 (0.28 to
0.48)***

0.19 (-0.10 to
0.49)

0.31 (0.08 to
0.54)**

Daily participation 0.43 (0.33 to
0.53)***

0.53 (0.46 to
0.61)***

0.24 (0.03 to
0.45)*

0.22 (0.05 to
0.38)**

Sample size 12395 13931 12395 13931

Figures
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Figure 1

Flowchart of selection process of participant enrolment in this study
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Figure 1

Flowchart of selection process of participant enrolment in this study
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Figure 2

Forest plot of subgroup analysis of the association between four activities and mental status.
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Figure 2

Forest plot of subgroup analysis of the association between four activities and mental status.
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Figure 3

Forest plot of subgroup analysis of the association between four activities and memory.
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Figure 3

Forest plot of subgroup analysis of the association between four activities and memory.
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