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The effects of cognitive leisure activities
on frailty transitions in older adults in China:
a CHARLS-Based longitudinal study

Kai Sheng'?3, Hao Chen” and Xianguo Qu?’

Summary

Background In an effort to identify factors associated with frailty transitions that trigger a significant difference in
preventing and postponing the progression of frailty, questions regarding the role of cognitive leisure activities on
various aspects of older adults health were raised. However, the relationship between cognitive leisure activities and
frailty transitions has rarely been studied.

Methods A total of 5367 older Chinese adults aged over 60 years from the China Health and Retirement Longitudinal
Study (CHARLS) were selected as participants. The 2nd wave of the CHARLS in 2013 was selected as the baseline,

and sociodemographic and health-related status baseline data were collected. The FRAIL Scale was used to measure
frailty, while cognitive leisure activities were measured by the Cognitive Leisure Activity Index (CLAI) scores, which
consisted of playing mahjong or cards, stock investment, and using the internet. After two years of follow-up, frailty
transition from baseline was assessed at the 3rd wave of the CHARLS in 2015. Ordinal logistic regression analysis was
used to examine the relationship between cognitive leisure activities and frailty transitions.

Results During the two-year follow-up of 5367 participants, the prevalence of frailty that improved, remained

the same and worsened was 17.8% (957/5367), 57.5% (3084/5367) and 24.7% (1326/5367), respectively. Among

all participants, 79.7% (4276/5367), 19.6% (1054/5367), and 0.7% (37/5367) had CLAI scores of 0, 1, and 2 to 3,
respectively. In the univariate analysis, there was a statistically significant association between a score of 2 to 3 on
the Cognitive Leisure Activity Index and frailty transitions (odds ratio [OR]=1.93, 95% Cl 0.03 to 1.29, p=.04), while all
other covariates were not significantly different across the three groups. After adjusting for covariates, participants
with more cognitive leisure activities had a higher risk of frailty improvement than those without cognitive leisure
activities (odds ratio [OR]=1.99, 95% CI 1.05 to 3.76, p=.04).

Conclusions Cognitive leisure activities were positively associated with the risk of frailty improvement in older adults,
mainly when participating in multiple such activities. Older adults may be encouraged to participate in a wide variety
of cognitive leisure activities to promote healthy aging.
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Introduction

With the growth in population aging, the health of older
adults is attracting increased attention. Frailty is one of
the most serious forms of population aging since it is
an extreme outcome of the normal aging process [1].
Frailty is an age-related clinical condition defined by a
deterioration in multiple physiological functions and an
age-related loss of physiological reserves, resulting in
increased sensitivity to stressors [2—3]. Frail older adults
are more susceptible to health issues such as decreased
mobility, falls, delirium, hospitalization and mortality
[2-5].

Frailty is a major contributor to increasing health-care
expenses [6] for older adults. A cross-sectional study
showed that the overall prevalence of frailty in China is
9.9% [7], and this figure is expected to rise in the future.
Therefore, preventing and slowing the growth of frailty is
a critical subject in the advancement of modern geriatrics
[3].

A thorough knowledge of frailty risks and possible
protective factors is of great importance for developing
strategies to prevent and slow the progression of frailty.
In recent years, many researchers have investigated risks
that might trigger frailty using various methods. Previous
studies have shown that frailty risk factors include sex,
age, education, living alone, multiple chronic diseases,
low levels of physical activity and sedentary lifestyle,
loneliness, depression, and cognitive impairment [7-11].

Cognitive leisure activities refer to events that individu-
als engage in for pleasure and well-being in addition to
their daily lives [12]. Such activities, for example, surfing
the internet, watching TV, reading books or newspapers,
and playing mahjong, cards and chess, are modifiable life-
style factors that can stimulate cognitive and intellectual
development [13]. Leisure events, particularly for retired
older adults, can function as an important part of their
lives. Previous research has found that cognitive pastimes
can improve older adults’ health in many ways. Playing
cards or mahjong, reading newspapers or books, watch-
ing television or listening to the radio, and having daily
internet access, for instance, can delay cognitive decline,
minimize the risk of cognitive impairment, and improve
cognitive performance [14-18]. In addition, they are
good for avoiding dementia and slowing its progression
[19-20]. Such entertainment can also have an impact on
life satisfaction, happiness, depression and stress levels
[21], and the frequency of participation is strongly asso-
ciated with cognitive function and mental health [22-23].
In terms of mortality, some studies have shown that cog-
nitive activity is related to a lower risk of all-cause mortal-
ity in older groups [24]. One particular study shows that
regular intellectual activity can lessen the risk of debilita-
tion [25], and the intellectual activities in this study are
conceptually, rolewise, and compositionally comparable
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to cognitive leisure activity. However, the relationship
between cognitive leisure activities and frailty transitions
has not been adequately studied and reported.

To date, few existing studies have addressed the effect
of cognitive leisure activities on frailty regression. Thus,
this study was based on data from the CHARLS longitu-
dinal study to investigate the relationship between cogni-
tive leisure events and frailty transitions.

Methods

Data collection and population

The data analyzed in this study are from the China Health
and Retirement Longitudinal Study (CHARLS) [26].
CHARLS is a longitudinal survey of inhabitants in main-
land China aged 45 and older that provides information
such as socioeconomic position and health status. It uses
a stratified multistage PPS random sample approach and
covers 150 districts and 450 villages/urban communities,
involving 17,708 people in 10,257 households. To date,
four waves of surveys have been conducted in 2011, 2013,
2015 and 2018. Details of the surveys are available in its
report [26] and on the official CHARLS website (http://
www.charls.pku.edu.cn/en). All surveys were ethically
approved by the Institutional Review Board of Peking
University.

Because the most recent survey in 2018 lacks part
of the data necessary to quantify frailty in older adults,
three waves of data from 2011 to 2015 were used for the
current study. The 2nd wave of the CHARLS in 2013 was
set as a baseline, and data for a total of 18,605 partici-
pants were obtained. Since the subjects of this study were
older adults, we limited the age of participants to 60 years
and above. In 2013, each participant’s cognitive leisure
engagement, frailty status, and other relevant sociode-
mographic and health characteristics were gathered.
After 2 years of follow-up, the frailty status of each par-
ticipant was determined in the 3rd wave of the CHARLS
in 2015. The first wave of CHARLS data in 2011 was also
included in this study due to the requirement of calcu-
lating certain variables. The dummy variable approach
was used to assign missing samples of variables with
more than 1% missing values, whereas missing samples of
variables with fewer than 1% missing values were omit-
ted. The details of data selection and exclusion are pre-
sented in Fig. 1. The total number of participants in the
2nd wave of the CHARLS was 18,605. The sample was
first screened for age greater than or equal to 60 years,
excluding 9687 and leaving 8918. Then, the samples were
screened based on the completeness of the data. Accord-
ing to the completeness of the frailty data after the 2-year
follow-up, 3492 samples were excluded, leaving 5426
samples. Finally, the sample with complete covariate data
was screened, excluding 59 individuals and leaving 5367
individuals for the follow-up study.
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Participants of wave?2
N=18605

Excluded: N=968&7

participants aged over 60
N=8918

Excluded: N=3492

participants with frailty data after 2-year follow-up
N=5426

Excluded: N=59

participants with full covariates data
N=5367

Fig. 1 Flowchart of participants selection and exclusion

Measurement of cognitive leisure activity participation

The engagement of older adults in cognitive leisure
activities was the independent variable in this study,
and we conducted research based on the CHARLS. The
2nd wave of the CHARLS in 2013 asked participants if
they had engaged in any of the listed social activities in
the previous month; the second item on that list, “Played
Mahjong, played chess, played cards, or went to com-
munity club;” the ninth item “Stock investment,” and the
tenth item “Used the internet” were all cognitive leisure
activities. Due to the limitations of the CHARLS data-
base and its survey content, only these three cognitive
leisure activities were considered in this study. According
to the participation status, each cognitive leisure activity
was rated as not participating (score=0) or participat-
ing (score=1). To provide a comprehensive measure of
older adults’ participation, we aggregated participation
in the three cognitive leisure activities into the Cognitive
Leisure Activity Index (CLAI) [24], adding 1 point for
each cognitive leisure activity participated in, with a total
score ranging from 0 to 3. Since the number of partici-
pants with scores of 3 was insufficient for conducting a
statistical analysis, the participants with scores of 3 were

combined with those with scores of 2 into a 2~3 score
group. Therefore, the cognitive leisure activity index is a
trichotomous variable with scores of 0 (no cognitive lei-
sure activity), 1 (less cognitive leisure activity), and 2 to 3
(more cognitive leisure activity).

Frailty and frailty transitions

The outcomes of the study were frailty and frailty transi-
tions. The FRAIL Scale is used to assess frailty and con-
sists of five components: fatigue, resistance, ambulation,
illnesses and loss of weight [27]. The following frailty cri-
teria were used in this study:

Fatigue: Fatigue refers to self-perceived tiredness over
a period. In our study, fatigue was measured by two
questions from the Center for Epidemiological Studies
Depression Scale (CESD). For the questions “I felt every-
thing I did was an effort” and “I could not get ‘going”; if
the participant answered “Occasionally or a moderate
amount of the time (3—4 days)” or “Most or all of the time
(5-7 days)” in either question, then the participant met
the criteria for fatigue and scored one point.

Resistance: Resistance refers to the loss of endurance,
which is evidenced by the difficulty in climbing one flight
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of stairs without resting midway and the help of aids or
others. In our study, we asked participants whether they
had difficulty climbing several flights of stairs without
resting, and if they answered “Yes, I have difficulty and
need help” or “I cannot do it’;, then the participant met
the criteria for resistance and scored one point.

Ambulation: Ambulation refers to a decrease in free
movement ability, which is manifested by difficulty walk-
ing 100 m without the help of aids or others. In our
study, we asked participants if they had difficulty walk-
ing 100 m, and if they answered “Yes, I have difficulty and
need help” or “I cannot do it’;, then the participant met
the criteria for ambulation and scored one point.

Illnesses: illnesses reflect the participant’s disease
status, which is defined as the presence of five or more
diseases, such as hypertension, diabetes, acute heart
attack, stroke, angina pectoris, congestive heart failure,
asthma, arthritis, chronic lung disease, kidney disease,
and malignancy (except microscopic skin cancer), i.e., the
coexistence of multiple diseases. In our study, we asked
participants about their disease status, and if the pres-
ence of 5 or more diseases was reported, then the partici-
pant met the criteria for illnesses and scored one point.

Loss of Weight: Loss of weight refers to a weight loss
of more than 5% in the last 1 year or less. In our study,
this evaluating indicator was judged by participants’ self-
report or measurement of weight or body mass index
(BMI). If participants answered “Yes, I only lost weight”
when asked if they gained or lost 5 or more kilograms in
the last year (excluding pregnancy) or if the difference
between the weight measurements taken during the adja-
cent waves of CHARLS showed a weight loss of more
than 5% or a BMI was less than 18.5 kg/m? then the par-
ticipant met the criteria for loss of weight and scored one
point.

Each of these five evaluating indicators is worth 1
point, for a total of five points. A score of 0 indicates
robustness, 1 to 2 indicates prefrailty, and 3 and above
indicates frailty. Prefrailty and frailty were both classified
as frailty states, thus representing the polar opposite of
robustness.

Using the FRAIL Scale, participants’ frailty status could
be measured individually for 2013 and 2015. The trans-
formation in frailty status from 2013 to 2015 during these
two waves of the CHARLS is our dependent variable.
The difference in frailty between these two waves of the
CHARLS may be used to evaluate transitions in frailty,
which can be classified as improvement (difference <0),
staying the same (difference=0) and deterioration (differ-
ence>0). For the purpose of subsequent statistical analy-
sis, we assigned values to the cases of frailty transitions
as 0=worsening, 1 =staying the same, and 2=improving.
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Covariates

Based on previous research, several sociodemographic
and health data were included in the study as covari-
ates. Sociodemographic covariates included age, sex
(female=0, male=1), educational attainment (no for-
mal education (illiterate)=0, did not finish primary
school but capable of reading and/or writing or Sishu/
home school=1, elementary school=2, middle school
and above =3), marital status (no spouse=0, spouse=1),
region of residence (rural=0, urban=1), and health
insurance coverage (whether or not enrolled in any of
the health insurance, no health insurance=0, enrolled in
health insurance=1). Health science covariates included
smoking (not smoking=0, quit smoking=1, still smok-
ing=2) and alcohol use (not drinking=0, rarely drink-
ing=1, regularly drinking=2). It is necessary to clarify
that the vast majority of participants (5328/5367, 99.3%)
were able to take care of themselves, and that the par-
ticipants’ ability to perform activities of daily living did
not prevent them from participating in cognitive lei-
sure activities. Therefore, ADL was not included in the
covariates.

Statistical analysis

Descriptive statistics were used to present the data. The
sample was separated into three groups, and an equi-
librium comparison was performed since the exposure
factor (cognitive leisure activity index) was an ordi-
nal categorical variable. For continuous variables, the
Kolmogorov-Smirnov test was used to determine the
normality of the data. Normally distributed data are
expressed as the mean (standard deviation), and skewed
data are described as the median (quartiles). ANOVA
and the Kruskal-Wallis test were used for comparisons
between three groups of normally and skewed con-
tinuous variables, respectively. To depict the changes in
frailty distribution and composition, bar charts and pie
charts were employed. The changes in frailty distribu-
tion and the composition of the frailty state transition
were visualized using bar charts and pie charts, respec-
tively, and the characteristics of the frailty state transition
between the two waves were displayed using a Sankey
diagram (https://www.rawgraphs.io/).

One-factor ordered logistic regression analysis and
multifactor ordered logistic regression analysis [28] were
used to assess the association between variables and
frailty transitions. For the univariate analysis, each base-
line characteristic was used as an independent variable
to assess its association with the dependent variable. For
multifactorial analysis, statistically significant covariates
in the equilibrium comparison were considered potential
confounders and included in the multifactorial ordered
logistic regression analysis. The regression analysis
reported the odds ratio (OR) and 95% confidence interval


https://www.rawgraphs.io/

Sheng et al. BMC Public Health (2024) 24:1405

3000

2618

2495
2500

2000

1500

1000

500

254

Baseline

B Robust

Fig. 2 Distribution of frailty at baseline and after 2 years of follow-up

17.8%

24.7%

57.5%

®m Improved m Stable m Worsened

Fig. 3 The composition of frailty transitions

(CI). All statistical analyses were performed using IBM
SPSS Statistics 26.

Results

Frailty transitions

A total of 5367 participants were included in this study.
As indicated in Fig. 2, At baseline, 2618 (48.8%) were
robust, 2495 (46.5%) were prefrail, and 254 (4.7%) were
frail. After two years, 2317 (43.2%) were robust, while
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2702 (50.3%) and 348 (6.5%) were in the prefrailty and
frailty states, respectively. As indicated in Fig. 3, after
two years of follow-up, the number of robust participants
decreased, while the number of prefrail and frail partici-
pants increased, with the rates of improvement and dete-
rioration in frailty status of the population being 17.8%
(957/5367) and 24.7% (1326/5367), respectively. Overall,
the status of more than half of the participants remained
the same.

For the 2618 participants who were robust at base-
line, 40.7% (1066/2618) and 1.8% (48/2618) transformed
to prefrail and frail states, respectively. A total of 8.5%
(212/2495) of the 2495 prefrail older adults advanced to
frailty, whereas 31.7% (791/2495) reverted to a healthy
condition. In addition, 56.7% (144/254) and 8.7% (22/254)
of the 254 frail older adults recovered to a prefrail and
healthy condition, respectively. The above is shown in
Fig. 4.

Descriptive statistics

The sociodemographic and health characteristics of the
participants are shown in Table 1. In total, 5367 partici-
pants were ultimately recruited into the study, among
which 2611 (48.6%) people were female and 2756 (51.4%)
were male. The mean age of the participants was 66
(62-71) years. A total of 1802 (33.6%) cases were illit-
erate, and 1173 (21.9%) respondents were elementary
school dropouts or Sishu/home school students. There
were 1357 (25.3%) individuals who had completed pri-
mary school. The remaining 1035 (19.3%) individuals had
a junior high school education or above. The majority of
respondents (4412/5367, 82.2%) were married, while the
remaining participants (955/5367, 17.8%) were single.
Those who reside in rural regions (3455/5367, 64.4%)
outnumber those who live in towns (1912/5367, 35.6%).
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Fig. 4 Sankey diagram of the transition in frailty status

Almost everyone (5211/5367, 97.1%) had medical insur-
ance, with only 156 (2.9%) instances being uninsured.
Most residents (2887/5367, 70.7%) did not smoke, while
435 (10.6%) and 763 (18.7%) had quit smoking or con-
tinued smoking, respectively. A total of 3571 (66.5%)
respondents did not consume alcohol, 382 (7.1%) partici-
pants rarely drank alcohol, and 1414 (26.3%) respondents
drank alcohol often. The majority of the participants
were male, were illiterate, had a spouse, lived in rural
areas, had health insurance, did not smoke, and did not
drink alcohol.

In terms of cognitive leisure activities, 19.3%
(1036/5367) of participants engaged in mahjong, chess,
or card games, 0.4% (19/5367) traded stocks, and 1.5%
(78/5367) browsed the internet. In terms of number,
79.7% (4276/5367) of participants said they had no cog-
nitive leisure activities, 19.6% (1054/5367) said they had
one, and 0.7% (37/5367) said they had two or three.

As shown in Table 1, groups were formed based on
the Cognitive Leisure Activity Index scores, and possible
confounders were identified using an equilibrium com-
parison. Individuals with higher scores on the Cognitive

Leisure Activity Index were mostly younger participants,
male, with junior high school education and above,
with spouses, living in towns, having medical insurance,
nonsmokers, and nondrinkers. All covariates were sig-
nificantly different among the three groups and were all
potential confounding variables for the cognitive leisure
activity index.

Cognitive leisure activities and the risk of frailty transitions
Table 2 shows the findings of unadjusted and adjusted
ordered logistic regression analysis with frailty transition
as the dependent variable (with robustness as the control)
and cognitive leisure activity index scores as the indepen-
dent variable. Univariate ordered logistic analysis dem-
onstrated that higher Cognitive Leisure Activity Index
scores in older adults were linked with frailty improve-
ment (odds ratio [OR]=1.93, 95% CI 0.03 to 1.29, p=.04).
Although there was no statistically significant association
between a cognitive activity index score of 1 and frailty
transitions, the group with scores of 2 to 3 significantly
differed. Specifically, older adults who participated in 2—3
cognitive leisure activities had 1.93 times greater risk of
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Table 1 Table of sociodemographic and health characteristics of the old adults
Variable Total Cognitive leisure activity index score
0 1 2~3 H/x2 P-value
Total 5367 4276 1054 37
Age, median (IQR) 66(62-71) 66(62-71) 65(62-70) 63(61-67) 18.7(2) <0.001
Gender, n(%) 126.6(2) <0.001
Female* 2611(48.6) 2246(52.5) 352(33.4) 13(35.1)
Male 2756(51.4) 2030(47.5) 702(66.6) 24(64.9)
Education attainment, n(%) 356.1(6) <0.001
llliteracy* 1802(33.6) 1638(38.3) 164(15.6) 0(0.0)
dropout or sishu 1173(21.9) 943(22.1) 230(21.8) 0(0.0)
Primary school 1357(25.3) 1026(24.0) 324(30.7) 7(18.9)
Middle school or above 1035(19.3) 669(15.6) 336(31.9) 30(81.1)
Marital status, n(%) 8.2(2) 0.02
No* 955(17.8) 793(18.5) 156(14.8) 6(16.2)
Yes 4412(82.2) 3483(81.5) 898(85.2) 31(83.8)
Region, n(%) 108.9(2) <0.001
Rural* 3455(64.4) 2871(67.1) 582(55.2) 2(5.4)
Urban 1912(35.6) 1405(32.9) 472(44.8) 35(94.6)
Medical insurance, n(%) 9.2(2) 0.01
No* 156(2.9) 139(3.3) 17(1.6) 0(0.0)
Yes 5211(97.1) 4137(96.7) 1037(984) 37(100.0)
Smoking, n(%) 75.0(4) <0.001
Non-smoker* 2887(70.7) 2472(73.6) 398(56.9) 17(65.4)
Ex-smoker 435(10.6) 317(94) 114(16.3) 4(15.4)
Smoker 763(18.7) 571(17.0) 187(26.8) 5(19.2)
Drinking, n(%) 93.8(4) <0.001
No* 3571(66.5) 2961(69.2) 594(56.4) 16(43.2)
Rarely 382(7.1) 281(6.6) 90(8.5) 11(29.7)
Often 1414(26.3) 1034(24.2) 370(35.1) 10(27.0)

* control group

frailty tending to improve compared to those who did not
participate. Covariates such as age, sex, educational level,
area, health insurance coverage, smoking, and alcohol
usage were all adjusted in multifactorial ordered logis-
tic regression. The findings revealed that engagement in
greater cognitive leisure activities was associated with
frailty transitions and was a promoting factor for frailty
improvement (odds ratio [OR]=1.99, 95% CI 1.05 to
3.76, p=.04). Similar to the results obtained during the
univariate ordered logistic regression analysis, statisti-
cal significance between the cognitive activity index and
frailty transitions existed only when the cognitive activity
index score was 2 to 3. Older adults who participated in
2-3 cognitive leisure activities had an approximately 1.99
times higher risk of improving one level of frailty toward
improvement than those who did not participate in cog-
nitive leisure activities.

In addition, in univariate ordered logistic regression
analysis, there was no statistically significant relation-
ship between all other covariates and frailty transitions.
After adjustment, only gender was statistically significant
in relation to frailty transitions (odds ratio [OR]=1.18,

95% CI 1.01-1.38, p=.04), and men were at greater risk
of frailty improvement than women.

Discussion
Principal results
To our knowledge, this is the first study designed to ana-
lyze the relationship between cognitive leisure activities,
including playing mahjong and cards, stock investment
and internet surfing, and frailty transitions. After a 2-year
follow-up, we found that cognitive leisure activities were
associated with frailty transitions in Chinese senior citi-
zens, with the number of activities playing an essential
role. Although there was no statistically significant rela-
tionship between participating in a single cognitive lei-
sure activity and frailty transitions, participation in two
to three cognitive leisure activities was associated with a
0.99 higher risk of frailty improvement. The present study
suggests that participation in various cognitive leisure
activities is a promoting factor for frailty improvement
and influences frailty development and improvement.

A significant relationship between cognitive leisure
activities and frailty transitions was identified through
regression analysis. Similarly, Huang Y et al. [25] noted
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Table 2 Table of the results of the ordered logistic regression analysis with the dependent variable of frailty transitions

Variable Unadjusted Adjusted
OR 95% ClI Pvalue OR 95% ClI Pvalue

cognitive leisure activity index scores

0%

1 1.01 -012t00.14 0.85 1.02 089to 1.17 0.75

2~3 1.93 0.03to 1.29 0.04 1.99 1.05t03.76 0.04
Age 0.99 -0.01 t0 0.00 0.21 0.99 0.98 to 1.00 0.07
Gender, n(%)

Female*

Male 1.03 -0071t00.14 0.56 1.18 1.01t01.38 0.04
Education attainment, n(%)

llliteracy*

dropout or sishu 1.01 -0.13t00.15 0.90 0.98 0.85to 1.14 081

Primary school 0.99 -0.15t00.12 0.83 0.95 0.82to 1.1 0.53

Middle school or above 0.98 -0.17t00.13 0.78 092 0.78to 1.09 032
Marital status, n(%)

No*

Yes 092 -0.221t0 0.06 0.24 0.89 0.771t01.03 0.11
Region, n(%)

Rural*

Urban 1.07 -0041t00.18 0.21 1.08 096to 1.21 0.19
Medical insurance, n(%)

No*

Yes 0.79 -0.54 10 0.08 0.14 0.80 0.59to0 1.09 0.16
Smoking, n(%)

Non-smoker*

Ex-smoker 0.93 -0.27t00.12 047 0.88 0.71to 1.09 0.24

Smoker 1.02 -0.14t0 0.17 0.83 0.95 0.79to 1.15 0.61
Drinking, n(%)

No*

Rarely 0.86 -0.36t0 0.05 0.14 0.82 06710 1.02 0.07

Often 094 -0.18t0 0.06 034 092 0.80to 1.05 0.20

* control group

that regular intellectual activities were beneficial to
decrease the risk of frailty, while Abe T et al. [29] found
an ameliorating effect of intellectual activity and social
participation on frailty status through a cohort study.
Although the focus varies, cognitive leisure activities have
a high degree of overlap with intellectual activities and
social participation in terms of composition. The effect
of cognitive leisure activities on cognitive status has been
validated in many previous studies in a variety of ways.
Litwin H et al. [30] reported that cognitively stimulating
leisure activities (word or number games) are a potential
cause of delayed or reduced late cognitive decline. Mao
C et al. [19] noted that specific leisure activities, includ-
ing watching television or listening to the radio, reading
books or newspapers, and playing cards or mahjong, may
reduce the risk of cognitive impairment in older adults.
lizuka A et al. [12] and Fallahpour M et al. [31] both
conducted a systematic evaluation of the relationship
between leisure activities and cognitive ability and found
that participation in leisure activities improved cognitive

function and had a preventive effect on dementia in older
adults. Notwithstanding variances in study techniques,
assessment standards, and other factors, these studies
are congruent in their understanding of the relation-
ship between cognitive leisure activities and cognitive
health, indicating that these findings are generalizable.
The negative correlation of cognitive leisure activities
with the likelihood of frailty deterioration in older adults
further confirmed the inverse link between cognitive
leisure activities and cognitive impairment in our study.
The link between cognitive impairment and frailty has
long been known. According to Yuan Y et al., cognitive
impairment is significantly linked to frailty and is a risk
factor for frailty [32]. In turn, frailty is also significantly
associated with lower cognitive ability [33], and cognitive
impairment is much more likely to occur in frail than in
normal individuals [34]. Thus, cognitive impairment may
be a mediating variable in the influence of cognitive lei-
sure activities on frailty transitions, i.e., cognitive leisure
activities may influence the risk of frailty transitions in
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older adults in part through their negative association
with cognitive impairment.

For the three cognitive leisure activities researched in
this study, there is also relevant literature support for
their independent relationship with cognitive health.
It has been found that playing mahjong or cards could
maintain and improve cognitive function in older adults
[22] and lower the risk of dementia [19]. Moderate inter-
net access is not only effective in improving the health of
older adults [35] but also in improving cognitive function
and slowing cognitive decline [36—37], possibly through
the effect on pallidum volume [38]. Although it has not
been well investigated, speculation nonetheless quali-
fies as a cognitive leisure activity due to the method in
which it is carried out. There are several more activities
that may be categorized as cognitive leisure activities in
addition to these three, but they were the only options for
cognitive leisure activities due to database restrictions. A
diverse range of cognitive recreational activities can more
accurately reflect the function of cognitive recreational
activities. Research on diverse cognitive leisure activi-
ties is moving in a mixed direction right now, which is a
desirable path for future study.

Additionally, our multifactorial regression model
revealed that female sex was a risk factor for frailty
deterioration, which is in line with earlier research [39].
Although the effect is small, gender is indeed associ-
ated with frailty, and its explanations are multifaceted.
According to some research, this might be due to sex dis-
parities in literacy among older adults [24].

Our results derived from longitudinal research also
show that frailty is a dynamic process that is both pro-
gressive and reversible. Although more than half of the
participants remained in the same state (3084/5367,
57.5%) and even a number advanced to a more severe
state of frailty (1326/5367, 24.7%), there were still a small
part of participants who improved (957/5367, 17.8%),
suggesting that appropriate measures could be taken to
intervene in the onset and progression of frailty.

China is one of the nations that is aging the fastest and
has a sizable senior population [40]. As China’s popula-
tion ages, many difficulties associated with aging become
increasingly visible. In terms of health care, the enormous
health-care expenses associated with aging place a sub-
stantial strain on China’s health-care and public-health
systems, where frailty plays a large role. As a result, we
must vigorously promote active and healthy aging. Life-
style modifications are critical, and the favorable impacts
of leisure activities on health and frailty have been well
documented. We may encourage older adults to partici-
pate in more cognitive leisure activities depending on
their preferences and aim toward active aging by delaying
or suppressing frailty progression.
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Cognitive leisure activities

Since there is no standardized scale for cognitive leisure
activity, this study defined the Cognitive Leisure Activ-
ity Index (CLAI) based on the literature and CHARLS.
Therefore, it is necessary to acknowledge that the CLAI is
not a structured evaluation scale with established validity
and reliability. It is expected that relevant standardized
assessment scales will be available for researchers to use
in the future.

Only three cognitive leisure activities—playing mah-
jong or cards, investing in stocks, and using the inter-
net—were covered in this study because of the limits of
the CHARLS. This limited the study’s ability to capture
all cognitive leisure activities, and there were many other
cognitive leisure activities that could not be included in
the study.

Regarding these three cognitive leisure activities, there
may be a correlation between Internet use and stock
investment. To rule out this concern, the data was sta-
tistically analyzed and it was found that among the indi-
viduals involved in stock investments, 15 (79.0%) of them
used the Internet, while 4 (21.0%) of them did not use the
Internet. This statistically indicates that the use of the
internet is not necessarily a necessary condition for stock
investment, ruling out its influence on the results of the
study.

Frequency of participation in cognitive leisure activities
is an index worth considering, which may improve the
accuracy of the study’s results. Due to the dimensional
inconsistency among three cognitive leisure activities,
however, this study did not perform additional research
on how frequently people engage in cognitive leisure
activities. Certainly, it can be considered that the amount
of participation in cognitive leisure activities can, to some
extent, reflect the frequency of participation in cognitive
leisure activities.

Strengths and limitations
The link between cognitive leisure activities, includ-
ing similar intellectual activities, and frailty has been
observed several times, but its impact on frailty transi-
tions is still unclear. To our knowledge, this is the first
study to demonstrate a relationship between cognitive
leisure activities and frailty transitions, and the find-
ings might provide evidence and methods to enhance
frailty management and progression control. In a broad
sense, cognitive leisure activities also belong to a type of
lifestyle. Currently, lifestyle adjustment has become an
important measure to achieve healthy aging. The find-
ings of this study complement and improve the theories
related to healthy aging and can provide more guidance
for the realization of healthy aging.

The study does, however, have flaws. The samples for
the study were all drawn from the CHARLS, showing
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that the study used only one database and thus had a
somewhat limited scope. Moreover, most of the data
came from participants’ responses to questionnaires and
self-reports, rather than more accurate laboratory or
clinical trials. However, self-reported data are still con-
sidered valid and credible by many publishers. In con-
trast, some of the data derived from the measures (such
as height and weight) were recorded with somewhat evi-
dent errors, which made data processing more difficult
and, to some extent, impacted the accuracy of the vari-
ables. There were some samples with some missing data.
A portion of the missing data would still inevitably have
a negative effect even though the missing values of vari-
ables with more than 1% missing data were assigned in
this study using the dummy variable method; only sam-
ples with missing exposure factors and dependent vari-
ables and missing samples of covariates with less than 1%
missing data were excluded. These limitations offer fresh
perspectives for future research.

Conclusions

In conclusion, this study of older Chinese adults revealed
that cognitive leisure activities, including playing mah-
jong or cards, stock investment, and using the inter-
net, can slow frailty deterioration and contribute to its
improvement and had a more significant impact when
engaging in multiple activities. Given this tendency, we
should encourage older adults, especially those who are
already in a frail state, to engage in more various cogni-
tive and leisure activities in an effort to achieve active

aging.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-024-18889-w.

[ Supplementary Material 1 ]

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. KS and XQ were
responsible for acquisition and curation of data. KS and HC were responsible
for analysis and interpretation of data. Charts were made by KS. KS, HC and XQ
were responsible for retrieval and arrangement of documents. The first draft
of the manuscript was written by KS and all authors commented on previous
versions of the manuscript. XQ and HC reviewed and edited the manuscript.
XQ funded the project. All authors had full access to all the data in the study
and take responsibility for the integrity of the data and the accuracy of the
data analysis.

Funding
This study was funded by Zhejiang Provincial Medical and Health Technology
Project (grant. 2023RC222).

Data Availability
The datasets analyzed during the current study are available on the official
CHARLS website (http://charls.pku.edu.cn/en/).

Page 10 of 11

Declarations

Ethics approval and consent to participate

The data analyzed in this study are from the China Health and Retirement
Longitudinal Study (CHARLS). Ethical approval for all the CHARLS waves was
granted from the Institutional Review Board at Peking University. Written
informed consent was obtained from all participants involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 July 2023 / Accepted: 20 May 2024
Published online: 27 May 2024

References

1. Brivio P, Paladini MS, Racagni G, Riva MA, Calabrese F, Molteni R. From Healthy
Aging to Frailty: In Search of the Underlying Mechanisms. Curr Med Chem.
2019;26(20):3685-3701. https://doi.org/10.2174/09298673266661907171527
39. PMID: 31333079.

2. Kojima G, Liljas AEM, lliffe S. Frailty syndrome: implications and challenges
for health care policy. Risk Manag Healthc Policy. 2019;12:23-30. https://doi.
0rg/10.2147/RMHPS168750. PMID: 30858741; PMCID: PMC6385767.

3. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implica-
tions for clinical practice and public health. Lancet. 2019;394(10206):1365-
1375. https://doi.org/10.1016/50140-6736(19)31786-6. PMID: 31609228.

4. DentE, Martin FC, Bergman H, Woo J, Romero-Ortuno R, Walston JD. Man-
agement of frailty: opportunities, challenges, and future directions. Lancet.
2019;394(10206):1376-1386. https://doi.org/10.1016/50140-6736(19)31785-4.
PMID: 31609229.

5. LeeH, LeeE, Jang IY. Frailty and Comprehensive Geriatric Assessment. J
Korean Med Sci. 2020;35(3):e16. https://doi.org/10.3346/jkms.2020.35.e16.
PMID: 31950775; PMCID: PMC6970074.

6. Kojima G. Increased healthcare costs associated with frailty among
community-dwelling older people: A systematic review and meta-analysis.
Arch Gerontol Geriatr. 2019 Sep-Oct;84:103898. https://doi.org/10.1016/].
archger.2019.06.003. Epub 2019 Jun 5. PMID: 31228673.

7. Mal,Tang Z Zhang L, Sun F, LiY, Chan P. Prevalence of Frailty and Associated
Factors in the Community-Dwelling Population of China. J Am Geriatr Soc.
2018;66(3):559-64. https://doi.org/10.1111/jgs.15214. Epub 2017 Nov 23.
PMID: 29168883.

8. daSilva VD, Tribess S, Meneguci J, Sasaki JE, Garcia-Meneguci CA, Carneiro
JAQ, Virtuoso JS Jr. Association between frailty and the combination of physi-
cal activity level and sedentary behavior in older adults. BMC Public Health.
2019;19(1):709. https://doi.org/10.1186/512889-019-7062-0. PMID: 31174515;
PMCID: PMC6555975.

9. Gale CR,Westbury L, Cooper C. Social isolation and loneliness as risk factors
for the progression of frailty: the English Longitudinal Study of Ageing. Age
Ageing. 2018;47(3):392-7. https://doi.org/10.1093/ageing/afx188. PMID:
29309502; PMCID: PMC5920346.

10.  Menéndez-Gonzalez L, Izaguirre-Riesgo A, Tranche-Iparraguirre S, Montero-
Rodriguez A, Orts-Cortés M. Prevalencia Y factores asociados de fragilidad
en adultos mayores de 70 afos en la comunidad [Prevalence and associated
factors of frailty in adults over 70 years in the community]. Aten Primaria.
2021;53(10):102128. https://doi.org/10.1016/j.aprim.2021.102128. Spanish.
Epub 2021 Sep 21. PMID: 34560377; PMCID: PMC8473464.

11.  Algahtani BA, Alenazi AM, Alshehri MM, Osailan AM, Alsubaie SF, Algahtani
MA. Prevalence of frailty and associated factors among Saudi community-
dwelling older adults: a cross-sectional study. BMC Geriatr. 2021;21(1):185.
https://doi.org/10.1186/512877-021-02142-9. PMID: 33731034; PMCID:
PMC7972196.

12. lizuka A, Suzuki H, Ogawa S, Kobayashi-Cuya KE, Kobayashi M, Takebayashi
T, Fujiwara Y. Can cognitive leisure activity prevent cognitive decline in older
adults? A systematic review of intervention studies. Geriatr Gerontol Int.
2019;19(6):469-82. https://doi.org/10.1111/9gi.13671. Epub 2019 Apr 24.
PMID: 31020777.

13. QiuJ, Sun H, Zhong C, Ma Q Wang C, Zhou X, Ma Y. Reclassified cognitive
leisure activity and risk of cognitive impairment in Chinese older adults


https://doi.org/10.1186/s12889-024-18889-w
https://doi.org/10.1186/s12889-024-18889-w
http://charls.pku.edu.cn/en/
https://doi.org/10.2174/0929867326666190717152739
https://doi.org/10.2174/0929867326666190717152739
https://doi.org/10.2147/RMHP.S168750
https://doi.org/10.2147/RMHP.S168750
https://doi.org/10.1016/S0140-6736(19)31786-6
https://doi.org/10.1016/S0140-6736(19)31785-4
https://doi.org/10.3346/jkms.2020.35.e16
https://doi.org/10.1016/j.archger.2019.06.003
https://doi.org/10.1016/j.archger.2019.06.003
https://doi.org/10.1111/jgs.15214
https://doi.org/10.1186/s12889-019-7062-0
https://doi.org/10.1093/ageing/afx188
https://doi.org/10.1016/j.aprim.2021.102128
https://doi.org/10.1186/s12877-021-02142-9
https://doi.org/10.1111/ggi.13671

Sheng et al. BMC Public Health

20.

22.

23.

24,

25,

26.

27.

(2024) 24:1405

aged >80 years: A 16-year prospective cohort study. Geriatr Gerontol Int.
2019;19(10):1041-1047. https://doi.org/10.1111/ggi.13774. PMID: 31602756.
Ramos H, Alacreu M, Guerrero MD, Sdnchez R, Moreno L. Lifestyle variables
such as Daily Internet Use, as Promising Protective factors against cognitive
impairment in patients with subjective memory complaints. Preliminary
results. J Pers Med. 2021;11(12):1366. https://doi.org/10.3390/jpm11121366.
PMID: 34945838; PMCID: PMC8708750.

Guerrero Barragan A, Lucumi D, Lawlor B. Association of Leisure activities
with cognitive impairment and dementia in older adults in Colombia: a
SABE-Based study. Front Neurol. 2021;12:629251. https://doi.org/10.3389/
fneur2021.629251. PMID: 33732207; PMCID: PMC7956952.

Chen L. Leisure activities and psychological wellbeing reduce the risk of
cognitive impairment among older adults with hearing difficulty: A longi-
tudinal study in China. Maturitas. 2021;148:7-13. https://doi.org/10.1016/.
maturitas.2021.03.011. Epub 2021 Apr 3. PMID: 34024351.

Hansdottir H, Jonsdottir MK, Fisher DE, Eiriksdottir G, Jonsson PV, Gudnason
V. Creativity, leisure activities, social engagement and cognitive impairment:

the AGES-Reykjavik study. Aging Clin Exp Res. 2022;34(5):1027-35. https://doi.

0rg/10.1007/540520-021-02036-1. Epub 2022 Jan 25. PMID: 35075586.

Mao C, Li ZH, Lv YB, Gao X, Kraus VB, Zhou JH, Wu XB, Shi WY, Li FR, Liu SM, Yin
ZX, Zeng Y, Shi XM. Specific leisure activities and cognitive functions among
the Oldest-Old: the Chinese longitudinal healthy longevity survey. J Gerontol
Biol Sci Med Sci. 2020;75(4):739-46. https://doi.org/10.1093/gerona/glz086.
PMID: 30946444, PMCID: PMC6776703.

Tian G, Shuai J, Li R, Zhou T, ShiY, Cheng G, Yan Y. Association between play-
ing cards/mahjong and risk of incident dementia among the Chinese older
adults: a prospective cohort study. Front Aging Neurosci. 2022;14:966647.
https://doi.org/10.3389/fnagi.2022.966647. PMID: 36072484; PMCID:
PMC9441854.

Almeida-Meza P, Steptoe A, Cadar D. Is Engagement in Intellectual and
Social Leisure Activities Protective Against Dementia Risk? Evidence from the
English Longitudinal Study of Ageing. J Alzheimers Dis. 2021,80(2):555-565.

doi: 10.3233/JAD-200952. Erratum in: J Alzheimers Dis. 2021,84(4):1849. PMID:

33554903; PMCID: PM(C8075407.

Col BK, Kose BG, Basaran AG. The effect of leisure activities on successful
aging. Niger J Clin Pract. 2022;25(11):1904-1910. https://doi.org/10.4103/
njcp.njcp_384_22. PMID: 36412299.

Wang J, Liu N, Zhao X. Association of Playing Cards or Mahjong with
cognitive function in Chinese older adults. Int J Environ Res Public Health.
2022;19(15):9249. https://doi.org/10.3390/ijerph19159249. PMID: 35954599;
PMCID: PMC9368645.

Santini ZI, Meilstrup C, Hinrichsen C, Nielsen L, Koyanagi A, Koushede'V,
Ekholm O, Madsen KR. Associations between multiple leisure activities, Men-
tal Health and Substance Use among adolescents in Denmark: a nationwide
cross-sectional study. Front Behav Neurosci. 2020;14:593340. https://doi.
0rg/10.3389/fnbeh.2020.593340. PMID: 33408618; PMCID: PMC7779398.

Liu X, Ruan Y, Huang L, Guo Y, Sun S, Chen H, Gao J, ShiY, Xiao Q. Cognitive
leisure activity and all-cause mortality in older adults: a 4-year community-
based cohort. BMC Geriatr. 2021;21(1):236. https://doi.org/10.1186/512877-
021-02180-3. PMID: 33836660; PMCID: PMC8033664.

Huang Y, Guo X, Du J, Liu Y. Associations between Intellectual and Social
activities with Frailty among Community-Dwelling older adults in China: a
prospective cohort study. Front Med (Lausanne). 2021,8:693818. https://doi.
0rg/10.3389/fmed.2021.693818. PMID: 34381799; PMCID: PMC8350036.
ZhaoY, Strauss J, Yang G, Giles J, Yafeng Wang. Peifeng (Perry) Hu, Yisong Hu,
Xiaoyan Lei, Man Liu. In: Park A, Smith JP, editors. China Health and Retire-
ment Longitudinal Study: 2011-2012 National Baseline user’s guide. National
School of Development, Peking University; 2013.

van Abellan G, Rolland YM, Morley JE, Vellas B. Frailty: toward a clinical
definition. J Am Med Dir Assoc. 2008,9(2):71 - 2. https://doi.org/10.1016/j.
jamda.2007.11.005. PMID: 18261696.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

Page 11 of 11

Xu K, Zhou M, Yang D, Ling Y, Liu K, Bai T, Cheng Z, Li J. Application of ordinal
logistic regression analysis to identify the determinants of illness severity of
COVID-19in China. Epidemiol Infect. 2020;148:2146. PMID: 32631458; PMCID:
PMC7369341.

Abe T, Nofuiji Y, Seino S, Murayama H, Yoshida Y, Tanigaki T, Yokoyama Y, Narita
M, Nishi M, Kitamura A, Shinkai S. Healthy lifestyle behaviors and transitions
in frailty status among independent community-dwelling older adults:

the Yabu cohort study. Maturitas. 2020;136:54-9. Epub 2020 Apr 18. PMID:
32386667.

Litwin H, Schwartz E, Damri N. Cognitively stimulating leisure activity and
subsequent cognitive function: a SHARE-based analysis. Gerontologist.
2017;57(5):940-8. https://doi.org/10.1093/geront/gnw084. PMID: 27117305;
PMCID: PMC5881687.

Fallahpour M, Borell L, Luborsky M, Nygard L. Leisure-activity participation to
prevent later-life cognitive decline: a systematic review. Scand J Occup Ther.
2016;23(3):162-97. Epub 2015 Nov 20. PMID: 26586025.

Yuan'Y, Lapane KL, Tjia J, Baek J, Liu SH, Ulbricht CM. Physical Frailty and Cog-
nitive Impairment in older adults in United States Nursing Homes. Dement
Geriatr Cogn Disord. 2021;50(1):60-7. https://doi.org/10.1159/000515140.
Epub 2021 Apr 22. PMID: 33887723; PMCID: PM(8243819.

Ma L, Zhang L, Sun F, Li Y, Tang Z. Cognitive function in Prefrail and frail com-
munity-dwelling older adults in China. BMC Geriatr. 2019;19(1):53. https://doi.
0rg/10.1186/512877-019-1056-8. PMID: 30813907; PMCID: PMC6391822.
Mello BH, Lenardt MH, Moraes DC, Setoguchi LS, Seima MD, Betiolli SE.
Cognitive impairment and physical frailty in older adults in secondary health
care. Rev Esc Enferm USP. 2021;55:e03687. English, Portuguese. https://doi.
0rg/10.1590/51980-220X2019029803687. PMID: 33886914.

Li L, Ding H, Li Z. Does Internet Use Impact the Health Status of Middle-aged
and older populations? Evidence from China Health and Retirement Longitu-
dinal Study (CHARLS). Int J Environ Res Public Health. 2022;19(6):3619. https://
doi.org/10.3390/ijerph19063619. PMID: 35329305; PMCID: PMC8954843.
Zhang C, Wang Y, Wang J, Liu X. Does internet use promote mental

health among middle-aged and older adults in China? Front Psychol.
2022;13:999498. https://doi.org/10.3389/fpsyg.2022.999498. PMID: 36457930;
PMCID: PMC9706203.

Yu X, Mu A, Wu X, Zhou L. Impact of Internet Use on Cognitive decline in
Middle-aged and older adults in China: longitudinal observational study. J
Med Internet Res. 2022;24(1):e25760. https://doi.org/10.2196/25760. PMID:
35072642; PMCID: PM(C8822429.

LiW, Yue L, Xiao S. Association between Internet Use, cognitive function,

and Globus Pallidus volumes: a study among the Elderly in Chinese com-
munities. Front Public Health. 2022;10:886974. https://doi.org/10.3389/
fpubh.2022.886974. PMID: 35646776; PMCID: PMC9130581.

Fan JN, Yang SC, Sun ZJ, Wang H, MaY, Wang B, Yu CQ, Ning Y, Lyu J, Li LM.
[Transitions on frailty status and related risk factors for its status worsening:
finding from the Beijing MJ Health Screening Center]. Zhonghua Liu Xing
Bing Xue Za Zhi. 2021,42(8):1453-1459. Chinese. https://doi.org/10.3760/cma
J.cn112338-20201217-01416. PMID: 34814567.

Jiang Q Feng Q, Editorial. Aging and health in China. Front Public Health.
2022;10:998769. https://doi.org/10.3389/fpubh.2022.998769. PMID:
36203673; PMCID: PMC9531687.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/ggi.13774
https://doi.org/10.3390/jpm11121366
https://doi.org/10.3389/fneur.2021.629251
https://doi.org/10.3389/fneur.2021.629251
https://doi.org/10.1016/j.maturitas.2021.03.011
https://doi.org/10.1016/j.maturitas.2021.03.011
https://doi.org/10.1007/s40520-021-02036-1
https://doi.org/10.1007/s40520-021-02036-1
https://doi.org/10.1093/gerona/glz086
https://doi.org/10.3389/fnagi.2022.966647
https://doi.org/10.4103/njcp.njcp_384_22
https://doi.org/10.4103/njcp.njcp_384_22
https://doi.org/10.3390/ijerph19159249
https://doi.org/10.3389/fnbeh.2020.593340
https://doi.org/10.3389/fnbeh.2020.593340
https://doi.org/10.1186/s12877-021-02180-3
https://doi.org/10.1186/s12877-021-02180-3
https://doi.org/10.3389/fmed.2021.693818
https://doi.org/10.3389/fmed.2021.693818
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.1016/j.jamda.2007.11.005
https://doi.org/10.1093/geront/gnw084
https://doi.org/10.1159/000515140
https://doi.org/10.1186/s12877-019-1056-8
https://doi.org/10.1186/s12877-019-1056-8
https://doi.org/10.1590/S1980-220X2019029803687
https://doi.org/10.1590/S1980-220X2019029803687
https://doi.org/10.3390/ijerph19063619
https://doi.org/10.3390/ijerph19063619
https://doi.org/10.3389/fpsyg.2022.999498
https://doi.org/10.2196/25760
https://doi.org/10.3389/fpubh.2022.886974
https://doi.org/10.3389/fpubh.2022.886974
https://doi.org/10.3760/cma.j.cn112338-20201217-01416
https://doi.org/10.3760/cma.j.cn112338-20201217-01416
https://doi.org/10.3389/fpubh.2022.998769

	﻿The effects of cognitive leisure activities on frailty transitions in older adults in China: a CHARLS-Based longitudinal study
	﻿Summary
	﻿Introduction
	﻿Methods
	﻿Data collection and population
	﻿Measurement of cognitive leisure activity participation
	﻿Frailty and frailty transitions
	﻿Covariates
	﻿Statistical analysis

	﻿Results
	﻿Frailty transitions
	﻿Descriptive statistics
	﻿Cognitive leisure activities and the risk of frailty transitions

	﻿Discussion
	﻿Principal results
	﻿Cognitive leisure activities
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


