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Abstract

Background: Research on the effects of social and intellectual activities on frailty remains limited, particularly longitudinal
studies examining how these activities influence the dynamic progression of frailty over time. We aimed to examine this
association in a nationally longitudinal study.

Objective: This study aimed to investigate the relationship between social and intellectual and frailty trajectories in the
middle-aged and older Chinese population. Specifically, it sought to identify distinct frailty trajectories and quantify the
longitudinal protective effects of social and intellectual activities against adverse frailty progression, while exploring differen-
tial impacts across age, sex, and residence subgroups.

Methods: This study used data from the China Health and Retirement Longitudinal Study and group-based trajectory
modeling identified frailty trajectories over seven years. Frailty was assessed using a 38-item frailty index. The frequency
of social activities and intellectual activity were quantified separately. Multivariate ordinal logistic regression analyzed
associations between activity frequencies and trajectory membership.

Results: Three different trajectories of frailty were identified in this study: “low progressive trajectories” (n=7208, 65.8%),
“moderate progressive trajectories” (n=3061, 28.5%), and “high progressive trajectories” (n=609, 5.7%). Compared to
nonparticipants, frequent social activity participation reduced the likelihood of transitioning to the “moderate progressive”
trajectory (odds ratio [OR] 0.84, 95% CI 0.75-0.94; P=.004). Intellectual activity engagement lowered risks of both “moder-
ate” (OR 0.77, 95% CI 0.63-0.94; P=.01) and “high progressive” trajectories (OR 0.63, 95% CI 0.40-0.99; P=.04). Subgroup
analyses revealed differential effects by age, sex, and residence.

Conclusions: This study confirms the existence of heterogeneous long-term frailty trajectories among middle-aged and older
Chinese adults, social and intellectual activities significantly mitigate frailty progression in Chinese middle-aged and older
adults. Regular participation in structured social and intellectual activities can effectively delay frailty development in this
population.
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Introduction

Frailty is a complex age-related clinical condition character-
ized by a decline in physiological capacity across multi-
ple organ systems, leading to increased susceptibility to
stressors [1]. As an emerging global health burden, frailty
has significant implications for clinical practice and public
health [2]. Globally, systematic assessments indicate that the
prevalence of frailty among community-dwelling adults aged
65 years and older varies widely, ranging from 4.0% to 59.1%
[3]. In a follow-up cohort study involving frail older adults
across 28 countries, the incidence of comorbidities associated
with frailty was reported to be 43.4 per 1000 person-years
[4]. Frailty imposes a substantial burden on national health
care utilization and expenditure costs. Given the increasing
prevalence and growing harm caused by frailty, identifying
it and implementing interventions to slow its progression is
crucial for the healthy [5,6].

As a multifactorial syndrome, frailty is influenced by a
range of modifiable risk factors, among which, physical,
social, and intellectual activities have garnered significant
research interest for their potential protective roles. Numerous
studies have confirmed that subjects with low social support
or social engagement, measured by social frequency, are more
likely to exhibit a rapid increase in frailty trajectory, often
validated by professional tools such as the Fried phenotype
or frailty indices [7-10]. Similarly, a prospective cohort
study suggested that frequent intellectual activities—such
as reading, playing games, or other cognitively stimulating
pursuits—have been identified as a key modifiable factor for
mitigating frailty [11]. While these studies underscore the
potential protective role of social and intellectual activities,
many focus primarily on frailty status or onset rather than
its long-term dynamic progression. Furthermore, the specific
correlation between the frequency of these activities and
distinct longitudinal frailty trajectories remains underexplored
in the context of an aging society, particularly within large
national cohorts like CHARLS (China Health and Retirement
Longitudinal Study).

In summary, this study aims to evaluate the associa-
tion between social/intellectual activities and distinct frailty
trajectories in middle-aged and older adults. The findings may
inform strategies for preventing frailty onset and improving
outcomes in individuals with frailty.

Methods

Study Population and Design

The analyses were performed based on the CHARLS.
CHARLS is a longitudinal survey of inhabitants in mainland
China aged 45 and older that provides information such as
socioeconomic position and health status. It covers 17,708
participants from 150 counties of 28 provinces in China [12].
The data on socioeconomic status, lifestyles, medications,
health status, and functioning assessments were collected.
Details on the study design, sampling procedure, and details
of the surveys are available in its report [12].
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Our study used four waves of data (2011-2018). Partici-
pants were restricted to individuals aged =45 years who had
attended the “health status and function” module at baseline,
yielding an initial sample of 17,596. Exclusions comprised
3048 individuals: 497 were aged <45 years, 2436 lacked
frailty composite indicator data, and 115 had missing social
or intellectual activity data at baseline. During follow-up
between 2011 and 2013, 2557 individuals were excluded
due to attrition (including death, withdrawal, or loss of
contact), while 878 newly eligible individuals were enrolled
in 2013. A further 1991 participants were excluded between
2013 and 2018 due to loss to follow-up. A comparison of
baseline characteristics between the final analytical cohort
and participants lost to follow-up is provided in Multimedia
Appendix 1.

Ethical Considerations

Ethical approval for the China Health and Retirement
Longitudinal Study (CHARLS) was obtained from the
Biomedical Ethics Review Committee of Peking University
(Approval Number: IRB00001052-11015). Written informed
consent was secured from all participants prior to enrollment.
No direct compensation was provided to participants for this
survey. For this secondary analysis, we used fully anony-
mized and deidentified data from CHARLS.

Assessment of Frailty

Frailty was assessed using a frailty index (FI), constructed
following a standardized procedure [13]. The detailed method
for the calculation of FI was reported in previously pub-
lished studies [14,15]. Briefly, 38 deficit variables relevant
to frailty were selected, including impairments in activities of
daily living (ADL) and instrumental activities of daily living
(IADL), covering 11 tasks such as personal hygiene, dressing,
and financial management. The index also incorporated
limitations in physical function (9 items), chronic diseases (9
items), psychological health markers (5 items), and subjective
measures (eg, self-rated health).

Each variable was scored dichotomously (0=no deficit,
1=deficit present). The FI score was derived by summing
all deficits and dividing by the total number of variables.
Frailty was defined as FI = 0.25. Full variable definitions and
methodological details are provided in Multimedia Appendix
2.

Assessment of the Frequencies of Social
and Intellectual Activities

In the CHARLS survey, participants reported their social
and intellectual activities over the preceding month. Social
activities, which included four items, were defined as:
interacting with friends; attending sports/social clubs;
participating in community organizations; and engaging in
voluntary or charity work. Intellectual activities, comprising
four items, were defined as: playing Ma-jong, playing chess,
playing cards, or going to the community club; attend-
ing educational courses; investing in stocks; and browsing
the internet. Each activity was assigned scores based on
the number of participants (Multimedia Appendix 3). The
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frequency of participants in social activities and intellec-
tual activities was counted separately, categorized into three
groups: =3 (frequent participation), 1-2 (nonregular participa-
tion), and O (no participation) [11].

Covariates

Based on previous research, several sociodemographic
and health-related covariates were included in the study.
Sociodemographic covariates comprised age, sex, marital
status, location of residence, educational attainment, and
retirement status. Health-related covariates included current
drinking, current smoking, physical activity levels, and
inpatient care. Current drinking and smoking statuses were
assessed via self-report using the following questions: “Do
you currently smoke?” and “Do you currently drink alcohol?”
Marital status was categorized as “married” or “unmarried.”
Location of residence was classified as “rural” or “urban,”
and educational attainment was grouped into three catego-
ries: “primary school or below,” “middle school,” and “high
school or above.” Physical activity levels were categorized
based on participation frequency as “inactivity,” “low-inten-
sity activities,” “moderate activities,” or “vigorous activities.”
Inpatient care was evaluated by the question: “Have you
received inpatient care in the past year?” Retirement status
was determined by the question: “Are you currently retired?”

Statistical Analysis

Continuous variables were assessed for normality and are
presented as median (25th—75th percentiles) due to their
non-normal distribution. Group comparisons were performed
using the Kruskal-Wallis test, Pearson’s y2 test, Wilcoxon
rank-sum test, and Fisher exact test, with false discovery rate
correction for multiple comparisons. Categorical variables
are summarized as frequencies and percentages, and group
differences were assessed using x2 tests.

The Group-Based Trajectory Modeling (GBTM) approach
was employed to investigate frailty trajectories in middle-
aged and older adults. This method applies finite mixture
modeling to identify observations with similar temporal
developments and assign them to distinct trajectory groups.
The optimal trajectory groups were selected based on
the following criteria to the greatest extent possible [16]:
(1) smaller absolute Bayesian Information Criterion (BIC)
values; (2) larger BIC changes; (3) average posterior
probability (APP)>0.7; (4) odds of correct classification
(OCC) >5; (5) class proportions =5%; (6) relative entropy
(Ek) is close to 1; (7) parsimony; and (8) interpretability of
group patterns.
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Subsequently, a multinomial logistic regression model
was utilized to estimate the associations between social and
intellectual activities and frailty trajectory patterns. Adjusted
odds ratios (OR) and corresponding 95% CI are reported.

The multivariable-adjusted model incorporated the
following covariates: age at baseline (continuous), sex (male
vs female), education (primary school and below, middle
school, high school and above), marital status (married
vs others), smoking status (yes vs no), alcohol consump-
tion (yes vs no), location of residence (rural vs. city),
physical activity levels (inactivity, low-intensity activities,
moderate activities, vigorous activities), inpatient care history
(yes vs no), and retirement status (yes vs no). The bene-
fits of social and intellectual activities may vary distinctly
by subgroup. Sex-based differences in social roles [17],
age-related transitions in health status [18], and China’s
pronounced rural-urban disparities in infrastructure are all
posited as key modifiers of these associations [19]. Thus,
stratified analyses were additionally performed in separate
models by age groups (<65 y and =65 y), sex (male vs
female), and location of residence (rural vs city).

Two sensitivity analyses were conducted to assess the
robustness of the associations between social/intellectual
activities and frailty. First, the 878 newly enrolled partic-
ipants in 2013 were excluded; second, frailty was strati-
fied into three categories: nonfrailty, prefrailty, and frailty,
to investigate its association with social and intellectual
activities.

Results

Baseline Characteristics

Of the initial 17,596 participants, a total of 10,878 individu-
als with three or more complete records comprised the final
analytical cohort for trajectory modeling. The detailed flow of
participant inclusion and exclusion is presented in Figure 1.

A total of 10,878 participants were included in the study,
with 52.0% (n=5655) being female. Among them, 19.7%
(n=2143) had a social activities score= 3, and 6.1% (n=662)
had an intellectual activities score= 3. Most participants
resided in rural areas, were married, had a primary school
education or below, reported physical inactivity, and had
retired (P<.001).
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Figure 1. Schematic representation of the inclusion and exclusion process for 10,878 participants.
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Estimated Frailty Trajectories

The trajectories model, consisting of three different trajecto-
ries, showed the best fit using the BIC, Akaike Information
Criterion, APP, and interpretability in the trajectories analysis
(Multimedia Appendix 4). Consequently, the GBTM with
three trajectories was selected as the optimal model. Figure
2 illustrates the trajectories labeled as: (1) “low progres-
sive” (n=7208, 65.8%), (2) “moderate progressive” (n=3,061,
28.5%), and (3) “high progressive” (n=609, 5.7%). The frailty
function trajectories across the three groups are depicted
in Figure 1. The “low progressive” group, comprising the
majority of participants (65.8%), exhibited minimal FI values
that remained consistently low throughout the observation
period. The “moderate progressive” group (28.5%) showed
gradual progression toward mild frailty over seven years,
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while the “high progressive” group (5.7%) displayed rapid
FI escalation within approximately four years, followed by a
plateau.

Comparative analysis of baseline characteristics across
trajectory groups revealed that participants in the ‘“high
progressive” group were older, more likely to be female,
married, rural residents, former smokers or alcohol consum-
ers, and had higher educational attainment (high school
or above). Additionally, this group exhibited higher rates
of physical inactivity, hospitalization history, and reduced
participation in social and intellectual activities compared to
the “low progressive” group. Detailed distribution of baseline
covariates and frailty trajectory groups was provided in Table
1.
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Figure 2. Mean trajectories of frailty scores by increasing age among middle-aged and older adults.
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Table 1. Baseline characteristics of the participants according to trajectories of frailty in middle-aged and older adults from CHARLS (China Health
and Retirement Longitudinal Study).

Class 1, low progressive  Class 2, moderate progressive  Class 3, high progressive

Characteristics (n=7208) (n=3061) (n=609) H/y? test P value
Age, years, median (IQR) 56.0 (50.0,62.0) 60.0 (55.0,66.0) 63.0(57.0,69.0) 366.9 <.001
Sex, n (%) 189.6 <.001
Female 3410 (47.3) 1855 (60.6) 390 (64.0)
Male 3798 (52.7) 1206 (39.4) 219 (36.0)
Current drinking, n (%) 1754 <.001
Yes 2759 (38.3) 813 (26.6) 132 (21.7)
No 4449 (61.7) 2248 (73.4) 477 (78.3)
Current smoking, n (%) 91.7 <.001
Yes 2421 (33.6) 775 (25.3) 134 (22.0)
No 4787 (66.4) 2286 (74.7) 475 (78.0)
Married, n (%) 1109 <.001
Yes 6637 (92.1) 2656 (86.8) 501 (82.3)
No 571 (7.9) 405 (13.2) 108 (17.7)
Residence, n (%) 59.6 <.001
Rural 4457 (61.8) 2109 (68.9) 433 (71.1)
City 2751 (38.2) 952 (31.1) 176 (28.9)
Education, n (%) 351.2 <.001
Primary school and below 4363 (60.5) 2364 (77.2) 507 (83.3)
Middle school 1824 (25.3) 460 (15.0) 69 (11.3)
High school and above 1021 (14.2) 237 (7.8) 33(54)
Physical activities, n (%) 34.8 <.001
Inactivity 4500 (62.4) 1865 (60.9) 399 (65.5)
Low-intensity activities 617 (8.6) 306 (10.0) 79 (13.0)
Moderate activities 903 (12.5) 424 (13.9) 67 (11.0)
Vigorous activities 1188 (16.5) 466 (15.2) 64 (10.5)
Inpatient care, n (%) 2432 <.001
Yes 436 (6.0) 385 (12.6) 130 (21.3)
No 6772 (94.0) 2676 (87.4) 479 (78.7)
Retirement, n (%) 0.1 94
Yes 807 (11.2) 349 (11.4) 67 (11.0)
https://aging.jmir.org/2025/1/e80152 JMIR Aging 2025 | vol. 8 1e80152 1 p. 5
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Class 1, low progressive  Class 2, moderate progressive  Class 3, high progressive

Characteristics (n=7208) (n=3061) (n=609) H/y? test P value
No 6401 (88.8) 2712 (88.6) 542 (89.0)

Social activities, n (%) 74 11
0 4375 (60.7) 1938 (63.3) 385 (63.2)
1-2 1387 (19.2) 546 (17.8) 104 (17.1)
>3 1446 (20.1) 577 (18.9) 120 (19.7)

Intellectual activities, n (%) 89.1 <.001
0 5576 (77.4) 2573 (84.1) 538 (88.3)
1-2 1143 (15.9) 339(11.0) 47 (7.7)
=3 489 (6.7) 149 (4.9) 24 (4.0)

Baseline Social, Intellectual Activities
Scores and Frailty Trajectories

The multinomial regression analysis (Model 2) revealed
distinct associations between social/intellectual activity scores
and frailty trajectory membership. For social activities,
compared to the reference group (score=0): participants with
1-2 scores showed no significant reduction in the odds of
transitioning to the moderate progressive trajectory or the
high progressive trajectory. Participants with =3 activity
scores exhibited a 16% reduction in the odds of belonging
to the moderate progressive trajectory (odds ratio [OR] 0.84;
95% CI 0.75-0.94; P=.004), while no significant association
was observed for the high progressive trajectory.

For intellectual activities, compared to the reference group
(score=0): participants with 1-2 scores demonstrated an 18%
reduction in the odds of entering the moderate progressive
trajectory (OR 0.82; 95% CI 0.72-0.94; P=.005) and a 40%
reduction in the odds of transitioning to the high progressive
trajectory (OR 0.60; 95% CI 0.43-0.83; P=.002). Partici-
pants with =3 activity scores showed even stronger protec-
tive effects: a 23% reduction in the odds for the moderate
progressive trajectory (OR 0.77; 95% CI 0.63-0.94; P=.01)
and a 37% reduction in the odds for the high progressive
trajectory (OR 0.63; 95% CI 0.40-0.99; P=.04). Detailed
results are presented in Table 2.

Table 2. Multinomial logistic regression analysis for the associations of social and intellectual activities with membership in the frailty trajectories

group. Model 1 adjusted for age, sex, current drinking, current smoking; Model 2 plus additional adjustments for married, residence, education,

physical activities, inpatient care, and retirement.

Variables Model 1

Moderate progressive (vs low

High progressive (vs low

Model 2

Moderate progressive (vs low  High progressive (vs low

progressive) progressive) progressive) progressive)
OR? (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Social activities scores
0 1.00 (reference) b 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
1-2 0.93 (0.83-1.05) 26 0.94 (0.75-1.19) 62 0.95 (0.85-1.07) 43 0.92 (0.72,1.17) 49
=3 0.82 (0.73-0.92) 001 0.80 (0.64-0.99) 046 0.84 (0.75-0.94) 004 0.87 (0.69,1.09) 23
Intellectual activities scores
0 1.00 (reference) — 1.00 (reference) — 1.00 (reference) — 1.00 (reference) —
1-2 0.78 (0.68-0.90) <.001 0.54 (0.40-0.75) <.001 0.82 (0.72-0.94) 005 0.60 (0.43,0.83) 002
=3 0.67 (0.55-0.82) <.001 0.51 (0.33-0.79) 002 0.77 (0.63-0.94) 01 0.63 (0.40,0.99) 04

30R: odds ratio.
bNot applicable.

Stratified Analysis

The stratified analyses are shown in Figure 3. We found
that significant associations between social activities scores
and frailty trajectories seem to differ with sex and age.
In men, higher social activity scores had a significant
effect on the moderate progression of reducing frailty, (OR
0.85; 95% CI 0.73-0.98, P=.003). For women, intellectual
activities demonstrated stronger protective effects against
frailty progression. Women engaging in frequent intellectual
activities had a 32% lower risk of entering the “moderate

https://aging . jmir.org/2025/1/e80152

progressive” trajectory (OR 0.68; 95% CI 0.51-0.92, P=.001).
At the same time, high levels of social activities have
a positive role in preventing frailty in people aged <65
years. Frequent social activity reduced the risk of “moder-
ate progressive” (OR 0.83; 95% CI 0.72-0.95, P=.05) and
“high progressive” (OR 0.69; 95% CI 0.51-0.94, P=.02)
trajectories. In terms of the geographical distribution, rural
residents showed stronger associations between social activity
and favorable vulnerable trajectories(OR 0.81; 95% CI
0.70-0.94, P=.006), while urban residents benefited more
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from structured intellectual engagement(OR 0.76; 95% CI
0.58-0.98, P=.05).

Figure 3. The association of intellectual activities and social activities, stratified by age group, sex group, and residence group. Odds ratio (OR), 95%
CI, and P values test the significance of the association within each subgroup. Adjusted for age, sex, current drinking, current smoking, marital status,
residence, education, physical activities, inpatient care, and retirement.
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Sensitivity Analyses

In the sensitivity analyses, first, to account for potential bias
introduced by participant selection, the cohort was reanalyzed
after excluding 878 participants enrolled in 2013 (Table
S1-S2 in Multimedia Appendix 5). Second, participants were
categorized into three frailty states based on the frailty index
to examine the association between distinct frailty states and
engagement in social and intellectual activities. Across all
sensitivity analyses, the results remained consistent, further
supporting the robustness of the observed associations (Table
S1-S2 in Multimedia Appendix 6).

Discussion

Principal Findings

In this longitudinal study, we identified three distinct frailty
trajectories—low progressive, moderate progressive, and
high progressive. Our findings demonstrated that frequent
participation in social and intellectual activities is associ-
ated with a reduced risk of transitioning to adverse frailty
trajectories. Unlike prior studies that primarily focused on
frailty status or onset, our analysis captures the dynamic
progression of frailty, thereby offering a longitudinal
perspective on how modifiable psychosocial factors influence
frailty development over time. Additionally, this study found
that both social and intellectual activities can affect the frailty
trajectory of different genders, different age groups, and
different regions. These associations remained robust across
sensitivity analyses, underscoring the potential protective role
of engagement in social and intellectual activities against
frailty progression. To our knowledge, this is one of the first
studies to simultaneously examine the association of both
social and intellectual activity frequencies with longitudinal
frailty trajectories, providing a dynamic perspective on frailty
progression and its modifiable psychosocial predictors.

Association Between Social Activity and
Frailty Trajectories

Consistent with previous studies [20-22], our findings
demonstrate that frequent participation in social activity
is significantly associated with a reduced likelihood of
progression along a moderate frailty trajectory. These
associations can be explained by various factors: Firstly,
social activity often involves physical exertion, which
enhances muscle mass, strength, balance, and cardiopulmo-
nary function [23], thereby directly counteracting established
pathways linking skeletal muscle structure and function to
frailty. However, whereas previous studies largely examined
social support or isolation as static risk factors, our trajec-
tory-based approach reveals how varying levels of social
activity dynamically influence frailty progression over time.
Previous studies have reported that loneliness and social
isolation are established risk factors for frailty [24,25]. Social
activity mitigates established risk factors for frailty, such
as loneliness and social isolation, by providing emotional
support and improving psychological well-being. Evidence
also suggests that inflammation may play a regulatory role
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in the progression of frailty; inflammatory responses can be
exacerbated by social isolation [26-29]. Thus, increased social
activities could attenuate systemic inflammation and delay
frailty progression.

Notably, we observed differential effects across subgroups.
Our study found that men may derive greater benefits from
social activities in slowing frailty progression, potentially due
to their tendency to seek support through social networks
to manage stress, whereas women may prioritize educational
or cultural activities [17]. Notably, the protective effect was
more pronounced in participants younger than 65 years of
age in the present study, possibly because the middle-aged
population socializes more frequently and is more affected.
Additionally, geographic differences were evident. Social
activities were particularly effective in reducing frailty among
rural residents, possibly due to rural China’s social structure
and residential distribution, which leads to a strong reliance
on kinship networks. These networks provide instrumental
help and reduce loneliness through the incorporation of
physical labor in agriculture-based social activity.

Association Between Intellectual Activity
and Frailty Trajectories

Our findings corroborate earlier observational studies linking
intellectual activity to a lower risk of frailty [11], but
extend them by demonstrating a longitudinal and dose—
response relationship between intellectual engagement and
frailty trajectory. However, prior research has not adequately
addressed the longitudinal effects of social and intellec-
tual activities on frailty trajectories. Frailty often coexists
with cognitive impairment [30]. Lack of intellectual activity
increases the risks of cognitive impairment [31], which
in turn creates a higher risk of frailty occurrences. In a
cross-sectional study, Wang et al [32] found that engaging
in intellectual activity in later life was associated with a
lower prevalence of frailty, particularly among older adult
women. This aligns with our observation in females that
intellectual activity exerts a stronger protective effect against
frailty progression in females. Furthermore, urban residents
benefited more from intellectual activities; this may be due
to urban areas with better-developed public infrastructure and
information accessibility may facilitate cognitive stimulation
through intellectual engagement.

Frailty has evolved from the initial concept to a com-
plex, multidimensional bio-psycho-social syndrome [33].
Compared to previous interventions that have focused on
physical activity and nutritional strategies, our findings
highlight the importance of integrating social and psycholog-
ical strategies. Based on the results of our study showing a
significant association between participation in social activity
and intellectual activity and reduced vulnerability develop-
ment, this encourages the inclusion of frailty interventions
in future social activity and intellectual activity interven-
tion strategies in middle-aged and older adults. Specifically,
tailored interventions should be implemented. For men, social
activities should be actively promoted to delay the develop-
ment process of frailty, while women should carry out a
variety of learning skills from the perspective of intellectual
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activities. From the age group, we advocate intervention in
the development of the frailty trajectory early in middle age,
which can effectively prevent and reduce the development of
frailty. In rural areas, enhancing public infrastructure could
amplify the benefits of intellectual activities, whereas urban
communities should prioritize social activity programs to
address isolation risks. Furthermore, if social and intellectual
activity are performed simultaneously and combined with
physical exercise, it may have a positive impact on maintain-
ing the normal operation of the physiological system, thus
delaying the progression of cognitive fragility [34-36].

Strengths and Limitations of This Study

To our knowledge, this is the first study to investigate the
relationship between social and intellectual activity and frailty
trajectory. The strength of this study is that we used a
relatively large nationally representative cohort of Chinese
middle-aged and elderly people to evaluate the influence of
social activity and intellectual activity on frailty trajectory,
and we found that frequent intellectual activity was associated
with a lower frailty trajectory, suggesting that we provide a
new direction for the management and prevention of frailty.
Furthermore, state-of-the-art statistical models were used to
fit frailty development trajectories. This approach helps to
identify groups of individuals who have experienced similar
levels and patterns over time, and more helps to identify
people with similar frailty trajectories, thus rationing the
intervention for the population.

Xu et al

However, limitations should be acknowledged. First,
despite rigorous adjustment, residual confounding from
unmeasured factors cannot be ruled out. Specifically, more
granular data on socioeconomic status, nutritional status were
not available. These factors may influence both activity
participation and frailty risk. Second, self-reported activity
frequencies are susceptible to recall bias, though nondif-
ferential misclassification would likely attenuate observed
associations. Third, the generalizability of our findings
to other ethnic or cultural contexts may be limited. The
CHARLS cohort, while nationally representative of middle-
aged and older Chinese adults, has distinct sociodemographic
characteristics that may differ from populations in Western
countries.

Conclusion

This study provides novel evidence that social and intellec-
tual activities are independently associated with favorable
frailty trajectories in middle-aged and older adults. The
sex- and age-specific effects highlight the need for tailored
interventions—promoting social engagement in men and
intellectual stimulation in women, particularly in younger
populations. Furthermore, future research should investigate
whether interventions that simultaneously combine social,
intellectual, and physical activity could have synergistic
effects in maintaining physiological system integrity and thus
delaying frailty progression, building on existing evidence.
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