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Abstract

Purpose: This study aims to reveal the diverse developmental
trajectories of cognitive function among sedentary middle-aged and
older adults in China and to explore the potential factors influencing
these trajectories.

Methods: Utilizing data from the China Health and Retirement
Longitudinal Study (CHARLS) collected in 2011, 2013, 2015, and
2018, a longitudinal cohort was established. A total of 3,461
participants were assessed using the Mini-Mental State Examination
(MMSE). Group-Based Trajectory Modeling (GBTM) was employed to
identify distinct cognitive function trajectories within the sedentary
population. Lasso regression was used to select potential predictors,
and multivariable logistic regression analysis was performed
to analyze factors associated with different cognitive function
trajectories.

Results: The study identified three distinct cognitive function
trajectories: “Low Cognitive Function Group,” “Moderate Cognitive
Function Group,” and “High Cognitive Function Group.” Significant
differences were observed in baseline characteristics among these
trajectory subgroups. Notably, older age, rural residency, lower
educational attainment, unmarried status, lack of daily leisure
activities, and higher CES-D 10 scores among sedentary middle-aged
and older women were identified as key populations for targeted
interventions to address cognitive decline.

Conclusion: The developmental trajectories of cognitive function
among sedentary middle-aged and older adults in China exhibit
considerable heterogeneity. Tailored interventions designed for the
specific characteristics of each subgroup are crucial for effectively
preventing and treating depression.
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Introduction

As the global population ages at an accelerating rate, the
prevalence of cognitive impairment is increasing significantly.
In 2018, an estimated 50 million people worldwide were af-
fected by dementia, a figure projected to rise to 152 million by
2050 [50]. Dementia is a syndrome characterized by cognitive
dysfunction as its core manifestation, often accompanied by
diminished social skills and behavioral abnormalities [33]. In
China, the prevalence of cognitive impairment is particularly
notable, affecting approximately 15% of older adults [25]. With
over 360,000 new cases of cognitive impairment annually, the
total number of affected individuals is expected to reach 48.68
million by 2060 [32]. Dementia is a chronic, incurable condition,
and cognitive impairment is often regarded as an intermediate
state between normal aging and dementia [20]. Therefore, with
the rapid growth of the elderly population, understanding the
developmental trajectory of cognitive impairment and its po-
tential influencing factors is essential for promoting effective
interventions, managing this condition, and achieving healthy
aging [47].

In recent years, sedentary behavior has emerged as a criti-
cal health-related behavior. Numerous epidemiological studies
have demonstrated the significant adverse effects of sedentary
behavior on various health outcomes(de Rezende et al., 2014).
Sedentary behavior, distinct from physical inactivity, refers to
activities involving a sitting, reclining, or lying posture with an
energy expenditure of <1.5 Metabolic Equivalents (METs) dur-
ing wakefulness [42]. Evidence suggests a significant association
between sedentary behavior and the risk of cognitive impair-
ment and dementia in middle-aged and older populations, with
those engaging in sedentary behavior experiencing greater cog-
nitive decline compared to their non-sedentary counterparts
[10,46]. However, most studies on cognitive impairment have
predominantly focused on older adults [17] or specific patient
populations, such as individuals with cardiovascular disease
or breast cancer [19,28], with limited attention to the impact
of sedentary behavior on the general middle-aged and older
population. Moreover, existing research indicates that cognitive
trajectories vary significantly across different populations [47].
Early identification of potential risk factors for cognitive decline
is therefore crucial for delaying or preventing the onset of cog-
nitive impairment [45].

Notably, recent studies increasingly identify sedentary
behavior as an independent risk factor for cognitive decline
[18,36]. While previous studies have explored the relationship
between sedentary behavior and cognitive impairment, many
have relied on cross-sectional designs [6,10] or longitudinal
studies [3], which have not fully accounted for the potential
heterogeneity in individual cognitive trajectories. GBTM, a finite
mixture modeling technique, offers the capability to simultane-
ously estimate multiple trajectories and identify subgroups with
distinct developmental pathways, addressing the limitations of
linear mixed models. GBTM captures the heterogeneity in in-
dividual trajectories, providing a more comprehensive under-
standing of the long-term patterns of cognitive impairment
within populations [30].

Against this backdrop, this study focuses on sedentary mid-
dle-aged and older adults in China, employing the GBTM ap-

proach to uncover the diversity of cognitive trajectories and
their potential influencing factors. By identifying subgroup
characteristics associated with different cognitive trajectories,
this study aims to facilitate the development of more precise,
personalized interventions and treatment strategies, thereby
providing a scientific foundation for the early identification and
effective management of high-risk populations. Ultimately, this
study seeks to enhance awareness of cognitive health among
sedentary middle-aged and older adults and provide actionable
recommendations for prevention and intervention strategies.

Methods
Data source

This study is based on data from CHARLS conducted in 2011,
2013, 2015, and 2018. CHARLS is a nationally representative
cohort study that began with a baseline survey in 2011 using
a multi-stage sampling method. The survey encompasses 28
provinces, 150 counties, and 450 villages or urban communities
across China. Follow-up surveys were conducted in 2013, 2015,
and 2018 to comprehensively collect health status and related
factors among the elderly population in China. The study re-
ceived approval from the Biomedical Ethics Review Committee
of Peking University (IRBO0001052-11015), and all participants
provided written informed consent [49].

In this study, we selected participants aged 45 years and old-
er who engaged in less than 600 METs (metabolic equivalents)
of physical activity per week, representing a sedentary middle-
aged and older population. Consequently, our exclusion criteria
included participants who were younger than 45 years at base-
line (n=2547), lacked baseline cognitive scores (n=4782), or had
missing key information (such as education level, marital status,
smoking habits, alcohol consumption, self-rated health, partici-
pation in leisure activities, and CES-D 10 scores) (n=64291). Ad-
ditionally, 1636 participants were excluded due to the absence
of follow-up cognitive data. Ultimately, 3461 participants had
complete study data, with 516 participants providing at least
two cognitive scores, which were included in the current analy-
sis (Figure 1).

Assessment of sedentary behavior

In CHARLS database, sedentary behavior was not directly
measured. To assess the sedentary behavior of middle-aged
and older adults, this study employed the International Physi-
cal Activity Questionnaire (IPAQ), along with previous research
evaluating leisure activities, to reflect sedentary behavior in this
population. This approach aimed to indirectly capture levels of
physical activity and leisure participation in order to identify
sedentary individuals within the group.

During CHARLS survey periods in 2011, 2013, 2015, and
2018, participants were asked whether they had engaged in
at least 10 continuous minutes of physical activity in the past
week. These activities were categorized as Vigorous Physical
Activity (VPA), such as weightlifting, digging, farming, aerobics,
and fast cycling; Moderate Physical Activity (MPA), such as lift-
ing light objects, cycling at a normal pace, and practicing Tai Chi;
and Light Physical Activity (LPA), such as walking while working,
walking at home, or walking for leisure.
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Participants were also asked about the frequency of these
activities (from 0 to 7 days per week) and the duration of daily
activities (210 minutes but <30 minutes, =30 minutes but <2
hours, 22 hours but <4 hours, or 24 hours). Since the question-
naire did not specify durations, we adopted a method from pre-
vious studies to convert these time intervals into medians.

The IPAQ short form assigns a MET value of 3.3 for walking,
4.0 for moderate intensity activities, and 8.0 for vigorous inten-
sity activities [40]. The total physical activity level is the sum of
these three PA intensity levels. Finally, individuals with a total
Physical Activity Volume (PAV) of less than 600 MET minutes/
week were classified as lacking sufficient physical activity, indi-
cating their sedentary status.

Assessment of cognition

Based on previous studies [23,24], cognitive function is di-
vided into two categories: episodic memory and mental intact-
ness. Episodic memory is assessed through a word recall test.
The examiner reads a list of 10 randomly selected words, and
participants are then asked to recall as many words as possible
immediately (immediate recall). The number of correctly re-
called words serves as the participant’s immediate recall score.
Ten minutes later, participants are asked to recall the same list
of words again (delayed recall). The score for episodic memory
is the average of the immediate and delayed recall scores, with
a range of 0 to 10 points.

Mental integrity is assessed based on certain mental status
questions from the Telephone Interview for Cognitive Status
(TICS) scale, which evaluates an individual’s cognitive status.
In CHARLS, the mental status questions include counting down
from 100 by sevens (up to five times), stating the date (month,
day, and year), identifying the day of the week, naming the sea-
son, and performing a copying test of a star polygon. The re-
sponses to these questions are compiled into a mental integrity
score, with a range of 0 to 11 points. The overall cognitive score
is the sum of the episodic memory score and the mental integ-
rity score, with a total range of 0 to 21 points.

Covariates

In the analysis of this study, we included multiple baseline
measurements as covariates, including age, gender, education
level, marital status, type of residence, smoking and drinking
statue, self-reported health status, chronic diseases, leisure
activity scores, and CES-D 10 scores. Education level was cat-
egorized as “elementary school and below” and “middle school
and above.” Gender was classified as “male” and “female,”
while marital status was divided into “married” and “other.” The
type of residence was categorized as “rural” and “urban.” Self-
reported health status was based on individual subjective feel-
ings, categorized as “good,” “fair,” or “poor.” Sleep duration was
divided into “<6 hours/day,” “6-8 hours/day,” and “>8 hours/
day.” Leisure activity scores were calculated based on partici-
pants’ engagement in leisure activities, and depression was as-
sessed using the CES-D 10 scale.

Leisure activities are typically defined as voluntary, non-
work-related activities undertaken for enjoyment. Scholars have
not reached a consensus on how to measure leisure activities.
This study referenced previous research and adopted a six-item
scale to assess leisure activities [5]. The six items included: “In-
teracted with friends”; “Played Ma-jong, played chess, played
cards, or went to community club”; “Went to a sport, social, or

other kind of club”; “Took part in a community-related orga-
nization”; “Done voluntary or charity work”; and “Attended an
educational or training course”. In CHARLS, respondents were
asked whether they participated in each activity (Yes=1, No=0),
and scores for each item were recorded. The total score across
all items ranged from 0 to 6, with higher scores indicating a
greater level of participation in leisure activities [43].

Smoking status was assessed through two key questions:
first, participants were asked, “Have you ever smoked? (in-
cluding cigarettes, pipes, or chewing tobacco).” Those who de-
nied any smoking history were classified as “never smokers.”
For individuals who confirmed a smoking history, a follow-up
question was asked: “Are you currently smoking, or have you
quit?” Based on their responses, they were classified as “cur-
rent smokers” or “former smokers.” Similarly, drinking behavior
was classified according to current alcohol consumption status,
divided into “current drinkers” and “never drinkers.”

Statistical analysis

Statistical analyses were conducted using R version 4.4.1 and
SPSS version 27.0. A GBTM was employed to identify potential
categories of cognitive function development among sedentary
middle-aged and older adults. The GBTM utilizes maximum like-
lihood estimation to classify individuals with similar symptom
trajectories, distinguishing subgroups that exhibit different pat-
terns of cognitive function development.

The primary outcome measure was the Mini-Mental State
Examination (MMSE) score, which can be regarded as continu-
ous data approximating a normal distribution. Consequently, a
truncated normal model was utilized to fit the trajectories. The
modeling process began with a smaller number of subgroups,
with each subgroup initially fitted using a high-order polynomial
function. If the higher-order terms were found to be statistically
insignificant, they were removed, and the model was refitted
using lower-order terms.

In assessing model fit, we focused on key information criteria:
the Bayesian Information Criterion (BIC), the Akaike Information
Criterion (AIC), and the Corrected Akaike Information Criterion
(CAIC). Lower values of BIC, AIC, and CAIC indicate better model
fit, while an average posterior probability (AvePP) greater than
0.7 suggests acceptable model fit (Nagin). To achieve the study
objectives, we carefully evaluated the model fit indices to iden-
tify the optimal model, ensuring its accuracy in representing the
trajectories of depressive symptoms.

For baseline characteristics, independent sample tests were
used to compare continuous variables among different cogni-
tive function trajectory groups, while chi-square tests were em-
ployed for categorical variables. To identify potential predictors
of cognitive function trajectories and mitigate multicollinearity,
a Least Absolute Shrinkage and Selection Operator (LASSO) re-
gression was performed. The best subset of predictive variables
was selected using 10-fold cross-validation. Based on the re-
sults of the LASSO regression, a multivariable logistic regression
model was employed to determine predictors associated with
trajectory group membership. All statistical tests in this study
were two-tailed, with a p-value of less than 0.05 indicating sta-
tistical significance.
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Results
Participant characteristics

A total of 3,461 participants were included in the baseline
analysis of this study. The average age of the participants was
61.53 years (standard deviation: 10.04 years). Females com-
prised 51.8% of the sample, with the majority residing in ru-
ral areas (56.7%). The education level was generally low, with
64.6% of participants having an education level of elementary
school or below. Regarding marital status, 85.6% of participants
were married.

In terms of lifestyle habits, the average score for leisure ac-
tivities among participants was 0.58. When assessing self-rated
health status, 30.9% of participants classified their health as
poor, while 76.5% reported having chronic illnesses. In relation
to smoking and drinking behaviors, 56.6% of participants had
never smoked, and 58.3% had never consumed alcohol. Addi-
tionally, the average scores on the MMSE and CES-D 10 scales
were 11.57 (standard deviation: 3.79) and 8.44 (standard devia-
tion: 6.36), respectively (Table 1).

Cognitive function trajectories

We considered various group numbers (1-5 groups) and func-
tional forms (intercept, linear, quadratic, cubic) to fit the trajec-
tories of depressive symptoms. Although the model with two
trajectories demonstrated slightly better fit indices, including
lower AIC (21,476.73), BIC (21,533.32), and CAIC (21,542.32),
we opted for a three-trajectory model to better capture the
heterogeneity of cognitive function development, aligning with
the study objectives. While the three-trajectory model did not
possess the lowest fit indices (AlC=21,739.65, BIC=21,808.82,
CAIC=21,819.82), it provided adequate classification probabili-
ties (all greater than 0.7). This balance between model fit and a
more detailed description of cognitive function trajectories led
us to adopt the three-trajectory solution (Figure 2).

Based on the MMSE scores, we identified three distinct tra-
jectories of cognitive function scores (Figure 2). The first group,
termed the “Low Cognitive Function Group” (n=505, 14.6%),
consistently exhibited low MMSE scores, all below 3, indicating
relatively poor cognitive function. The second group, referred
to as the “Moderate Cognitive Function Group,” demonstrated
moderate MMSE scores, which were higher than those of the
low cognitive function group (n=783, 22.6%). Finally, the third
group, characterized by relatively high MMSE scores consis-
tently above 13, was classified as the “High Cognitive Function
Group,” reflecting a higher level of cognitive function within
the study and representing the largest subgroup of older adults
with superior cognitive abilities (n=2,173, 62.8%).

Logistic regression analysis of factors influencing cognitive
function trajectories

We utilized LASSO regression to identify seven variables with
the greatest predictive potential: age, gender, education level,
marital status, leisure activities, residence, and CES-D 10 scores
(see Supplementary Figures 1 and 2 & Table 2). These seven
variables were subsequently included as independent variables
in a multivariable logistic regression analysis, with depressive
symptom trajectory groups as the dependent variable (Figure
3).

Bascline Assessment of Participants in CHARLS Four-
Wave Data
N=77233

Excluded participants younger than 45 years
N=2547

Excluded participants with missing MMSE
score data
N=4782

Excluded participants with missing demographic,
cducational, and self-rated health information
N=64291

Participants with complete baseline data (wave 1)
N=5613

Excluded participants with missing MMSE score
data in waves 2 to 4
N=1636

Excluded participants with duplicate records across

waves
N=516

Participants with complete baseline data and at least one
MMSE assessment from waves 2 to 4 included in final
analysis
N=3461

Figure 1: Flowchart of participant selection from the CHARLS
database. j
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Figure 2: Trajectories of cognitive function.
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Moderate cognitive function
Variable OR(95%CT) P value
Age 0.948(0.936,0.961) <0.001

High cognitive function
OR(OS%CT) P value
0915(0.904,0.926) <0001

Gender
Male
Female 0.596(0.466,0.763) ro- <0001 0475(03760.601) » <0001

Educational level
Primary school or below
Middle school or above  2.647(1.777,3.942) e <0001 7287(5.022,10575) e <0001
Marital status
Married 100 100
Unmarried/Other ~ 0.982(0.729,1324) —4— 0097 0771(0575.1.033) 0,082

Utban 12750993,1.638)  e— 0.507 2042(16132.585) | re= <0.001

Leisure activities score  1.169(0.973,1405) e 0.095 1.569(1.322,1.863)  §e« <0.001

CES-D 10 0.976(0.959.0.993) 0.005 0.937(0.921.0.953) <0001

Figure 3: Multivariate logistic regression analysis of cognitive
function trajectory groups. j
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CTabIe 1: Basic characteristics of participants across different survey waves. )

Participant Characteristics across survey waves
Variable Total sample (n=3461) P value
Wave 1 (n=868) Wave 2 (n=477) | Wave 3 (n=927) Wave 4 (n=1189)

Age, MxSD 61.53+10.04 60.36+9.97 59.34+9.86 62.56+9.72 62.47+10.20 <0.001*
Gender, n(%) <0.001*
Male 1668(48.2) 379(43.7) 169(35.4) 474(51.1) 646(54.3)
Female 1793(51.8) 489(56.3) 308(64.6) 453(48.9) 543(45.7)
Residence, n(%) <0.001*
Urban 1490(43.1) 432(49.8) 189(39.6) 362(39.1) 507(42.6)
Rural 1971(56.7) 436(50.2) 288(60.4) 565(60.9) 682(57.4)
Educational level, n(%) 0.020*
Primary school or below 2235(64.6) 536(61.8) 314(65.8) 633(68.3) 752(63.2)
Middle school or above 1226(35.4) 332(38.2) 163(34.2) 294(31.7) 437(36.8)
Marital status, n(%) 0.869
Married 2961(85.6) 739(85.1) 411(86.2) 788(85.0) 1023(86.0)
Other 500(14.4) 129(14.9) 66(13.8) 139(15.0) 166(14.0)
Self-reported health, n(%) 0.064
Poor 1070(30.9) 274(31.6) 143(30.0) 276(29.8) 377(31.7)
Fair 1623(46.9) 397(45.7) 223(46.8) 474(51.1) 529(44.5)
Good 768(22.2) 197(22.7) 111(23.3) 177(19.1) 283(23.8)
Chronic diseases, n(%) <0.001*
Yes 2646(76.5) 618(71.2) 339(71.1) 754(81.3) 935(78.6)
No 815(23.5) 250(28.8) 138(28.9) 173(18.7) 254(21.4)
Smoking status, n(%) <0.001*
Current smokers 978(28.3) 231(26.6) 86(18.0) 280(30.2) 381(32.0)
Former smokers 523(15.1) 89(10.3) 42(8.8) 174(18.8) 218(18.3)
Never smokers 1960(56.6) 548(63.1) 349(73.2) 473(51.0) 590(49.6)
Drinking status, n(%) <0.001*
Current drinkers 1442(41.7) 312(35.9) 148(31.0) 416(44.9) 566(47.6)
Never drinkers 2019(58.3) 556(64.1) 329(69.0) 511(55.1) 623(52.4)
Sleep time, n(%) 0.011*
<6h/d 1140(32.9) 250(28.8) 163(34.2) 318(34.3) 409(34.4)
6-8h/d 2027(58.6) 550(63.4) 274(57.4) 513(55.3) 690(58.0)
>8h/d 294(8.5) 68(7.8) 40(8.4) 96(10.4) 90(7.6)
Leisure activities score, M+SD 0.58+0.77 0.55+0.74 0.69+0.84 0.57+0.78 0.55+0.74 0.017*
MMSE score, M+SD 11.5743.79 11.68+3.71 11.76%3.78 10.86+3.86 11.96%3.73 <0.001*
CES-D score, M+SD 8.4416.36 8.4716.32 7.91+5.77 8.5616.52 8.5616.48 0.595

Abbreviations: n: Number; SD: Standard Deviation; *p<0.05

Using the “Low Cognitive Function Group” as the reference
category, the multivariable logistic regression analysis revealed
significant demographic differences among the subgroups. The
results indicated that older adults may experience a continuous
decline in cognitive function with advancing age. Women exhib-
ited lower cognitive function levels across all groups, particular-
ly pronounced in the High Cognitive Function Group. Addition-
ally, higher education levels (junior high school and above) were
identified as a protective factor for cognitive function. Unmar-
ried individuals demonstrated lower cognitive function levels,
with the most significant impact observed in the High Cognitive
Function Group, suggesting a higher risk of cognitive impair-

ment. Furthermore, individuals residing in urban areas showed
higher cognitive function levels compared to those in rural ar-
eas. Engaging in more leisure activities significantly enhanced
cognitive function levels. Lastly, older adults with lower CES-D
10 scores, indicating no or mild depressive symptoms, also ex-
hibited relatively higher cognitive function levels, particularly in
the High Cognitive Function Group. These findings underscore
the critical roles of demographic, lifestyle, and health-related
factors in depressive symptom trajectories and provide valu-
able insights for developing targeted interventions and public
health strategies aimed at improving cognitive function within
this population.
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Discussion

Recent studies have increasingly highlighted the potential
adverse effects of sedentary behavior on cognitive function
[13]. Prolonged periods of sitting can affect various physiologi-
cal functions, which may in turn impact cognitive abilities. Ad-
ditionally, sedentary behavior may be associated with increased
chronic inflammation, where the accumulation of inflammatory
factors can influence neural plasticity and neurotransmission
through multiple pathways, thereby impairing cognitive func-
tion [22].

Although numerous studies have explored the relationship
between sedentary behavior and cognitive function, there re-
mains some controversy and uncertainty regarding the specific
mechanisms and causal relationships involved. Furthermore,
most research on cognitive function primarily focuses on old-
er adults, with studies targeting sedentary older populations
largely relying on cross-sectional data [2,7]. Differences in study
findings often arise from variations in sample characteristics,
measurement methods for sedentary behavior, research de-
signs, and the specific domains of cognitive function examined
[39]. Thus, further investigation into the complex relationship
between sedentary behavior and cognitive function is crucial
for revealing potential factors influencing cognitive changes and
for developing effective prevention and intervention strategies.
This study utilized data from CHARLS from 2011 to 2018 to ex-
plore the cognitive function trajectories and risk factors in sed-
entary middle-aged and elderly adults in China.

We identified three distinct trajectories of cognitive function,
named “Low Cognitive Function Group,” “Moderate Cognitive
Function Group,” and “High Cognitive Function Group.” In our
study, 14.6% of sedentary middle-aged and elderly adults were
classified as the “Low Cognitive Function Group,” consistently
scoring low on the MMSE, with scores remaining within a low
range. The “Moderate Cognitive Function Group” comprised
22.6% of participants, whose MMSE scores were consistently
higher than those in the low cognitive function group, maintain-
ing an average around 9 points. Finally, 62.8% of the population
fell into the “High Cognitive Function Group,” displaying consis-
tently high and stable MMSE scores throughout the observa-
tion period, representing the highest cognitive function levels
among middle-aged and elderly adults.

Research indicates that initial cognitive function levels and
the maintenance or decline of cognitive function over time are
important predictors of cognitive impairment development
[34]. Therefore, prioritizing the prevention and intervention of
cognitive dysfunction in the “High Cognitive Function Group” is
essential, employing early screening and targeted measures to
improve cognitive outcomes. Our findings reveal heterogene-
ity in cognitive function trajectories among sedentary middle-
aged and elderly adults in China, underscoring the importance
of developing strategies and interventions tailored to different
cognitive trajectories to enhance cognitive health in this popu-
lation [14].

This study thoroughly examined various factors influencing
cognitive function trajectories among sedentary middle-aged
and elderly adults. The results from the multivariable logistic
regression analysis clearly indicated that factors such as age,
gender, education level, leisure activities, residence, and CES-D
10 scores significantly influenced the classification of cognitive
function trajectories (P<0.05).

From a demographic perspective, being male, married, and
having a higher education level were protective factors against
cognitive decline. Physiologically, the decline in metabolic rate
and cardiovascular function with increasing age may make
middle-aged and elderly adults more susceptible to the adverse
effects of sedentary behavior [1]. Multiple studies have shown
that prolonged sedentary behavior is significantly associated
with cognitive decline in older populations [35]. Furthermore,
gender also exhibits unique characteristics in the relationship
between sedentary behavior and cognitive function. Some
studies have found that women may have relative advantages
in certain cognitive domains, such as verbal memory and emo-
tional processing, yet they may also be more adversely affected
by sedentary behavior [8]. This aligns with our study results,
indicating that women performed worse than men in terms of
cognitive function.

Marital status significantly impacts individual lifestyle and
mental health, potentially linking sedentary behavior and cog-
nitive function [15]. Emotional support and companionship
within marriage may positively influence mental health, which
is crucial for maintaining cognitive function [29]. Conversely,
unmarried individuals may experience greater lifestyle freedom
but could also face increased feelings of loneliness and poor
habits, adversely affecting cognitive function [21].

Education level serves as a key indicator of individual knowl-
edge, cognitive ability development, and lifestyle differences
[12]. Generally, individuals with junior high school education or
higher tend to engage in occupations that require higher cogni-
tive involvement and have greater access to diverse information
and learning resources, which can help maintain and enhance
cognitive function [48]. Studies have shown that individuals
with lower education levels may be more susceptible to nega-
tive lifestyle influences, including sedentary behavior [27].

Differences in residence can lead to various disparities in
living environments, lifestyles, and health resources, impact-
ing the relationship between sedentary behavior and cognitive
function [41]. Residents in rural areas often have limited access
to medical and health promotion resources, leading to fewer
opportunities for cognitive health enhancement, making them
more vulnerable to cognitive risks associated with sedentary
behavior [38].

Moreover, the type and frequency of leisure activities sig-
nificantly influence individual sedentary behavior patterns and
the development and maintenance of cognitive function [31].
Engaging in active leisure activities helps reduce sedentary
time, promotes brain blood circulation, and enhances neural
plasticity, thus positively impacting cognitive function [4]. A
study focusing on different leisure activity patterns found that
individuals predominantly engaged in sedentary activities per-
formed worse on cognitive tests compared to those who regu-
larly participated in diverse and active leisure activities [37]. The
interplay between depression, sedentary behavior, and cogni-
tive function is complex. On one hand, depression may lead to
a lack of motivation and interest in physical activity, thereby
increasing sedentary time [26]. On the other hand, prolonged
sedentary behavior may exacerbate depressive symptoms, neg-
atively impacting cognitive function [44]. Research has shown
that individuals with higher CES-D 10 scores, indicating more
pronounced depressive symptoms, often exhibit poorer per-
formance across various cognitive domains, such as attention,
memory, and executive function [16].
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In summary, factors such as age, gender, education level, res-
idence, leisure activities, marital status, and depressive symp-
toms may all play significant roles in the relationship between
sedentary behavior and cognitive function. However, the spe-
cific mechanisms of interaction among these factors and their
differential impacts across various populations remain largely
unknown. Further investigation into these factors is crucial for
comprehensively understanding the complex relationship be-
tween sedentary behavior and cognitive function, as well as for
developing targeted interventions and health promotion strate-
gies.

The identified differences in characteristics between vari-
ous cognitive function trajectory groups in this study highlight
the need for personalized prevention and control measures tai-
lored to individuals with distinct trajectory profiles. Based on
the identified group characteristics, priority should be given to
the prevention and treatment of cognitive impairment among
sedentary middle-aged and elderly adults women with low
education levels (elementary school or below), those who are
unmarried, and those residing in rural areas. Additionally, indi-
viduals who do not participate in leisure activities or who have
higher risks of depressive symptoms should also be prioritized
in intervention efforts.

The primary strength of this study lies in enhancing our un-
derstanding of the relationship between sedentary behavior
and cognitive function trajectories among middle-aged and el-
derly adults, particularly within the Chinese social and cultural
context. By employing GBTM, this research explored the diver-
sity of cognitive function trajectories, allowing for classification
using cognitive assessments across four waves. The character-
istics and trends of different trajectory subgroups can inform
detailed intervention and support strategies to improve the
mental health of sedentary middle-aged and elderly adults. Fur-
thermore, this study, based on a large sample of middle-aged
and older adults in China, provides a high degree of generaliz-
ability to the population.

However, this study has several limitations. First, the assess-
ment of cognitive function relied on self-reported measures,
which may introduce information bias. Second, the exclusion
of participants lacking baseline demographic data and MMSE
scores may lead to selection bias. Third, our study primarily fo-
cused on outcomes following cognitive function changes, with-
out examining prior factors, such as the relationship between
sedentary behavior and cognitive function, which requires fur-
ther investigation. Fourth, the study did not fully utilize panel
data, which may result in endogeneity issues due to time-in-
variant variables. Finally, the sample was limited to participants
from China, and thus the generalizability of the findings to other
countries or populations remains uncertain.

Conclusion

There is significant heterogeneity in the trajectories of cog-
nitive symptoms among sedentary middle-aged and elderly
adults in China. Recognizing the characteristics of these differ-
ent subgroups is crucial, as it aids in predicting various risk fac-
tors and more accurately identifying high-risk populations that
require targeted monitoring and intervention, ultimately lead-
ing to more effective care.
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