'.) Check for updates

Geriatrics & Gerontology International

I ORIGINAL ARTICLE
EPIDEMIOLOGY, CLINICAL PRACTICE AND HEALTH

Longitudinal Interplay Between Cognitive Impairment
and Frailty: A Dual Trajectory Analysis Among Chinese
Older Adults

Yingxin Xu! | Dorina Cadar? | Jing Liao!

!Department of Medical Statistics and Epidemiology, Sun Yat-Sen University, Guangzhou, China | 2CEDAR Lab, Department of Clinical Neuroscience,
Brighton and Sussex Medical School (BSMS), University of Sussex, Brighton, UK

Correspondence: Jing Liao (liaojing5@mail.sysu.edu.cn)
Received: 21 January 2026 | Revised: 2 April 2026 | Accepted: 28 April 2026

Keywords: bidirectional associations | cognitive impairment | dual trajectories | frailty | risk factors

ABSTRACT

Background: Cognitive impairment and frailty are prevalent in older adults, yet their longitudinal interplay and determinants
remain underexplored, particularly in Chinese populations. This study aims to characterize the trajectories of cognitive function
and frailty, examine their bidirectional associations, and identify the risk factors driving their progression.

Methods: We analyzed data from 4805 adults aged > 65years from the Chinese Longitudinal Healthy Longevity Survey (2011
2018). Cognitive function was assessed using the Chinese Mini-Mental State Examination, and frailty status was measured
according to the modified Fried criteria. Group-based trajectory modeling was applied to identify longitudinal patterns, and
trajectories were named according to validated cutoff values. Dual-trajectory analysis was employed to examine their interrela-
tionships, and multinomial logistic regression was utilized to identify predictors of adverse trajectories.

Results: Three cognitive trajectories were identified: stably high cognition (82.6%), progressive cognitive decline (12.3%), and
persistently low cognition (5.1%). Five frailty trajectories were found: non-frail (48.1%), fluctuating pre-frailty (17.2%), reversible
frailty (6.9%), progressive frailty (11.4%), and stable frailty (16.4%). Cognitive impairment was more strongly associated with
frailty progression than the reverse. Advanced age and female sex were shared risk factors for adverse trajectories. Among those
with cognitive impairment, poverty and multimorbidity were associated with adverse frailty. Among frail participants, illiteracy,
hearing loss, and poor sleep increased the risk of cognitive decline.

Conclusions: This study emphasized that cognitive impairment showed a stronger link to frailty progression than vice versa.
Targeting key modifiable risk factors, such as poverty, illiteracy, multimorbidity, hearing loss, and sleep problems may help delay
cognitive impairment and frailty, particularly among older women.

1 | Introduction Alzheimer's disease or other forms of dementia [1]. This con-

ceptual framework highlights the potential interrelationships

With the accelerating trend of global population aging, cognitive
impairment and frailty in older adults have garnered increas-
ing attention. Against this backdrop, the concept of cognitive
frailty was proposed, defined as the simultaneous presence of
frailty and cognitive impairment while excluding concurrent
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between cognitive impairment and frailty. Research indicates
that older adults with cognitive impairment are at high risk of
experiencing frailty [2, 3]. Similarly, frail individuals tend to
have lower baseline cognitive function and exhibit more rapid
cognitive decline compared to their non-frail counterparts [4, 5].
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Despite the known associations between these two conditions,
the longitudinal dynamics of how they mutually relate to each
other remain insufficiently understood. Group-based trajectory
modeling (GBTM) has emerged as a robust method for charac-
terizing developmental courses of health conditions over time
[6]. GBTM is particularly effective in identifying heterogeneous
subgroups within populations, revealing complex patterns of
change, and capturing the mutual dynamics between overlap-
ping conditions, such as cognitive decline and frailty. Previous
studies in populations, including Mexican-Americans, Japanese
older adults, and American nursing home residents, have
demonstrated significant associations between cognitive and
frailty trajectories [7-9]. These studies consistently found that
a significant proportion of individuals following the progres-
sive frailty trajectory also experience rapid cognitive decline,
while other subgroups show patterns of stability. Notably, the
identification of subgroups showing improvement highlights
the potential reversibility of these conditions [9]. These applica-
tions of GBTM collectively highlight its utility in elucidating the
complex relationships between cognitive impairment and frailty
trajectories.

In China, several longitudinal studies have employed dual
trajectory models to examine the co-development patterns
of cognitive impairment and frailty. Two Chinese longitudi-
nal studies demonstrated a co-development pattern between
cognitive impairment and frailty, characterized by either
synchronous stability or simultaneous decline [10, 11]. These
studies also identified factors associated with such progres-
sion. However, a key limitation of these studies is their use of
restricted dual trajectory models that assume symmetric de-
velopment. Unlike the complete model that links trajectories
through three sets of conditional probabilities [12], restricted
models fail to capture the potential asymmetric mutual asso-
ciation, wherein one domain may be more strongly related to
the other. This methodological limitation obscures the true
nature of their dynamic relationship and hinders the identi-
fication of high-risk population subgroups with specific tra-
jectory combinations. Therefore, a significant gap remains in
understanding the dynamic changes within the Chinese aging
population.

This study aimed to characterize the longitudinal trajectories of
cognitive function and frailty among Chinese older adults and
examine their bidirectional associations, while also identify-
ing factors associated with adverse cognitive impairment and
frailty trajectories. By addressing these objectives, our findings
will provide crucial evidence for developing targeted prevention
strategies tailored to the unique needs of China's rapidly aging
population.

2 | Methods

2.1 | Design and Data Sources

The data for this study were obtained from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS), the world's

largest longitudinal survey of older adults, conducted by the
Peking University Center for Healthy Aging and Development.

The baseline survey was launched in 1998, covering 23 prov-
inces, municipalities, and autonomous regions across China,
and enrolling participants aged 65years or older. Follow-up sur-
veys were subsequently conducted in 2000, 2002, 2005, 2008,
2011, 2014, and 2018. This analysis specifically employed data
from the 2011, 2014, and 2018 waves of CLHLS to capture longi-
tudinal changes during 2011-2018.

This study utilized the 2011 CLHLS cohort as the baseline, with
a total of 9765 participants. The inclusion criteria were: (1) aged
65years or older at baseline; (2) completed at least one follow-up
survey in 2014 or 2018. The exclusion criteria were: (1) diag-
nosed with dementia at baseline; (2) missing key variables on
cognitive function or frailty status. The final sample consisted
of 4805 participants.

2.2 | Measures
2.21 | Cognitive Function

Cognitive function was assessed using the Chinese version of
the Mini-Mental State Examination (MMSE) [13]. MMSE is a
widely used screening questionnaire for cognitive impairment
in clinical and community settings. It consists of simple tasks
spanning multiple domains, including orientation to time and
place, word recall, arithmetic, language use and comprehen-
sion, and basic motor skills [14]. Scores range from zero to 30,
with higher scores indicating better cognitive function. Based
on previous CLHLS studies, a total MMSE score below 24 points
was used as the criterion for qualitative classification labels of
cognitive trajectories [15, 16].

2.2.2 | Frailty Status

Frailty status was assessed using the modified Fried criteria,
one of the two main frailty assessment instruments [17], includ-
ing shrink, weakness, exhaustion, inactivity, and low physical
activity [18]. Body mass index (BMI) <18.5kg/m? was defined
as shrink. Responding “some difficulty” or “cannot” to the
question “Can you lift a five kg object?” was defined as weak-
ness. Responding “always”, “often”, or “sometimes” to the ques-
tion “Do you feel old and useless?” was defined as exhaustion.
Inactivity was defined as participating in household, outdoor,
or social activities once per week or less. Low physical activity
was defined as being unable or having difficulty walking 1ki-
lometer continuously [19]. Each component was treated as a di-
chotomous variable, with “yes” responses scored as 1 point and
“no” responses as zero points. The total score ranged from zero
to five, where zero indicated robust, one to two indicated pre-
frailty, and three or above indicated frailty.

2.2.3 | Covariates

Covariates collected at baseline included age, sex, education
level, residence, marital status, economic status, multimorbid-
ity, drinking status, smoking status, vision impairment, hearing
impairment, regular exercise, and quality of sleep. Marital status
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TABLE1 | Participant's baseline characteristics (N=4805).

TABLE1 | (Continued)

Characteristics N (%) Characteristics N (%)

Age Yes 1765 (36.73)
65-74 1629 (33.90) Missing 11 (0.23)
75-85 1626 (33.84) Regular exercise
>85 1550 (32.26) No 2878 (59.90)

Sex Yes 1876 (39.04)
Female 2510 (52.24) Missing 51 (1.06)
Male 2295 (47.76) Quality of sleep

Education Bad 620 (12.90)
Illiterate 2528 (52.61) General 1182 (24.60)
Literate 2277 (47.39) Good 3001 (62.46)

Residence Missing 2(0.04)
Rural area 2580 (53.69)

City 2225 (46.31) was categorized as married or unmarried, with unmarried in-
. cluding separated, divorced, widowed, or never married [15].
Marital status . < L.
Multimorbidity was assessed based on self-reported physician-
Unmarried 2476 (51.53) diagnosed diseases, including hypertension, diabetes, heart
Married 2321 (48.30) disease, and 21 other condit~ions. Each reported disease was
o scored one, otherwise zero, with a total score equal to or greater
Missing 8(0.17) than two indicating multimorbidity. “Blindness”, “unable to see
Economic status clearly” and “unable to distinguish the gap in a circle” were de-
fined as vision impairment. Self-reported hearing difficulty was
Poor 721 (15.01) defined as hearing impairment.
Normal 3212 (66.85)
Rich 850 (17.69 o gs .
(17.69) 2.3 | Statistical Analysis
Missing 22(0.46)
Multimorbidity Participant characteristics were described using frequencies
and percentages. GBTM was employed to identify trajectories
No 3319 (69.07) of cognitive function and frailty status among participants from
Yes 1486 (30.93) 2011 to 2018. GBTM is a model-based clustering approach de-
. signed to identify latent heterogeneous subgroups with similar
Drinking status longitudi . . S .
ongitudinal developmental trajectories within a population
No 3838 (79.88) [20]. Model fit was evaluated using the Bayesian Information
Yes 927 (19.29) Criterion (BIC), average posterior probablhty. 9f §581gnment
(APPA), smallest group%, odds of correct classification (OCC),
Missing 40 (0.83) and entropy. Smaller absolute values of BIC indicate better

Smoking status
No
Yes
Missing
Vision impairment
No
Yes
Missing
Hearing impairment

No

3781 (78.69)
1010 (21.02)
14(0.29)

3448 (71.76)
1316 (27.39)

41 (0.85)

3029 (63.04)

(Continues)

balance between model goodness-of-fit and complexity. APPA
>0.7 for all trajectories and smallest group% exceeding five%
demonstrated good model adequacy [12]. Entropy close to one
[21] and OCC greater than five for all trajectories [9] indicated
high classification accuracy. After determining the number of
trajectories, guided by the validated critical values of cognitive
impairment [15] and frailty [18], qualitative labels were assigned
to each trajectory.

Full dual trajectory model was used to quantify the bidirectional
associations between cognitive trajectories and frailty trajec-
tories [6]. This model linked the membership of the cognitive
function trajectories and frailty trajectories through three sets
of conditional probabilities [12]: (1) the probability of following
each cognitive function trajectory conditional on each frailty
trajectory; (2) the probability of following each frailty trajectory
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conditional on each cognitive function trajectory; and (3) the
joint probability of following the given frailty and cognitive
function trajectories [9].

A multinomial logistic model was used to analyze frailty-related
factors in the subgroup with adverse cognitive impairment and
cognitive impairment-related factors in the subgroup with ad-
verse frailty. P<0.05 were considered statistically significant.
All analyses were performed using R 4.4.2. This study followed
the Guidelines for Reporting on Latent Trajectory Studies
(GROLTS) checklist [22] (Table S1).

3 | Results
3.1 | Baseline Characteristics of Participants

This study included 4805 participants with comparable pro-
portions across age groups (Table 1). Approximately half of
the participants were female, illiterate, living in rural areas,
and married. The majority reported normal economic status.
Multimorbidity was present in 30.93% of participants, while
27.39% had vision impairment and 36.73% had hearing impair-
ment. Most participants reported being non-smokers and non-
drinkers. Only 39.04% engaged in regular exercise, and 62.46%
reported good sleep quality.

To assess attrition-related selection bias, baseline characteristics
of included and excluded participants were compared (Table S2).
Excluded individuals were older, female, illiterate, unmarried,
had multimorbidity or sensory impairments, engaged in less ex-
ercise, and were less likely to smoke or drink alcohol.

3.2 | Number of Trajectories of Cognitive Function
and Frailty
GBTM with two to six trajectories was evaluated to determine

the optimal number of trajectories for cognitive function and

30

MMSE Score

frailty (Table S3). Increasing the number of trajectories to four
yielded the smallest group % of 4.70%, confirming suboptimal
model adequacy. The three-group solution exhibited the highest
entropy, closest to one, with the minimal classification error, es-
tablishing it as the optimal choice for cognitive function trajecto-
ries. As shown in Figure 1, the distribution patterns comprised
82.62% of stably high cognition, 12.28% of progressive cognitive
decline, and 5.10% of persistently low cognition.

For frailty, expanding to six trajectories led to an APPA of 0.57
and an OCC of 4.55, reflecting insufficient model adequacy and
poor classification quality. Five trajectories were consequently
retained, including 48.12% non-frailty, 17.15% fluctuating pre-
frailty, 6.93% reversible frailty, 11.40% progressive frailty, and
16.40% stable frailty (Figure 1).

3.3 | Full Dual Trajectory Model of Cognitive
Function and Frailty

The full dual trajectory model revealed varying degrees of mu-
tual associations between cognitive impairment and frailty
(Figure 2). Within each frailty trajectory, the probability of fol-
lowing the stably high cognition trajectory was consistently the
highest, followed by the progressive cognitive decline trajectory,
and finally the persistently low cognition trajectory. Conversely,
among participants in the stably high cognition trajectory,
55.97% followed the non-frailty trajectory. In contrast, the other
two cognitive function trajectories showed the highest proba-
bilities of following the stable frailty trajectory, with fluctuat-
ing pre-frailty being the second most common pattern. Notably,
46.24% of participants followed both stably high cognition and
non-frailty trajectories simultaneously.

3.4 | Associated Factors of Adverse Trajectory

This study examined factors linked to frailty progression in
the adverse cognitive cognition trajectory, using the non-frailty

Frailty Score

2011 2014 2018
Year

~—  Stably high cognition —— Progressive cognitive decline —— Persistently low cognition

(a) Cognitive function trajectories

2011 2014 2018
Year

—— Progressive frailty —— Stable frailty —— Fluctuating pre-frailty

Reversible frailty ——  Non-frailty

(b) Physical frailty trajectories

FIGURE1 | The trajectories of cognitive function and frailty from 2011 to 2018, MMSE: Mini-mental state examination.
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FIGURE2 | Full dual trajectory model of cognitive function and frailty.

trajectory as the reference (Table 2). Dynamic frailty (char-
acterized by combined fluctuating pre-frailty and reversible
frailty trajectories) and persistent frailty (characterized by
combined progressive and stable frailty trajectories) were sig-
nificantly associated with advanced age, female sex, poverty,
and multimorbidity. Participants over 85years old had higher
risks of dynamic (OR: 4.33, 95% CI: 1.61-11.57) and persistent
frailty (OR: 6.96, 95% CI: 2.43-19.98) compared to those aged
65-74. Women had elevated risks (dynamic: OR: 2.15, 95% CI:
1.06-4.37; persistent: OR: 4.12, 95% CI: 2.00-8.48) versus men.
Poor economic status increased the likelihood of dynamic (OR:
3.29, 95% CI: 1.33-8.14) and persistent frailty (OR: 2.56, 95% CI:
1.02-6.40), while multimorbidity was associated with higher
risks (dynamic: OR: 2.01, 95% CI: 1.00-4.04; persistent: OR:
2.34,95% CI: 1.16-4.72).

Similarly, cognitive impairment risk factors in the adverse
frailty trajectory were analyzed using the stably high cognition
trajectory as reference, with progressive cognitive decline and
persistently low cognition trajectories combined as the cognitive
impairment group (Table 3). Compared with stably high cogni-
tion, cognitive impairment showed significant associations with
advanced age, female sex, illiteracy, hearing impairment, and
poor sleep quality. Specifically, participants aged 75-85years
had 4.27 times higher risk (95% CI: 1.49-15.63) and those over
85years had 9.91 times higher risk (95% CI: 3.42-36.64) relative
to those aged 65-74years. Women exhibited 2.12-fold greater
risk than men (95% CI: 1.03-4.51). Hearing impairment was
associated with a 4.10 times higher risk (95% CI: 2.21-7.81).
Conversely, literate participants showed substantially lower
risk compared to illiterates (OR =0.25, 95% CI: 0.12-0.53), while
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TABLE 2 | Frailty-related factors in the adverse cognitive function trajectory.

Physical frailty trajectories (ref: Non-frailty)

Dynamic frailty Persistent frailty

Variables OR 95% CI OR 95% CI
Age

65-74 (ref) (ref)

75-85 2.05 (0.80, 5.24) 2.72 (0.98, 7.55)

>85 4.33% (1.62, 11.57) 6.96%** (2.43,19.98)
Sex

Male (ref) (ref)

Female 2.15% (1.06, 4.37) 4.12%%x (2.00, 8.48)
Education

Illiterate (ref) (ref)

Literate 1.40 (0.71, 2.76) 1.13 (0.56, 2.28)
Residence

Rural area (ref) (ref)

City 0.70 (0.39,1.23) 0.62 (0.35,1.10)
Marital status

Unmarried (ref) (ref)

Married 1.11 (0.56, 2.19) 1.26 (0.63, 2.55)
Economic status

Normal (ref) (ref)

Poor 3.29% (1.33,8.14) 2.56* (1.02, 6.40)

Rich 0.93 (0.43, 2.01) 1.02 (0.47,2.22)
Multimorbidity

No (ref) (ref)

Yes 2.01% (1.00, 4.04) 2.34* (1.16, 4.72)
Drinking status

No (ref) (ref)

Yes 0.71 (0.35, 1.46) 0.46* (0.21, 0.99)
Smoking status

No (ref) (ref)

Yes 1.12 (0.53,2.34) 1.05 (0.48, 2.26)
Vision impairment

No (ref) (ref)

Yes 0.92 (0.50,1.71) 1.58 (0.85,2.91)
Hearing impairment

No (ref) (ref)

Yes 0.93 (0.52, 1.66) 1.12 (0.62,2.02)

(Continues)
60of 11 Geriatrics & Gerontology International, 2026

85U8017 SUOWILIOD AIIR.D 3(gedldde ay) Aq peusenob ale sap e YO 8sn Jo se|ni o Akeiq18ulIUO A1 UO (SUOIIPUOD-PUR-SLLIBY IO A8 1M Afe.d | jou [UO//:SANL) SUORIPUOD Pue Se | 8y 88S *[9202/50/8T] Uo Ariqiiauliuo Aeim * Aisieaun ueysbuoyz - oei Buir Aq 21502 166/TTTT 0T/10pAL00 A 1M Al Ul UO//SANY WOI) papeojumoa ' ‘9202 ‘¥6S0LYYT



TABLE 2 | (Continued)

Physical frailty trajectories (ref: Non-frailty)

Dynamic frailty Persistent frailty
Variables OR 95% CI OR 95% CI
Regular exercise
No (ref) (ref)
Yes 0.75 (0.42,1.34) 0.60 (0.33,1.08)
Quality of sleep
Poor (ref) (ref)
General 1.34 (0.47, 3.82) 1.10 (0.40, 3.05)
Good 1.79 (0.70, 4.58) 1.26 (0.50, 3.14)
Abbreviations: CI: Confidence interval, OR: Odds ratio.
*p<0.05.
#*p <0.01.
#+5p <0.001.

participants reporting general sleep quality had reduced risk
compared to those with poor sleep quality (OR=0.31, 95% CI:
0.10-0.92).

4 | Discussion

This study identified three distinct cognitive function trajectories
and five frailty trajectories among Chinese older adults, revealing
an asymmetric, bidirectional association in which cognitive im-
pairment had a stronger link to frailty progression than the re-
verse. Advanced age and female sex emerged as shared risk factors
for adverse trajectories of both conditions. Within the adverse cog-
nitive function trajectory, frailty progression was associated with
poverty and multimorbidity, whereas within the adverse frailty
trajectory, cognitive impairment was associated with illiteracy,
hearing impairment, and poor sleep quality.

The trajectory variations identified in this study highlight the
complexity of cognitive function and frailty in older adults.
However, the use of diverse assessment tools across studies pres-
ents challenges for making direct comparisons [23]. Some studies
have focused solely on specific dimensions, such as memory or
temporal orientation [9, 10], whereas the frailty index incorpo-
rates both physical frailty and cognitive components [21]. In ad-
dition, it is important to acknowledge construct overlap between
commonly used frailty assessment tools and psychiatric diag-
nostic criteria. Some criteria of frailty, particularly weight loss
and exhaustion, overlap significantly with the diagnostic criteria
for conditions such as major depressive episode and generalized
anxiety disorder [24]. This overlap may introduce confounding
factors, as exhaustion reflects not only physical function but also
psychological states, including depression, which is a known
confounding factor that affects cognitive function and frailty.
Notably, unlike previous Chinese trajectory studies that used re-
stricted models, this study identified a unique subgroup with a re-
versible frailty trajectory. 93.69% of participants in this subgroup
transitioned from frail to non-frail status. Among the five crite-
ria, inactivity showed the highest improvement rate (86.13%),
highlighting the importance of physical activity. This finding

is consistent with previous studies, underscoring the potential
reversibility of frailty [25]. Improvements in frailty may be as-
sociated with increased physical activity, better management of
chronic diseases, and more frequent social participation [26, 27].
However, as all covariates in this study were measured at base-
line and time-varying factors were not captured, it is not possible
to directly identify the specific interventions or environmental
changes contributing to these improvements. Although no re-
versible cognitive trajectory was identified in our cohort, meta-
analysis findings indicate that cognitive impairment reversion
does occur, with reported rates of 8.7% in clinical settings and
28.2% in population-based studies [28]. This may be attributed to
the slower progression of brain structural changes and metabolic
decline [29]. Collectively, these findings emphasize the critical
role of early identification and targeted interventions to mitigate
cognitive impairment and frailty [30].

A key finding of this study is the asymmetric bidirectional asso-
ciation between cognitive impairment and frailty, with cognitive
impairment showing a stronger link to frailty progression than the
reverse. This observed asymmetry may reflect fundamental dif-
ferences in the underlying pathophysiology of the two conditions.
Cognitive impairment is driven by accumulated neuropatholog-
ical changes such as amyloid beta plaques, which persistently
disrupt systemic functioning once established [31]. Additionally,
cognitive reserve may have a potential protective effect against
the onset and deterioration of frailty [32] and could mitigate the
risk of cognitive impairment associated with frailty and pre-frailty
[33]. In contrast, frailty is a dynamic imbalance of physiological
functions, which is easily detectable and can be improved through
targeted exercise interventions [34, 35]. These findings are consis-
tent with prior state transition studies, which show a greater tran-
sition probability from cognitive impairment to cognitive frailty
than from frailty, underscoring the importance of targeting the
cognitive impairment stage in early preventive strategies [36, 37].

This study focused on identifying key risk factors in two high-risk
populations: those with adverse cognitive function and those with
adverse frailty. Advanced age and female sex emerged as shared
demographic risk factors for both conditions, consistent with prior
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TABLE 3 | Cognitive impairment-related factors in the adverse

TABLE 3 | (Continued)

frailty trajectory. - -
Cognitive function
Cognitive function trajectories (ref: stably
trajectories (ref: stably high cognition)
high cognition) Cognitive impairment
Cognitive impairment Variables OR 95% CI
Variables OR 95% CI Yes 410+ (2.21,7.81)
A
ge Regular exercise
65-74 (ref) No (ref)
_ *
75-85 4.27 (1.49, 15.63) Yes 1.32 (0.72,2.45)
91%* 42, 36.64 .
> 85 99 (342, 36.64) Quality of sleep
Sex Poor (ref)
Male (ref) General 0.31% (0.10, 0.92)
*
Female 2.12 (1.03,4.51) Good 0.90 (0.38,2.28)
Education Abbreviations: CI: Confidence Interval, OR: Odds ratio.
: *p<0.05.
Illiterate (ref) **p <0.01.
Literate 0.25%** (0.11, 0.53) ' <0.001.
Residence
study [38]. The sex disparity is likely attributed to differences in
Rural area (ref) hormonal profiles and inflammatory response mechanisms [7].
City 1.02 (0.55, 1.90) Among those with an adverse frailty trajectory, illiteracy, hear-
. ing impairment, and poor sleep quality were significantly associ-
Marital status ated with cognitive impairment. Educational attainment provides
Unmarried (ref) skills and knowledge to preserve executive function and memory,
. offering protection against cognitive impairment [21]. Hearing
Married 0.96 (0.48,1.89) lossi . . L . . .
oss impairs auditory processing in noisy environments, leading to
Economic status psychosocial stress and social isolation [10]. Poor sleep quality has
Normal (ref) been shown to mediate the frailty-cognition relationship, possibly
through mechanisms like oxidative stress and insulin resistance
Poor 0.75 (0.31,1.71) [39, 40]. Conversely, among individuals with an adverse impair-
Rich 0.92 (0.40, 2.01) Igent trajectory, poverty a.nd multlmor.bldlty were 51gn.1flcant prg—
dictors of concurrent frailty progression. Lower socioeconomic
Multimorbidity status limits access to healthcare services and healthy behaviors,
No (ref) accelerating physical functional decline [41]. As previous studies
have shown, multimorbid older adults face greater challenges in
Yes 113 (0.57,2.19) maintaining physical activity, which exacerbates frailty severity
Drinking status [42, 43]. These findings provide evidence for the development of
targeted intervention strategies.
No (ref)
Yes 0.83 (0.35, 1.89) This study further elucidated the mutual associations between
) cognitive function and frailty trajectories in Chinese older
Smoking status adults. By employing the full dual trajectory model, this study
No (ref) quantified many-to-many relationships between these trajecto-
ries, achieving refined risk stratification.
Yes 0.67 (0.25,1.65)
Vision impairment However, this study has some limitations. First, the high attrition
N ¢ rate during follow-up might attenuate the validity of our findings.
° (ref) Furthermore, selection bias due to attrition may limit the general-
Yes 1.75 (0.91, 3.32) izability of our findings, as our sample is more representative of a
Hearing impairment relatively young and healthy population. Nevertheless, the GBTM
g1mp method we used can handle randomly missing data [44]. Second,
No (ref) the construction of frailty variables relied on self-reported ques-
tionnaires, which may introduce recall bias. While the nam-
(Continues)  ing of trajectories is inherently subjective, it is guided by the
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data-driven patterns identified through GBTM. Despite this lim-
itation, self-reporting remains a valuable and practical method
for community-based data collection [10]. Third, although partic-
ipants diagnosed with dementia at baseline were excluded, par-
ticipants with low MMSE scores might have developed clinically
undiagnosed dementia. This possibility should be considered
when interpreting trajectory associations. Fourth, MMSE may
exhibit a ceiling effect, as 21.71% of participants scored the max-
imum of 30 at baseline. This limited variability may underesti-
mate the decline in individuals with high cognitive function. In
addition, cognitive impairment was not classified according to ed-
ucational level, which may influence MMSE performance in this
cohort. Finally, the three to four-year assessment intervals might
have missed short-term fluctuations, possibly underestimating
accurate progression rates. Despite this, the clear identification of
heterogeneous trajectories confirms that our modeling approach
captured clinically meaningful patterns.

5 | Conclusion

This study demonstrated a distinct asymmetric bidirectional
association between cognitive function and frailty trajecto-
ries among Chinese older adults, with cognitive impairment
showing a stronger link to frailty progression than the reverse.
Additionally, advanced age and female sex were identified as
factors associated with adverse trajectories of both conditions,
while poverty and multimorbidity were found to accelerate
frailty in the adverse cognitive trajectory. Illiteracy, hearing
impairment, and poor sleep quality were shown to exacerbate
cognitive impairment in an adverse frailty trajectory. These
findings underscore the importance of early identification and
targeted intervention for cognitive frailty, which can mitigate its
progression in older adults and promote healthy aging.
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