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ABSTRACT

Background and Objectives: The longitudinal patterns of change in physical frailty and their associations with the subsequent
dementia risk remain unclear. This study aimed to (1) explore the long-term trajectories of physical frailty over a 6-year period
in older adults without dementia at baseline; (2) identify the socio-demographic and health-related factors associated with
different physical frailty trajectories; and (3) examine the longitudinal relationships between different physical frailty trajec-
tories and subsequent risk of dementia.

Research Design and Methods: This national cohort study used data from the National Health and Aging Trends Study
(NHATS) conducted in the United States from 2015 to 2021 and included adults aged > 65 without dementia (n = 2245) at
baseline in 2015. Group-based trajectory modeling was used to describe the longitudinal changes. Socio-demographic and
health-related characteristics were compared across the identified physical frailty trajectories using bivariate analyses,
employing Rao-Scott chi-square tests for categorical variables and design-based F-tests for continuous variables. Multinomial
logistic regression analyses were conducted to examine the relationships between different frailty trajectories and subsequent
dementia status.

Results: Three frailty trajectories were identified: low-stable (74.00%), low-increasing (21.14%), and high-level (4.86%). Par-
ticipants in the low-increasing and high-level groups were predominantly older, female, minorities, unmarried, and less
educated and had a lower income, more comorbidities, and greater anxiety and depression symptoms (p < 0.001). Compared
with the low-stable group, older adults in the low-increasing group had higher risk of possible dementia (RRR: 2.37, 95% CIL:
1.41-3.97, p < 0.001) and probable dementia (RRR: 1.71, 95% CI: 1.08-2.73, p = 0.02); similarly, older adults in the high-level
group had higher risks of possible dementia (RRR: 4.24, 95% CI: 1.74-10.36, p < 0.001) and probable dementia (RRR: 2.99, 95%
CI: 1.32-6.76, p = 0.01). No significant differences were found in the risk of dementia between the high-level frailty group and
the low-increasing frailty group (p > 0.05).

Conclusion and Implications: This study highlighted the importance of regular frailty monitoring for early detection and
informed future interventions that could delay frailty progression and potentially reduce dementia risk.
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Summary

o Three frailty trajectories were identified: low-stable
(74.00%), low-increasing (21.14%), and high-level
(4.86%), with increasing frailty linked to a higher de-
mentia risk.

 Key predictors of worsening frailty included older age,
minority status, lower socioeconomic status, more
comorbidities, and greater mental health burdens
(anxiety and depression).

o The low-increasing and high-level frailty groups were at
significantly greater risk of developing possible and
probable dementia compared to the low-stable group.

Early identification of frailty trajectories offers oppor-
tunities for targeted interventions to slow frailty pro-
gression, reduce dementia risk, and improve health
outcomes.

1 | Background

Dementia is a progressive and heterogeneous syndrome that
significantly compromises cognitive function and daily living
activities, leading to significant dependency, disability, and broad
societal impacts [1]. Over 55 million people worldwide are living
with dementia, and the number is expected to increase to 78
million by 2030 and 139 million by 2050 [1, 2]. The prevalence of
dementia among older adults aged 65 years and older is as high as
10% and increases with age [3], and 91% of patients manifest
symptoms after the age of 65 [1]. Population aging, with the
growing prevalence of dementia and compounded by the current
lack of a definitive cure, contributes to the global health burden
and causes high medical, social, and informal care costs; the care
costs were reported to be US$1.3 trillion in 2019, approximately
1.5% of the global GDP, and are estimated to rise to US$2.8 trillion
by 2030 [1, 4]. Given the limited efficacy of existing pharmaco-
logical treatments, identifying and managing modifiable risk
factors (e.g., frailty) is critical for dementia prevention or delaying
its progression [1]. A 2020 report on dementia prevention, inter-
vention, and care revealed that approximately 40% of global de-
mentia cases could be prevented or delayed by addressing
modifiable risk factors throughout an individual’s life course [5].
Notably, frailty has been identified as a moderator in the rela-
tionship between Alzheimer’s disease pathology (e.g., amyloid
protein deposition) and dementia, potentially amplifying the ef-
fects of certain risk factors and accelerating cognitive decline [5].
This underscores the importance of prevention as a strategy to
reduce the global dementia burden, emphasizing proactive
management over treatment after onset.

Frailty, a complex and multifaceted condition associated with
aging, is a dynamic concept that integrates both biomedical and
psychosocial elements (e.g., physical, sensory, social, cognitive,
psychological, and nutritional aspects) [6, 7]. It can be defined
either as a unidimensional physical phenomenon characterized
by exhaustion, low physical activity, shrinking, low walking
speed, and weakness or as a broader multidimensional deficit
accumulation model [8, 9]. The physical frailty model is partic-
ularly linked to various forms of cognitive impairment and de-
mentia, including Alzheimer’s disease, highlighting its

importance in predicting dementia risk [9, 10]. Physical frailty
(hereafter referred to as frailty) is characterized by reduced
physiological reserves and resistance to stressors resulting from
cumulative declines across multiple physiological systems [11]. It
affects approximately 10% of community-dwelling older adults
and up to 50% of long-term care residents [12-14]. This condition
significantly impacts an individual's health and quality of life,
leading to an increased risk of cognitive impairment and de-
mentia |7, 15, 16]. This may be due to factors such as reduced
neural reserve and increased vulnerability to systemic and cere-
bral pathologies that impair cognitive functions [10]. A meta-
analysis involving 14,302 individuals indicated that frailty alone
was significantly associated with the incidence of dementia
(hazard ratio [HR]: 1.47, 95% confidence interval [CI]: 0.89-2.40)
[17]. This relationship was further substantiated by a large-scale
prospective study involving a cohort of 143,215 participants
from the UK Biobank dataset [18]. However, the study relied on
single measurements to ascertain the frailty status at certain
points in time and overlooked the dynamic nature of frailty,
although heterogeneity in frailty progression was identified [19].
Such cross-sectional or infrequent longitudinal measurements
fail to fully capture the continuous and nuanced changes that
individuals may experience in their frailty status over time. The
observed heterogeneity in frailty progression—indicating that
frailty does not progress in a linear manner or evolve uniformly
across all individuals—poses significant research challenges and
raises questions about the correlations between different patterns
of frailty trajectories, characterized by specific patterns and rates
of change, and the risk of subsequent dementia [19, 20].

Notably, frailty is not an inevitable result of aging but a potentially
reversible condition [21]. Evidence suggests that with targeted
interventions, such as physical activity, nutritional support, and
comprehensive healthcare management, the decline in physio-
logical systems can be addressed, potentially restoring some level
of function and mitigating the progression to more severe out-
comes associated with frailty [21]. Moreover, Petermann-Rocha,
Lyall, Gray, et al. found that frailty is linked to an increased risk of
dementia even before the onset of cognitive symptoms and that
this risk is present in both older and middle-aged adults, high-
lighting the need for early management of frailty as a preventive
measure against dementia [18]. Understanding the relationships
between varying patterns of frailty trajectories over time and the
risk of developing dementia is crucial for developing targeted
early intervention strategies and warrants further investigation.
Thus, this study aimed to (1) investigate the long-term trajectories
(6 years) of frailty among older adults without dementia at base-
line using data from the National Health and Aging Trends Study
(NHATS); (2) identify socio-demographic and health-related
factors associated with different physical frailty trajectories; and
(3) elucidate the relationship between frailty trajectories and the
risk of subsequent dementia.

2 | Methods
2.1 | Data Sources and Study Population

The NHATS is an annual, nationally representative longitudinal
study of Medicare beneficiaries aged 65 years and older [22].
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Data are collected annually through in-home interviews con-
ducted by trained professionals. Participants share detailed in-
formation on various aspects of their lives, including health
status, physical and cognitive abilities, daily activities, medical
conditions, and social support. These interviews incorporate
both self-reported data and performance-based evaluations.
NHATS began in 2011 (Round 1), with the sample was
replenished in 2015 to maintain its nationally representative
(Round 5). In both Rounds 1 and 5, participants were selected
using a stratified 3-stage sample design with oversampling of
individuals aged 90 years and older and non-Hispanic Blacks
[22]. The weighted response rates in these rounds were 71.5%
and 96%, respectively. The NHATS was approved by the Johns
Hopkins Bloomberg School of Public Health Institutional Re-
view Board, and all participants provided informed consent.

This study used data from 2015 to 2021 (6 survey rounds,
excluding the 2020 round due to unavailable data) and included
participants (1) without possible/probable dementia (the mea-
surement of dementia status was detailed in Measures) in 2015,
(2) who had frailty in the first 3 or more rounds (2015-2017),
and (3) who had a dementia status (including no, possible, or
probable dementia) recorded in the 2021 survey round. Among
5823 older adults with no dementia in 2015, 2611 participants
were excluded for the following reasons; 846 had missing data
on frailty in 2015, 1076 had missing data on frailty (583 were
deceased or lost to follow-up) in 2016 and 689 had missing data
on frailty (354 were deceased or lost to follow-up) in 2017. In
total, 3212 participants were included in the trajectory group
modeling of frailty. Of these, 929 participants were deceased or
lost to follow-up in 2021, 12 were excluded for missing dementia
data in 2021, and 26 were excluded for missing covariate data.
The final cohort for analysis comprised 2245 participants (see
Figure 1).

5,823 participants with no dementia in 2015

2.2 | Measures

221 |
5-11)

Frailty (Collected From 2015 to 2021, Rounds

Following an approach published elsewhere [23], frailty was
assessed using the Fried Frailty Phenotype (FFP) paradigm,
with 5 criteria obtained from self-report and physical measures,
namely exhaustion, low physical activity, shrinking, low
walking speed, and weakness [8]. Each item was coded as “1”
when the participant met the item requirements; the sum score
of these five items was calculated. Participants with a sum score
of 0-2 were classified as “non-frail,” and those with a sum score
of 3-5 were classified as “frail” (see Supporting Information S1:
Tables S1-S3).

2.2.2 | Dementia Status (Collected in 2021, Round 11)
The NHATS classified participants as having no dementia,
possible dementia, and probable dementia using a validated
algorithm (sensitivity: 85.7%; 95% CI: 69.7-95.2) [24] based on
the following information: cognitive testing (memory, orienta-
tion, executive function), self- or proxy-reported dementia
diagnosis, and AD8 Dementia Screening Interview score (see
Supporting Information S1: Tables S4 and S5). Probable de-
mentia in the NHATS was determined by a reported diagnosis,
ADS criteria fulfillment (proxy reports only), or scores below 1.5
standard deviations in two or more domains (orientation < 3,
memory < 3, executive functioning < 1). Possible dementia was
determined by a score below 1.5 standard deviations in one
domain. All other participants were classified as having no
dementia.

FIGURE 1

2,611 excluded:
* 846 with missing data on frailty in 2015

3,212 pariticipants with frailty data in the
first 3 rounds (2015-2017)
Group-based trajectory modeling

* 1,076 with missing data on frailty in 2016 (of
these, 583 were deceased or lost to follow-up)

* 689 with missing data on frailty in 2017 ( of
these, 354 were deceased or lost ot follow-up)

967 excluded:
* 929 deceased or lost to follow-up in 2021

4

2,245 participants for final analysis
Multinomial logistic regression

* 12 with missing data on dementia status in
2021
* 26 with missing data on covariates

Participants selection flowchart. Of the 3212 participants included for GBTM, there were 2050 in the low-stable group, 827 in the low-

increasing group, and 335 in the high-level group. The dotted lines indicate 95% CIs.
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2.2.3 | Covariates (Collected in 2015, Round 5)
Covariates were selected based on clinical experiences and
established factors influencing the relationship between frailty
and dementia [5, 25, 26]. The socio-demographic characteristics
were age (categorized in 5-year increments), sex, race and
ethnicity, marital status, education status, and annual income.
Health-related characteristics encompassed a spectrum of
chronic conditions, ascertained via a self-reported medical his-
tory of heart disease, heart attack, lung disease, hypertension,
diabetes mellitus, arthritis, osteoporosis, stroke, and cancer (the
number of comorbidities ranged from 0 to 9). Furthermore,
depression and anxiety symptoms were quantified using an
aggregate score of the Generalized Anxiety Disorder-2 scale and
Patient Health Questionnaire-2 [27, 28], each comprising 2
items scored from 1 (not at all) to 4 (nearly every day), with total
scores ranging from 4 to 16 and a higher score indicating severer
depression and anxiety symptoms.

2.3 | Statistical Analysis

Group-based trajectory modeling (GBTM) was conducted to
describe frailty trajectories [29]. First, it was assumed that the
frailty trajectories of older adults would be categorized or follow
2 to 6 groups with consideration of the model brevity and
clinical practice. The optimal number of trajectories was
selected based on the Bayesian Information Criterion (BIC)
values (a smaller BIC indicates a better fit) [29, 30]. Second, the
optimal number of trajectories was fixed, and different poly-
nomial forms for each group were tested by intercept only or by
linear, quadratic, or cubic terms [31]. The optimal functional
form was defined using the x* test. The GBTM was used to
calculate the likelihood of participants belonging to each tra-
jectory group. The following indices were used to determine the
goodness of model fit: average group posterior probabilities
(AvePP) > 70%, odds of correct classification (OCC) > 5 [32],
and a minimum sample size > 10% [29].

Once the frailty trajectories were determined, the following
analyses were conducted while controlling for the complex
sample design and weights. Taylor series linearization methods
were used for variance estimation. Descriptive statistics (per-
centages for categorical variables, means and standard errors for
continuous variables) were calculated to summarize the base-
line characteristics. Bivariate analyses were used to compare the
socio-demographic and health-related characteristics of
different trajectories’ affiliations. Rao-Scott chi-square tests for
categorical variables and design-based F-tests for continuous
variables were used to assess bivariate differences. Multinomial
logistic regression was used to examine the socio-demographic
and health-related characteristics associated with different tra-
jectories. To investigate the associations between distinct tra-
jectories and dementia status, multinomial logistic regression
analyses were conducted while controlling for socio-
demographic and health-related factors. The relative risk
reduction (RRR) and 95% CI were calculated. All analyses were
performed using Stata/SE 17.0 (Stata Corp, College Station, TX,

USA), with a 2-sided p value < 0.05 considered as statistically
significant.

3 | Results

3.1 | Characteristics of the Study Population

A total of 2245 participants were included in the final cohort,
representing 21.01 million older adults. The baseline charac-
teristics of the population are shown in Table 1. Most of the
population were 70 years and older (62.22%), females (55.22%),
White (85.38%), married or partnered (62.91%), and had some
college degree or higher (66.65%). The average number of
chronic conditions was 2.07 (SE = 0.03), and the average score
of depression and anxiety was 5.20 (SE = 0.05).

3.2 | Trajectories of Frailty

The GBTM described 3 trajectories of physical frailty among the
3212 participants (see Figure 2). In the subset of 2245 participants,
74.00% had low-level frailty that remained low throughout follow-
up (low-stable group), 21.14% had low-level frailty that rose
gradually (low-increasing group), and 4.86% had high-level frailty
that declined starting in 2019 (high-level group). The model fit
indices indicated a good model fit (see Supporting Information S1:
Tables S6-S8). We found differences in all the baseline charac-
teristics among the trajectory groups. Compared with the low-
stable group, older adults in the low-increasing and high-level
groups were more likely to be older (proportion of 80 years
older, Group 1: 10.08% vs. Group 2: 23.29% vs. Group 3: 31.33%),
be female (51.80% vs. 63.25% vs. 72.38%), belong to minority
groups (13.48% vs. 16.22% vs. 25.25%), be single (32.91% vs. 49.29%
vs. 47.61%), have a lower education (college graduate and higher,
43.02% vs. 21.73% vs. 16.60%) and income (> 60,0008, 52.69% vs.
25.92% vs. 22.60%), present with more comorbidities (1.85 vs. 2.58
vs. 3.24), and have higher levels of anxiety and depression
symptoms (4.93 vs. 5.72 vs. 7.03) (all p < 0.001).

3.3 | Predictors of Different Frailty Trajectories
The associations of socio-demographic and health-related factors
with frailty trajectories were analyzed using the multinomial lo-
gistic regression, and the results are shown in Supporting
Information S1: Table S9. Age, race/ethnicity, education, income,
number of comorbidities, and anxiety and depression were
associated with frailty trajectories, while sex and marital status
were not. Specifically, taking the low-increasing group as the
reference, older adults who were younger, were well-educated,
had a higher income, presented with fewer comorbidities, and
had lower levels of anxiety and depression symptoms were more
likely to be in the low-stable group (p < 0.05); older adults who
were older, were Hispanic, presented with more comorbidities,
and had higher levels of anxiety and depression symptoms were
more likely to be in the high-level group (p < 0.05).
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TABLE 1 | Baseline characteristics of study population, stratified by frailty trajectories.

Total Group 1 (Low- Group 2 (low- Group 3 (high)
Characteristics n = 2245 stable) n = 1544 increasing) n = 561 n =140 Statistics®
National estimates, million (%) 21.01 15.55 (74.00) 4.44 (21.14) 1.02 (4.86)
Age, % < 0.001
65-69 37.78 41.44 29.06 19.93
70-74 30.36 30.75 29.92 26.40
75-79 17.96 17.73 17.74 22.33
80-84 9.24 7.16 14.38 18.52
85-89 3.62 2.49 6.39 8.71
90- 1.05 0.43 2.52 4.10
Sex, % < 0.001
Male 44.78 48.20 36.75 27.62
Female 55.22 51.80 63.25 72.38
Race/ethnicity, % < 0.001
White 85.38 86.53 83.78 74.76
Black 6.27 5.29 9.37 7.73
Hispanic 5.75 5.20 5.28 16.15
Other 2.61 2.99 1.57 1.37
Marital status, % < 0.001
Single 37.09 3291 49.29 47.61
Married or partnered 62.91 67.09 50.71 52.39
Education level, % < 0.001
Less than high school 9.44 7.04 16.10 17.09
High school graduate 2391 20.99 29.70 43.09
Some college 29.41 28.94 32.47 23.22
College graduate or higher 37.24 43.02 21.73 16.60
Annual income ($), % < 0.001
< 15,000 9.32 6.18 17.83 19.95
15,000-29,999 15.85 13.05 22.44 29.79
30,000-44,999 16.29 14.80 21.50 16.41
45,000-60,000 12.98 13.28 12.31 11.25
> 60,000 45.57 52.69 25.92 22.60
No. of comorbidities, mean (SE) 2.07 (0.03) 1.85 (0.04) 2.58 (0.07) 3.24 (0.16) < 0.001;
1<2<3P
Anxiety and depression 5.20 (0.05) 4.93 (0.05) 5.72 (0.11) 7.03 (0.28) < 0.001;
symptoms, mean (SE) 1<2<3b
Note: National estimates accounted for complex survey design.
Abbreviation: SE, standard error.
p values compare older adults in different trajectory groups using Rao-Scott Chi-square or design-based F-tests.
"Multiple comparisons were conducted between trajectory groups.
3.4 | Trajectories of Frailty and Dementia Status shown in Table 2 and Supporting Information S1: Table S10; the
baseline socio-demographic (e.g., age, gender, and education)
Out of 2245 participants with no dementia at baseline in 2015, and health-related (e.g., comorbidities, mental health measures)

144 (6.41%) and 179 (7.97%) developed possible and probable factors were adjusted. The “no dementia” outcome was set as
dementia by 2021, respectively. The cases (proportion) of  the reference category in the design-based multinomial logistic
probable dementia in the low-stable, low-increasing, and high- regression. Compared with the low-stable group, older adults in
level groups were 82 (5.31%), 71 (12.66%), and 26 (18.57%), the low-increasing group had a higher risk of possible dementia
respectively (see Supporting Information S1: Figure S1). The (RRR:2.37, 95% CI: 1.41-3.97, p < 0.001) and probable dementia
associations between frailty trajectories and dementia status are (RRR: 1.71, 95% CI: 1.08-2.73, p = 0.02) after controlling for
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FIGURE 2 | Trajectories of physical frailty.

socio-demographic and health-related covariates; similarly,
older adults in the high-level group had higher risks of possible
dementia (RRR: 4.24, 95% CI: 1.74-10.36, p < 0.001) and prob-
able dementia (RRR: 2.99, 95% CI: 1.32-6.76, p = 0.01) (Table 2).
No significant differences were found in the risk of dementia
between older adults in the high-level frailty group and those in
the low-increasing frailty group (p > 0.05) (see Supporting
Information S1: Table S10).

4 | Discussion

This longitudinal analysis of a national cohort identified 3
distinct patterns of change (namely, low-stable, low-increasing,
and high-level) in frailty in older adults over a 6-year period.
Both the low-increasing and high-level groups had a higher risk
of developing dementia than the low-stable group. Interestingly,
the dementia risk was not significantly different between the
low-increasing and high-level frailty groups. The low-increasing
frailty group comprised a larger population and contributed to a
higher proportion of dementia cases than did the high-level
group. It is worth noting that this group with a deteriorating
trajectory was not readily identifiable at baseline, highlighting
the importance of regular monitoring rather than single-time
measures. Furthermore, this study identified that several
socio-demographic and health-related characteristics could
distinguish different frailty trajectories. Given the potential
reversibility of frailty and its longitudinal association with
future dementia status, public health initiatives designed for
early identification and frailty amelioration could play a vital
role in reducing the risk of dementia.

4.1 | Trajectories of Frailty

Monitoring the progression of frailty over time, rather than
through static measurements, has emerged as a crucial factor in

—e— Low-increasing

—4— High

understanding its impact on the risk of dementia. Although pre-
vious research has identified frailty trajectories using longitudinal
data, their primary focus was on the overlap between frailty and
cognition using joint trajectory modeling [19]. This study ad-
vances this field by specifically examining the longitudinal asso-
ciation between different frailty trajectories in individuals
without dementia at baseline and their subsequent dementia risk.
Analytical approaches to trajectories presuppose the presence of
diversity within a sample, which comprises undetected sub-
populations that are homogeneous [33]. The trajectories of the
high-level frailty group, which comprised 4.86% of the partici-
pants, are consistent with the literature that suggests that frailty
tends to increase over time [34]. The unexpected reduction in the
risk of dementia in the high-level frailty group starting from 2019
may be attributable to survivorship bias influenced by the
COVID-19 pandemic, which may have led to higher mortality
among the most vulnerable in this group [35]. This resulted in a
post-pandemic follow-up cohort that disproportionately repre-
sented the healthier survivors, skewing the perceived risk
downward. Such survival bias may underestimate the true de-
mentia risk among high-frailty groups, leading to inaccurate as-
sessments of disease burden and resource needs. This highlights
the importance of accounting for external shocks, like the
pandemic, in longitudinal studies to ensure robust and general-
izable findings. The high-level frailty group represents a popula-
tion at substantial risk for both adverse health outcomes and
dementia. Trajectory analysis allows healthcare providers to
monitor these individuals over time and allocate resources for
intensive management, such as fall prevention programs, multi-
morbidity management, or advanced care planning [36]. As for
the low-increasing and low-stable groups, their frailty level may
not have reached the threshold of frailty severity that significantly
elevated their mortality risk during the pandemic. The identifi-
cation of a low-increasing group (21.14%) further supports that
frailty is progressive, highlighting a critical window for inter-
vention. This trajectory represents individuals whose frailty is
progressing but has not yet reached severe levels. Personalized
interventions, such as tailored exercise programs, nutritional
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TABLE 2 | Association of frailty trajectories with dementia status.

Possible dementia

Probable dementia

RRR (95% CI) p value RRR (95% CI) p value

Frailty trajectories

Group 1: low-stable Reference Reference

Group 2: low-increasing 2.37 (1.41, 3.97) < 0.001 1.71 (1.08, 2.73) 0.02

Group 3: high-level 4.24 (1.74, 10.36) < 0.001 2.99 (1.32, 6.76) 0.01
Age

65-69 Reference Reference

70-74 0.93 (0.45, 1.93) 0.85 2.12 (1.00, 4.49) 0.05

75-79 1.85 (0.91, 3.74) 0.09 2.71 (1.08, 6.78) 0.03

80-84 3.65 (1.89, 7.04) < 0.001 5.48 (2.10, 14.28) < 0.001

85-89 5.43 (2.53, 11.63) < 0.001 9.44 (3.93, 22.68) < 0.001

90- 5.81 (2.52, 13.40) < 0.001 16.06 (6.25, 41.27) < 0.001
Sex

Male Reference Reference

Female 0.88 (0.54, 1.45) 0.62 1.40 (0.82, 2.39) 0.21
Race/ethnicity

White Reference Reference

Black 1.30 (0.74, 2.26) 0.35 1.09 (0.57, 2.07) 0.80

Hispanic 1.47 (0.57, 3.75) 0.42 2.17 (0.70, 6.68) 0.18

Other 0.80 (0.22, 2.87) 0.73 1.39 (0.55, 3.47) 0.48
Marital status

Single Reference Reference

Married or partnered 0.95 (0.53, 1.68) 0.85 1.23 (0.73, 2.08) 0.43
Education level

Less than high school Reference Reference

High school graduate 1.08 (0.48, 2.43) 0.85 0.77 (0.40, 1.45) 0.41

Some college 0.89 (0.36, 2.19) 0.80 0.74 (0.40, 1.36) 0.33

College graduate or higher 0.70 (0.30, 1.62) 0.40 1.17 (0.55, 2.48) 0.68
Annual income ($)

< 15,000 Reference Reference

15,000-29,999 0.54 (0.27, 1.10) 0.09 1.04 (0.53, 2.05) 0.91

30,000-44,999 0.56 (0.23, 1.35) 0.19 0.57 (0.27, 1.23) 0.15

45,000-60,000 0.37 (0.14, 1.03) 0.06 0.75 (0.26, 2.15) 0.59

> 60,000 0.29 (0.11, 0.79) 0.02 0.52 (0.17, 1.60) 0.25
No. of comorbidities 0.90 (0.74, 1.11) 0.32 1.10 (0.91, 1.32) 0.32
Anxiety and depression symptoms 1.11 (0.96, 1.27) 0.16 1.05 (0.94, 1.16) 0.39

Note: Multinomial logistic regression adjusting for complex survey design and weights. No dementia was set as the base outcome.

Abbreviations: CI, confidence interval; RRR, relative risk ratio.

support, and social engagement strategies, could be implemented
to slow or even reverse frailty progression in this group [37, 38].
For the majority of participants (74%) who remained in the low-
stable frailty group, trajectory analysis provides evidence for
successful aging strategies. Public health efforts should focus on
identifying and reinforcing the protective factors that enable in-
dividuals to maintain their health and prevent frailty progression.
This could include encouraging healthy lifestyles, such as regular

physical activity, a balanced diet, and preventive healthcare
visits [39].

4.2 | Factors Associated With Frailty Trajectories

A previous review highlighted age as a leading factor in the
acceleration of frailty, reinforcing this study's focus on older
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populations [34]. Age-related physiological changes, such as
reduced muscle mass, decreased bone density, and impaired
immune function, contribute to increased vulnerability to frailty
[40]. Additionally, older adults often experience a cumulative
burden of chronic diseases and comorbidities, which can exac-
erbate frailty progression. The identified socio-demographic and
health-related factors may help to capture older adults with a
high-level or low-increasing trajectory. Specifically, older adults
of advanced age and lower socio-economic status, with more
comorbidities and worse mental health, may experience these
concerning trajectories. The identified factors might increase
the risk of higher frailty levels, potentially due to physiological
aging, healthcare disparities, and the impact of comorbidities
and mental health issues on overall health status [41]. It is
imperative to identify population subgroups susceptible to
frailty to target interventions across the lifespan appropriately.
These findings emphasize the complexity of frailty and a holistic
approach to managing it, underlining its multidimensional na-
ture encompassing physical health, mental health, and socio-
economic conditions. Addressing these factors is crucial. In-
terventions targeting at-risk subgroups across the lifespan can
potentially mitigate frailty progression. These include improving
access to healthcare, promoting healthy lifestyles, and imple-
menting community-based programs to support older adults
[42]. Public health policies should focus on reducing healthcare
disparities and enhancing social support systems to improve
outcomes for vulnerable populations. Evidence from a system-
atic review of 21 randomized controlled trials substantiated the
modifiability of frailty, yet it also pointed out that not all in-
terventions were effective in delaying frailty progression [42].
Further research into the mechanisms linking these factors with
frailty trajectories is essential. This deeper understanding could
pave the way for more effective interventions, potentially
contributing to dementia prevention.

4.3 | Frailty and Dementia

The findings of this study are congruent with previous studies
linking frailty with an increased risk of dementia [15, 43-46].
Specific changes, such as alterations in hippocampal synaptic
function, neuronal membrane properties, and axonal pathways
observed in people with frailty, could contribute to the devel-
opment of dementia [47]. Frailty may also exacerbate these
pathological processes through systemic inflammation, oxida-
tive stress, and hormonal dysregulation, thereby increasing the
vulnerability of the brain to neurodegeneration [48]. Previous
studies relied on single measurements of frailty [15, 43-45],
while our study expanded this knowledge by determining the
associations between frailty trajectories over time and later de-
mentia status. These findings emphasize the value of early
detection and intervention strategies that may alter or modify
this deteriorating trajectory and, subsequently, dementia risk. In
line with another study, this study also confirmed that a higher
level of frailty was independently associated with an increased
risk of dementia [15]. Notably, the low-increasing group aligned
with the high-level frailty group regarding the dementia risk.
This suggests the importance of monitoring not just the frailty
level but the pace of change in frailty, as a rapid increase could
indicate a high dementia risk. The lack of significant differences

in dementia risk between the high-level and the low-increasing
frailty groups may be attributed to common biological mecha-
nisms and shared risk factors (e.g., smoking and physical ac-
tivity) that contribute to the progression of both frailty and
dementia [49]. Additionally, the high-level frailty group may
exhibit a potential “ceiling effect,” where frailty risk reaches a
physiological limit, leading to a plateau in its influence on de-
mentia risk. This study challenges the conventional notion that
a uniform progression of frailty is linked to an increased risk of
dementia, emphasizing the necessity of considering the complex
and varying trajectories of frailty. Public health initiatives
should focus on raising awareness about the link between frailty
and dementia and promoting lifestyle changes that can mitigate
these risks.

4.4 | Implications

This study contributes to the understanding of frailty trajec-
tories and dementia risk in older adults. The key finding is that
it is not just the initial levels of frailty but the progression over
time that matters. Specifically, both the low-increasing and
high-level frailty groups were found to have a higher risk of
subsequent dementia. This highlights the importance of
continuously monitoring frailty levels over time rather than
focusing only on the initial frailty status. Healthcare pro-
fessionals should incorporate regular and systematic frailty as-
sessments into routine care for older adults. These findings also
suggest that interventions should be designed to slow or reverse
frailty progression. Healthcare professionals (e.g., nurses) can
lead educational programs and develop individualized care
plans to increase awareness of frailty and dementia and advo-
cate for early interventions. In addition, the identified socio-
demographic and health-related factors could help to identify
older adults at a higher risk of concerning trajectories. This
study sought to shed light on the potential of a public health-
oriented, preventative approach that focuses on modulating
different physical frailty trajectories as a non-invasive inter-
vention to mitigate dementia risk.

4.5 | Strengths and Limitations

Utilizing the NHATS data, this study captured diverse facets of
frailty, incorporating objective measurements such as exhaus-
tion, low physical activity, unintentional weight loss, slow gait,
and weakness [12]. The analysis of frailty over 6 years provided
a more comprehensive understanding of the relationships be-
tween frailty trajectories and dementia, challenging the con-
ventional approach that relies on a one-time frailty assessment
and fails to adequately account for the heterogeneity and dy-
namic nature of frailty over time. By recognizing the heteroge-
neity in frailty progression, trajectory analysis offers a
framework for personalized and population-level interventions.
It also contributes to the development of predictive models that
can better allocate healthcare resources and improve outcomes
for older adults at different stages of frailty. The diverse de-
mographic representation enabled a broad and generalizable
understanding of frailty and dementia risk.
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However, this study has limitations. First, the analysis is based
on the definition of physical frailty, which may not fully capture
the multidimensional nature (e.g., biopsychosocial frailty) of
frailty [20]. For instance, psychological and social factors (e.g.,
depression and isolation) could independently or interactively
contribute to dementia risk, potentially altering the study's
conclusions [50]. Future research incorporating multidimen-
sional frailty frameworks may provide a more comprehensive
understanding of these associations. Second, participants with
missing data were excluded and the imputation for missing data
was not used. The study may not fully represent the older adult
population without dementia, as it excluded participants who
either died during the follow-up or were unable to complete the
frailty assessment for various reasons, such as safety concerns
(e.g., risk of injury during walking speed tests). The high-risk
frailty group had a lower survival and this survival bias may
result in an underestimation of dementia risk in this group,
which may impact the generalizability of our findings. However,
in our analysis, we controlled for the complex sample design
and weights, which were designed to improve the representa-
tiveness of the study population and address potential biases.
Third, the lack of confirmed medical diagnoses for dementia is a
limitation, as it requires reliance on proxy indicators; dementia
status was determined using the validated classification widely
used in NHATS-based studies that minimizes education-related
bias, however, future studies could explore alternative tests or
adjusted thresholds since age- and education-adjusted cutoffs
were not applied. Further research, particularly randomized
controlled trials, is needed to validate these findings and explore
interventions to modify frailty trajectories for reducing the risk
of dementia.

5 | Conclusion

This nationwide, population-based longitudinal study provides
insights into the dynamic relationships between frailty trajec-
tories and dementia status in older adults. The findings high-
light the need for regular frailty assessments and early
intervention, even for older adults with low-level frailty. The
impacts of socio-demographic and health-related factors (e.g.,
mental health) on the development of different frailty trajec-
tories point to the need for policies addressing health disparities
and comprehensive prevention strategies.
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