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Abstract

Objectives—To evaluate joint trajectories of cognition and frailty and their association with the 

cumulative burden of patient-reported outcomes, including hospitalization, nursing home 

admission, and disability.

Design—Longitudinal study of 754 community-living persons aged 70 or older.

Participants—690 participants who had a baseline and at least one follow-up assessment of 

cognition and frailty between 1998 and 2009.

Measurements—Cognition was assessed using the Mini-Mental State Examination (MMSE). 

Frailty was defined by the 5 criteria for the Fried phenotype: muscle weakness, exhaustion, low 

physical activity, shrinking, and slow walking speed. A group-based, mixture modeling approach 

was used to fit the joint trajectories of cognition and frailty. The cumulative burden of 

hospitalization, nursing home admission, and disability over 141 months associated with the joint 

trajectories was evaluated using a series of generalized estimating equation Poisson models.

Results—Four joint trajectories were identified, including no cognitive frailty (27.8%), slow 

cognitive decline and progressive frailty (45.5%), rapid cognitive decline and progressive frailty 

(20.2%), and cognitive frailty (6.5%). For each joint trajectory group, the interval-specific 

incidence density rates of all patient-reported outcomes tended to increase over time, with the 

exception of hospitalization for which the increasing trend was apparent only for the Slow 

Cognitive Decline and Progressive Frailty group. The No Cognitive Frailty group had the lowest 

cumulative burden of all patient-reported outcomes [eg, nursing home admissions, 7.5/1000 

person-months, 95% confidence interval (CI): 4.8–11.7], whereas the Cognitive Frailty group had 

the highest cumulative burden (eg, nursing home admissions, 381.1/1000 person-months, 95% CI: 

294.5–493.1), with the exception of hospitalization. Compared with the No Cognitive Frailty 

group, the 3 other joint trajectory groups all had significantly greater burden of the patient-

reported outcomes.

Conclusion—Community-living older persons exhibit distinct joint trajectories of cognition and 

frailty and experience an increasing burden of nursing home admission and disability as they age, 

with the greatest burden for those on a cognitive frailty trajectory.
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Cognition and physical frailty (hereafter, frailty) are 2 important indicators of the aging 

process. Cognitive impairment ranges in severity from mild to severe because of the 

deterioration in domains such as memory, learning, and/or executive function. Frailty 

represents a state of increased vulnerability to minor stressor events resulting from 

cumulative decline in multiple physiological systems.1,2 Both aging indicators confer high 

risk for subsequent adverse outcomes, including hospitalization, nursing home admission, 

disability, and mortality, posing tremendous burdens on older persons, their families, and the 

health care systems.

Typically, cognition and frailty have been studied separately as if 2 independent processes. 

However, recent studies have challenged this traditional view and demonstrated a close 

interrelationship between cognition and frailty.3–7 A recent review article suggested that 

cognition and frailty interact within a cycle of age-associated decline, involving brain 

neuropathology, hormonal dysregulation, cardiovascular risk, and psychological factors.6 

This interactive view of the 2 indicators is consistent with the multidimensional nature of 

health and aging,8 for which multidimensional indexes have been rigorously tested and 

developed to capture aggregate information across multiple domains.9–11 Cognitive frailty, a 

new conceptual construct proposed in 2013, is characterized by the simultaneous presence of 

both cognitive impairment and frailty.12 However, little is known about the natural history of 

cognitive frailty, including how the 2 components, that is, cognition and frailty, evolve over 

time. In addition, it is uncertain whether and to what extent the different subtypes or joint 

trajectories of cognitive frailty impact health outcomes important to older persons, such as 

hospitalization, nursing home admission, and disability.

Using data from a unique longitudinal study of community-living older persons that includes 

serial assessments of cognition and frailty over 11 years, we aimed to identify joint 

trajectories of cognition and frailty and to evaluate their associations with the cumulative 

burden of 3 patient-reported outcomes—hospitalization, nursing home admission, and 

disability.

Methods

Study Population

Participants were members of the Yale Precipitating Events Project (PEP), a longitudinal 

study of 754 initially nondisabled, community-living persons, 70 years or older.13–16 In 

brief, potential participants were identified from a computerized list of 3157 age-eligible 

members of a large health plan in greater New Haven, CT. Exclusion criteria included 

significant cognitive impairment with no available proxy, inability to speak English, 

diagnosis of a terminal illness with a life expectancy less than 12 months, or a plan to move 

out of the area. Only 4.6% of the 2735 health plan members who were alive and could be 

contacted refused to complete the screening telephone interview, and 75.2% of the 1002 
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eligible members agreed to participate in the project and were enrolled between March 1998 

and October 1999. Persons who refused to participate did not differ significantly from those 

who were enrolled in terms of age or sex. The Yale Human Investigation Committee 

approved the study protocol, and all participants provided verbal informed consent.

The current study used data collected through December 31, 2009, with home-based 

comprehensive assessments completed every 18 months for 108 months and monthly 

telephone interviews completed up to 141 months.17 The completion rates of the 

comprehensive assessments ranged from 94.2% at 90 months to 100% at baseline. During 

the comprehensive assessments, data were collected on demographic characteristics, 9 self-

reported, physician-diagnosed chronic conditions (ie, hypertension, myocardial infarction, 

congestive heart failure, stroke, diabetes mellitus, arthritis, hip fracture, chronic lung disease, 

and cancer), depressive symptoms [sex-adjusted Center for Epidemiologic Studies–

Depression scale (CES-D) score ≥20],18 cognition,19 and frailty.20

Deaths were ascertained from local obituaries or an informant during a subsequent 

interview. Participants having only a baseline assessment of cognition and frailty (n = 64) 

were excluded because no corresponding trajectory could be modeled. Through December 

31, 2009, a total of 396 (57.4%) of the remaining study participants (n = 690) had died after 

a median of 81 months.

Cognition

Cognition was assessed by a trained research nurse during the comprehensive assessments 

using the Mini-Mental State Examination (MMSE).19 The MMSE is the most widely used 

instrument for assessing global cognitive function in both clinical and research settings, with 

higher scores indicating better performance (range: 0–30). Studies of its psychometric 

properties show moderate to high levels of short-term test-retest reliability, construct and 

criterion validity, and adequate responsiveness to cognitive change over time.21,22

Frailty

Data from the comprehensive assessments were used to define each of the 5 criteria for the 

Fried phenotype: muscle weakness, exhaustion, low physical activity, shrinking, and slow 

walking speed. As described previously,20,23 our operational definitions for the last 3 criteria 

differed modestly from those previously described by Fried and colleagues for use in the 

Cardiovascular Health Study.2 The physical activity criterion was met for men who scored 

less than 64 and women who scored less than 52 on the Physical Activity Scale for the 

Elderly.24 The shrinking criterion was met if the participant answered yes when asked, “In 

the past year, have you lost more than 10 pounds?”20 Finally, the slow walking speed 

criterion was met if the participant scored greater than 10 seconds on the rapid gait test 

[walk back and forth over a 10-ft (3-m) course as quickly as possible].16 These modified 

criteria have been previously validated.25 Among a subgroup of 24 participants who were 

evaluated independently within a 3-day period by different nurse researchers, the reliability 

of our frailty assessment was substantial, with a weighted κ equal to 0.78.20,23
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Hospitalization, Nursing Home Admission, and Disability

During the monthly telephone interviews, participants were asked whether they had stayed at 

least overnight in a hospital (κ = 0.94)26,27 and whether they had been admitted to a nursing 

home (κ = 0.96)26,28 since the last interview. Participants were also asked, “At the present 

time, do you need help from another person to (complete the task)?” for each of 4 basic 

activities of daily living (ADL) (bathing, walking, dressing, and transferring), 5 instrumental 

ADL (IADL) (shopping, housework, meal preparation, taking medications, and managing 

finances), and 3 mobility activities (walk ¼ mile, climb flight of stairs, and lift/carry 10 lb). 

Disability in the 3 functional domains (ADL, IADL, and mobility) was operationalized as 

the need for personal assistance in performing 1 or more of the corresponding activities.29 

Participants were also asked about a fourth mobility activity, “Have you driven a car during 

the past month?” Participants who respond no were deemed to have stopped driving. To 

maintain consistency with the other activities, these participants were classified as “needing 

for personal assistance” in driving.30 The reliability of our disability assessment was high, 

with κ ranging from 0.75 to 1.31

Statistical Analyses

To identify common patterns of concurrent changes in cognition and frailty, we used a 

group-based, joint trajectory modeling approach developed by Jones and coworkers via an 

SAS macro PROC TRAJ.32 This approach fits a semiparametric (discrete) mixture model to 

longitudinal data using the maximum likelihood function where each resultant joint 

trajectory is a combination of a trajectory for cognition and a trajectory for frailty.

Based on the distributions of the MMSE scores (minimum = 0, maximum = 30)17 and the 

frailty score (range: 0–5), we used a censored normal model for cognition and a zero-

inflated Poisson (ZIP) model for frailty. After comparing the goodness of fit across 

alternative models with varied high-order growth terms, a quadratic time for cognition and a 

linear time for frailty provided the best fit to the data based on the Bayesian information 

criterion (BIC). We assessed model adequacy using the average posterior probability of 

assignment (a probability of assignment ≥0.9 was considered an excellent fit and a value 

<0.7 was considered a poor fit), proportion of group membership with a posterior probability 

of assignment <0.7, and the differences between the predicted group probability and 

observed group proportions.33 We selected the final model based on these model adequacy 

indices, plus practical considerations of distinctiveness and interpretability of the estimated 

trajectories.32,33

Next, we estimated incidence density rates as the total number of events per 1000 person-

months based on the monthly telephone interviews across the seven 18-month intervals, 

using separate models for each outcome.17 An “event” occurred when participants reported a 

hospitalization, nursing home admission, or ADL, IADL, or mobility disability, during a 

specific month. We then determined the observed interval-specific incidence density rates of 

the patient-reported outcomes over the seven 18-month intervals by the identified joint 

trajectories. Subsequently, we applied Poisson models invoking generalized estimating 

equations34 to evaluate the associations between the identified joint trajectories and the 

cumulative burden of the patient-reported outcomes over the 11-year follow-up. Global 
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model fit was checked using the quasi-likelihood information criterion. The models were 

adjusted for the following covariates: age, sex, race, education, living alone, number of 

chronic conditions, and depressive symptoms.

P values <.05 were considered as statistically significant. All analyses were performed using 

SAS version 9.4 (SAS Institute, Cary, NC).

Results

Characteristics of Study Participants

The baseline characteristics of the study participants are shown in Table 1. About 12% of 

participants were ≥85 years old, and about one-half had 2 or more chronic conditions. The 

majority of participants were female, non-Hispanic white, had more than 12 years of 

education, and did not live alone, whereas a relatively small minority had significant 

depressive symptoms.

Joint Trajectories of Cognition and Frailty

Among the joint trajectory models evaluated, a 4-group solution was selected as the optimal 

model. A 4-group model achieved acceptable average posterior probability of assignment, 

with values ranging from 0.90 to 0.96 across the 4 trajectory groups (Appendix 1, Table S1).
33 The BIC index was less than that for alternative models having fewer groups. Subsequent 

models with more than 4 groups had lower average posterior probability of assignment and a 

higher proportion of group membership with a posterior probability of assignment <0.7 (eg, 

20% for the model with 5 groups). The maximum likelihood estimates for the final 4-group 

joint trajectory model are summarized in Table S2 (Appendix 2).

As shown in Figure 1, the 4 distinct joint trajectories were identified as no cognitive frailty, 

slow cognitive decline and progressive frailty, rapid cognitive decline and progressive frailty, 

and cognitive frailty. The predicted group probabilities for the 4 groups were 27.8%, 45.5%, 

20.2%, and 6.5%, respectively. Participants in the No Cognitive Frailty group had no 

cognitive impairment (MMSE score < 2414,19) and low frailty scores throughout the follow-

up period. In contrast, those in the Cognitive Frailty group exhibited an accelerated cognitive 

decline and developed worsening frailty over time. The remaining participants fell into 2 

intermediate groups, each with progressive frailty but one exhibiting a slow cognitive 

decline and the other showing a rapid cognitive decline.

Characteristics by the Joint Trajectories

Baseline characteristics of the study participants by the joint trajectories of cognition and 

frailty are presented in Table 1. Across the 4 trajectory groups, the proportions of these 

factors differed significantly (all P < .05), except female (P = .673) and non-Hispanic white 

(P = .279).
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Associations Between the Joint Trajectories and the Cumulative Burden of Hospitalization, 
Nursing Home Admission, and Disability

Supplementary Figure S1 (Appendix 3) provides the observed interval-specific incidence 

density rates of the patient-reported outcomes over the seven 18-month intervals for each of 

the 4 joint trajectories. The values tended to increase over time, with the exception of 

hospitalization, for which the increasing trend was apparent only for the Slow Cognitive 

Decline and Progressive Frailty group.

Figure 2 provides the adjusted values for cumulative burden of hospitalization, nursing home 

admission, and disability (ADL, IADL, mobility, respectively) for each of the joint 

trajectories groups. The No Cognitive Frailty group had the lowest burden of all patient-

reported outcomes [eg, nursing home admissions, 7.5/1000 person-months, 95% confidence 

interval (CI): 4.8–11.7], whereas the Cognitive Frailty group had the highest burden (eg, 

nursing home admissions, 381.1/ 1000 person-months, 95% CI: 294.5–493.1), with the 

exception of hospitalization. Compared with the No Cognitive Frailty group, the 3 other 

joint trajectories groups all had significantly greater burdens of the patient-reported 

outcomes (see Appendix 4, Supplementary Material, for details). For example, the adjusted 

rate ratios (aRRs) for nursing home admission were 7.2 (95% CI: 4.4–11.8) for Slow 

Cognitive Decline and Progressive Frailty, 23.5 (95% CI: 14.4–38.4) for Rapid Cognitive 

Decline and Progressive Frailty, and 50.7 (30.5–84.1) for Cognitive Frailty, respectively, 

compared with No Cognitive Frailty.

Discussion

Based on longitudinal data for more than 11 years, we identified 4 distinct joint trajectories 

of cognition and frailty in a large sample of community-living older persons. The most 

favorable group (ie, No Cognitive Frailty) experienced no cognitive impairment and low 

frailty scores throughout the follow-up period, whereas the least favorable group (ie, 

Cognitive Frailty) exhibited an accelerated cognitive decline and developed worsening 

frailty over time. The 2 intermediate groups experienced progressive frailty with slow and 

rapid cognitive decline, respectively. The No Cognitive Frailty group had the lowest burden 

of the 3 patient-reported outcomes (hospitalization, nursing home admission, and disability), 

whereas the Cognitive Frailty group had the highest burden of nursing home admission and 

disability, but not hospitalization. Compared with the No Cognitive Frailty group, the 3 other 

joint trajectories groups all had significantly greater burden of the patient-reported 

outcomes. By advancing our understanding of cognitive frailty, these findings have the 

potential to inform clinical decision making for a highly vulnerable subset of older persons.

The largely parallel changes of cognition and frailty over time and their joint contributions 

to the increasing burden of patient-reported outcomes provide support for the construct of 

cognitive frailty. In the Cognitive Frailty group, worsening frailty closely tracked accelerated 

cognitive decline over time, suggesting the possibility of a common underlying etiology.6,35 

Moreover, after about 36 months of follow-up, participants in this group had both cognitive 

impairment and frailty and, therefore, met criteria for cognitive frailty according to the 

standard definition.12 The Cognitive Frailty group experienced the greatest cumulative 

burden of nursing home admission and disability, a finding that is consistent with prior 
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studies,36,37 suggesting that these older persons represent a unique subpopulation with 

extremely high risk of adverse outcomes.

The identification of 4 distinct joint trajectories of cognition and frailty suggest that the 

development of cognitive frailty is not uniform. Our study extends previous findings by 

jointly modeling cognition and frailty as potentially related domains and by demonstrating a 

clear gradient across the 4 trajectories for several patient-reported outcomes. Preventing or 

slowing decline in frailty and/or cognition has the potential to reduce the burden of these 

outcomes in older persons. Although many clinical trials have evaluated the effect of 

interventions such as nutritional supplements (eg, vitamin E, and omega 3 fatty acids) and/or 

exercise (eg, aerobic and resistance training, and multicomponent training) on preventing or 

slowing cognitive decline, little benefit has been demonstrated.38–43 Therefore, the Slow 

Cognitive Decline and Progressive Frailty group may currently be the most suitable target 

subpopulation for implementing preventive interventions.

Of the patient-reported outcomes, hospitalization warrants additional comment because its 

incidence density rates and cumulative burden did not track the joint trajectories as closely 

as the other outcomes. These differences may reflect diverse pathways towards or risk factor 

profiles of these patient-reported outcomes. For example, hospitalization is commonly due to 

acute illness or injury rather than to cognitive impairment or frailty itself.

Our study has several strengths. The serial assessments of cognition and frailty provided a 

unique opportunity to evaluate the natural history (or trajectory) of these 2 domains that 

often underlie vulnerability in older persons. The patient-reported outcomes, including 

hospitalization, nursing home admission, and disability, were obtained through monthly 

interviews with high reliability. Furthermore, the validity of our results is strengthened by 

the low rate of attrition and missing data due to losses to follow-up. Our study, however, has 

at least 3 limitations. First, the reported associations between the joint trajectories and the 

cumulative burden of patient-reported outcomes cannot be construed as causal. Second, 

ceiling effects were observed for mobility and IADL disability, for example, at about 36 

months for the Cognitive Frailty group, making any subsequent changes difficult to 

ascertain. Finally, because our study participants were members of a single health plan in a 

small urban area and were oversampled for slow gait speed,13 the findings may not be 

generalizable to older persons in other settings.

In summary, community-living older persons exhibit distinct joint trajectories of cognition 

and frailty and experience an increasing burden of nursing home admission and disability as 

they age, with the greatest burden for those on a cognitive frailty trajectory. The findings 

highlight the unique characteristics of concurrent changes of cognition and frailty over time 

and provide a better understanding of cognitive frailty.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distinct joint trajectories of cognition and frailty. Cognition was assessed using the Mini-

Mental State Examination (MMSE, score range: 0–30). A lower score indicates greater 

impairment. Frailty was defined by the 5 criteria for the Fried phenotype: muscle weakness, 

exhaustion, low physical activity, shrinking, and slow walking speed. A higher score 

indicates greater frailty. Values represent the predicted MMSE score and frailty score, 

respectively. The error bars represent 95% confidence intervals for the predicted value of 

MMSE score and frailty score, respectively.
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Fig. 2. 
Adjusted values for cumulative burden of hospitalization, nursing home admission, and 

disability by the joint trajectories of cognition and frailty. ADL, activities of daily living; 

IADL, instrumental activities of daily living. The bars denote the 95% confidence intervals 

(CIs). Values represent predicted number of events per 1000 person-months based on 

separate generalized estimating equation Poisson models for each patient-reported outcome. 

These values were estimated using a 4-group trajectory model of cognition and frailty, 

adjusting for the following covariates as group-specific population means: age, sex, race, 

education, living alone, number of chronic conditions, and depression symptoms.
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