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Abstract

The current study examined associations of pre-frailty and frailty states with cognitive and 

functional health outcomes among community residing older adults (N=457) in the Bronx, New 

York. Results: Older adults who met criteria for frailty demonstrated poorer performance in 

attention, verbal memory and overall global cognitive functioning compared to healthy controls. 

Moreover, pre-frail and frail older adults had significantly worse health outcomes including greater 

perceived difficulty with lower and upper extremity functioning and perceived limitations in 

completing daily activities, suggesting the need for targeted interventions in the community that 

may ameliorate age-related health decline.
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Introduction

Fried’s phenotypic frailty is well established in the literature and commonly highlighted as 

an adverse health condition in the aging population characterized by decreased resistance to 

stressors and reduced physiological function. Pre-frailty is characterized as a modifiable 

intermediate state of physical frailty (Fried et al., 2001). However, not all pre-frail older 

adults deteriorate into frailty and some may even return to a non-frail state, making it a 

meaningful and complex measure of physical health in the aging population (Macuco et al., 

2012).

As seen in the Cardiovascular Health Study, the prevalence of frail older adults was merely 

6.3%, whereas 45.3% were pre-frail (Walston et al., 2002). Furthermore, previous studies 

have estimated that in Western societies, 18.8% to 50.9% of community-dwelling older 

adults are pre-frail (Chang et al. 2015). Although it is relevant to develop a comprehensive 
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understanding of frail older adults, the majority of older adults are not frail. It is essential for 

research to address this gap in the literature characterizing the cognitive and health profiles 

associated with older adults who are both pre-frail and frail.

Recent literature has highlighted the importance of determining associations between frailty 

status and functional health outcomes in the aging population (Yang & Pang, 2016). 

Individuals who meet diagnostic criteria for frailty require the most geriatric care amongst 

the rapidly growing baby boom population in the United States (Yang and Pang, 2016; Kim 

et al., 2014). In relation to health, it has been demonstrated that frail older adults are at a 

greater risk for adverse health outcomes (Macuco et al., 2012). Moreover, older adults 

exhibiting both poor cognitive performance and physical frailty are at a greater risk of poor 

health outcomes, like disability, hospitalization and death, than if just exhibiting physical 

frailty (Avila-Funes et al., 2009; Alexandre et al., 2014; Het Veld et al., 2015; Kelaiditi et al., 

2013). Therefore, distinguishing the adverse health outcomes associated with not just frailty, 

but the transitional state of pre-frailty, is important for developing and targeting preventative 

health-care efforts for this at-risk population (Lang et al., 2009). This study aimed to bridge 

the gap in the literature by examining associations between both pre-frailty and frailty states 

and targeted health outcomes, including both physical and cognitive functioning.

Previous research revealed that frailty was associated with lower global cognitive 

functioning among non-demented, older adults (Robertson et al., 2013). However, to our 

knowledge the majority of the studies examining associations of frailty and pre-frailty with 

cognition have largely employed screen or global measures of cognitive function, like the 

Mini Mental Status Examination (MMSE). In comparison, research addressing specific 

cognitive domains is more limited (Robertson et al., 2013). With respect to functional, 

physical health, research showed that frail older adults were at a greater risk for adverse 

functional outcomes that may negatively affect activities of daily living. However, the 

majority of frailty studies have focused on differences in health outcomes between frail and 

non-frail individuals excluding those who met criteria for pre-frailty status.

This study aimed to address these gaps in the literature by determining the relationship 

between both pre-frailty and frailty states with specific cognitive and functional health 

outcomes in community residing, non-demented older adults. Identifying adverse functional 

and cognitive health outcomes that are differentially related to frailty and pre-frailty states is 

important for informing early assessment procedures and interventions for at risk older 

adults (Macuco et al., 2012).

Methods

Participants.

The study sample (N=457) consisted of community-residing older adults recruited for an 

existing longitudinal parent study titled, “Central Control of Mobility and Aging.” Goals of 

this study are to determine cognitive and brain predictors of mobility performance, decline, 

and disability in aging. Recruitment procedures: population lists of persons aged 65 years 

and older living in Westchester County were used to identify potential participants who 

were, contacted first by letter and then by telephone, inviting them to participate. The 
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structured telephone interview included verbal consent, medical history questionnaire, 

mobility questions and validated cognitive screens designed to exclude dementia (Holtzer et 

al., 2014). Exclusion criteria included audiovisual loss that precluded compliance with study 

procedures, inability to speak English, inability to ambulate independently, neurological or 

psychiatric disorders and dementia (Holtzer et al., 2014). Established diagnostic case 

conference procedures were used to determine dementia status (Holtzer et al., 2008a) and 

only non-demented participants were included in the current study. Case conference 

procedures entail attendance by at least one neuropsychologist and neurologist to review 

participant’s cognitive profile and neurology exam. Dementia is diagnosed according to 

DSM-V criteria. Written informed consents, approved by The Albert Einstein College of 

Medicine Institutional Review Board, were obtained onsite.

Measures.

Frailty assessment followed criteria established by Fried’s phenotype. Frailty was measured 

utilizing a binary scale that represented either the presence (e.g., 1) or absence (e.g., 0) of 

each of the five frailty traits for an individual (e.g., weight loss; low physical activity; 

weakness; exhaustion; slow gait). Weight loss was defined a loss of >= 10 lbs. over the 

previous year. Low physical activity was defined by an endorsement of “Yes” to, “Have you 

been less physically active in the past 12 months?” on the leisure scale. Weakness was 

defined as the average of three trials using a handgrip dynamometer. Established cut scores 

were adjusted for sex based on published normative data (Cho et al., 2015). Exhaustion was 

defined as an answer of “No,” for, “Do you feel full of energy?” on both the Geriatric 

Depression Scale (GDS) and a self-report Mobility Questionnaire. Slow gait was based on 

the below age and sex-specific means. These velocities have been defined using established 

cut scores based on published normative data (Verghese et al., 2012). GaitRite software was 

used to calculate individual gait velocity through computer-analyzed recordings of footfalls 

on an instrumented walkway with embedded pressure sensors measuring 6.1 m × 0.6 m (L × 
W).

All neuropsychological tests used for this study have been well validated for older adults in 

previous literature (Demetriou & Holtzer, 2016). The Repeatable Battery for the Assessment 

of Neuropsychological Status (RBANS) is a battery for older adults that consists of 10 

neurocognitive tests and was used to assess immediate and delayed memory, attention, 

language and visuospatial abilities. An overall cognitive score represented a composite of 

the 10 RBANS tests. Raw scores were calculated by trained Research Assistants and then 

converted to standardize scores based on age and education. The Digit Symbol Substitution 

Test (DSST) was used as an assessment of complex attention from the Wechsler Adult 

Intelligence Scale. Participants were instructed to write down the corresponding symbol to a 

digit, as quickly as possible, in consecutive order, without making mistakes. The number of 

correctly matched digit-symbol pairs is measured after 90 seconds. The correct number of 

symbols completed was converted to standardized scores based on age and education. The 

Categorical Oral Word Association Test- Semantic and Phonemic Fluency (COWAT-FAS) 

was used to assess verbal fluency. In phonemic fluency, participants were instructed to 

verbally generate as many words in one minute for each of the letters F, A, and S. In 

semantic fluency participants were required to verbally generate as many animal names in 
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one minute (Holtzer et al., 2008b). The correct number of words was converted to 

standardized scores based on age and education.

The Late Life Function of Disability Instrument: functional and disability components 

(LLFDI-F and LLFDI-D) are validated measures in the older adult population that assess 

perceived basic lower, advanced lower extremity function and upper extremity function of 

older adults (Sayers et al., 2004). For example, participants are asked to assess how difficult 

it is to, “walk around one floor of your home,” or “unscrew the lid off a previously unopened 

jar, without using assistive devices.” The function and disability components are measured 

using a rating scale from 1 to 5, where the lower number corresponds to worse functioning. 

Raw summary scores were calculated and transformed to scaled scores. The LLFDI-D asks 

participants to report two parts of a question: how often you do an activity and to what 

extent do you feel limited in doing that activity? For example, participants are asked, “How 

often do you take care of local errands like managing and taking responsibility for shopping 

for food or personal items, going to the bank, library or dry cleaner?” and “To what extent 

do you feel limited in doing that activity?”

Statistical analysis.

Data were inspected descriptively and visually. Separate linear regression analyses 

determined the relationships between group status and cognitive and functional outcomes. 

Analyses controlled for age, education, gender, global health/comorbidity score and 

ethnicity. All statistical analyses were performed using SPSS version 21 (IBM, Somers, 

NY).

Results.

457 older adults (57.1% female; 79.9% Caucasian) completed measurements for baseline 

frailty, cognitive and functional health outcomes. Mean age was 76.50 (± 6.55) years and 

mean education level was 14.5 (± 3.08) years. The mean RBANS standardized total score 

(91.4 ± 12.04) was in the average range of cognitive function. The low disease comorbidity 

summary (1.64, ±1.08) indicated relatively good health. Descriptive data of demographic, 

cognitive and functional variables stratified by group (non-frail, pre-frail, frail) are provided 

in supplementary table 1.

171 subjects (37.4%) were non-frail, 258 (56.5%) were pre-frail and 28 (6.13%) were frail. 

For pre-frailty, 132 (51.2%) had low physical activity, 70 (27.1%) had low grip strength 

(weakness) and 59 (22.9%) had slow gait. For frailty, 24 (85.7%) had low physical activity, 

24 (85.7%) had slow gait and 6 (78.6%) had low grip strength.

Linear regressions compared the effect of group status on immediate and delayed verbal 

memory, executive function/attention and premorbid functioning (see Table 1). There were 

statistically significant differences between the non-frail and frail groups on list recall (p 
< .05), overall cognition (p < .001) and on executive functioning and attention (p < .001). 

Differences between the non-frail and pre-frail groups were not significant on any of the 

neuropsychological tests (see Table 1).

Sleight and Holtzer Page 4

J Health Psychol. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Multiple linear regression analyses revealed that worse late life functional health, 

operationalized as perceived difficulty with advanced lower and upper extremity function, 

was significantly associated with pre-frailty (p <.001) and frailty (p < .001) as compared to 

the non-frail group. Similarly, worse late life disability, operationalized as perceived physical 

limitations in doing every day activities, was significantly associated with pre-frail (p 
= .023) and frail groups (p <.001) as compared to healthy controls.

Discussion.

This study determined associations between pre-frailty and frailty status with cognitive and 

functional health outcomes in a community sample of non-demented, older adults. 

Consistent with previous research examining the relationship between frailty and global 

cognitive functioning (Macuco et al., 2012; Faria et al., 2013), the presence of frailty was 

associated with worse overall cognitive function. In line with the study’s goal of further 

elucidating what specific cognitive domains are associated with frailty, we found that frail 

participants performed worse on measures of executive functioning/attention, verbal 

memory and premorbid ability in comparison to non-frail individuals. This finding is 

interesting in that it suggests the cognitive frailty model that is steadily gaining focus in 

literature (Ruan et al., 2015) could be further refined because not all cognitive domains may 

be simultaneously impaired in all stages of physical frailty. This finding further contributes 

to the existing literature aiming to explore the association of frailty and pre-frailty with other 

cognitive domains beyond a global cognitive score. It is noteworthy that pre-frailty status 

was not associated with significantly worse cognitive functions in this study. Future research 

should focus on longitudinal studies to identify relationships between frailty and cognitive 

measures that may characterize and distinguish cognitive profiles between non-frail and pre-

frail older adults in more diverse populations.

Findings of our study also highlighted the importance of focusing on the relationship 

between pre-frailty, frailty and perceived physical functioning. We found that along with 

frail older adults, pre-frail older adults were performing significantly worse on functional 

and disability health outcomes. Targeting older adults in the transitional state of pre-frailty in 

geriatric medical practices may prevent further disability and cognitive impairment. Overall, 

our study reinforces the need to tailor risk assessment and interventions at a physical level 

for pre-frail older adults and at both physical and cognitive levels for frail older adults given 

their vulnerability to reduced physiological reserves and increased stress.

Several studies have begun to address frailty as a potentially modifiable risk factor for 

dementia by tailoring interventions to improve frailty status in institutionalized older adults. 

However, recent literature suggests that although these interventions have been successful at 

increasing physical functioning and quality of life in frail older adults, there is a paucity of 

research examining possible interventions in prefrail, community-dwelling older adults 

(Abizanda et al., 2014; Langlois et al., 2013).

Given low physical activity and weak grip strength were the two most endorsed frail traits in 

our pre-frail population, increasing physical activity including cardio and strength training 
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may be a suitable intervention. Some literature suggests combinations of physical and 

cognitive interventions may improve frailty status (Langlois et al., 2013; Ng et al., 2015).

The strength of this investigation lies in its comprehensive battery of cognitive tests, 

functional outcomes and objective assessments of multiple study measures. A limitation is 

its cross-sectional design, which limits interpretations of causality. However, the associations 

of pre-frailty and frailty with the study outcomes are important for understanding the unique 

challenges each stage of frailty presents. Future research may benefit from examining 

subjective cognitive decline in association with pre-frailty (Ruan et al., 2015; Ng et al., 

2015). The findings of the current study should also be replicated in more ethnically diverse 

samples of older adults to determine generalizability to other populations. Lastly, there is no 

consensus on the theoretical definition of frailty. However, phenotypic frailty is most 

commonly used in research settings and has shown to predict adverse health outcomes for 

older adults (Abizanda et al., 2014). Further, assessment of phenotypic frailty may be 

difficult to replicate in all clinical settings and alternate methods at targeting frailty status 

and risk should be considered in diverse health settings.

In conclusion, our study increases awareness of the vital need to identify and gain in-depth 

understanding of targeted health outcomes, such as specific domains of cognitive and 

functional health profiles of pre-frail and frail community-dwelling, non-demented older 

adults. Given the dynamic nature of the frailty syndrome, pre-frail and frail older adults 

targeted for treatment have a greater chance of reversing the syndrome and preventing 

adverse outcomes. Further research demonstrating what may influence the development of 

pre-frailty and frailty in older adults, like perceived social support throughout the lifespan, 

may be helpful to further elucidate the trajectories of this phenotype (Luger et al., 2016).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Linear regression analyses: associations of of cognitive domains, functional status and frailty status

FAS: R = .342; R2 = .117; p < .001 CAT:R = .407; R2 = .165; p < .001

Variables B 95% CI p B 95% CI p

Age −.034 − .221 to .153 .772 −.365 −.501 to −.230 <.001**

Gender 2.496 .001 to 4.990 .050+ 3.713 1.902 to 5.524 <.001**

Education 1.263 .859 to 1.667 <.001** .688 .375 to .961 <.001**

Ethnicity 3.518 .384 to 6.653 .028* 4.644 2.369 to 6.920 <.001**

Prefrail −1.771 −4.322 to .781 .173 −1.788 −3.641 to .064 .058+

Frail −6.045 −11.330 to −.759 .025* −3.605 −7.442 to .232 .065

List Learning: R = .507 ; R2 = .257; p <.001 List Recall: R = .466 ; R2 = .218; p < .011

Age −.287 −.351 to −.222 <.001** −.109 −.139 to −.079 <.001

Gender 2.858 2.000 to 3.716 <.001** 1.271 .870 to 1.673 <.001**

Education .370 .231 to .509 <.001** .144 .079 to .209 <.001**

Ethnicity 1.092 .014 to 2.170 .047* .703 .198 to 1.207 <.01**

Prefrail −.192 −1.070 to .685 .667 −.096 −.507 to .315 .646

Frail −1.691 −3.509 to .127 .068 −1.222 −2.072 to −.371 <.05*

DSST: R = .504; R2 = .254; p <.001 AMNART: R = .625; R2 = .391; p < .001

Age −.401 − .589 to −.213 <.001** −.106 −.219 to .008 .068

Gender 4.121 1.617 to 6.624 ≤.001** −2.984 −4.498 to −1.470 <.001**

Education 1.332 .927 to 1.738 <.001** −1.667 −1.912 to −1.422 <.001**

Ethnicity 11.875 8.734 to 15.017 <.001** −6.677 −8.579 to −4.774 <.001**

Prefrail −1.394 −3.957 to 1.170 .286 .677 −.872 to 2.225 .391

Frail −8.995 −14.293 to −3.697 ≤.001** 3.555 .347 to 6.763 .030*

RBANS: R = .307; R2 = .095; p <.001 LLFDI-D R = .352; R2 = .124; p < .001

Age -- -- -- −.216 −.293 to −.140 <.001**

Gender 1.527 −.659 to 3.714 .171 .936 −.084 to 1.957 .072

Education .266 −.090 to .621 .143 .052 −.113 to .217 .538

Ethnicity 7.373 4.647 to 10.098 <.001** 2.298 1.019 to 3.577 <.001**

Prefrail −1.249 −3.648 to . .997 .275 −1.210 −2.254 to −.166 .023*

Frail −7.564 −12.211 to −2.918 ≤.001** −3.982 −6.139 to −1.825 <.001**

LLFDI-F: R = .499; R2 = .249; p <.001

Age −.273 .054 to −.166 <.001**

Gender −5.094 −6.513 to −3.676 <.001**

Education .058 − .172 to .288 .621

Ethnicity 1.218 − .562 to 2.999 .179

Prefrail −3.844 −5.295 to −2.392 <.001**

Frail −11.508 −14.511 to −8.505 <.001**
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Note. Analyses controlled for age, sex, and education. Abbreviations: FAS, Verbal Fluency Test; CAT, categories; DSST, Digit Symbol Substitution 
Test; AMNART, American National Adult Reading Test; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status

*
p <.05,

**
p <.01. Group status was entered as a three-level dummy variable with normal status serving as the reference condition.
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