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Abstract

Objectives: To determine the association of the frailty phenotype with subsequent healthcare 

costs and utilization.

Design: Prospective cohort study (Osteoporotic Fracture in Men [MrOS]).

Setting: Six U.S. sites.

Participants: 1,514 community-dwelling men (mean age 79.3 years) participating in the MrOS 

Year 7 (Y7) examination linked with their Medicare claims data.

Measurements: At Y7, the frailty phenotype was operationalized using five components and 

categorized as robust, pre-frail or frail. Multimorbidity and a frailty indicator (approximating the 

deficit accumulation index) were derived from claims data. Functional limitations were assessed 

by asking about difficulty performing instrumental activities of daily living. Total direct healthcare 

costs and utilization were ascertained during 36 months following Y7.
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Results: Mean (SD) of total annualized costs (2018 dollars) was $5,707 (8,800) among robust, 

$8,964 (18,156) among pre-frail and $20,027 (27,419) among frail men. Compared with robust 

men, frail (cost ratio [CR] 2.35 [95% CI 1.88-2.93]) and pre-frail (CR 1.28 [95% CI 1.11-1.48) 

men incurred greater total costs after adjustment for demographics, multimorbidity and cognitive 

function. Associations of phenotypic pre-frailty and frailty with higher total costs were somewhat 

attenuated, but persisted after further consideration of functional limitations and a claims-based 

frailty indicator. Each individual frailty component was also associated with higher total costs. 

Frail vs. robust men had higher odds of hospitalization (odds ratio [OR] 2.62 [95% CI 1.75-3.91]) 

and skilled nursing facility stay (OR 3.36 [95% CI 1.83-6.20]). A smaller but significant effect of 

the pre-frail category on skilled nursing facility stay was present.

Conclusions: Phenotypic pre-frailty and frailty were associated with higher subsequent total 

healthcare costs in older community-dwelling men after accounting for a claims-based frailty 

indicator, functional limitations, multimorbidity, cognitive impairment and demographics. 

Assessment of the frailty phenotype or individual components such as slowness may improve 

identification of older community-dwelling adults at risk for costly, extensive care.

Keywords

frailty; multimorbidity; functional limitations; healthcare utilization; healthcare costs

INTRODUCTION

Frailty, as defined using the phenotypic approach1, is a geriatric syndrome characterized by 

markers (or components) of limited physiologic reserve across multiple organ systems 

including slowness, weakness, shrinking, poor energy and low physical activity. Compared 

with robust older adults, pre-frail and frail individuals are more likely to become disabled, 

have progression of chronic medical conditions and experience falls, fractures and mortality.
2 While fewer studies have examined associations of the frailty phenotype or its individual 

components with healthcare costs, we previously reported that phenotypic frailty and pre-

frailty were associated with higher subsequent healthcare expenditures in community-

dwelling older women after accounting for traditional indicators including demographics 

and multimorbidity.3

The frailty phenotype depends on measurement of physical performance and assessment of 

activity level and energy. While these components are not routinely assessed in the practice 

setting or available in administrative data, there is a growing interest in capturing the 

construct of frailty using administrative data alone to select a target population for 

interventions including coordinated care to reduce subsequent healthcare utilization. Most 

claims-based frailty indicators4–8 have been developed using the deficit accumulation 

approach9,10 as a model since diagnosis and procedure codes in healthcare service claims 

can serve as health deficit variables. In particular, the claim-based frailty index (CFI) 

developed by Kim and colleagues was designed to approximate a survey-based deficit 

accumulation index and was found to be associated with a higher risk of adverse outcomes 

and healthcare utilization after adjustment for demographics and a multimorbidity index.6,11
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To determine the association of the frailty phenotype with subsequent total direct healthcare 

costs and utilization in community-dwelling older men, we used a unique longitudinal data 

set comprised of 1,514 men (mean age 79.3 years) participating in the Year 7 (Y7) 

examination of the Osteoporotic Fractures in Men (MrOS) Study who were linked to their 

Medicare claims data. Of importance, we evaluated whether any associations persisted after 

considering demographics, multimorbidity, cognitive function, functional limitations and the 

Kim CFI.

METHODS

Study Population and Linkage to Inpatient Claims

We studied participants enrolled in MrOS, a prospective cohort study of community-

dwelling older men.12,13 From 2000 to 2002, 5,994 men ≥65 years old and able to walk 

unassisted were recruited for participation from six geographic areas in the US. Detailed 

study information may be found at the MrOS Online website (http://mrosdata.sfcc-

cpmc.net). Human subjects review committees at each participating institution reviewed and 

approved the study. Each participant provided written informed consent.

There were 3,601 men from the original cohort who completed a Y7 in-clinic examination 

including assessment of the frailty phenotype (Supplementary Figure S1). Of these men, the 

analytic cohort included 1,514 men who were also enrolled in the Medicare Fee-For-Service 

(FFS) program (Parts A and B [and not Part C, Medicare Advantage]) from 12 months prior 

to the Y7 examination until 36 months following the Y7 examination (or up until death 

within this period).

Measurements

Participants were asked about education, smoking status and physical activity. Depressive 

symptoms were evaluated using the Geriatric Depression Scale.14 Cognitive function was 

assessed using the Modified Mini-Mental State Exam (3MS).15 Tests of physical 

performance included grip strength (Jamar handheld dynamometer16) and usual gait speed 

(average speed at usual pace in 2 trials over a 6 m course). Body weight and height were 

measured; body mass index (BMI) was calculated. Men were asked if they had difficulty 

performing any of five instrumental activities of daily living (IADL) (see footnote Table 1). 

Functional limitations were categorized as none, 1 or ≥2 IADL impairments.

Multimorbidity was ascertained with count summarizing the presence or absence of each of 

27 conditions selected by the CMS Chronic Conditions Data Warehouse (CCW)17 to 

facilitate studies of chronic medical conditions in the Medicare population.18 Existing CCW 

algorithms were used to identify the presence or absence of each condition using diagnosis 

codes in Medicare inpatient and outpatient files in the reference period prior to the Y7 

examination. Multimorbidity was categorized as 0-1 condition, 2-4 conditions or ≥5 

conditions. The Kim CFI6 that approximates the deficit accumulation index9,10 was 

calculated using diagnosis and procedure codes in Medicare healthcare services claims files 

in the year prior to the Y7 examination.
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Frailty Phenotype

The frailty phenotype was operationalized using criteria similar to those proposed by Fried 

and colleagues1:

1. Shrinking: weight loss of ≥5% or ≥10 lbs between Y5 and Y7 examinations 

(mean 2.2 years between examinations) or BMI <18.5 kg/m2 at the Y7 

examination.

2. Weakness: Y7 grip strength <32 kg.19

3. Poor energy: answered “no” to the question “Do you feel full of energy?” on the 

Y7 Geriatric Depression Scale.

4. Slowness: Y7 gait speed <0.8 m/s20,21 or use of a walking aid.

5. Low physical activity: reporting never walking for exercise and not engaging in 

moderate or vigorous activity on Y7 questionnaire.22

Men were robust if no frailty components were present, pre-frail if 1 or 2 components were 

present, and frail if ≥3 components were present.

Outcome Measures

The primary outcome was annualized total direct healthcare costs for the 36 months 

following the Y7 examination. Total costs were calculated as the sum of costs for acute 

hospital stays, skilled nursing facility (SNF) stays paid under Medicare part A, inpatient 

rehabilitation facility (IRF) stays, outpatient care, durable medical equipment (DME) and 

home healthcare for that time period. Acute hospital stays, SNF stays, and IRF stays were 

identified in the Medical Provider Analysis and Review (MedPAR) file. Standardized costs 

for acute short hospital stays, SNF stays and IRF stays were estimated using a previously 

published and validated method.23,24 Standardized costs for ambulatory care services were 

based on the allowable charges in the Carrier, Outpatient, DME and Home Health Care 

Medicare claims files.25 The costs of all units of utilization were adjusted for healthcare cost 

inflation to U.S. 2018 dollars.23

Statistical Analysis

Generalized linear models (GLMs) were used to estimate the association of the Y7 frailty 

phenotype and each individual frailty component with annualized total direct healthcare 

costs (primary outcome) over the subsequent 36 months. Gamma distributions with log links 

were chosen based on Modified Park26 and Pregibon link tests.27 Logistic models were used 

to estimate the associations of the frailty phenotype with risks of ≥1 hospitalization and ≥1 

SNF stay. Robust men were the referent group.

Base models included age, race and study enrollment site. Potential confounders (Table 1) 

were screened for inclusion in multivariable models. Candidate covariates were included in 

multivariable models as confounders if they were associated with frailty phenotype and were 

independently related to total healthcare costs after adjustment for age, race, site and frailty 

phenotype. Initially, multivariable models were further adjusted for multimorbidity and 

cognitive function. To determine if the association of the frailty phenotype with outcomes 
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was explained by greater self-reported functional limitations among pre-frail and frail men, 

IADL limitations was then added to multivariable models. We also further adjusted 

multivariable models for the Kim CFI to determine if any association was independent of a 

claims-based measure of frailty. Finally, models were simultaneously adjusted for 

demographics, multimorbidity, cognitive function, functional limitations and the Kim CFI. 

Since healthcare utilization is higher during the final few months of life28 and frailty may be 

a marker of imminent mortality, we also performed sensitivity analyses for total costs 

excluding the 139 (9.2%) men who died during the 36-month follow-up period.

RESULTS

The study cohort at Y7 included 1,514 community-dwelling men with mean (SD) age of 

79.3 (5.2) years (Table 1). Among these men, 199 (13.1%) were classified as frail and 886 

(58.5%) were classified as pre-frail using the phenotypic definition. Frail men had a greater 

burden of co-existing medical conditions; 21.7% of robust men, 33.9% of pre-frail men and 

53.8% of frail men had 5 or more conditions. Frail men were also likely to report functional 

limitations; 1.4% of robust men, 8.2% of pre-frail men and 44.7% of frail men reported 2 or 

more limitations. Mean Kim CFI was 0.13 among men classified as robust by the phenotypic 

definition increasing to 0.19 among men classified as frail by the phenotypic approach.

Among the overall cohort, the median (interquartile range [IQR]) annualized total healthcare 

costs (2018 U.S. dollars) were $3,681 (1,686-9,626) and mean (SD) annualized costs were 

$9,496 (18,219) during the 36 months following Y7. A total of 631 men (41.7%) had at least 

1 hospitalization, 147 (9.7%) had at least 1 SNF stay and 139 (9.2%) died.

Characteristics (including the distribution of the frailty phenotype) of the men in the 

analytical cohort were similar to those of the MrOS men attending the Y7 examination who 

were excluded from analyses because they were not enrolled in a FFS plan (Supplementary 

Table S1). While differences in race, educational status and 3MS score were statistically 

significant, these differences were small in magnitude.

Association of the Frailty Phenotype with Total Healthcare Costs

Mean and median annualized total healthcare costs in the 36 months after Y7 exam were 

higher with greater degree of frailty at Y7 (Table 1). Mean (SD) costs increased from $5,707 

(8,800) among robust men to $8,964 (18,156) among pre-frail men to $20,027 (27,419) 

among frail men (p<0.001). The presence of frailty was also associated with a higher 

likelihood of incurring very high costs; the proportion of men with costs in the highest decile 

($22,174-$278,300) was 4.4% among robust men, 8.6% among pre-frail men and 28.6% 

among frail men (Figure 1).

After adjustment for age, race and enrollment site, mean total costs were 2.7-fold higher 

among frail vs. robust men (cost ratio [CR] 2.72 [95% CI 2.19-3.37]) and 1.4-fold higher 

among pre-frail vs. robust men (CR 1.42 [95% CI 1.23-1.64]) (Table 2). After further 

accounting for multimorbidity and cognition, these associations were slightly attenuated but 

remained significant (CR 2.35 [95% CI 1.88-2.93] among frail vs. robust men and 1.28 

[95% CI 1.11-1.48] among pre-frail vs. robust men). The associations were in part (but not 
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entirely) mediated by poorer self-reported functional status among men in these phenotypic 

categories. After further consideration of functional limitations, costs were approximately 2-

fold higher among frail vs. robust men (CR 1.99 [95% CI 1.56-2.52]) and 1.2-fold higher 

among pre-frail vs. robust men (CR 1.20 [95% CI 1.04-1.38]). Further adjustment for the 

Kim CFI did not substantially alter the associations of pre-frailty and frailty with total costs 

(CR 1.87 [95% CI 1.47-2.39] among frail vs. robust men and 1.18 [95% CI 1.02-1.36] 

among pre-frail vs. robust men).

In contrast, total costs in the fully adjusted model were about 1.4-fold higher (CR 1.37 [95% 

CI 1.17-1.61]) among men with 2-4 chronic medical conditions and 1.7-fold higher (CR 

1.73 [95% CI 1.43-2.11]) among men with at least 5 conditions vs. men without 

multimorbidity. Costs were nearly 1.4-fold higher among men with 1 vs. no functional 

limitations (CR 1.35 [95% CI 1.11-1.65]), but costs among men with ≥2 limitations did not 

differ from that among men with no limitations (CR 1.19 [95% CI 0.96-1.49]). Each 1 SD 

increase in the Kim CFI was associated with 20% increase in total costs (CR 1.19 [95% CI 

1.10-1.28]).

When analyses were restricted to the 1375 men (90.8%) who survived the entire 36 month 

follow-up period, the frailty phenotype remained associated with higher subsequent total 

costs after consideration of demographics, multimorbidity and cognition, but the 

relationships were somewhat reduced in magnitude compared with those for the entire 

cohort (CR 1.17 [95% CI 1.02-1.33] for pre-frail vs. robust survivors and 1.64 [95% CI 

1.31-2.05] for frail vs. robust survivors). The association of phenotypic frailty with costs 

persisted among survivors after additional consideration of functional limitations (CR 1.34 

[95% CI 1.05-1.70 for frail vs. robust men] or the Kim CFI (CR 1.46 [95% CI 1.16-1.83 for 

frail vs. robust men]).

Association of the Frailty Phenotype with Hospitalization and Skilled Nursing Facility Stay

After consideration of demographics, multimorbidity and cognition, the frailty phenotype 

was associated with a higher risk of subsequent hospitalization (odds ratio [OR] 2.62 [95% 

CI 1.75-3.91] for frail vs. robust men and OR 1.20 [95% CI 0.92-1.55] for pre-frail vs. 

robust men) (Table 3). After further adjustment for functional limitations and the Kim CFI, a 

1.8-fold higher risk of hospitalization among frail vs. robust men remained. Frail and pre-

frail men had higher odds of subsequent SNF stay after consideration of demographics, 

multimorbidity and cognition (OR 3.36 [95% CI 1.83-6.20] among frail vs. robust men and 

1.76 [95% CI 1.04-2.99] among pre-frail vs. robust men). These associations were not 

substantially altered by further adjustment for the Kim CFI, but were attenuated and not 

significant after further consideration of functional limitations.

Associations of Individual Frailty Components with Total Healthcare Costs

Mean and median total healthcare costs were higher among men with a given frailty 

component compared to men without that specific component (Supplementary Table S2). 

Each frailty component was associated with higher subsequent annualized total costs in 

models accounting for demographics, multimorbidity and cognition (CR [95% CI] 1.52 

[1.28-1.80] for shrinking, 1.20 [1.05-1.36] for poor energy, 1.79 [1.44-2.22]) for slowness, 
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1.52 [1.28-1.80] for weakness and 1.15 [1.00-1.31]) for low physical activity) (Table 4). 

After further consideration of functional limitations and the Kim CFI, shrinking (CR 1.42 

[95% CI 1.20-1.68]), slowness (CR 1.35 [95% CI 1.06-1.72]) and weakness (CR 1.35 [95% 

CI 1.13-1.61]) were independently associated with higher total costs.

DISCUSSION

Phenotypic pre-frailty and frailty in this cohort of older community-dwelling men were 

associated with higher subsequent total direct healthcare costs even after accounting for 

demographics, multimorbidity, cognition, functional limitations and a claims-based frailty 

indicator based on a deficit accumulation index. Of note, almost 3 in 10 frail men (and 1 in 

10 pre-frail men) compared with 1 in 25 robust men were among the costliest 10% of 

individuals. Among frailty phenotype components, shrinking, slowness and weakness were 

each independently related to higher subsequent total costs. These findings suggest that 

assessment of the frailty phenotype or individual components of shrinkage, slowness or 

weakness may improve identification of older community-dwelling adults likely to require 

costly care and facilitate development and targeting of interventions aimed at reducing costs.

Few studies have determined associations of the frailty phenotype with healthcare costs in 

older community-dwelling populations. Our findings in men confirm and extend the results 

of our previous study of 2,150 older women (mean age 80.2 years)3 that reported that 

subsequent total direct healthcare expenditures were higher among women with phenotypic 

pre-frailty and frailty after accounting for demographics, multimorbidity, cognitive function 

and functional limitations. Greater evidence of frailty (defined by number of phenotypic 

components present) was associated with increased healthcare costs derived based on 

participant recall of healthcare use independent of age and multimorbidity in cross-

sectional29 and longitudinal30 studies of German adults aged 57 to 84 years. A cross-

sectional survey in 1284 French adults aged ≥65 years (that modified phenotypic criteria of 

slowness and weakness based on questionnaire contents) reported that pre-frailty and frailty 

had an incremental effect on ambulatory healthcare expenditures after adjustment for 

selected medical conditions and functional limitations.31 A prospective study of 830 Spanish 

adults ≥70 years32 reported that participants with pre-frailty and frailty defined by 

phenotypic criteria had higher subsequent hospital healthcare costs after consideration of 

demographics and a comorbidity index.

Each individual phenotypic frailty component was associated with higher subsequent total 

direct healthcare costs in this cohort of community-dwelling older men after adjustment for 

demographics, multimorbidity and cognition. After further consideration of functional 

limitations and a claims-based measure of deficit accumulation, associations of shrinking, 

slowness and weakness with higher total costs remained. These results are in general 

agreement with those of our prior study in older US women3 that found that shrinking, poor 

energy, slowness and low physical activity (but not weakness) were each associated with 

associated with higher subsequent total healthcare costs after consideration of demographics, 

multmorbidity and cognitive function. In contrast, a longitudinal study of German older 

adults30 reported that the onset of exhaustion (but not weight loss, slowness, weakness or 

low physical activity) was associated with an increase in total healthcare costs estimated 
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based on self-reported healthcare use. Differences in results between US-based studies and 

the German investigation may in part reflect differences in criteria used to define frailty 

components, methods used to estimate healthcare costs, adjustment for potential 

confounders, or healthcare systems.

Phenotypic frailty in this cohort of community-dwelling older men was an independent risk 

factor for subsequent hospitalization after accounting for demographics, multimorbidity, 

cognitive function, self-reported functional limitations and a claims-based measure of deficit 

accumulation. Several prior studies in unselected community-dwelling older adults have 

reported associations of phenotypic frailty with past hospitalization.1,22,33–35 However, 

retrospective studies cannot establish the temporality of this relationship because admission 

to an acute care hospital may also result in the onset of frailty. A previous longitudinal study 

of older adults residing in Boston36 found that pre-frail and frail participants were more 

likely to report hospitalization during the subsequent 10 months, but only accounted for 

demographics and cardiovascular risk factors. Our results confirm and extend findings from 

our previous investigation in women3 that reported an association of phenotypic frailty with 

risk of subsequent hospitalization after consideration of demographics, multimorbidity, 

cognitive function and functional limitations.

Among this cohort of community-dwelling men, associations of phenotypic pre-frailty and 

frailty with higher subsequent post-acute care utilization were explained by greater self-

reported functional limitations among pre-frail and frail men. In contrast, self-reported 

functional limitations did not explain associations of phenotypic pre-frailty and frailty with 

risk of a SNF stay in our previous study of older women.3 Reasons for these discrepant 

results are uncertain but may include temporal differences in the utilization of post-acute 

care facilities between studies37,38 or sex differences (higher prevalence of frailty among 

women2 and under-reporting of functional limitations among men39,40).

Our results suggest that phenotypic pre-frailty and frailty are risk factors for higher 

subsequent total healthcare costs in older community-dwelling adults above and beyond that 

explained by demographics, burden of chronic medical conditions, cognitive impairment, 

self-reported functional limitations and a claims-based measure of deficit accumulation. 

Thus, measurement of the phenotype or selected individual components such slow gait may 

more accurately identify older community-dwelling individuals who are at higher risk of 

subsequent healthcare use. While it has been suggested that health systems might rely on a 

claims-based frailty indicator to select a vulnerable population for targeted resource-

intensive treatments11, our findings suggest that assessment of the frailty phenotype is 

capturing characteristics distinct from multimorbidity to a greater degree than the Kim CFI 

that approximates the deficit accumulation index. Thus, assessment of the frailty phenotype 

may be necessary to identify high risk older adults without overt disability or severe frailty 

still living in the community to better inform appropriate selection and targeting of 

interventions and resources aimed at reducing costs in this patient population. Additional 

research is warranted to determine if frailty phenotype assessment in the clinical practice 

setting is feasible, will better direct shared clinical-decision making regarding targeted 

treatments aimed at reducing subsequent healthcare burden41 and has a favorable cost/

benefit ratio.
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This study has several strengths including its prospective design; comprehensive participant 

characteristics available in cohort study data; linkage of participants to their Medicare claims 

to determine co-existing chronic medical conditions, estimate accumulated deficits and 

quantify subsequent healthcare expenditures and utilization; and consideration of traditional 

predictors of healthcare costs. However, this study has limitations. The cohort was 

comprised of relatively well-functioning community-dwelling predominantly white older 

men. Results are similar to previous findings in a similar cohort of women3, but may not be 

generalizable to other racial/ethnic groups or those with overt disability or severe frailty such 

as nursing home residents. However, community-dwelling older adults without frank 

disability or advanced frailty may be most amenable to interventions aimed at lowering 

subsequent healthcare burden. Future studies are warranted to replicate our findings in other 

patient populations. Cost and utilization data were limited to participants enrolled in FFS 

plans. However, characteristics of participants who were excluded based on not participating 

in FFS were similar to those included. Furthermore, evidence from the recent decade42 

indicates that Medicare FFS enrollees and enrollees in Medicare Advantage have similar 

healthcare expenditures. Our analyses expressed the frailty phenotype using criteria similar 

to those proposed by Fried and colleagues, but we used population-independent cutoffs for 

identification of weakness, slowness and low physical activity. Other instruments have been 

developed to operationalize the construct of the frailty phenotype. Thus, future research is 

needed to standardize and cross-validate frailty instruments and determine whether results 

are consistent when the frailty phenotype is assessed using simpler instruments43 that are 

feasible to use in the time-limited busy clinical practice setting. Finally, we utilized a 

comprehensive measure of co-existing chronic medical conditions developed for use in the 

Medicare population and a commonly cited claims-based frailty indicator. However, 

alternative claims-based measures of multimorbidity44–46 and frailty4,5,7,8 have been 

developed.

In conclusion, older community-dwelling men with phenotypic frailty and those with pre-

frailty are at increased risk of higher subsequent healthcare expenditures, even after 

accounting for conventional predictors of healthcare costs. These findings suggest that 

assessment of the frailty phenotype or selected components may improve identification of 

older community-dwelling adults at risk of costly, intensive care to better facilitate targeting 

of interventions aimed at reducing future healthcare burden.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of Total Healthcare Costs According to Category of Frailty Phenotype
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Table 2.

Association of Frailty Phenotype with Total Healthcare Costs

Total healthcare costs

Frailty phenotype Cost ratio (95% CI) P

Base model
a

 Robust 1.00 (referent) <0.001

 Pre-frail 1.42 (1.23-1.64)

 Frail 2.72 (2.19-3.37)

Multivariable (MV) model
b

 Robust 1.00 (referent) <0.001

 Pre-frail 1.28 (1.11-1.48)

 Frail 2.35 (1.88-2.93)

MV model + functional limitations
c

 Robust 1.00 (referent) <0.001

 Pre-frail 1.20 (1.04-1.38)

 Frail 1.99 (1.56-2.52)

MV model + Kim CFI

 Robust 1.00 (referent) <0.001

 Pre-frail 1.23 (1.07-1.42)

 Frail 2.07 (1.65-2.60)

MV model + functional limitations + Kim CFI

 Robust 1.00 (referent) <0.001

 Pre-frail 1.18 (1.02-1.36)

 Frail 1.87 (1.47-2.39)

Note: CFI, claims-based frailty index

a
adjusted for age, race, and site

b
adjusted for age, race, site, multimorbidity burden, and cognitive function

c
functional limitations defined by number of IADL impairments
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Table 3.

Associations of Frailty Phenotype with Odds of Hospitalization and SNF Stay

≥1 Acute hospital stay ≥1 SNF stay

Frailty phenotype Odds ratio (95% CI) P Odds ratio (95% CI) P

Base model
a

 Robust 1.00 (referent) <0.001 1.00 (referent) <0.001

 Pre-frail 1.35 (1.05-1.73) 1.93 (1.14-3.25)

 Frail 3.39 (2.31-4.97) 4.17 (2.29-7.60)

Multivariable (MV) model
b

 Robust 1.00 (referent) <0.001 1.00 (referent) <0.001

 Pre-frail 1.20 (0.92-1.55) 1.76 (1.04-2.99)

 Frail 2.62 (1.75-3.91) 3.36 (1.83-6.20)

MV model + functional limitations
c

 Robust 1.00 (referent) 0.006 1.00 (referent) 0.29

 Pre-frail 1.09 (0.84-1.42) 1.40 (0.81-2.41)

 Frail 1.98 (1.28-3.06) 1.72 (0.87-3.41)

MV model + Kim CFI

 Robust 1.00 (referent) 0.001 1.00 (referent) 0.016

 Pre-frail 1.14 (0.88-1.48) 1.65 (0.97-2.82)

 Frail 2.14 (1.42-3.24) 2.54 (1.34-4.79)

MV model + functional limitations + Kim CFI

 Robust 1.00 (referent) 0.023 1.00 (referent) 0.43

 Pre-frail 1.06 (0.82-1.39) 1.38 (0.80-2.37)

 Frail 1.79 (1.15-2.78) 1.54 (0.77-3.07)

Note: SNF, skilled nursing facility; CFI, claims-based frailty index

a
adjusted for age, race, and site

b
adjusted for age, race, site, multimorbidity burden, and cognitive function

c
functional limitations defined by number of IADL impairments
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