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Abstract

Background: Disability in activities of daily living (ADLs) is a dynamic process and transitions among different disability states are common.
However, little is known about factors affecting recovery from disability. We examined the association between frailty and recovery from
disability among nondisabled community-dwelling elders.

Methods: We studied 1,023 adults from the Cardiovascular Health Study (CHS) and 685 adults from the Health and Retirement Study
(HRS), who were 265 years and had incident disability, defined as having difficulty in >1 ADL (dressing, eating, toileting, bathing, transferring,
walking across a room). Disability recovery was defined as having no difficulty in any ADLs. Frailty was assessed by slowness, weakness,
exhaustion, inactivity, and shrinking. Persons were classified as “nonfrail” (0 criteria), “prefrail” (1-2 criteria), or “frail” (35 criteria).
Results: In total, 539 (52.7%) CHS participants recovered from disability within 1 year. Almost two-thirds of nonfrail persons recovered, while
less than two-fifths of the frail recovered. In the HRS, 234 (34.2%) participants recovered from disability within 2 years. Approximately half
of the nonfrail recovered, while less than one-fifth of the frail recovered. After adjustment, prefrail and frail CHS participants were 16% and
36% less likely to recover than the nonfrail, respectively. In the HRS, frail persons had a 41% lower likelihood of recovery than the nonfrail.
Conclusions: Frailty is an independent predictor of poor recovery from disability among nondisabled older adults. These findings validate
frailty as a marker of decreased resilience and may offer opportunities for individualized interventions and geriatric care based on frailty
assessment.

Keywords: Disablement process; Frailty; Resilience; Recovery.

The prevalence of disability in activities of daily living (ADLs) has stead- (5). ADL disability is associated with shorter survival and hospitaliza-
ily declined among older Americans since early 1980s (1). This promising tion, and higher health care expenditures, placing a substantial burden
trend, however, appears to have slowed in the early 2000s (2-4). Recent on older persons, their caregivers, and health care resources (6-9).

prevalence estimates range from 13.1% in those aged 65-69 years to A growing body of research has demonstrated that disability is
36.4% in those aged 285 years among community-dwelling U.S. adults a dynamic process and transitions among different disability states
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are common, even among the oldest old or at the end of life (10-13).
Knowledge of predictors for recovery from disability may offer new
opportunities for interventions and geriatric care targeted at promot-
ing recovery from disability, maintaining independence after recov-
ery, and preventing recurrent disability. Prior studies have found that
slow gait speed, low physical activity, and significant weight loss are
associated with poor recovery of independence in ADLs (12,14,15).
Although these are components of frailty, no prior study has exam-
ined frailty as a whole and its impact on recovery from disability
among noninstitutionalized older adults.

We examined the association of frailty with recovery from disability
among community-dwelling older adults without pre-existing disabil-
ity from the Cardiovascular Health Study (CHS). Results were vali-
dated in the Health and Retirement Study (HRS). We postulated that
frail older adults would have a compromised ability to cope with daily
stressors, precluding them from recovering from incident disability.

Methods

Data and Participants

Cardiovascular Health Study (CHS)

The CHS is an ongoing cohort study of 5,888 community-dwelling
men and women aged >635 years in the U.S. Participants were identi-
fied from a random sample of Medicare enrollees in four commu-
nities: Forsyth Country, NC; Sacramento County, CA; Washington
County, MD; and Pittsburgh, PA. A total of 5,201 participants
were enrolled in 1989-1990 (original cohort). An additional sam-
ple of 687 African Americans were recruited in 1992-1993 (new
cohort). All participants were requested to complete an interview,
health questionnaire, and comprehensive physical examination, and
to provide blood specimens at enrollment and annually through
1999-2000. Institutional review boards (IRB) at each site approved
the study protocol; all participants signed informed consent. More
details about the recruitment strategies and study design of the CHS
have been published elsewhere (16).

Data on frailty were collected in 1989-1990, 1992-1993, and
1996-1997 examinations; data on ADL disability were collected
annually from 1989 to 2000. Participants were included (7 = 1,115)
if they (a) had frailty assessment in one of the following time points:
1989-1990, 1992-1993, and 1996-1997, (b) had no ADL limita-
tions at the time of frailty assessment, and (c) were disabled in at
least one ADL task within 2 years. For participants who contributed
more than one observation (eg, had frailty measure in 1989-1990
and disabled in 1991-1992, and had frailty measure in 1996-1997
and disabled in 1997-1998), only the first episode of disability was
included.

Health and Retirement Study (HRS)

The HRS is an ongoing cohort study of a nationally representative
sample of noninstitutionalized residents in the contiguous United
States. The HRS is primarily funded by the U.S. National Institute on
Aging and is designed, administered, and managed by the Institute for
Social Research at the University of Michigan. In Wave 2006-2007,
approximately half of the HRS participants were randomly selected
to participate in an enhanced face-to-face interview, during which
physical performance was assessed. The other half of the participants
were assessed in Wave 2008-2009. Ethical approval was obtained
from IRB at the University of Michigan; all participants signed
informed consent. Further details about the recruitment strategies
and study design of the HRS have been previously documented (17).

We used pooled data from the 2006-2007 and 2008-2009 waves,
when gait speed and grip strength were measured. ADL disability was
measured in these two waves and measured every 2 years thereafter.
We included 705 persons who (i) were at least 65 years of age, (ii) had
complete data on frailty measures (see below) in either wave, (iii) had
no difficulty in any ADLs at the time of frailty assessment, and (iv)
developed difficulty in at least one ADL task within 2 years.

Frailty

Frailty was assessed by the physical frailty phenotype (PFP) scale
that is defined based on five criteria: slowness, weakness, exhaus-
tion, inactivity, and shrinking (18). Operational definitions of the
five criteria in the CHS cohort were adopted from the original pub-
lication described by Fried ez al. (18). We modified the operational
definitions for the HRS cohort because the measurements were not
identical (Supplementary Table 1).

In the CHS, the slowness criterion was met when usual gait speed
over a 15-feet (~4.6 m) walking course was less than or equal to the
sex- and height-specific cut-points (worst quintile) (18). The weak-
ness creation was met when handgrip strength was less than or equal
to the sex- and body mass index-specific cut-points (worst quintile)
(18). The exhaustion creation was met if the participants answered
“A moderate amount of time; 3 to 4 days”, or “Most of the time; 5
to 7 days” when asked, “How often in the last week did you feel this
way” to either of the two questions from Center for Epidemiologic
Studies Depression (CES-D) scale (19) including, “I could not get
going” and “I felt that everything I did was an effort.” The phys-
ical inactivity criterion was met for men who scored <383 kcals and
women who scored <270 keals on the Modified Minnesota Leisure
Time Activities Questionnaire (20). For participants whose frailty
was measured at enrollment—1989-1990 for the original cohort
and 1992/1993 for the new cohort, the shrinking criterion was met
if they reported losing >10 pounds (~4.5 kg) not due to diet or exer-
cise in the last year. For participants whose frailty status was assessed
at follow-up visit, the shrinking criterion was met if they lost 25% of
body weight not due to diet or exercise in the past year.

In the HRS, slowness and weakness were defined using differ-
ent sex- and body size-specific cut-points. The physical inactivity
criterion was met for men who scored <5 and women who scored
<4 on a physical activity scale, calculated based on the intensity
and frequency of three physical activities. Mild, moderate, and vig-
orous activities were scored 2, 4, and 8 Metabolic Equivalent of
Task, respectively (21). Weights were determined by the frequency;
“Everyday”, “More than once a week”, “Once a week”, “1-3 times
a month”, and “Hardly ever” was scored 7,4, 1, 0.5, and 0, respect-
ively (22). The exhaustion creation was met if participants answered
“Yes” when asked, “Please tell me if each of the following was true
for you much of the time during the past week” to either of the two
CES-D questions described above. The shrinking criterion was met if
participants lost 210% of body weight in the past 2 years (by direct
measure; between prior; and current wave).

Frailty was identified by the number of criteria met. Persons who
satisfied none of the criteria were considered “nonfrail”; those meet-
ing one or two criteria were considered “prefrail”; and those with
3-5 criteria were defined as “frail”.

Outcomes

In the CHS, disability in each of the six ADLs—dressing, eating, toi-
leting, bathing, transferring or getting out of bed, and walking across
a room—was assessed by the question, “Do you have difficulty or
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are unable to” perform the task. In the HRS, participants were asked,
“Because of a health or memory problem do you have any diffi-
culty with” performing the task. Participants who responded “Yes”
were considered having difficulty. CHS participants who answered
“Could do it, but don’t for other reason” were considered not having
difficulty. HRS participants who answered “Can’t do” or “Don’t do”
were considered having difficulty; those who reported “Don’t know
or not ascertained” or “Refused” were coded as missing. Participants
who reported having difficulty in at least one ADL were considered
disabled. Disability in one ADL was defined as mild and in >2 ADLs
as severe.

Recovery from disability was defined as having no difficulty in
any ADLs in the following visit after experiencing disability (within
1 year in the CHS and 2 years in the HRS). Persons who died before
subsequent visit after being disabled were presumed not to have
recovered. This is a commonly used strategy to deal with missing
data due to death, justified by the fact that approximately 90% of
older adults have disability within 1 year of death (23). Persons who
were alive but not interviewed in the following visit after being disa-
bled were considered missing and were therefore excluded (7 = 92
for the CHS; 7 = 20 for the HRS).

Covariates

Clinic site (Bowman Gray, Johns Hopkins, Davis, and Pittsburgh)
was included in the CHS. In both cohorts, age was calculated by the
difference between the visit date of frailty assessment and a partici-
pant’s birth date; sex, education, and race/ethnicity were identified
based on self-report. Education was categorized as <high school,
high school or equivalent, or >high school. Race/ethnicity was
dichotomized as white versus black or others in the CHS because
<1% of the CHS participants were neither white nor black. In the
HRS, race/ethnicity (non-Hispanic white, black, Hispanics, and oth-
ers) was categorized as white versus others. Smoking status was
categorized as current, former, and never smoker. Body mass index
was calculated as body weight (kg) divided by height (m) squared,
and was categorized as underweight (<18.5 kg/m?), normal (18.5-
24.9 kg/m?), overweight (25.0-30.0 kg/m?), and obese (>30.0 kg/
m?). Underweight and normal categories were collapsed due to small
cell size in the underweight category. History of heart disease, hyper-
tension, diabetes, cancer (excluding minor skin cancer), and arthritis
was assessed based on self-reported physician diagnosis. Self-rated
health was coded as excellent/very good versus good/fair/poor.
Cognitive function was measured by the Modified Mini-Mental
State Examination (3MS; range: 0-100) (24) in the CHS and by
a modified Telephone Interview for Cognitive Status (TICS; range:
0-10) (25) in the HRS.

Analytic Approaches
We compared the characteristics between the two cohorts using a
t-test assuming unequal variance for continuous variables and a y?
test for categorical variables. Due to differences in design and meas-
urements, the two cohorts were analyzed separately. We presented
the numbers and proportions of persons who recovered from dis-
ability stratified by frailty status: nonfrail, prefrail, and frail. We
also presented results for recovery from mild and severe disability
(difficulty in 22 ADLs), respectively, for persons who were nonfrail,
prefrail, and frail. Two studies were analyzed separately.

We used Poisson models with robust variance estimator to deter-
mine the unadjusted and adjusted association of frailty with recovery
from disability. Compared with logistic model, Poisson model with

nonfrail variance estimator could provide approximate estimate of
relative risk—a measure that is more intuitive than an odds ratio
(26). Frailty was modeled as a three-level categorical variable with
nonfrail being the reference. Clinic site (only for the CHS), age, sex,
race/ethnicity, education, smoking status, body mass index, history
of chronic conditions, self-rated health, cognitive function (3MS in
the CHS; TICS in the HRS), and severity of disability at onset (mild
vs severe) were included in the multivariable adjusted models. All
covariates were measured at the time of frailty assessment. We did
not use the most recent assessment of covariates prior to the onset of
incident disability because covariates measured after frailty may be
in the causal pathway between frailty and recovery from disability.
Adjustment for such mediators can lead to underestimation of the
overall effect of frailty. We tested whether the association of frailty
with recovery from disability differed by severity of disability by
including a product term between frailty and disability levels. As a
secondary analysis, we estimated the unadjusted association of each
of five frailty criteria (slowness, weakness, exhaustion, inactivity, and
shrinking) with recovery from disability.

All tests were two-sided with a significance level of 0.05. All stat-
istical analyses were performed using Stata 15.

Results

Sample Description

A total of 1,023 CHS and 685 HRS participants were included in the
primary analysis. Average age was 75.3 years (SD = 5.9) in the CHS
cohort; HRS participants were slightly older, with an average age of
77.3 years (SD = 7.4; Table 1). Males comprised 36.5% of the CHS
cohort and 40.3% of the HRS cohort. Whites consisted of 86.2% and
84.7% of the CHS and HRS cohorts, respectively. Compared with
HRS participants, CHS participants were more educated, less likely
to be obese, and had lower prevalence of chronic conditions. CHS
participants were also less likely to be frail and experienced a lower
rate of severe disability (difficulty in 22 ADLs) than HRS participants.

Association of Frailty with Recovery from Disability
Recovery from disability within 1 year was observed for 539
(52.7%) of the 1,023 newly disabled CHS participants. The likeli-
hood of recovering from disability was lower in those with severe
disability (37.5%) than in those with mild disability (58.2%), and
it decreased steadily from nonfrail to frail (Figure 1). Almost two-
thirds of nonfrail persons recovered, while less than two-fifths of
the frail had recovery. We observed similar trends when stratifying
the analyses by severity of disability (mild vs severe; Table 2). For
persons who experienced mild disability, 68.9%, 55.8%, and 40.0%
of the nonfrail, prefrail, and frail had recovery, respectively. For per-
sons who had severe disability, 45.9%, 37.6%, and 26.1% of the
nonfrail, prefrail, and frail recovered, respectively.

Of the 685 newly disabled HRS participants, 234 (34.2%)
recovered from disability within 2 years, with the lower recovery
rate in those with severe disability (19.0%) than with mild disabil-
ity (44.3%; Table 2). There was a steep risk gradient for recovery
from disability from nonfrail to frail (Figure 1). Approximately
half of nonfrail persons recovered, while less than one-fifths of the
frail had recovery. Nonfrail persons were two times more likely to
recover from mild disability than those who were frail (53.3% vs
26.8%). When experiencing severe disability, nonfrail persons had
an approximately 3-fold greater likelihood of having recovery than
the frail (30.9% vs 10.0%; Table 2). In both cohorts, the association
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Table 1. Characteristics of Study Participants

CHS HRS
Characteristics N =1,023 N =685 p-value*
Age, y, mean (SD) 75.3(5.9) 77.3 (7.4) <.001

Male, N (%) 373 (36.5) 276 (40.3) .341
Whites (vs others), N (%) 882 (86.2) 580 (84.7) .254
Education

<High school, N (%) 272 (26.9) 219 (32.0) Ref.

=High school, N (%) 268 (26.3) 234 (34.1) .661

>High school, N (%) 477 (46.8) 232 (33.9) <.001
Smoking status

Never, N (%) 473 (46.3) 295 (43.4) Ref.

Former, N (%) 452 (44.3) 327 (48.1) .135

Current, N (%) 96 (9.4) 58(8.5) .857
Body mass index, kg/m?

Underweight/Normalf, N (%) 313 (30.8) 169 (24.7) Ref.

Overweight, N (%) 443 (43.5) 253 (36.9) .661

Obese, N (%) 262 (25.7) 263 (38.4) <.001
Heart diseaset, N (%) 264 (25.8) 277 (40.4) <.001
Hypertension, N (%) 612 (59.8) 466 (68.0) <.001
Diabetes, N (%) 193 (19.0) 181 (26.5) <.001
Cancer’, N (%) 165 (16.1) 144 (21.1) .021
Arthritis, N (%) 676 (66.7) 530 (77.4) <.001
Self-rated health', N (%)

Excellent/very good 300 (29.4) 160 (23.4) .007
Cognitive function!, mean (SD) 91.2 (6.2) 8.9 (1.6) NA
Frailty, N (%)

Nonfrail 289 (28.3) 199 (28.2) Ref.

Prefrail 613 (59.9) 384 (54.5) <.001

Frail 121 (11.8) 122 (17.3) <.001
Severe ADL disability*, N (%) 272 (26.6) 274 (40.0) <.001

Notes: ADL = activities of daily living; CHS = Cardiovascular Health Study;
HRS = Health and Retirement Study; SD = standard deviation.

*P-values were obtained from generalized linear regression with clustered
sandwich estimator for comparison between CHS and HRS participants (HRS
participants were clustered within households). fUnderweight and normal
were collapsed due to small cell size in the underweight category. *Coronary
heart disease and heart failure were included in the CHS; myocardial infarc-
tion, coronary heart disease, angina, heart failure, or other heart problems
were included in the HRS. ‘Nonmelanoma skin cancer was excluded. "The
reference was good/fair/poor. 1Cognitive function was measured by the modi-
fied mini-mental status examination (range: 0-100) in the CHS and by the
Telephone Interview for Cognitive Status (range: 0-10) in the HRS. *Difficulty
in two or more ADLs.

of frailty with recovery from disability was stronger compared with
that for the individual components of the PFP scale (Figure 2).

Adjusted Association of Frailty with Recovery from
Disability

After multivariable adjustment, prefrail, and frail CHS participants
were 16% and 36% less likely to recover from disability within
1 year than the nonfrail, respectively (Table 3). The association of
frailty and recovery did not differ between individuals with mild
disability and those with severe disability (p = .671 for disability
severity x prefrail vs nonfrail; p = .995 for disability severity x frail
vs nonfrail). In the HRS, frail persons had a 41% lower likelihood
of recovery from disability within 2 years than those who were non-
frail. Severity of disability did not modify the association of frailty
with disability recovery (p = .271 for disability severity x prefrail vs
nonfrail); p = .465 for disability severity x frail vs nonfrail).

Recovery from Disability (%)

70.0

60.0

64.0
50.9
46.7
40.0
347 32,6

30.0
- 18.1

0.0

Cardiovascular Health Study Health and Retirement Study
HRobust  Prefrail ®Frail

Figure 1. Proportions of recovery from disability by frailty status. Notes:
Participants who died in the following visit after the onset of incident disability
were included and considered not to recover. Participants who were alive but
not interviewed in the following visit after the onset of incident disability
were excluded. Recovery from disability was defined as no difficulty in any of
six activities of daily living (dressing, eating, toileting, bathing, transferring,
and walking across a room) within 1 year in the Cardiovascular Health Study
and within 2 years in the Health and Retirement Study after the onset of
disability.

Sensitivity analysis excluding persons who died prior to the fol-
low-up interview after being disabled did not appreciably change the
results (data not shown).

Discussion

The purpose of the present study was to understand the role of frailty,
a clinical syndrome of decreased resilience to withstand acute stress-
ors, in the recovery process of ADL disability among community-
dwelling older adults without pre-existing disability. Using data from
two large, population-based cohort studies, we showed that frailty
was strongly associated with poor recovery from disability; once they
developed disability, frail older adults were less likely to recover than
the nonfrail. Our results highlight the importance of frailty in the
pathway to poor recovery from disability among older persons.

Our study builds upon an earlier investigation conducted by Boyd
et al. (27), showing that frailty, assessed by the PFP scale, was associ-
ated with decline in ADL function after hospitalization among 457
moderately to severely disabled older women. In addition to multi-
component measures of frailty, prior studies have demonstrated the
associations of the indicators of frailty—for example, gait speed,
physical activity, and weight loss—with recovery from disability
(12,14,15). Using data from 420 newly disabled persons from the
Precipitating Events Project, a cohort study of 754 community-dwell-
ing adults aged >70 years in greater New Haven, Connecticut, Hardy
et al (12). found that individuals with mobility impairment, defined
as requiring >10 seconds walking back and forth over a 10-foot
course as quickly as possible, were less likely to recovery from ADL
disability. Using data from the same cohort, Hardy and Gill showed
that habitual physical activity was an independent risk factor for
both time to and duration of recovery of ADL function (15). More
recently, Gill et al. (14) found that significant weight loss, denoted as
self-report of a 10-pound weight loss in the previous year, was associ-
ated with lower likelihood of recovery of prehospital ADL function
among 292 elders newly admitted to a nursing home with disability
after an acute hospitalization. Our study extends previous research in
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Table 2. Frailty Status and Recovery From Disability by Severity
of Disability

Cardiovascular Health Health and Retirement

Study Study
Recovery from Mild ADL Disability*
Numbers (%)
Total 437 (58.2) 182 (44.3)
Frailty
Nonfrail 157 (68.9) 73 (53.3)
Prefrail 250 (55.8) 94 (43.1)
Frail 30 (40.0) 15 (26.8)
Recovery from severe ADL disability t
Numbers (%)
Total 102 (37.5) 52 (19.0)
Frailty
Nonfrail 28 (58.9) 17 (30.9)
Prefrail 62 (37.6) 29 (18.3)
Frail 12 (26.1) 6 (10.0)

Notes: Participants who died in the following visit after the onset of inci-
dent disability were included and considered not to recover. Participants who
were alive but not interviewed in the following visit after the onset of incident
disability were excluded. ADL = activities of daily living.

*Mild disability was defined as having difficulty in one ADL. tSevere dis-
ability was defined as having difficulty in two or more ADL.

two important ways. First, instead of using single-item measures of
frailty, we measured frailty using the PFP scale, a multi-component
frailty instrument that has been well validated and widely used in
research. In addition, independent validation of results, which is a
routine practice of gene discovery studies, has been much less seen in
epidemiological research. We replicated results in two independent
samples, which may self-correct coincidental findings that happen to
be statistically significant. Lastly, the use of two large, population-
based cohorts enhances the generalizability of our findings.

The National Institute on Aging recently held a workshop
emphasizing the needs to improve measures to assess resilience in
human aging (28). Frailty, a clinical syndrome characterized by
reduced resilience to stressors, is theoretically a good candidate
assessment for lack of resilience. The present study provided empir-
ical evidence demonstrating a strong association between frailty and
recovery from one specific stressor—disability. In addition to disabil-
ity, frail elders were also less likely to resist adverse effects of surgical
procedures (29-31). These results, taken together, suggest that frailty
is able to identify persons with diminished ability to resist or recover
from multiple stressors. People who meet the criteria for the frailty
phenotype may need to be evaluated for medical care management
and receive interventions, such as exercise and nutritional and social
support, as clinically indicated (32-35).

Our study has many strengths, including its prospective design,
comprehensive set of measurements of potential confounders, large
sample size, heterogeneity in demographic composition of study
samples, and replication of results in an independent sample. To
our knowledge, this study is the first to assess the association of a
multicomponent measure of frailty with recovery of ADL function
among community-dwelling older adults. Despite these strengths,
we acknowledge several limitations. First, the PFP scale, which was
developed in the CHS cohort, has been typically applied with adap-
tations (eg, moderately different items and different cut-points).
Although the CHS and the HRS did not use the same PFP scale, the

Cardiovascular Health Study

Prefrailty ——
Frailty ——
Slowness —&a—
Weakness ——
Exhaustion ——
Inactivity ——
Shrinking —
AN TN TN S T S N TR SN N TN NN M
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
Risk ratio
Health and Retirement Study
Prefrailty ——
Frailty ——
Slowness ——
Weakness ——
Exhaustion ——
Inactivity ——
Shrinking L
AN T T M T S N TN SN N MO NN A

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
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Figure 2. Association of frailty and components of frailty with recovery from
disability. Notes: Points estimates (unadjusted) are accompanied by 95%
confidence intervals. Prefrailty and frailty were modeled simultaneously with
nonfrail persons being the reference. Each of five binary frailty components
(slowness, weakness, exhaustion, inactivity, and shrinking) were estimated
separately. Two study cohorts were analyzed independently.

results were largely consistent between the two cohorts. In addition,
numerous assessments of frailty have been proposed, but we only
used one assessment—the PFP scale. Compared with many other
frailty assessments, the PFP scale considers frailty a specific physi-
ological state with its own definable phenotypic manifestation that is
distinguishable from disability and comorbidity (36). Moreover, we
did not include persons who were initially disabled because frailty
status could have changed due to the onset of disability, which could
lead to reverse causation. Furthermore, we only focused on the
relationship between frailty and recovery from incident disability.
Recovery from recurrent disability might have different risk factor
profiles, which deserves consideration for future research. Lastly,
frailty was only assessed once; there might be unobserved transitions
between frailty states, especially in the HRS because of the longer
interval between disability assessments.

In summary, this is the first study, to our knowledge, to examine
the relationship between a multi-component measure of frailty and
recovery from disability among community-dwelling older adults.
We found that frailty, as assessed by the PFP scale, was an impor-
tant risk factor for poor recovery from disability; frail elders without
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Table 3. Frailty Status and Recovery From Disability

Recovery From ADL Disability*
Relative Risk (95% CI)

Cardiovascular Health Study

N=1,023
N (%) Unadjusted Adjusted?’
Frailty
Nonfrail 289 (28.3) Ref. Ref.
Prefrail 613 (59.9) 0.80 (0.71, 0.89) 0.84 (0.75,0.95)
Frail 121 (11.8) 0.54 (0.42,0.70) 0.64 (0.49, 0.84)
Health and Retirement Study
N =685
Unadjusted Adjusted ©
Frailty
Nonfrail 199 (28.2) Ref. Ref.
Prefrail 384 (54.5) 0.69 (0.56, 0.86) 0.86 (0.69, 1.08)
Frail 122 (17.3) 0.39 (0.25,0.59) 0.59 (0.40, 0.88)

Notes: ADL = activities of daily living; CI = confidence interval.

*No difficulty in any ADLs within 1 year (2 years for the HRS cohort) after
the onset of incident disability.

"Adjusted for clinical site (Bowman Gray, Johns Hopkins, Davis, and
Pittsburgh), age, sex, race (white, others), education (less than high school,
high school or equivalent, more than high school), smoking status (current,
former, never), body mass index (<25.0, 25.0-30.0, >30.0), history of heart
disease (coronary heart disease and heart failure), hypertension, diabetes, can-
cer, and arthritis, self-rated health (excellent/very good, good/fair/poor), cog-
nitive function measured by the modified mini-mental status examination, and
severity of incident ADL disability (difficulty in one ADL vs difficulty in two
or more ADLs). p-value for interactions disability severity x prefrail vs non-
frail=0.671, disability severity x frail vs nonfrail=0.995. <Adjusted for age, sex,
race (white, others), education (less than high school, high school or equiva-
lent, more than high school), smoking status (current, former, never), body
mass index (<25.0, 25.0-30.0, >30.0), history of heart disease (heart attack,
coronary heart disease, angina, heart failure, or other heart problems), hyper-
tension, diabetes, cancer, and arthritis, self-rated health (excellent/very good,
good/fair/poor), cognitive function measured by the Telephone Interview for
Cognitive Status, and severity of incident ADL disability (difficulty in one ADL
vs difficulty in two or more ADLs). p-value for interactions disability severity x
prefrail vs nonfrail=0.271, disability severity x frail vs nonfrail = 0.465.

pre-existing disability had compromised ability to regain independ-
ence after being disabled. These findings validate frailty as a marker
of decreased resilience and suggest that evaluation and intervention
for frailty may not only prevent disability but also facilitate recovery
from disability in nondisabled community-dwelling older persons.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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