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ARTICLE INFO ABSTRACT

Am'd? history: This study aims to investigate the association of patient-reported improvement and rehabilitation character-
Received 9 May 2019 istics with mortality among older adults who received rehabilitation. To do so, a national sample of Medicare
Received in revised form 24 June 2019 beneficiaries from the National Health and Aging Trends Study was examined. Among those who reported
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receiving rehabilitation services in the 2015 interview (N = 1,188), 4.2% were deceased at the 2016 follow-up
interview. Mortality was more common among those who had received rehabilitation in nursing home or
inpatient and in-home settings compared to outpatient rehabilitation settings. In multivariable analyses
accounting for demographics and health status, patient-reported worsening of functioning during rehabilita-
tion (OR=15.69; 95% CI: 1.84—133.45) and cardiovascular disease (OR=4.15; 95% Cl: 1.41—-12.17) were associ-
ated with mortality. Among older adults who received rehabilitation, 1 in 25 were deceased at follow-up.
That patient-reported functioning is associated with mortality suggests that more systematically including
patient-reported outcomes in rehabilitation care may be clinically pertinent.
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Introduction

Acute illnesses and hospitalizations may be associated with func-
tional loss, worsening disability, and increased mortality.'* Rehabili-
tation services perform a critical role in helping older adults regain or
maintain function after these events, and can be delivered at a hospital,
nursing home, rehabilitation facility, outpatient clinic, or home.”’
Clinicians and researchers are increasingly focused on patient-cen-
tered outcomes and treatment goals to enhance patient care.® '' To
improve quality of care, innovations such as the Chronic Care Model
are being developed and disseminated, which emphasize patients’
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central role in managing their own health.'>~'* Patient-reported out-
comes can be used to more fully engage patients in their care as well
as to assess the severity of symptoms, track outcomes, monitor wellbe-
ing, and prioritize treatment discussions and treatment decisions.®
Although millions of Medicare beneficiaries engage with rehabilitation
services yearly, relatively little is known about the association of reha-
bilitation-specific patient-reported outcomes and other rehabilitation
characteristics with mortality in this population.

Epidemiologic studies of mortality among individuals receiving
rehabilitation services typically have been limited to those with spe-
cific diseases such as stroke,'>'® hip fracture,'® or heart failure.'” An
increased risk for mortality among older adults has been associated
with increasing age, male sex, Black race, single marital status, living
alone, fewer years of formal education, increased disability, and medi-
cal conditions (e.g., stroke, dementia, cancer, depression, lung disease,
cardiovascular health).!>'® 2?2 To our knowledge, no studies have
examined the association of rehabilitation-specific patient-reported
improvement and rehabilitation characteristics with mortality in a
national sample of older adult Medicare beneficiaries. Examination of
this association may provide clinically relevant information regarding
Medicare rehabilitation patients’ mortality risk and whether rehabili-
tation-specific information can assist with stratifying this risk.
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Although, it may be anticipated that mortality rates will be associated
with patient-reported lack of improvement and may differ by rehabili-
tation characteristics (e.g., higher mortality in inpatient versus outpa-
tient rehabilitation settings), these associations may be moderated
by other factors such as older age and medical comorbidity. For
example, adults with poor self-rated physical health typically have
increased medical comorbidities,”*> and functional status and medical
comorbidity can vary across rehabilitation settings.’* If patient-
reported improvement status and other rehabilitation characteristics
are associated with mortality after accounting for demographics,
socioeconomic status, and health status, then this information may
help identify rehabilitation subgroups with an increased mortality risk
and lend support to focusing more attention on patient-reported out-
comes in this population. Furthermore, while functional outcomes
during rehabilitation are typically tracked by physical, occupational,
and speech therapist assessments, if this study finds that patient-
reported change in functional status is associated with meaningful
clinical outcomes such as mortality, then more systematically incorpo-
rating patient-reported measures in the rehabilitation process should
be considered and investigated.

This study aims to answer this research question: Among com-
munity-dwelling Medicare beneficiaries aged 65 years and older
who received rehabilitation services in the past year, how are 1)
patient-reported improvement status, 2) rehabilitation site, and 3)
rehabilitation characteristics associated with mortality at the one-
year follow-up interview? The study hypothesis is that patient-
reported lack of improvement while receiving rehabilitation will be
associated with an increased odds for mortality after accounting for
demographics, socioeconomic status, and health status (e.g., medi-
cal comorbidities, functional impairment). This study also aims to
provide mortality estimates across rehabilitation sites among
a national sample of older adults who received rehabilitation for a
wide variety of conditions.

Methods
Participants and study design

The National Health and Aging Trends Study (NHATS) is a longitu-
dinal cohort study that commenced in 2011 and examines a nation-
ally representative sample of Medicare beneficiaries aged 65 years
and older with annual interviews.>> NHATS is administered in English
and Spanish, oversamples Black older adults and older age groups,
and is publicly available at www.nhats.org. This study relied solely
on the publicly available NHATS survey data and did not use other
sources of information such as Medicare claims data. When Medicare
beneficiaries were unable to participate in the interview (e.g.,
because of cognitive or physical problems), proxy respondents were
used. In the 2015 interview, NHATS added questions on rehabilitation
services.”® The 2015 interview had an unweighted response rate of
76.8% and, conditional on participating in the 2015 interview, 90.6%
participated in the 2016 NHATS interview.?> NHATS was approved by
the Johns Hopkins Bloomberg School of Public Health Institutional
Review Board.

There were 6346 NHATS participants who were living in the com-
munity at the 2015 interview and had information about mortality
status at the 2016 interview. Of these 6346 participants, 1188 (18.8%)
reported receiving any rehabilitation services and had information
on patient-reported improvement. This study examined the 1188
community-dwelling older adults who reported receiving rehabilita-
tion services in 2015 and had information on patient-reported
improvement status in 2015 and mortality in 2016, which represents
a weighted sample of 6411,089 older adult Medicare beneficiaries.

Dependent variable

The outcome measure was whether community-dwelling adults
aged 65 years and older at the 2015 interview who received rehabili-
tation services were deceased at the 2016 interview (binary outcome,
coded yes/no).

Independent variables

The covariates were in the rehabilitation, demographics, socioeco-
nomic status, and health status domains, many of which are associ-
ated with mortality in older adults.'®2° All of the covariate data were
collected in the 2015 interview, were cross-sectional, and were based
on self- or proxy-report (n=1105 and n = 83, respectively). With the
exception of number of medical conditions, covariates were treated
as unordered dummy variables with a reference category.

For the primary independent variable, NHATS participants were
asked: “While you were receiving rehab services in the last year, did
your functioning and ability to do activities improve, get worse, or stay
about the same?”*® This variable recorded whether participants
reported that their functioning and ability to do activities got worse,
stayed about the same, or improved.*®

With regard to rehabilitation site, NHATS participants were asked
whether they had received rehabilitation in nursing home or inpa-
tient, outpatient, or home settings. Based on their response, NHATS
participants were grouped into: (1) nursing home or inpatient
(including hospitals or rehab facilities) rehabilitation only, (2) outpa-
tient rehabilitation only, (3) in-home rehabilitation only, and (4) mul-
tiple rehabilitation sites.

The rehabilitation characteristics domain consisted of the reason
participants received rehabilitation services in the last year (surgical
versus nonsurgical), the main condition for which participants
received surgery or rehabiliation services, and the number of months
participants received rehabilitation services.®

The demographic domain consisted of respondent age (65-74,
75-84, 85+ years old), a binary indicator for sex (female or male),
race and ethnicity (white non-Hispanic, black non-Hispanic, Hispanic
or other), and living arrangement (alone, with spouse/partner and
maybe others, with others only). The socioeconomic status domain
included education (high school or less, some college or vocational
training, college degree) and Medicaid status (yes, no).

The health status domain examined hospitalization and self-
reported measures of physical and mental health. Self-report deter-
mined the presence of hospitalization (yes, no) in the prior 12 months
to the 2015 interview. Medical conditions were coded as being present
if older adults reported that — at the 2015 or an earlier interview — a
doctor had ever told them they have one of these conditions.?® The
number of medical conditions included heart attack, heart disease,
high blood pressure, arthritis, osteoporosis, diabetes, lung disease,
stroke, or cancer with totals ranging from 0 to 9. Dementia was exam-
ined separately. ADL impairments’ were present if participants either
had difficulty with performing or “can’t do/don’t do” the following
activities without assistance: eating, transferring out of bed, transfer-
ring out of chairs, walking inside, going outside, dressing, bathing, or
toileting. IADL impairments”® were present if the participants were
unable to perform the following activities: prepare meals, do laundry,
do light housework, shop for groceries, manage money, take medicine,
or make phone calls. ADL and IADL were dichotomized into the pres-
ence or absence of any ADL or any IADL impairment, respectively. The
Patient Health Questionnaire (PHQ-2), a validated two-item depres-
sion screening instrument,”® examined depressive symptoms, and the
Generalized Anxiety Disorder (GAD-2) scale, a validated two-item anx-
iety screening instrument,® examined anxiety symptoms. NHATS
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modified the PHQ-2 and GAD-2 to examine the prior one month
period (rather than a two week period) and scored both from 2 to 8,
with scores of 5 or higher indicating the presence of clinically signifi-
cant depressive or anxiety symptoms.

Statistical analyses

Bivariate and multivariable analyses characterized the associa-
tions of patient-reported improvement, rehabilitation site, rehabilita-
tion characteristics, demographics, socioeconomic status, and health
status variables with mortality status among community-dwelling
Medicare beneficiaries who received rehabilitation services in the
prior year. The Rao-Scott F adjusted chi-square statistic for categori-
cal variables and F statistic for continuous covariates examined differ-
ences by whether participants were alive or deceased at the one-year
follow-up interview. A series of logistic regression analyses were
then conducted to test the hypothesis with mortality status at the
one-year follow-up interview serving as the outcome (deceased=1,
living=0). The base logistic regression analysis model included
patient-reported improvement status. Rehabilitation site, rehabilita-
tion characteristics, demographics (and proxy interview status), and
health status characteristics were sequentially added to the base
model to determine the independent effect of patient-reported lack
of improvement with mortality. All of the covariates in the logistic
regression model were collected at the 2015 NHATS interview and
were time-invariant. Due to the relatively small sample size, only
rehabilitation, socioeconomic status, and health status characteristics
that were associated with mortality status at a p-value of 0.10 or less
were included in the multivariable analyses. SAS survey procedures
were utilized to calculate population-weighted adjusted estimates
(version 9.4, SAS Institute, Inc., Cary, NC). To adjust for complex sam-
pling design and nonresponse, Round 5 analytic weights as well as
the stratification and cluster variables were applied.?> As most
NHATS participants in the sample had complete covariate data, no
imputation methods were used. Instead list-wise deletion was
applied to manage participants with missing covariate data in the
multivariable analyses. To account for participants with missing data
in the variance computation, the “nomcar” option available in SAS’s
survey procedures was used, which treated these participants as
being “not missing completely at random” and computed variance
estimates by analyzing the non-missing values as a domain or sub-
population. All percentages refer to weighted values.

Results
Sample characteristics

Among the 6346 Medicare beneficiaries in the NHATS 2015 inter-
view who were living in the community and had information about
mortality status at the 2016 interview, 18.8% (N =1188) reported uti-
lizing rehabilitation services in the prior year and had information on
patient-reported improvement. Of these, 31.7% (N=379), 69.5%
(N=750), and 34.0% (N=476) received rehabilitation services in a
nursing home or inpatient facility, outpatient, and/or home setting
respectively, 25.7% (N=302) of whom received care in two of these
settings and 5.9% (N = 71) reported receiving care in all three settings.

Among these Medicare beneficiaries, 1.4% (N =19) reported wors-
ening in functioning and 25.6% (N =343) reported that functioning
stayed the same while receiving rehabilitation services, and 4.2%
(N=72) were deceased by the time of the one-year follow-up inter-
view. Examination of the different rehabilitation settings for commu-
nity-dwelling older adults showed that the mortality rate varied by
rehabilitation setting: (1) of the 85 older adults who only received
nursing home or inpatient rehabilitation, 12.0% were deceased at fol-
low-up; (2) of the 517 older adults who received rehabilitation only

in outpatient settings, 1.3% were deceased at follow-up; (3) of the
186 older adults who received only in-home rehabilitation services,
8.9% were deceased at follow-up; and (4) of the 373 who received
rehabilitation in multiple settings, 5.4% were deceased at follow-up
(Rao-Scott F adjusted chi-square statistic=11.06, degrees of free-
dom=3, 168, p < 0.001).

There were differences in patient-reported improvement and
rehabilitation factors as well as demographic and health status char-
acteristics by mortality status that are shown in Table 1. Additionally,
compared to outpatient settings, participants who received rehabili-
tation in inpatient or nursing home facilities or in their homes had
higher mortality, less reported improvement, less formal education,
and more medical conditions; were less likely to receive rehabilita-
tion for a musculoskeletal condition or to live with a spouse or part-
ner; and were more likely to have Medicaid, have been hospitalized
in the past year, have ADL and IADL impairments, and have anxiety
symptoms (Table 2).

Of the 83 NHATS participants in the sample with a proxy infor-
mant, 48 participants were not interviewed due to dementia and 47
participants were not interviewed due to medical illness (these cate-
gories are not mutually exclusive). The most common informants
were daughters (N = 29) and spouses/partners (N = 28).

Multivariable analyses

A series of logistic regression analyses examined the association of
patient-reported lack of improvement with mortality status (Model 1)
and sequentially added rehabilitation site (Model 2), rehabilitation
characteristics (Model 3), demographic covariates (Model 4), and
health status characteristics (Model 5). In Model 1, compared to
patient-reported improvement in functioning, patient-reported
worsening of function (odds ratio, OR=7.19, 95% confidence interval,
CI: 1.42-36.45) or that functioning stayed the same (OR=2.41, 95%
Cl: 1.25—-4.66) were associated with an increased odds for mortality.
This association persisted across Models 2 through 5, except that
functioning that stayed the same was no longer associated with
mortality in Model 5. Although rehabilitation site was associated
with increased odds for mortality in Model 2, this association
became attenuated as rehabilitation characteristics, demographics,
and health status covariates were sequentially added to the regres-
sion analyses. In Model 5, rehabilitation site was not associated
with mortality. In Model 5, in addition to patient-reported worsen-
ing of function (OR=15.69, 95% CI: 1.84—-133.45), the following char-
acteristics were associated with an increased odds for being
deceased at follow-up: when the main reason for rehabilitation was
a cardiovascular condition (OR=4.15; 95% CI: 1.41-12.17) or other
reason (OR=3.40, 95% CI: 1.16—10.00), male sex (OR=2.79, 95% CI:
1.08-7.23), living alone (OR=2.68; 95% CI: 1.07-6.70), and ADL
impairment (OR=2.81; 95% CI: 1.51-5.22) (Table 3).

A sensitivity analysis consisting of the fully adjusted logistic
regression model that excluded participants in the sample who had
proxy respondents was conducted (Table 4). Similar to the logistic
regression model including proxy informants, patient-reported wors-
ening of function (OR=31.93, 95% CI: 3.48—-293.12), when the main
reason for rehabilitation was a cardiovascular condition (OR=3.97,
95% CI: 1.11-14.25) or other reason (OR=4.31, 95% CI: 1.20—15.50),
male sex (OR=4.85, 95% CI: 1.66—14.20), living alone (OR=3.54, 95%
CI: 1.32-9.52), and ADL impairment (OR=2.68, 95% CI: 1.43-5.05)
were associated with mortality. There were some differences
between these regression analyses, however, with patient-reported
function staying the same (OR=2.29, 95% CI: 1.001-5.24), 85+ years
old (OR=2.30, 95% CI: 1.06—5.01), and number of medical conditions
(OR=1.33, 95% CI: 1.03—1.72) also being associated with mortality in
the sensitivity analysis.
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Table 1
Rehabilitation characteristics, demographics, socioeconomic status, and health status among community-dwelling Medicare beneficiaries aged 65 years and older who received
rehabilitation services in the past year, stratified by mortality status at one-year follow-up (N=1188).

Deceased Living P value®
N=72 N=1116
N % or mean SE N % or mean SE
Patient-reported improvement 0.003
Improved 37 51.8 7.9 789 73.9 1.8
Got worse 4 6.2 4.3 15 1.2 04
Stayed the same 31 420 7.2 312 249 1.6
Rehabilitation site <0.001
Inpatient rehab services in past year 11 20.1 5.4 74 6.6 0.8
Outpatient rehab services in past year 11 15.3 5.6 506 50.8 1.7
Home rehab services in past year 20 23.6 53 166 10.8 0.9
Multiple rehab sites in past year 30 41.0 6.6 343 31.8 1.6
Rehabilitation characteristics
Reason for rehabilitation 0.854
Surgical 23 36.9 6.1 380 35.7 1.6
Non-surgical 48 63.1 6.1 734 64.3 1.6
Main condition for rehabilitation <0.001
Fracture, sprain, or other injury or hip, knee, or other joint replacement 15 18.0 5.0 361 349 1.6
Other musculoskeletal condition 10 133 5.1 384 36.0 1.8
Stroke or transient ischemic attack 8 115 5.4 48 3.1 0.6
Heart attack, heart condition, or vascular disease 13 18.0 4.5 82 5.8 0.7
Other 24 39.2 7.3 235 20.2 1.2
Total months of rehab services in past year 0.073
Less than 1 month 21 34.7 5.6 252 239 14
1-3 months 36 44.7 6.4 677 60.3 1.6
4+ months 13 20.6 6.3 182 15.8 1.5
Interview type
Proxy interview <0.001
Yes 16 17.0 4.8 67 4.5 0.8
No 56 83.0 4.8 1049 95.5 0.8
Demographics
Age in years 0.010
65-74 13 371 7.4 407 55.4 13
75-84 31 375 7.6 455 322 1.1
85+ 28 254 5.0 254 124 0.8
Sex 0.340
Female 36 52.7 7.5 704 60.2 1.8
Male 36 473 7.5 412 39.8 1.8
Race and ethnicity 0.792
White, non-Hispanic 50 81.8 59 822 84.9 1.1
Black, non-Hispanic 17 8.5 2.0 187 6.5 0.7
Hispanic or Other 5 9.7 5.2 80 8.6 1.0
Living arrangement 0.013
Alone 22 36.6 6.9 355 30.0 1.6
With spouse/partner and maybe others 27 37.0 7.2 560 56.0 1.6
With others only 23 264 6.1 201 14.0 1.2
Socioeconomic status
Education 0.171
High school degree or equivalent or less 37 51.8 7.6 473 38.7 1.9
Some college or vocational training 14 20.8 6.4 226 20.5 13
College degree 20 273 6.5 391 40.8 2.0
Medicaid 0.106
Yes 10 21.2 7.1 149 12.0 1.2
No 57 78.8 7.1 916 88.0 1.2
Health status
Hospitalization in prior year <0.001
Yes 52 76.5 5.5 533 45.1 1.6
No 20 235 5.5 583 54.9 1.6
Total number of self-reported conditions (0 to 9) 70 4.1 03 1097 29 0.1 0.001
Dementia or Alzheimer’s 0.002
Yes 15 12.7 3.6 74 44 0.6
No 57 87.3 3.6 1040 95.6 0.6
Activities of daily living <0.001
Impairments present 47 66.6 6.6 302 222 14
Impairments absent 24 334 6.6 773 77.8 14
Instrumental activities of daily living <0.001
Impairments present 53 75.0 7.2 355 25.8 1.6
Impairments absent 17 25.0 7.2 715 74.2 1.6
Depression 0.072
Present 18 244 6.1 179 14.8 13
Absent 51 75.6 6.1 932 85.2 13
Anxiety 0.777
Present 9 114 44 148 12.7 11
Absent 60 88.6 44 956 873 1.1

SE, standard error.
2 Pvalues determined by Rao—Scott F adjusted chi-square statistic for categorical variables or F test statistic for continuous variables.
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Table 2
Rehabilitation characteristics, demographics, socioeconomic status, and health status among community-dwelling Medicare beneficiaries aged 65 years and older who received
rehabilitation services in the past year, stratified by rehabilitation site (N=1161).

Inpatient or Nursing Home Rehab, Outpatient Rehab, Home Rehab, Multiple Rehab Sites, P value®
N=85 N=517 N=186 N=373
N % or mean SE N %ormean SE N %ormean SE N %ormean SE
Mortality status in 2016 <0.001
Alive 74 88.0 33 506 98.7 05 166 91.1 24 343 946 1.2
Deceased 11 12.0 33 11 13 05 20 8.9 24 30 5.4 1.2
Patient-reported improvement <0.001
Improved 50 62.6 6.6 372 753 22 104 59.0 55 287 780 2.7
Got worse 1 0.3 0.3 8 13 05 2 0.7 05 7 2.1 1.0
Stayed the same 34 37.2 6.5 137 234 20 80 403 53 79 199 25
Rehabilitation characteristics
Reason for rehabilitation <0.001
Surgical 37 44.0 6.3 107 20.7 24 32 206 40 220 627 33
Non-surgical 48 56.0 6.3 409 793 24 152 794 40 153 373 33
Main condition for rehabilitation <0.001
Fracture, sprain, or other injury or hip, knee,or 16 16.8 4.4 143 30.2 26 37 207 33 179 51.2 29
other joint replacement
Other musculoskeletal condition 15 16.3 4.6 263 52.0 29 48 223 32 54 157 2.1
Stroke or transient ischemic attack 5 8.4 4.1 7 0.9 04 14 6.0 22 29 5.6 13
Heart attack, heart condition, or vascular disease 16 203 43 19 2.5 08 18 7.0 1.7 38 8.0 1.5
Other 30 383 6.2 83 143 1.6 69 440 39 70 196 22
Total months of rehab services in past year <0.001
Less than 1 month 41 53.1 6.3 108 222 20 41 244 36 73 204 22
1-3 months 34 37.8 6.1 333 63.0 26 114 63.1 3.7 218 589 24
4+ months 9 9.1 35 75 148 22 29 125 25 79 207 22
Interview type
Proxy interview <0.001
Yes 5 3.1 1.9 6 09 04 39 19.0 33 33 7.2 1.7
No 80 96.9 1.9 511 99.1 04 147 81.0 33 340 9238 1.7
Demographics
Age in years <0.001
65-74 34 61.0 6.0 204 58.7 23 37 325 52 136 55.6 28
75-84 33 28.8 53 226 33.0 19 65 345 40 150 309 23
85+ 18 10.2 2.8 87 83 1.0 84 330 36 87 135 1.8
Sex 0.072
Female 55 62.7 5.7 319 61.6 25 129 66.6 38 219 5438 2.6
Male 30 373 5.7 198 384 25 57 334 38 154 452 2.6
Race and ethnicity 0.002
White, non-Hispanic 61 86.3 3.8 419 89.0 1.7 118 746 4.1 258 820 2.1
Black, non-Hispanic 16 6.8 1.8 65 4.6 08 49 125 2.7 65 7.0 1.0
Hispanic or Other 6 6.9 3.0 25 6.4 16 16 13.0 28 36 110 2.0
Living arrangement <0.001
Alone 34 38.6 6.5 156 284 23 59 332 43 120 298 2.6
With spouse/partner and maybe others 31 35.2 6.3 291 60.4 22 64 404 53 187 56.7 25
With others only 20 26.2 6.7 70 111 1.5 63 264 37 66 135 2.0
Socioeconomic status
Education <0.001
High school degree or equivalent or less 52 54.7 7.0 180 33.7 27 118 673 40 149 346 29
Some college or vocational training 16 17.6 4.7 110 20.1 1.9 37 191 34 75 23.5 2.8
College degree 16 27.7 7.0 218 46.2 26 29 136 25 134 419 29
Medicaid <0.001
Yes 15 23.1 6.7 37 7.0 1.3 49 259 39 55 142 24
No 64 76.9 6.7 462 93.0 13 130 741 39 293 858 24
Health status
Hospitalization in prior year <0.001
Yes 74 86.5 5.0 102 17.7 1.5 103 59.7 51 302 79.0 2.6
No 11 13.5 5.0 415 823 1.5 83 403 51 71 210 2.6
Total number of self-reported conditions (0to9) 81 3.53 0.26 512 2.65 0.07 183 3.49 0.16 364 3.17 0.11 <0.001
Dementia or Alzheimer's <0.001
Yes 3 1.0 0.7 18 22 06 37 154 31 30 5.9 1.2
No 82 99.0 0.7 498 97.8 0.6 148 84.6 3.1 343 941 1.2
Activities of daily living <0.001
Impairments present 30 344 6.7 73 117 1.6 109 56.7 40 133 308 3.0
Impairments absent 53 65.6 6.7 432 883 16 71 433 40 218 692 3.0
Instrumental activities of daily living <0.001
Impairments present 36 36.1 6.6 76 118 1.6 131 679 38 158 378 32
Impairments absent 45 63.9 6.6 428 882 1.6 50 321 38 190 622 32
Depression <0.001
Present 13 129 4.1 53 11.0 16 52 2538 39 75 187 2.3
Absent 72 87.1 4.1 462 89.0 1.6 134 742 39 293 813 23
Anxiety <0.001
Present 16 17.9 4.5 45 85 14 33 199 34 62 159 19
Absent 68 82.1 4.5 468 91.5 14 152 80.1 34 302 841 19

SE, standard error.
@ Pvalues determined by Rao-Scott F adjusted chi-square statistic for categorical variables or F test statistic for continuous variables.
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Table 3

625

Multivariable logistic regression analyses of rehabilitation characteristics, demographics, and health status of community-dwelling Medicare beneficiaries aged 65 years and older
who received rehabilitation in the past year with mortality status (1=deceased; O=living) serving as the outcome.

Model 1, Model 2, Model 3, Model 4, Model 5,
N=1188 N=1161 N=1146 N=1119 N=1071
OR  95%CI* OR  95%(CI* OR 95% CI* OR 95% CI* OR 95% CI*

Patient-reported improvement (ref =improved)

Got worse 719 142-36.45 845 1.63-43.77 15.16 2.48-92.64 17.81 2.34-13530 15.69 1.84-133.45

Stayed about the same 241 125-466 213 1.12-4.03 230 1.22-436 237 1.19-4.69 2.02 094-434
Rehabilitation site (ref = outpatient rehab services)

Inpatient rehab services in past year 9.75 3.26-29.16 478 139-1640 4385 1.32-17.84 288 0.71-11.76

Home rehab services in past year 6.70 2.43-1843 421 137-1292 3.00 0.93-9.66 148 0.54-4.00

Multiple rehab sites in past year 432 1.69-11.07 294 0.99-8.72 265 0.82-8.64 147 0.51-4.27
Rehabilitation characteristics
Main condition for rehabilitation (ref = fracture, sprain, or other

injury or hip, knee, or other joint replacement)

Other musculoskeletal condition 1.06 0.30-3.82 1.04 0.26-4.17 091 0.24-3.39

Stroke or transient ischemic attack 553 1.50-2042 6.05 1.62-22.66 341 0.76-15.24

Heart attack, heart condition, or vascular disease 6.02 239-15.13 512 1.84-14.28 415 141-1217

Other 392 147-1047 3.82 1.33-10.98 340 1.16-10.00
Total months of rehab services in past year (ref = 4+ months)

Less than 1 month 0.67 0.29-1.56 0.59 0.24-1.46 0.72 0.25-2.08

1-3 months 0.53 022-1.26 051 0.22-1.19 070 0.27-1.84
Interview Type
Proxy interview, Yes 226 0.76-6.70 1.14 0.25-5.22
Demographics
Age in years (ref=65-74)

75-84 139 0.59-3.26 137 0.50-3.71

85+ 1.70 0.80-3.59 1.81 0.75-4.35
Sex, male 1.99 0.88-4.47 2.79 1.08-7.23
Race and ethnicity (ref = white, non-Hispanic)

Black, non-Hispanic 0.82 0.43-1.58 0.81 0.44-1.50

Hispanic or Other 0.72 0.23-2.22 0.71 0.22-2.29
Living arrangement (ref = with spouse/partner and maybe others)

Alone 249 1.16-534 2.68 1.07-6.70

With others only 252 0.97-6.59 2.02 0.73-5.61
Health status
Hospitalization in the prior year, yes 116 0.57-235
Total number of self-reported conditions (0 to 9) 1.16 0.92-1.46
Dementia, present 0.67 0.18-2.52
Activities of daily living, impairments present 281 1.51-5.22
Instrumental activities of daily living, impairments present 193 0.86-4.34
Depression, present 092 0.37-2.25

Multivariable logistic regression models included: Model 1: Self-reported improvement in functioning status; Model 2: Model 1 + rehabilitation site; Model 3: Model 2 + rehabilita-
tion characteristics; Model 4: Model 3 + proxy interview status and all demographic variables; and Model 5: Model 4 + health status variables.
Only rehabilitation, socioeconomic status, and health status variables that were associated with mortality in the bivariate analyses at a p value of 0.10 or less were included in these

models.
@ Intervals based on 95% Wald confidence limits.

Additionally, multivariable logistic regression analyses of the
association of demographic characteristic and health status covari-
ates with mortality stratified by whether NHATS participants
received rehabilitation services in the prior year was conducted
(Table 5). Living alone and impairments in ADLs were associated with
mortality among those who received rehabilitation services
(OR=2.48, 95% CI: 1.06—5.83 and OR=2.61, 95% CI: 1.33-5.12, respec-
tively), but not with mortality in those who did not receive rehabili-
tation services (OR=1.04, 95% Cl: 0.66—1.64 and OR=1.63, 95% CI:
0.94-2.84, respectively).

Discussion

Of the approximately 6.4 million Medicare beneficiaries
(weighted sample size) who received rehabilitation services, 27.0%
reported no improvement in functioning while receiving rehabilita-
tion and 4.2% were deceased at the one-year follow-up interview
(compared to 2.9% of those who did not receive rehabilitation serv-
ices). In partial support of the hypothesis, those who reported wors-
ening in function had increased odds for mortality at the one-year
follow-up interview. With the exception of sensitivity analyses that
excluded proxy informants, those who reported that functioning

stayed the same, however, did not have an increased odds for mortal-
ity. Mortality was 4—9 fold higher in older adults who had received
rehabilitation services in nursing home or inpatient, in-home, or mul-
tiple rehabilitation settings when compared to older adults who had
received only outpatient rehabilitation services. Rehabilitation site’s
association with mortality, however, did not persist in multivariable
analyses. These differences in mortality were likely driven in part by
the differences in patient populations these settings serve with the
analyses indicating that older adults receiving rehabilitation services
in the outpatient setting had less medical comorbidity and functional
impairment compared to those receiving services in nursing home or
inpatient or in-home settings.

Although patient-reported outcomes are being increasingly uti-
lized to engage patients in their care, track outcomes, prioritize treat-
ment objectives, and enhance their care.® ' relatively little is known
about patient-reported outcomes specific to rehabilitation efforts.>'
The study’s finding that patient-reported worsening in functioning
while receiving rehabilitation services was associated with mortality —
even after accounting for demographics and health status—provides
evidence of the potential role that patient-reported outcomes may
have in rehabilitation care. Patient-reported health status is important
in representing the patient’s perspective, and worse self-reported
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Table 4

Multivariable logistic regression analyses of rehabilitation characteristics, demo-
graphics, and health status of community-dwelling Medicare beneficiaries aged
65 years and older who received rehabilitation in the past year with mortality status
(1=deceased; O=living) serving as the outcome with proxy informants excluded.

Table 5

Multivariable logistic regression analysis of demographics and health status of commu-
nity-dwelling Medicare beneficiaries aged 65 years and older with mortality status
(1=deceased; O=living) serving as the outcome, stratified by whether they received
rehabilitation in the past year.

Rehab participants

Rehab Participants ~ Non-Rehab Participants

N=1000 N=1110 N=4881
OR  95%CI° OR  95%CI* OR 95% CI*

Patient-reported improvement (ref = improved) Interview type

Got worse 3193 3.48-293.12 Proxy interview, Yes 131 033-523 159 0.94-2.71

Stayed about the same 229 1.001-5.24 Demographics
Rehabilitation site (ref = outpatient rehab services) Age in years (ref = 65—-74)

Inpatient rehab services in past year 339 0.76-15.19 75-84 147 062-349 244 1.31-4.57

Home rehab services in past year 121 0.37-3.94 85+ 151 0.61-3.74 5.65 3.39-9.40

Multiple rehab sites in past year 1.80 0.61-5.33 Sex, male 234 1.01-541 1.81 1.18-2.76
Rehabilitation characteristics Race and ethnicity (ref = white,
Main condition for rehabilitation (ref = fracture, sprain, or non-Hispanic)

other injury or hip, knee, or other joint replacement) Black, non-Hispanic 0.84 047-150 132 0.89-1.97

Other musculoskeletal condition 084 0.19-3.72 Hispanic or Other 066 0.15-2.80 0.75 0.35-1.63

Stroke or transient ischemic attack 299 0.44-2044 Living arrangement (ref = with

Heart attack, heart condition, or vascular disease 397 1.11-14.25 spouse/partner and maybe

Other 431 1.20-15.50 others)
Total months of rehab services in past year (ref = 4+ Alone 248 1.06-5.83 1.04 0.66—1.64

months) With others only 1.81 064-512 097 0.60-1.57

Less than 1 month 1.77 0.54-5.86 Health status

1-3 months 1.64 0.52-5.16 Hospitalization in the prior year, 1.85 0.99-349 2.16 1.42-3.28
Demographics yes
Age in years (ref=65-74) Total number of self-reported 120 095-153 1.14 1.002-1.30

75-84 1.79 0.60-5.32 conditions (0-9)

85+ 230 1.06-5.01 Dementia, present 063 020-196 1.06 0.60—-1.86
Sex, male 485 1.66-14.20 Activities of daily living, impair-  2.61 133-5.12 1.63 0.94-2.84
Race and ethnicity (ref = white, non-Hispanic) ments present

Black, non-Hispanic 0.63 0.26-1.54 Instrumental activities of daily =~ 3.68  1.61-8.38  2.70 1.76-4.15

Hispanic or Other 0.89 0.28-2.78 living, impairments present
Living arrangement (ref = with spouse/partner and maybe Depression, present 0.76 033-1.75 1.91 1.25-2.92

?\tlgir:) 354 132052 2 Intervals based on 95% Wald confidence limits.

With others only 258 0.87-7.70
Health status are at least in part due to differences in demographics and the health
Hospitalization in the prior year, yes 096  0.46-2.01 status of patients in these different clinical settings. Assessing the
Total number of self-reported conditions (0 to 9) 133 1.03-1.72 - . o . . .
D ; association of the duration of rehabilitation services with mortality is

ementia, present 0.60 0.08-4.47 . .
Activities of daily living, impairments present 268 1.43-5.05 complicated and nuanced. For example, patients may have a short
Instrumental activities of daily living, impairments 220 0.95-5.12 duration of rehabilitation if they either progress rapidly in meeting

present their treatment goals or, conversely, are not showing sufficient
Depression, present 1.14 0.41-3.18

¢ Intervals based on 95% Wald confidence limits.

health previously has been associated with disability,> hospitaliza-
tion,*? and mortality after accounting for sociodemographics, health
status, and health behaviors.>® Patient-reported outcomes can be used
to more fully engage patients in their care and treatment planning.®
More systematically incorporating rehabilitation patients’ assess-
ment of their progress while receiving rehabilitation thereby may
help articulate patient treatment goals (and better align them with
the goals of the rehabilitation clinicians) and enhance engagement
in the rehabilitation process.

Rehabilitation characteristics such as the rehabilitation primary
condition, setting, and duration in multivariable analyses were exam-
ined. That rehabilitation patients with a musculoskeletal injury or
joint replacement appear to have a lower mortality risk (even after
accounting for demographics and health status) suggests that reha-
bilitation outcomes may differ across primary rehabilitation condi-
tions. This finding is consistent with prior research showing that
outcomes can vary by condition.** 3¢ Although the mortality rate
varied across rehabilitation settings (higher among older adults
receiving rehabilitation in only nursing home or inpatient and only
in-home settings compared to those who received only outpatient
rehabilitation services), there was no association with rehabilitation
setting and mortality status in the multivariable analyses. This sug-
gests that the differences in mortality across rehabilitation settings

improvement in achieving their treatment goals.

Male sex, living alone and ADL impairment also exhibited greater
odds in multivariable analyses that rehabilitation patients would be
deceased. Male sex and living alone have been associated with an
increased risk of mortality in older adults,'*” and social isolation
may have a comparable risk for premature mortality as physical
activity and obesity.>® Likewise, ADL impairment has been associated
with increased mortality.'” In the sample, however, living alone and
ADL impairment were associated with mortality in those who
received rehabilitation services in the prior year, but not in the gen-
eral population of older adults. This suggests that having support
in the community and being able to attend to self-care needs may be
especially important for older adults going through the rehabilitation
process. Consequently, male older adult rehabilitation patients with
no reported improvement in functioning, cardiovascular disease as
their primary rehabilitation condition, and ADL impairment who live
alone may represent an especially at-risk group for mortality.

While the findings suggest that many do not perceive a benefit in
functioning while receiving rehabilitation services and are at
increased risk for death, rehabilitation services delivered in inpatient,
SNF, and in-home settings nonetheless have shown promise in
potentially reducing mortality rates. For example, among hospital-
ized patients with pneumonia - after accounting for age and medical
comorbidities—those who received early rehabilitation services had a
lower risk for mortality.>® Among SNF residents—after accounting for
demographics, medical comorbidity and functional impairment, and
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facility-level characteristics—those who received a higher intensity of
rehabilitation services had a lower risk of mortality and a shorter
length of stay.*° Additionally, a randomized control trial of an innova-
tive in-home rehabilitation intervention involving occupational and
physical therapy reduced mortality in older adults.*’ In consideration
of the findings indicating a differential mortality across conditions
and rehabilitation sites and that many rehabilitation patients per-
ceive no improvement in functioning, more work is needed to under-
stand the rehabilitation process such as which patients and
conditions are best suited for rehabilitation and how does the type,
intensity, and setting of rehabilitation services impact outcomes for
different patients. For example, perhaps identification of which
patients are most appropriate for and likely to benefit from rehabili-
tation services could be better determined. Better identification of
those most and least likely to benefit from rehabilitation services
may help appropriately target resources and enhance treatment
planning. An improved understanding of the rehabilitation process
thereby would help generate novel and innovative rehabilitation
interventions.

Strengths of this study include use of the NHATS dataset, which
allowed an examination of a national sample of older adult Medicare
beneficiaries and contains contemporary information on rehabilita-
tion services and patient-reported outcomes. Additionally, this study
evaluated the association that patient-reported improvement and
rehabilitation characteristics have with mortality among commu-
nity-dwelling older adults who had received any rehabilitation serv-
ices in the prior year, a topic for which relatively little is known.

The study has several limitations as well. First, NHATS data are
obtained by self-report, which has some considerable limitations
including possible issues with recall bias that may systematically
affect the results. For example, perhaps older adults who were more
medically ill at the time of the 2015 interview (and thereby at higher
risk for becoming deceased by the 2016 follow-up interview) may
have been more likely to report unfavorable rehabilitation outcomes
due to their current medical status rather than accurately describing
their function as impacted by the rehabilitation process. Older adults,
however, have been shown to be able to accurately report their use
of rehabilitation services over the past year.*? Second, the relatively
small sample size impacts the study’s ability to identify potential dif-
ferences in participant characteristics and to examine subgroups of
participants (e.g., such as stratifying participants by rehabilitation
settings) and thereby results in a heterogeneous group of rehabilita-
tion patients. Third, the study was unable to examine the timing of
mortality status with rehabilitation status in more granular detail
because NHATS does not contain the dates for when rehabilitation
services were received. Fourth, mortality may be underestimated as
some rehabilitation patients may have died prior to the 2015 NHATS
interview. To address these two limitations, future studies could use
administrative data (e.g., Medicare claims data) to obtain more pre-
cise estimates of mortality among older adults who receive rehabili-
tation services. Fifth, it is unclear how the patient-reported variable
is associated with clinician assessments of function. Sixth, inpatient
and nursing home rehabilitation settings were not examined sepa-
rately as they were grouped together in the NHATS questionnaire.
Seventh, although derived from a nationally representative cohort of
older adults Medicare beneficiaries, the sample of older adults who
received rehabilitation services should not be considered to be
nationally representative of all older adults who receive these serv-
ices. Eighth, the study’s ability to investigate the primary conditions
of rehabilitation was limited in that the data did not differentiate
elective (e.g., scheduled knee replacement) from non-elective proce-
dures (e.g., hip replacement after traumatic fall), which can have
widely divergent mortality outcomes. Finally, some contextual fac-
tors (e.g., inpatient rehabilitation facility characteristics, psychosocial
factors such as having a caregiver present), type of rehabilitation

provided (e.g., physical, occupation, speech therapy), or the intensity
of rehabilitation (e.g., number and duration of sessions) that may
affect rehabilitation outcomes were not examined.

Conclusion

In this sample of community-dwelling older adults who reported
receiving rehabilitation services, that nearly 3 in 10 reported no
improvement in functioning while receiving rehabilitation and 4.2%
(representing a weighted sample of 268,175 Medicare beneficiaries)
were deceased at the one-year follow-up warrant further consider-
ation. For example, investigation into why so many older adults did
not improve during rehabilitation (e.g., was it due to lack of motiva-
tion for or engagement in rehabilitation or other factors such as
decreased resilience or poorly controlled pain?) could help identify
ways to optimize the rehabilitation process. Additionally, would
more systematically incorporating patient-reported outcomes during
rehabilitation services enhance the rehabilitation process (e.g.,
patient feedback may inform treatment modifications) or help pre-
dict mortality as well as other outcomes such as functional
impairment? Another consideration is that older adults living alone
who receive rehabilitation services have an increased risk for mortal-
ity. Would complementing rehabilitation services with community-
based aging services potentially ameliorate this risk? Future studies
also should consider examining the association of patient-reported
measures of functioning with clinician assessments of functioning,
and the extent to which patient-reported measures are associated
with clinical outcomes even after accounting for rehabilitation clini-
cian assessments. Investigation of these issues could have important
clinical implications for the millions of older adults who receive reha-
bilitation services yearly.
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