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ABSTRACT

PURPOSE We undertook a study to identify distinct functional trajectories in
the year before hospice, to determine how patients with these trajectories differ
according to demographic characteristics and hospice diagnosis, and to evaluate
the association between these trajectories and subsequent outcomes.

METHODS From an ongoing cohort study of 754 community-living persons aged
70 years or older, we evaluated data on 213 persons who were subsequently
enrolled in hospice from March 1998 to December 2011. Disability in 13 basic,
instrumental, and mobility activities was assessed during monthly telephone
interviews through June 2012.

RESULTS In the year before hospice, we identified 5 clinically distinct functional
trajectories, representing worsening cumulative burden of disability: late decline
(10.8%), accelerated (10.8%), moderate (21.1%), progressively severe (24.9%),
and persistently severe (32.4%). Participants with a cancer diagnosis (34.7%)
had the most favorable functional trajectories (ie, lowest burden of disability),
whereas those with neurodegenerative disease (21.1%) had the worst. Median
survival in hospice was only 14 days and did not differ significantly by functional
trajectory. Compared with participants in the persistently severe trajectory, those
in the moderate trajectory had the highest likelihood of surviving and being
independent in at least 1 activity in the month after hospice admission (adjusted
odds ratio = 5.5; 95% Cl, 1.9-35.9).

CONCLUSIONS The course of disability in the year before hospice differs greatly
among older persons but is particularly poor among those with neurodegenera-
tive disease. Late admission to hospice (as shown by the short survival), coupled
with high levels of severe disability before hospice, highlight potential unmet pal-
liative care needs for many older persons at the end of life.

Ann Fam Med 2015;13:33-40. doi: 10.1370/afm.1720.

INTRODUCTION

Ider persons with persistent levels of severe disability have high

mortality and substantial care needs."?> One option for addressing

these needs is palliative care, a specialized medical and interdisci-
plinary care approach that aims to alleviate stress, pain, and other distress-
ing symptoms among those with serious illness, independent of prognosis
or treatment being pursued, with the goal of optimizing quality of life for
both patients and families.> Hospice care, a similar approach, is a second
option. In the United States, hospice is largely defined by the Medicare
Hospice Benefit, which restricts services to persons who have an expected
survival of 6 months or less. Because hospice also limits the pursuit of
curative and most life-prolonging therapies, it is often considered only for
patients who have end-stage, terminal conditions, or when death is immi-
nent.*" Palliative care is often confused with hospice and can be difficult
to access.'® Consequently, many older persons do not receive hospice or

1718 which can place a high burden on

palliative care near the end of life,
caregivers'” and result in suffering.?°

Although functional decline among patients in hospice has been previ-
ously evaluated,?'?? the course of disability before hospice has not been

well characterized. Several prior studies?*° have evaluated the prevalence
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and time course (or trajectory) of disability at the

end of life, but have not focused on the functional
antecedents to hospice admission. Knowledge of func-
tional trajectories before hospice could help place this
resource in the context of the broader palliative care
needs of older persons.?”

The objectives of the current study were to iden-
tify distinct functional trajectories in the year before
hospice, to determine how older patients with these
trajectories differ according to demographic character-
istics and hospice admission diagnosis, and to evaluate
the association between these trajectories and subse-
quent disability and survival outcomes. Our ultimate
goal was to inform discussions about potential unmet
palliative care needs at the end of life.

METHODS

Parent Population

Participants were drawn from the Precipitating Events
Project, an ongoing prospective cohort study of 754
community-living persons aged 70 years and older
who were initially nondisabled in 4 basic activities of
daily living—bathing, dressing, walking, and transfer-
ring.?®?° The overall goal of the study is to elucidate
the epidemiology of disability and recovery in older
persons.’® Potential participants were identified from a
large health plan in greater New Haven, Connecticut.
Exclusion criteria, present in 8 individuals, included
considerable cognitive impairment with no available
proxy,’! plans to move out of the area, inability to
speak English, or terminal illness. Only 4.6% of per-
sons contacted declined screening, and 75.2% of those
eligible agreed to participate and were enrolled from
March 1998 to October 1999.

Analytic Sample

From the parent population, we identified all hospice
admissions through 2011 using Medicare claims data
and review of medical records.??* Of the 223 partici-
pants who were admitted to hospice, 10 (4.5%) had
previously withdrawn from the study, leaving 213 par-
ticipants for analysis.

Data Collection

Comprehensive home-based assessments were com-
pleted at baseline and 18-month intervals for 144
months (except 126 months), while telephone inter-
views were completed monthly through June 2012,
with a completion rate of 99.1%. For participants
who had considerable cognitive impairment, a proxy
informant was interviewed using a rigorous protocol
with demonstrated reliability and validity.?* During
the comprehensive assessments, data were collected

on demographic characteristics and 9 self-reported,
physician-diagnosed chronic conditions. Deaths were
ascertained by review of local obituaries, from an
informant, or both, with a completion rate of 100%.

Assessment of Disability

During the monthly interviews, participants were asked,
"At the present time, do you need help from another
person to (complete the task)?" for each of the 4 basic
activities, 5 instrumental activities (shopping, doing
housework, preparing meals, taking medications, and
managing finances), and 3 mobility activities (walking
one-fourth of a mile, climbing a flight of stairs, and lift-
ing/carrying 10 pounds).?’3"% For these 12 activities,
disability was operationalized as the need for personal
assistance (yes/no). Participants were also asked about

a fourth mobility activity, “Have you driven a car dur-
ing the past month?” Those who responded "No" were
deemed to have stopped driving. To maintain consis-
tency with the other activities, these participants were
classified as being disabled in driving that month.* The
primary outcome included the number of disabilities

in all 13 functional activities. The test-retest reliability
of this standardized scale,?*3¢ which assesses the sever-
ity of disability, with 0 denoting no disability and 13
denoting complete disability, was high, with an intra-
class correlation coefficient of 0.81.

Hospice Admission Diagnosis

Diagnosis codes for hospice admissions were obtained
through linkage with Medicare claims data.’?*3 On

the basis of Centers for Medicare & Medicaid Services
(CMS) International Classification of Diseases, 9th Revision
(ICD-9) diagnosis codes, we classified the hospice
admission diagnosis into 7 categories, described below.

Statistical Analysis

To identify distinct functional trajectories in the
year before hospice, we used trajectory modeling,3"-3°
which is a form of latent class analysis. In contrast to
traditional regression or growth-curve models, which
estimate a single mean for the population, trajectory
modeling simultaneously estimates each participant's
probabilities for membership in multiple trajectories,
with assignment to a specific trajectory based on the
highest probability of membership. We used PROC
TRAJ in SAS (SAS Institute Inc), which fits a semipa-
rametric mixture model to longitudinal data using the
maximum likelihood method.?”** We modeled the total
number of disabilities, ranging from 0 to 13, for 12
months as a zero-inflated Poisson distribution. We used
the Bayesian Information Criterion (BIC) to test from 2
to 6 trajectories and to determine whether each trajec-
tory was best fit by intercept only (ie, constant) or by
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linear, quadratic, or cubic terms.?® For each number of
trajectories, the order of the equations was varied until
a best-fitting model was derived with the use of the fol-
lowing formula: 2(ABIC) > 2.3 Participants were clas-
sified according to a specific trajectory on the basis of
the maximum estimated probability of assignment. We
required that the average probability of group member-
ship for each trajectory be greater than 0.9, denoting
an excellent fit, and that each trajectory group include
a minimum of 10% of the analytic sample.?® Cls for the
observed severity of disability were calculated by boot-
strapping, using sampling with replacement.*’

In a series of descriptive analyses, we calculated the
demographic characteristics (age, sex, race/ethnicity,
educational attainment) and number of chronic condi-
tions for each trajectory group and hospice admission
diagnosis, respectively, and subsequently evaluated the
distribution of the functional trajectories according to
the hospice diagnosis. In bivariate analysis, we evalu-
ated the association between the prehospice functional
trajectories and overall survival after hospice admission
using the Kaplan-Meier method.*' In multivariate analy-
sis, we used Cox regression, adjusted for age and sex, to
estimate the hazard ratios for survival, comparing each
of the trajectory groups with the most severe disability
group. Next, we used logistic regression, adjusted for
age and sex, to evaluate the likelihood of being alive and

not completely disabled (ie, in all 13 activities) at the
first monthly interview after hospice admission. Finally,
among the survivors, we completed a similar analysis
with the outcome of not being completely disabled.
All analyses were performed using SAS version 9.3

(SAS Institute Inc).

RESULTS

Five distinct functional trajectories were identified in
the year before hospice (Figure 1 and Supplemental
Figure 1). Participants in the late decline disability
group, comprising 10.8% of the analytic sample, were
initially independent in most activities until about 3
months before the start of hospice when the severity of
disability increased markedly. The accelerated disabil-
ity group (10.8%) was also largely independent 1 year
before entering hospice, but their severity of disability
increased gradually before accelerating and diverging
from the late decline group about 7 months before hos-
pice. The moderate disability group (21.1%) was more
disabled than the accelerated group 1 year before hos-
pice, but had comparable levels of disability at the start
of hospice. The progressively severe disability group
(24.9%) had a similar trajectory as the moderate group,
but had much higher levels of disability throughout

the year. Participants with persistently severe disability,

Figure 1. Functional trajectories in the 12 months before start of hospice (N = 213).
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which was the largest group (32.4%), had very high lev-

els of disability throughout the year before hospice.
The most common hospice diagnosis was cancer,

followed by neurodegenerative and cardiac disease,

respectively (Table 1). Table 2 provides relevant char-
acteristics of the analytic sample. Overall, the mean
age at the start of the trajectories was 86.4 years.
Participants in the progressively severe and persis-

tently severe disability groups were
considerably older than those in the
other 3 groups (P <.001, t test). The
proportion of women was lowest in
the late decline group and highest in
the persistently severe group. Partici-
pants in the late decline and acceler-
ated groups were the most likely to
be non-Hispanic white and the least
likely to have low educational attain-
ment. The mean number of chronic
conditions did not differ appreciably
according to functional trajectory.
The mean age was lowest among

Table 1. Hospice Admission Diagnoses (N = 213)
Diagnosis Patients,
Category No. (%) ICD-9 Description ICD-9 Code(s)
Cancer 74 (34.7) Malignant neoplasm 140-209
Uncertain or unspecified neoplasms 235-239
Neurodegenerative 45 (21.1) Mental disorders 290-319
Parkinson’s and other cerebral 330-332
degenerations
Slow virus and prion disease 046
of central nervous system
Cardiac 34 (16.0) Heart disease 410-429
Vascular 4 (6.6) Stroke 430-438
Aneurysm or aortic dissection 441-442
Respiratory 1(5.2) Pulmonary diseases 490-519
Respiratory abnormality not 786.9
elsewhere classified
Other organ failure 5 (7.0) Gastrointestinal and liver disease 530-539,
555-579
Renal disease 580-589
Frailty/debility 20 (9.4) Adult failure to thrive 783.7
Debility not otherwise specified 799.3
ICD-9 = International Classification of Diseases, 9th Revision.
Note: As described in the Methods, the primary classification scheme was based on ICD-9 diagnosis codes.
Ten decedents who did not fit this scheme were classified by review of preceding hospital discharge
records: 2 cancer, 1 neurodegenerative, 3 cardiac, 2 other organ failure, and 2 frailty/debility.

participants with cancer and high-
est among those with frailty/debil-
ity. Women were underrepresented
in the cancer and cardiac groups,
but overrepresented in the vascular,
respiratory, other organ failure, and
frailty/debility groups. The vascular
group had the lowest proportion of
participants who were non-Hispanic
white. Low educational attainment
was most common in the cardiac

Table 2. Patient Characteristics by Functional Trajectory Before Hospice and Hospice Admission Diagnosis

<12 Years’
Patients, Age, Mean  Female Sex, Non-Hispanic Education,  Chronic Conditions,

Characteristic No. (%) (SD). y? No. (%) White, No. (%) No. (%) Mean (SD), No.?
Overall 213 (100) 86.4 (5.8) 138 (64.8) 192 (90.1) 79 (37.1) 2.5 (1.3)
Functional trajectory®

Late decline 3(10.8) 82.0 (6.2) 2 (52.2) 2 (95.7) 4 (17.4) 2.4 (1.3)

Accelerated 3(10.8) 83.9 (4.9) 3 (56.5) 2 (95.7) 6 (26.1) 2.5(1.2)

Moderate 5(21.1) 83.9 (5.1) 26 (57.8) 8 (84.4) 17 (37.8) 2.6 (1.2)

Progressively severe 3 (24.9) 88.7 (5.1) 37 (69.8) 9 (92.5) 25 (47.2) 2.5(1.2)

Persistently severe 9 (32.4) 88.6 (5.0) 50 (72.5) 1(88.4) 27 (39.1) 2.4 (1.4)
Admission diagnosis?

Cancer 4 (34.7) 83.6 (5.9) 2 (56.7) 7 (90.5) 4 (32.4) 2.7 (1.3)

Neurodegenerative 5(21.1) 87.7 (5.1) 0 (66.7) 8 (84.4) 17 (37.8) 2.0 (1.1)

Cardiac (16 0) 87.9 (5.6) 9 (55.9) 2 (94.1) 7 (50.0) 2.7 (1.2)

Frailty/debility 0(9.4) 90.9 (4.3) 5 (75.0) 9 (95.0) 8 (40.0) 23(1.2)

Other organ failure 5(7.0) 87.7 (4.7) 2 (80.0) 5 (100) 5(33.3) 2.8 (1.5)

Vascular 4 (6.6) 85.0 (5.3) 1(78.6) 1(78.6) 5 (35.7) 2.0 (1.5)

Respiratory 1(5.2) 87.1 (3.8) 9 (81.8) 0 (90.9) 3(27.3) 3.2(13)

9 As defined in Table 1.

2 Age was measured at the start of the trajectories.
b Average based on 9 physician-diagnosed, patient-reported conditions: diabetes, hypertension, arthritis, cancer, chronic lung disease, congestive heart failure, myocar-
dial infarction, hip fracture, and stroke.
< The 95% Cls for the group membership frequencies, based on 1,000 bootstrap samples, were as follows: late decline, 5.6% to 16.0%; accelerated, 4.2% to 17.6%;
moderate, 13.4% to 28.2%; progressively severe, 17.4% to 32.4%; and persistently severe, 23.9% to 42.3%.
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Table 3. Functional Trajectory Before Hospice by Hospice Admission Diagnosis
Other Organ  Frailty/
Functional Cancer, Neurodegenerative, Cardiac, Vascular, Respiratory, Failure, No. Debility,  Total,
Trajectory  No. (%) No. (%) No. (%) No. (%) No. (%) (%) No. (%) No. (%)
Late decline 9 (25.7) 1(2.2) 0 (0.0) 1(7.14) 2(18.2) 0 (0.0) 0(0.0)  23(10.8)
Accelerated 2 (16.2) 0(0.0) 4(11.8) 4 (28.6) 0(0.0) 1(6.7) 2(10.0) 23 (10.8)
Moderate 2 (29.7) 5 (11.1) 7 (20.6) 3(21.4) 0(0.0) 5 (33.3) 3(15.0) 45 (21.1)
Progressively 5 (20.3) 6 (13.3) 16 (47.1) 3(21.4) 6 (54.6) 3 (20.0) 4(20.0) 53 (24.9)
severe
Persistently 6 (8.1) 33 (73.3) 7 (20.6) 3(21.4) 3(27.3) 6 (40.0) 11 (55.0) 69 (32.4)
severe
Note: Percentages may not add up to 100 because of rounding.

group and least common in the respiratory group. The
number of chronic conditions was lowest in the neu-
rodegenerative and vascular groups and highest in the
respiratory group.

Participants with noncancer diagnoses tended to
have a higher burden of disability before hospice than
those with a cancer diagnosis (Table 3). Participants
with cancer were unlikely to be in the persistently
severe disability group, but comprised most of the
late decline group (19 of 23). Among participants with
neurodegenerative disease, nearly three-quarters had
persistently severe disability before hospice, and only 1
participant was largely disability free 12 months before

hospice. Participants admitted to hospice because of a
stroke or other vascular disease were underrepresented
in the late decline group, but otherwise had a relatively
even distribution of functional trajectories. Participants
admitted to hospice with a diagnosis of cardiac disease,
respiratory disease, other organ failure, or frailty/debil-
ity generally had high levels of disability before hos-
pice, although their distribution across the accelerated,
progressively severe, and persistently severe groups
differed modestly.

Among all participants, the median survival after
hospice admission was only 14 days (interquartile range,
6-50). The survival curves did not differ significantly

according to prehospice functional

Figure 2. Association between functional trajectory before hospice
and overall survival after hospice admission (N = 213).

trajectory (Figure 2 and Supple-
mental Figure 2). After adjustment

100
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80 ~i— Late decline

70 Accelerated

60 =l Moderate
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Percent survival

=—— Progressively severe

—1— Persistently severe

for age and sex, the hazard ratios,
relative to the persistently severe
group, for each of the other dis-
ability groups were nonsignificant
and their Cls spanned 1.0.

Of the 210 participants who
continued in the study, only 28
(13.3%) were alive and without
complete disability in the month
after starting hospice. These 28
participants represented 29.5%
of those who survived to the
first monthly interview after hos-
pice. In an analysis adjusted for
age and sex, participants in the

moderate disability group before

starting hospice had the highest

40
30
20
10
O L L} | L} ]
0 30 60 90 120
Days

likelihood of being alive without
complete disability the month
after hospice, relative to those in

Notes: For each prehospice trajectory group, the product-limit survival function estimate is plotted by the
Kaplan-Meier method. The median overall survival was 14 days; no significant difference in survival was
observed across the trajectory groups (P = .79, log-rank test). The 26 (12.2%) participants who were still alive
were censored at 180 days.

the persistently severe disability
group (Table 4). Comparable
results were observed among the
95 survivors at 1 month.
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Table 4. Multivariate Associations of Functional Trajectories Before
Hospice With Outcomes in the Month After Hospice Admission

differences were due, at
least in part, to differences
in demographic and clinical

All Participants (N = 210):
Alive and Not
Completely Disabled

Surviving Participants (n = 95):
Not Completely Disabled

characteristics. The largest
differences were observed
for age, which was about 6

severe

_|I:_Ul‘!CtI0na| With Outcome/ Adjusted With Outcome/ Adjusted OR years younger, on average,
rajectory At Risk, Nos. OR (95% CI) At Risk, Nos. (95% CI) >~
among participants enrolled

Late decline 423 3.5 (0.8-23.3) 410 3.9 (0.8-32.2) in hospice for cancer than
Accelerated 5/23 4.4 (0.7-27.1) 5/13 4.4 (0.6-52.8) among those enrolled in
Moderate 11/44 5.5 (1.9-35.9) 1118 10.5 (3.3-134.2) hospice for frailtv/debilit
Progressively 4/53 13 (0.3-0.9) 4121 1.7 (0.4-13.6) P Y Y-

severe For each of the func-
Persistently 4/67 Ref 4/33 Ref tional trajectories, outcomes

after admission to hospice

OR = odds ratio; Ref = reference group.

analyses. Results from the logistic regression models are adjusted for age and sex.

Note: Three participants (1.4%) who had withdrawn from the study before hospice admission were omitted from these

were poor, with no differ-
ences observed in survival.

The absence of any differ-

DISCUSSION

In this study, we found that the course of disability in
the year before hospice differed greatly among older
persons, but was particularly poor among those with
neurodegenerative disease. Moreover, older persons
with a noncancer diagnosis tended to have a higher
burden of disability in the year before hospice than
those with a cancer diagnosis. Median survival after
hospice admission was only 2 weeks and did not differ
by functional trajectory before hospice. Late admission
to hospice (as shown by the short survival), coupled
with the high burden of disability before hospice,
highlights potential unmet palliative care needs for
many older persons at the end of life.

The availability of prospective longitudinal data
on functional status at monthly intervals allowed us
to identify 5 distinct trajectories of disability before
the start of hospice, ranging from late decline to per-
sistently severe. To our knowledge, no other study
has provided comparable data. In prior work, trajec-
tories of dying have been simulated through the use
of data from Medicare claims** and annual surveys.?
In 2 other studies, the assessment of disability at the
end of life was based on retrospective proxy reports
completed several weeks to months after death*’ and
an average of 4.2 years after death.** One community-
based study of decedents included prospective assess-
ments of functional status at intervals of less than a
year, but was restricted to frail older persons who met
eligibility criteria for long-term care/nursing home
placement.?* None of these earlier studies evaluated
disability in the setting of a hospice admission.

We found that the distribution of the functional
trajectories differed considerably according to the
admission diagnosis for hospice. It is possible that these

ences across the functional
trajectories could be attributable to the short median
survival. Alternatively, physicians may not weigh func-
tional trajectories heavily in their decision making
about hospice referral, despite evidence that functional
status is one of the strongest predictors of mortality
among older persons.***” Efforts to educate physi-
cians, patients, and families about the poor prognosis
conferred by progressively and persistently severe
disability could facilitate earlier admission to hospice
when appropriate. Relative to those in the persistently
severe disability group before the start of hospice,
participants in the moderate disability group had the
best functional outcomes, although power was low to
detect statistically significant differences for the other
functional trajectories.

Nearly 60% of our sample, comprising participants
in the progressively and persistently severe groups, had
high levels of disability during the year before hospice.
Together, the progressively and persistently severe dis-
ability groups mapped most tightly to the noncancer
admission diagnoses, especially those representing
organ failure or frailty/debility. Prior reports have
raised concerns that the Medicare Hospice Benefit
may not adequately address the palliative care needs
of persons whose illnesses result in a prolonged period
of severe disability.>'*** Hospice may be delayed for
these persons because of a desire to continue curative
or disease-modifying therapies or because of an uncer-
tain prognosis. Our results indicate that the Medicare
Hospice Benefit may be best equipped to meet the pal-
liative care needs of older persons in the late decline
group, who predominantly had cancer as the hospice
admission diagnosis. These persons, in contrast to
those in the progressively and persistently severe
groups, had comparatively low levels and short dura-
tion of disability before hospice.
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In the setting of progressive and persistent levels
of severe disability, the care needs of older persons are
substantial and mortality is high."? Greater access to
palliative care, independent of prognosis and treatment
decisions, could address these needs, while also offer-
ing symptom management, family support, and advance
care planning. Although not yet widely available,** pal-
liative care programs can reduce costs, while providing
services that are consistent with the wishes of older
persons and their families.’® The recently announced
Medicare Care Choices Model (http://innovation.cms.
gov/initiatives/Medicare-Care-Choices/) represents one
attempt to enhance the availability of palliative care
services among Medicare beneficiaries who wish to
continue receiving curative services.

In addition to the monthly assessments of func-
tional status, strengths of our study include the high
participation rate, completeness of data collection, low
attrition for reasons other than death, and use of Medi-
care data to ascertain hospice use and admission diag-
noses. In contrast to an earlier study that also evaluated
functional trajectories at the end of life,>® the current
study focused specifically on older persons admitted to
hospice and included a comprehensive array of func-
tional activities.

Despite these strengths, our results should be inter-
preted in the context of several potential limitations.
First, our study sample was relatively small, leading to
low statistical power for some comparisons. Prospec-
tive longitudinal assessment of functional status at
monthly intervals would be difficult to replicate in
larger populations over an extended period of time.
Second, information on receipt of palliative care before
the start of hospice was not available in the current
study. Although it is possible that late admission to
hospice was due to prior receipt of palliative care, the
high burden of restricting symptoms during the last
year of life among decedents in the same cohort sup-
ports the possibility of unmet palliative care needs.”
Third, because they were not included in the current
study, we cannot comment on the burden of disability
and potential unmet needs at the end of life among
decedents who had not been admitted to hospice.
Additional research is needed to evaluate the relation-
ship between the presence and burden of disability at
the end of life and the receipt of palliative care, hos-
pice care, or both. Fourth, because the parent study
excluded 8 persons who had a terminal illness, the
number of hospice cases in the current study may have
been slightly diminished. Fifth, most participants died
within a month of starting hospice, limiting the infer-
ences that could be drawn about subsequent functional
outcomes. Sixth, although participants were assigned
a single admission diagnosis for hospice, it is possible

that some may have met more than 1 admission crite-
rion, for example, having both dementia and frailty/
debility. Finally, because our study participants were
members of a single health plan in a small urban area,
our results may not be generalizable to older persons
in other settings. The demographic characteristics

of our cohort reflect those of older persons in New
Haven County, Connecticut, which are similar to the
characteristics of the US population as a whole, with
the exception of race/ethnicity.

In summary, the care needs of many older persons,
especially those with noncancer diagnoses, are sub-
stantial in the year before hospice. New models of pal-
liative care, informed by functional trajectories before
hospice, are needed to complement the Medicare Hos-
pice Benefit.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orgl/content/13/1/33.
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