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ABSTRACT

BACKGROUND
Despite the importance of functional status to older persons and their families,
little is known about the course of disability at the end of life.

METHODS

We evaluated data on 383 decedents from a longitudinal study involving 754 commu-
nity-dwelling older persons. None of the subjects had disability in essential activities
of daily living at the beginning of the study, and the level of disability was ascertained
during monthly interviews for more than 10 years. Information on the conditions
leading to death was obtained from death certificates and comprehensive assess-
ments that were completed at 18-month intervals after the baseline assessment.

RESULTS

In the last year of life, five distinct trajectories were identified, from no disability
to the most severe disability: 65 subjects had no disability (17.0%), 76 had cata-
strophic disability (19.8%), 67 had accelerated disability (17.5%), 91 had progressive
disability (23.8%), and 84 had persistently severe disability (21.9%). The most com-
mon condition leading to death was frailty (in 107 subjects [27.9%]), followed by
organ failure (in 82 subjects [21.4%)]), cancer (in 74 subjects [19.3%]), other causes
(in 57 subjects [14.9%]), advanced dementia (in 53 subjects [13.8%]), and sudden
death (in 10 subjects [2.6%]). When the distribution of the disability trajectories
was evaluated according to the conditions leading to death, a predominant trajec-
tory was observed only for subjects who died from advanced dementia (67.9% of
these subjects had a trajectory of persistently severe disability) and sudden death
(50.0% of these subjects had no disability). For the four other conditions leading to
death, no more than 34% of the subjects had any of the disability trajectories. The
distribution of disability trajectories was particularly heterogeneous among the sub-
jects with organ failure (from 12.2 to 32.9% of the subjects followed a specific trajec-
tory) and frailty (from 14.0 to 27.1% of the subjects followed a specific trajectory).

CONCLUSIONS
In most of the decedents, the course of disability in the last year of life did not fol-
low a predictable pattern based on the condition leading to death.
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CCORDING TO THE HYPOTHESIS OF A

compression of morbidity, if the onset of

disability could be postponed, then life-
time disability could be compressed into a shorter
average period before death.t Supporting this hy-
pothesis, data from several large national sur-
veys have shown a decline in disability rates that
exceeds the observed decline in mortality.>> Al-
though informative at the population level, these
results may not be directly relevant to individual
patients, their families, or their physicians, who
may be more interested in knowing the likelihood
and course of disability at the end of life. Previ-
ous research has shown that the majority of older
persons are disabled in the last year of life.*>
Much less is known, however, about the trajecto-
ries of disability at the end of life.

We conducted a study to identify clinically dis-
tinct trajectories of disability in the last year of
life and to determine whether and how the dis-
tribution of these trajectories differs according
to the condition leading to death. We postulated
that for each condition there would be consider-
able heterogeneity in the disability trajectories at
the end of life. To accomplish our objectives, we
used data from a longitudinal study that included
monthly assessments of disability for more than
10 years in a large cohort of older persons.

METHODS

STUDY POPULATION

Participants were drawn from an ongoing longi-
tudinal study, described in detail elsewhere,”
involving 754 community-dwelling persons who
were members of a large health plan. Eligible par-
ticipants were 70 years of age or older and ini-
tially had no disability in the performance of four
essential activities of daily living: bathing, dress-
ing, walking, and transferring from a chair to a
standing position. Subjects were excluded from
enrollment in the study if they had clinically sig-
nificant cognitive impairment with no available
proxy,? a life expectancy of less than 12 months,
plans to move out of the area, or an inability to
speak English. Persons with slow gait speed (i.e.,
those who required >10 seconds to walk along a
10-ft [3.0-m] course and back as quickly as pos-
sible) were oversampled. Only 4.6% of the persons
contacted declined to undergo screening; 75.2%
of those who were eligible for the study agreed to

participate and were enrolled between March 1998
and October 1999.

Of the 405 participants who had died by De-
cember 31, 2008, a total of 17 had dropped out
of the study after a median follow-up of 24
months (4.2%) and information on the condition
leading to death was not available for 5 (1.2%),
leaving 383 decedents in the analytic sample.

DATA COLLECTION
Comprehensive home-based assessments were
completed at baseline and subsequently at 18-
month intervals for 108 months, and telephone
interviews were completed monthly through De-
cember 2008. Deaths were ascertained by review
of the local obituaries, from the next of kin or
another knowledgeable person during a subse-
quent telephone interview, or by both methods.
The cause of death was coded, with the use of
information from the death certificate, by a noso-
logist who had no access to other data on the par-
ticipants. During the comprehensive assessments,
data were collected on demographic characteris-
tics, presence or absence of nine self-reported
chronic conditions diagnosed by a physician, cog-
nitive status,® and status with respect to frailty.1°

ASSESSMENT OF DISABILITY
Complete details regarding the assessment of
disability, including the use of proxy respondents
and formal tests of reliability and accuracy, are
provided elsewhere.”® During the monthly inter-
views, for each of the four essential activities of
daily living, we asked participants, “At the pres-
ent time, do you need help from another person
to (complete the task)?” Disability was defined as
the need for personal assistance, and the severity
of disability was indicated by the number of ac-
tivities of daily living that the person was unable
to carry out independently (from none to four) in
a specific month. Disability in one or two activi-
ties of daily living was considered mild, and dis-
ability in three or four activities of daily living
was considered severe.”11

The completion rate for the monthly inter-
views was greater than 99%, with little difference
between the subjects who had died and subjects
who had not died. To account for the small
amount of missing data on disability, we used a
multiple-imputation technique with 100 random
draws per missing observation.'?
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Table 1. Protocol for Classifying the Condition Leading to Death.

Conditions Leading

to Death Source of Data

Cancer Death certificate

Advanced dementia  Death certificate, comprehensive
assessment

Organ failure Death certificate

Frailty Comprehensive assessment

Sudden death Death certificate, comprehensive

assessment, monthly interview

Other conditions Death certificate, comprehensive

assessment, monthly interview

Criteria*
ICD-10 codes C00.0-C97, D37.0-D37.9, and D44.0-D48.7

ICD-10 codes F01.0-F01.9, F03, G30.0-G30.9, R54, and
A81.0; score of <10 on Mini—Mental State
Examination®

Congestive heart failure (ICD-10 codes 125.5, 142.0-142.9,
and 150.0-151.9), chronic lung disease (ICD-10 codes
J43.0-J44.9, )47, J61, and J84.0-J84.9), chronic kidney
disease (ICD-10 codes N18.0-N18.9), or cirrhosis
(ICD-10 codes K74.0-74.6)

Three or more of the following features: weight loss, ex-
haustion, low physical activity, muscle weakness, and
slow gait speed™*

Did not meet criteria for cancer, advanced dementia, or-
gan failure, or frailty; reported no history of cancer,
heart disease, chronic lung disease, diabetes, hip frac-
ture, or stroke at any point during study; and was not
living in a nursing home at time of death

Did not meet criteria for cancer, advanced dementia, or-
gan failure, frailty, or sudden death

* The death-certificate criteria were based on the immediate or underlying cause of death. In addition, data were obtained
from the comprehensive assessment that was contemporaneous with or immediately preceded the beginning of the
disability trajectory. ICD-10 denotes International Classification of Diseases, 10th Revision.

CLASSIFICATION OF CONDITIONS LEADING
TO DEATH

To classify the conditions leading to death, we
used a modified version of the protocol devel-
oped by Lunney and colleagues,** with two major
differences (Table 1). First, we added advanced
dementia as a condition leading to death. Sec-
ond, rather than defining frailty on the basis of
any nursing home admission during the follow-
up period, we used data from the comprehensive
assessments to define the frailty phenotype ac-
cording to the description by Fried et al.1%'* In
addition, we made two modifications to the pro-
tocol developed by Lunney et al. in the category
of organ failure. First, we included chronic kid-
ney disease or cirrhosis, in addition to congestive
heart failure and chronic lung disease. Second,
to enhance specificity, we required that these di-
agnoses appear as the immediate or underlying
cause of death, rather than in any diagnosis
field, on the death certificate.

Because the conditions leading to death are
not all mutually exclusive, we initially forced as-
signment of the decedents to unique groups by
sequentially identifying each group and removing

those decedents from the pool before identifying
the next group, according to the modified ver-
sion of the protocol developed by Lunney et al.
The hierarchy of conditions leading to death (i.e.,
from cancer to advanced dementia to organ fail-
ure to frailty)*®> was based on the premise that
cancer is the predominant illness when it is listed
as the immediate or underlying cause of death.

STATISTICAL ANALYSIS
To identify clinically distinct trajectories of dis-
ability, we used trajectory modeling.*> This meth-
od allowed us to simultaneously estimate prob-
abilities for multiple trajectories rather than a
single mean for the population, as is the case for
traditional regression or growth-curve models.
We used the SAS procedure Proc Traj, > which
fits a semiparametric (discrete) mixture model to
longitudinal data with the use of the maximum-
likelihood method. The number of activities of
daily living that the person was unable to carry
out independently per month in the last year of
life was modeled as a zero-inflated Poisson dis-
tribution. Participants who died during the first
year of follow-up were retained in the primary
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analysis but were later excluded from a secondary
analysis.

We used the Bayesian information criterion
(BIC) to test from two to six trajectories and to
determine whether each trajectory was best fit by
intercept only (i.e., constant) or by linear, qua-
dratic, or cubic terms.'>1® For each number of
trajectories, the order of the equations was var-
ied until a best-fitting model was derived with
the use of the following formula: 2(ABIC) >2.15
Decedents were classified according to a specific
trajectory on the basis of the maximum estimated
probability of assignment. A probability of 0.9 or
higher was considered an excellent fit, whereas a
value of less than 0.7 was considered a poor fit.*”
These analyses were repeated after adjustment for
age, sex, race or ethnic group, years of educa-
tion, and number of chronic conditions and,
subsequently, after exclusion of the participants
who died during the first year of follow-up. The
proportions of decedents classified according to
each trajectory, the mean probability of assign-
ment, and the proportions with poor fit were
based on the original data, and 95% confidence
intervals were estimated with the use of 1000
bootstrap samples.'®

We assessed relevant characteristics of the de-
cedents according to the disability trajectories
and conditions leading to death. Age was deter-
mined at the start of the disability trajectory,
whereas the number of chronic conditions was
determined during the comprehensive assess-
ment, which was completed at or immediately
before the start of the disability trajectory. In a
final set of analyses, we determined the distri-
bution of the disability trajectories for each of the
conditions leading to death and subsequently
evaluated the effect of overlap among conditions
leading to death.

All analyses were performed with the use of
SAS software (version 9.2). A two-sided P value
of less than 0.05 was considered to indicate sta-
tistical significance.

RESULTS

DISABILITY TRAJECTORIES
Five distinct trajectories in the last year of life
were identified: no disability, catastrophic disabil-
ity, accelerated disability, progressive disability,
and persistently severe disability (Fig. 1). On aver-

age, 1 year before death, three of the groups of
subjects — those with no disability, those with
catastrophic disability, and those with accelerat-
ed disability (which combined accounted for more
than half of all decedents) — were largely free of
disability, whereas subjects in the progressive-
disability group had mild disability and subjects
in the remaining group had severe disability. The
trajectories of the group with accelerated disabil-
ity and the group with catastrophic disability di-
verged at about 10 and 3 months before death, re-
spectively, from the trajectory of the group with no
disability. The severity of disability in the pro-
gressive-disability group increased gradually over
the course of the year. Despite these differences in
trajectories, in the month before death, the mean
(#SD) severity of disability (measured according to
the number of activities of daily living that were
affected, from zero to four) was similar in the pro-
gressive-disability group (3.07+1.27), accelerated-
disability group (2.97+1.40), and catastrophic-
disability group (3.16£1.27) and was significantly
lower in these three groups than in the group with
persistently severe disability (3.93+0.30, P<0.001
for each comparison), whose members remained
severely disabled throughout the last year of life.
For each trajectory, the predicted values for the
severity of disability did not differ from the ob-
served values, with only one exception (month 3 in
the accelerated-disability group), and the mean
probability of assignment to the trajectory was
0.9 or higher. The results shown in Figure 1 did not
change appreciably after adjustment for age, sex,
race or ethnic group, years of education, and num-
ber of chronic conditions or after the 25 partici-
pants who died during the first year of follow-up
were excluded.

CHARACTERISTICS OF THE SUBJECTS
The characteristics of the decedents according to
the trajectory of disability in the last year of life
are shown in Table 2. The mean age ranged from
82.1 years in the catastrophic-disability group to
86.8 years in the group with persistently severe
disability. Women were overrepresented in the
progressive-disability group and the group with
persistently severe disability. There were only
modest differences in race or ethnic group across
the five groups. The educational level was high-
est in the no-disability and catastrophic-disability
groups, with values above the overall mean. The
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Figure 1. Trajectories of Disability in the Last Year of Life among 383 Decedents.

The severity of disability is indicated by the mean number of activities of daily living (ADLs) in which the subjects had
disability. The solid lines indicate the observed trajectories, and the dashed lines indicate the predicted trajectories.
The I bars indicate 95% confidence intervals for the observed severity of disability. The probability that the assigned
and observed trajectories would be the same was less than 0.70 (range, 0.51 to 0.69) for only 37 of the decedents
(9.7%). For all 37 of these decedents, an adjacent trajectory was associated with the next highest probability of as-
signment (range, 0.21 to 0.49). Nearly two thirds (23) of these 37 decedents had episodes of recovery from a more
severe form of disability, whereas approximately 20% (7) had disability in a single activity in the month before death,

mean number of chronic conditions was similar
among all the groups except for the no-disability

group.

DISABILITY TRAJECTORIES ACCORDING TO
CONDITION LEADING TO DEATH
As shown in Table 2, the most common condition
leading to death was frailty, followed by organ
failure, cancer, another condition, advanced de-
mentia, and sudden death. Overlapping conditions
occurred primarily between the subjects with
frailty and the subjects with cancer (in 33 of 383
decedents [8.6%]), advanced dementia (in 42 de-
cedents [11.0%)]), and organ failure (in 58 dece-
dents [15.1%]). In addition, 5 of 383 decedents
(1.3%) met the criteria for frailty, advanced demen-
tia, and organ failure. Of the 57 decedents classi-
fied as having another condition, the underlying
cause of death was ischemic heart disease in
36.8%, infection in 19.3%, and stroke in 14.4%.
The distribution of the disability trajectories
according to the condition leading to death is

N ENGLJ MED 362;13

shown in Figure 2. A predominant trajectory was
observed only for advanced dementia (i.e., per-
sistently severe disability) and sudden death (i.e.,
no disability). For the other four conditions, no
more than 34% of the subjects followed any of
the disability trajectories. The distribution of the
disability trajectories was particularly heteroge-
neous among the subjects with organ failure
(from 12.2 to 32.9% followed a specific trajec-
tory) and frailty (from 14.0 to 27.1% followed a
specific trajectory). Considerable heterogeneity
was also observed for cancer and the “other
condition” category, although persistently severe
disability was an uncommon disability trajectory
for each. With the exception of advanced demen-
tia, at least one quarter of the decedents with the
five other conditions leading to death were not
disabled or had very low levels of disability until
only a few months before death. The relative
distribution of the disability trajectories did not
change appreciably when overlap was allowed
among the conditions leading to death and
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Leading to Death.*

Table 2. Characteristics of the Decedents in the Last Year of Life, According to Disability Trajectory and Condition

Variable Subjects Age
no. (%) yr
Overall 383 (100) 84.4+5.8
Disability trajectory(
No disability 5 (17.0) 82.8+5.9
Catastrophic disability 6 (19.8) 82.1+5.7
Accelerated disability 67 (17.5) 83.6+5.2
Progressive disability 1(23.8) 85.7+5.7
Persistently severe disability 4 (21.9) 86.8+5.4
Condition leading to death
Cancer (19 3) 81.9+4.8
Advanced dementia 3 (13.8) 87.3+£5.9
Organ failure 82 (21.4) 84.2+5.5
Frailty 107 (27 9)  85.7x6.0
Sudden death 0 (2.6) 82.5+6.0
Other condition 57 (14.9) 82.9+5.3

Non-Hispanic
White Race or Chronic
Female Sex Ethnic Group} Education Conditions:

no. (%) no. (%) yr no.
229 (59.8) 351 (91.6) 11.9+2.9 2.4+1.3
37 (56.9) 1(93.9) 12.4+3.0 2.0+1.1
37 (48.7) 9 (90.8) 12.4+2.7 2.4+1.3
30 (44.8) 0 (89.6) 11.6+2.9 2.6x1.2
62 (68.1) 6 (94.5) 11.5+3.1 2.5+1.4
63 (75.0) 5 (89.3) 11.8+2.8 2.5+1.5
5 (60.8) 7 (90.5) 11.9+2.8 2.5+1.1
6 (67.9) 9 (92.5) 11.8+2.9 2.0+1.3
8 (58.5) 7 (93.9) 12.0+3.0 2.8+1.3
3 (58.9) 8 (91.6) 11.5+2.9 2.5x1.4
5 (50.0) 10 (100.0) 13.3+3.5 1.3+0.7
32 (56.1) 0(87.7) 12.5+0.9 2.2+1.2

* Plus—minus values are means +SD. Age was determined at the beginning of the disability trajectory, and the number of
chronic conditions was determined during the comprehensive assessment at or immediately before the beginning of

the disability trajectory.
T Race or ethnic group was self-reported.

1 Chronic conditions included hypertension, myocardial infarction, congestive heart failure, stroke, diabetes mellitus, ar-

thritis, hip fracture, chronic lung disease, and cancer.

§ The 95% confidence intervals for the frequency distribution, based on 1000 bootstrap samples, were 12.8 to 22.7 for
the no-disability group, 11.5 to 24.7 for the catastrophic-disability group, 12.8 to 23.2 for the accelerated-disability
group, 17.5 to 29.0 for the progressive-disability group, and 17.2 to 29.5 for the persistently-severe-disability group.

when the conditions were sequentially defined,
regardless of which order was used to define
and remove the groups of subjects.

DISCUSSION

In this prospective cohort study of community-
dwelling older persons, we identified five clini-
cally distinct trajectories of disability in the last
year of life, and we found that the distribution of
these trajectories was quite varied for several dif-
ferent conditions leading to death. The condition
with the least variation was advanced dementia,
which was characterized by high levels of dis-
ability throughout the last year of life. In con-
trast, for the five other conditions, from 26.8 to
80.0% of subjects were not disabled or had very
low levels of disability until only a few months
before death (i.e., they had catastrophic disabili-
ty). These results indicate that for most decedents

the course of disability at the end of life does not
follow a predictable pattern based on the condi-
tion leading to death.

Despite the importance of functional indepen-
dence to older persons and their families, little
is known about the course of disability at the
end of life. We found that most decedents had
high levels of disability in the last month of life,
yet more than half were not disabled 12 months
before death. Among the decedents who were
not disabled at the beginning of the study, the
subsequent course of disability differed consid-
erably, with about one third remaining free of
disability, another third having an accelerated
course of disability starting about 10 months be-
fore death, and the remainder having a rather
abrupt development of disability in the last few
months of life. The reasons underlying these dif-
ferent disability trajectories, which were observed
commonly for each condition leading to death
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other than advanced dementia, are uncertain.
The relative distribution of the trajectories was
not sensitive to changes in the hierarchical order
of the conditions leading to death.

The course of disability also differed consid-
erably between the two groups of subjects with
disability throughout the last year of life. Spe-
cifically, the disability was initially mild in the
progressive-disability group and worsened grad-
ually over the course of the year, but it was se-
vere during the entire year in the group with
persistently severe disability. Although the char-
acteristics of these two groups differed only mod-
estly, the group with persistently severe disability
included a large proportion of subjects with ad-
vanced dementia. These results are consistent with
those of previous studies, which have shown a
high burden of disability at the end of life among
older persons with advanced dementia.®®

In contrast to decedents with advanced demen-
tia, a sizable minority of participants who died
from cancer were not disabled during the last
year of life. These results belie the notion that
cancer at the end of life invariably leads to dis-
ability and functional decline.'2° We also found
that the preceding course of disability varied
considerably among the subjects with cancer who
were disabled at the time of death; only about
40% of these subjects had a classic terminal
phase characterized by an abrupt onset of dis-
ability in the last few months of life (i.e., cata-
strophic disability). This heterogeneity in disability
trajectories, which was also observed for the two
largest groups of subjects — those with organ
failure and those who were frail — suggests that
personal care needs at the end of life cannot be
easily predicted for most older persons and raises
concerns about policies that establish benefits
for end-of-life care primarily on the basis of
disease-specific criteria.?*

Other investigators have postulated and pro-
vided supporting evidence that disability at the
end of life follows distinct but predictable trajec-
tories for cancer, organ failure, and frailty.*?
These findings were based on data collected at
annual intervals, and disability scores were aver-
aged across all decedents with a specific condi-
tion leading to death. In contrast, we first iden-
tified clinically distinct trajectories of disability
using data that were collected at monthly inter-
vals, and we subsequently evaluated the distribu-
tion of these trajectories according to the condi-

N ENGLJ MED 362;13
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Figure 2. Distribution of Disability Trajectories in the Last Year of Life, Ac-
cording to Condition Leading to Death among the 383 Decedents.
The values within the bars are the percentages of decedents with the dis-
ability trajectories.

tion leading to death. Each of the disability
trajectories had considerable face validity, and the
predicted values for the severity of disability did
not differ from the observed values. In contrast
to the approach used in a previous study,'? ad-
vanced dementia was evaluated as a distinct con-
dition leading to death, and a widely accepted
and validated phenotypic definition of frailty was
used.*22 These enhancements probably explain
the smaller proportion of unclassified decedents
in the current study than the previous study'?
(14.9% vs. 23.6%) and, when coupled with the
older average age of subjects and the requirement
that decedents also have no reported history of
chronic lung disease, they probably account for
the relatively small number of sudden deaths in
the current study.

Our study has several limitations. First, about
one third of the decedents met criteria for more
than one condition leading to death. Because older
persons often have multiple coexisting condi-
tions,?? the identification of a single condition
leading to death may not always be feasible.
When overlap was allowed among these condi-
tions, the relative distribution of the disability
trajectories did not change appreciably. Second,
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the use of information from death certificates is
an imperfect strategy for classifying conditions
leading to death. Previous research has shown
that the concordance between coding of death
certificates by a nosologist and an adjudicated
cause of death is high for cancer and moderate
for congestive heart failure and chronic lung
disease but only fair for dementia,?* largely be-
cause of the underreporting of dementia on
death certificates. We used data from cognitive
testing in addition to coding by a nosologist to
classify advanced dementia as a condition lead-
ing to death. Finally, because our study partici-
pants were members of a single health plan in
a small urban area and were oversampled for
slow gait speed, our results may not be general-
izable to older persons in other settings. How-
ever, the demographic characteristics of our co-
hort did reflect those of older persons in New
Haven County, Connecticut, which are similar
to the characteristics of the U.S. population as a
whole, with the exception of race or ethnic
group.”

Our results suggest that the need for services
at the end of life to assist with essential activities

of daily living is at least as great for older per-
sons dying from organ failure and frailty as for
those dying from a more traditional terminal
condition such as cancer, and that the need is
much greater for older persons dying from ad-
vanced dementia. Nonetheless, the absence of a
predictable disability trajectory based on the con-
dition leading to death for most decedents poses
challenges for the proper allocation of resources
to care for older persons at the end of life.
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