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THE CHALLENGE OF ACCURATELY

estimating life expectancy in ad-
vanced dementia is a barrier to
providing palliative care to the

more than 5 million individuals in the
United States with this condition.1-8 Hos-
pice has been shown to benefit resi-
dents dying with dementia.9-12 Al-
though trends indicate that hospice
enrollment of patients with dementia is
gradually increasing, in 2008, the Na-
tional Hospice and Palliative Care Or-
ganization reported that only 11% of
hospice admissions had a primary di-
agnosis of dementia.13 Hospice profes-
sionals cite prognostication as the main
hindrance to enrolling patients with de-
mentia.1 Medicare hospice eligibility re-
quires an estimated survival of less than
6 months and, for dementia, is guided
by 2 criteria14: stage 7c on the Func-
tional Assessment Staging (FAST) scale15

and the occurrence of least 1 of 6 speci-
fied medical conditions in the prior year.
Earlier studies suggest these guidelines
do not accurately predict survival, but
these studies are limited by retrospec-
tive designs,3,4,8,16 small sample sizes,3

testing of only the FAST component,3,4

and simulation of hospice eligibility
using the minimum data set (MDS).4,16,17

The prognostic accuracy of hospice
guidelines for dementia has not been
evaluated in a large prospective study.

To date and to our knowledge, rig-
orous research efforts to create prog-
nostic models for advanced stage de-
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Context Estimating life expectancy is challenging in advanced dementia, potentially
limiting the use of hospice care in these patients.

Objective To prospectively validate and compare the performance of the Ad-
vanced Dementia Prognostic Tool (ADEPT) and hospice eligibility guidelines to esti-
mate 6-month survival in nursing home residents with advanced dementia.

Design, Setting, and Participants A prospective cohort study conducted in 21
nursing homes in Boston, Massachusetts, of 606 residents with advanced dementia
who were recruited between November 1, 2007, and July 30, 2009. Data were as-
certained at baseline to determine the residents’ ADEPT score (range, 1.0-32.5; higher
scores indicate worse prognosis) and whether they met Medicare hospice eligibility
guidelines. Survival was followed up to 6 months.

Main Outcome Measures Assessment and comparison of the performance of the
ADEPT score and hospice guidelines to predict 6-month survival using sensitivity, speci-
ficity, and the area under the receiver operating characteristic (AUROC) curve.

Results At baseline, the residents’ mean (SD) ADEPT score was 10.1 (3.1) points
and 65 residents (10.7%) met hospice eligibility guidelines. Over 6 months, 111 resi-
dents (18.3%) died. The AUROC for the ADEPT score’s prediction of 6-month mor-
tality as a continuous variable was 0.67 (95% confidence interval [CI], 0.62-0.72).
The AUROC for Medicare hospice eligibility guidelines was 0.55 (95% CI, 0.51-
0.59), the specificity was 0.89 (95% CI, 0.86-0.92), and the sensitivity was 0.20 (95%
CI, 0.13-0.28). Using a cutoff of 13.5 on the ADEPT score, which also had specificity
of 0.89, the AUROC was 0.58 (95% CI, 0.54-0.63) and the sensitivity was 0.27 (95%
CI, 0.19-0.36).

Conclusions When prospectively validated at the bedside and used as a continu-
ous measure, the ability of the ADEPT score to identify nursing home residents with
advanced dementia at high risk of death within 6 months was modest, albeit better
than hospice eligibility guidelines. Care provided to these residents should be guided
by their goals of care rather than estimated life expectancy.
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mentia are limited.4,5,7,8,16,18,19 In 2004,
we used MDS data, data that are col-
lected on every US nursing home resi-
dent, to create and retrospectively vali-
date a 6-month mortality risk score for
nursing home residents with ad-
vanced dementia and found that it pre-
dicted survival with moderate accu-
racy (area under the receiver operating
characteristic [AUROC] curve, 0.70).
The mortality risk score also estab-
lished the feasibility of using MDS data
to create a score.4 However, its practi-
cal application was limited by several
factors, including the inclusion of only
recent nursing home admissions (most
residents with advanced dementia have
prolonged stays), data from only 2
states, and validation limited to retro-
spective analysis of secondary MDS
data. In addition, although the risk score
had better discrimination than the FAST
stage 7c, the FAST was simulated with
MDS data and the preexisting medical
conditions component of hospice
guidelines were not considered.

As a next step, the National Insti-
tutes of Health funded a 4-year study,
the goal of which was to (1) rederive an
MDS-based mortality risk score in a na-
tionwide data set that included both re-
cently admitted and long-stay nursing
home residents with advanced demen-
tia, and (2) prospectively validate the risk
score at the bedside and compare its per-
formance with full hospice guidelines.
The rederivation of the score was com-
pleted and resulted in a 12-item Ad-
vanced Dementia Prognostic Tool
(ADEPT), the details of which are re-
ported elsewhere.16 Our study presents
the prospective validation of the ADEPT
score and its comparison with hospice
guidelines in a cohort of 606 nursing
home residents with advanced demen-
tia followed up to 6 months.

METHODS
Study Sample

Residents were recruited between No-
vember 1, 2007, and July 30, 2009, from
21 nursing homes with more than 60
beds located within 60 miles of Boston,
Massachusetts. Study eligibility criteria
included older than 65 years, a Cogni-

tive Performance Score (CPS) of 5 or
6,20,21 cognitive impairment due to de-
mentia (any type), and a health care
proxy for the resident that could be iden-
tified and contacted. The CPS groups
residents into 7 cognitive performance
categories based on 5 MDS items (0=in-
tact, 1=borderline intact, 2=mild im-
pairment, 3=moderate impairment,
4=moderately severe impairment, 5=se-
vere impairment, and 6=very severe im-
pairment with eating problems). A CPS
score of 5 corresponds with a mean (SD)
Mini-Mental State Examination score of
5.1 (5.3). Previously collected MDS data
were not used to determine the CPS
scores in this study. Research assis-
tants provided the CPS definition to
nurses on each nursing home unit dur-
ing an in-person interview and asked
them to identify residents with CPS
scores of more than 5. A diagnosis of de-
mentia was ascertained from the medi-
cal record.

The proxies of residents were con-
tacted to provide oral informed con-
sent for the residents’ and their own par-
ticipation. The institutional review
board at Hebrew Senior Life, Institute
for Aging Research, Boston, Massachu-
setts, approved the conduct of the study.

ADEPT Score

The ADEPT score was created using
2002 MDS data collected from all li-
censed nursing homes in the United
States. The score consisted of 12 items
and the total score ranged between 1.0
and 32.5, with higher points indicat-
ing a greater risk of death (eFigure,
available at http://www.jama.com).16 In
our study, previously completed MDS
assessments were not used to deter-
mine the residents’ ADEPT scores. At
baseline, research assistants collected
primary data from residents’ charts and
nurse interviews to calculate the scores.
Data obtained from these records in-
cluded date of nursing home admis-
sion, age, sex, race, dyspnea in the prior
7 days, and a diagnosis of congestive
heart failure. Race, although not an item
in the risk score, was obtained to char-
acterize the sample and facilitate com-
parisons with other populations. Race

was obtained from an MDS item pre-
viously completed by a facility nurse
with prespecified categories as fol-
lows: American Indian/Alaskan Na-
tive, Asian/Pacific Islander, black (non-
Hispanic), Hispanic, and white (non-
Hispanic). Weights and heights of the
residents were ascertained from the
chart to determine whether their body
mass index (BMI, calculated as weight
in kilograms divided by height in me-
ters squared) was less than 18.5 (thresh-
old for being underweight22) and
whether they had recent weight loss
(�5% of their body weight in last 30
days or �10% in last 180 days). Total
functional dependence was defined as
having a score of 28 on the Activities
of Daily Living scale (range, 0-28),23 as-
certained by nurse interview. Nurses
also determined whether the residents
were bedfast (in bed or recliner �22
hours/d) for at least 4 of the last 7 days,
had bowel incontinence at least once
a week during the prior 14 days, were
dyspneic in the past 7 days, had poor
oral intake in the past 3 days (ate �75%
of food at least 2 out of 3 daily meals
or did not consume all or almost all liq-
uids), and had at least 1 pressure ulcer
of more than stage 2. Tube-fed resi-
dents were considered not to have poor
oral intake. Dyspnea was considered
present if documented in the resi-
dents’ records or reported by their
nurses.

In the ADEPT score derivation, the
length of stay item was based on a vari-
able categorizing the reason for the resi-
dents’ MDS assessment as being com-
pleted either for purposes of nursing
home admission or annual assess-
ment. Nursing home admission was
strongly associated with worse sur-
vival; therefore, it was important to in-
clude in the score. However, the pro-
spective study’s goal was to evaluate the
ADEPT score as it would be used in
practice, independent of previously
completed MDS assessments. There-
fore, a length of stay reflecting “recent
admission” needed to be determined.
A cutoff of less than 90 days was cho-
sen a priori based on research suggest-
ing this was a reasonable period to dis-
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tinguish short vs long nursing home
stays.24,25 However, cutoffs at less than
60 days and less than 120 days were also
examined as sensitivity analyses.

Hospice Eligibility

Medicare hospice eligibility was deter-
mined using data collected at baseline
by research assistants from medical rec-
ords, nurse interviews, and health care
proxy interviews.14 To determine
whether residents had any of the medi-
cal conditions specified in hospice eli-
gibility guidelines in the prior year, the
charts of all residents were abstracted
and telephone interviews were con-
ducted with the proxies of those resi-
dents whose nursing home stay was less
than 1 year (n=161 [26.6%]). Condi-
tions included aspiration pneumonia,
pyelonephritis or other upper urinary
tract infection, septicemia, multiple de-
cubitus ulcers of higher than stage 3,
recurrent fever after antibiotics, and
poor nutritional status. Poor nutri-
tional status is defined as insufficient
oral intake to sustain life (energy in-
take [calories] �4.184 kJ/d [�1000/d],
fluids �1 L/d) or tube-feeding accom-
panied by a more than 10% weight loss
(or serum albumin �2.5 g/dL) during
the past 180 days.

The second component of hospice
eligibility guidelines states that
patients must be at stage 7c on the
FAST, a dementia rating scale with 7
major stages and 16 substages (range
1-7f, higher scores indicate worse
severity). Stage 6 consists of the fol-
lowing substages: 6a = inability to
d r e s s , 6 b = i n a b i l i t y t o b a t h e ,
6c = inability to toilet, 6d = urinary
incontinence at least occasionally, and
6e=bowel incontinence at least occa-
sionally. Stage 7 consists of the follow-
ing substages: 7a=speech is limited to
less than 5 words, 7b=all intelligible
vocabulary is lost, 7c=nonambulatory,
7d = unable to sit independently,
7e=unable to smile, and 7f=unable to
hold head up. At stage 7c, patients
must have progressed through all pre-
vious FAST stages. Therefore, resi-
dents with all the following character-
istics during the previous 14 days

were considered to be at FAST stage
7c based on nurse interviews (inability
to dress, bathe, and toilet; inconti-
nence of urine and stool at least occa-
sionally; loss of all intelligible vocabu-
lary or inability to communicate
meaningfully; and nonambulatory).

Residents with at least 1 of the afore-
mentioned medical conditions in the
year prior and at FAST stage 7c were
deemed eligible for hospice.

Reliability

Two research assistants indepen-
dently collected baseline data within 48
hours of each other on the first 67 resi-
dents recruited into the study to as-
sess the interrater reliability of the
ADEPT score and hospice guidelines.

Mortality

Whether or not residents died within
6 months of baseline was ascertained
from the nursing homes’ medical rec-
ord departments or senior administra-
tors.

Statistical Analyses

The frequencies of all resident charac-
teristics, ADEPT score items, and com-
ponents of hospice eligibility were cal-
culated. The total ADEPT score was
calculated for each resident, and the
mean (standard deviation) were deter-
mined for the cohort. For 26 residents
missing recent weight data, points for
BMI of less than 18.5 and recent weight
loss were imputed using the mean point
scores for those items from the 580 resi-
dents with recent weight data (BMI
�18.5, 0.1 points; recent weight loss,
0.2 points). Categories of the ADEPT
score were created using the cutoffs for
the deciles of the score based on its dis-
tribution in the derivation cohort.16

The interrater reliability of the
ADEPT score was computed using the
concordance correlation coefficient,26

and the interrater reliability of the hos-
pice eligibility guidelines was com-
puted using the � statistic.27

The discrimination of the ADEPT
score and hospice eligibility for pre-
dicting 6-month survival were calcu-
lated and compared using the AUROC.

To assess calibration of the ADEPT
score, the observed and mean pre-
dicted 6-month mortality rates were cal-
culated for each decile-based range and
compared using a Hosmer-Lemeshow
goodness-of-fit test.28 To examine the
practical application of the ADEPT
score, the sensitivity, specificity, and
positive and negative predictive val-
ues were calculated for cutoffs based on
the upper limit of each range. Exact bi-
nomial 95% confidence intervals (CIs)
were calculated for sensitivity, speci-
ficity, positive and negative predictive
values, and observed mortality rates.
Wald 95% CIs were calculated for the
AUROCs. Bootstrap 95% CIs were com-
puted for mean-predicted mortality
rates using the percentile method.29

Hospice eligibility was a binary mea-
sure and the ADEPT score was a con-
tinuous measure. Comparisons of an
AUROC based on a continuous mea-
sure can be inherently biased against an
AUROC calculated from a discrete mea-
sure; therefore, to make a fair compari-
son between the 2 measures, the speci-
ficity of the hospice guidelines in
estimating 6-month survival was com-
puted and the cutoff necessary to give
the same specificity for the ADEPT
score was determined.30 After setting
both measures to the same specificity,
their sensitivities and AUROCs were
compared using McNemar test,31 and
a contrast-based nonparametric test,32

respectively. Proportional hazards re-
gression models were used to estimate
the survival in the overall cohort, as well
as stratified by hospice eligibility guide-
lines and the ADEPT score dichoto-
mized at the aforementioned cutoff.

Given that the ADEPT score had 12
items, the sample size was based a priori
on a death-to-risk factor ratio of 10 (ie,
approximately 120 deaths); com-
monly considered a minimum to ob-
tain reliable estimates of regression co-
efficients.28,33 The a priori level of
significance was P� .05 for all analy-
ses. All analyses were conducted using
SAS version 9.2 (SAS Institute Inc, Cary,
North Carolina) and S-PLUS version 8.1
(Tibco Software Inc, Palo Alto, Cali-
fornia).
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RESULTS
Study Sample
Among 1425 screened residents, 830
(58.2%) met study eligibility criteria.

A total of 595 residents (41.8%) were
ineligible because a proxy could not be
identified (n=2), a proxy could not be
contacted (n=366), and cognitive im-

pairment was not due to dementia
(n=227). Among those who were eli-
gible, 606 (73.0%) residents with ad-
vanced dementia were recruited. Proxy
refusal to consent to participation was
the sole reason for nonrecruitment. The
224 nonparticipants did not differ sig-
nificantly from participants with re-
spect to age. However, nonpartici-
pants were more likely to be men
(25.5% vs 18.2%; P=.03) and less likely
to be white (88.0% vs 94.4%; P=.002).
A total of 111 of 606 residents (18.3%)
died over 6 months. No residents were
lost to follow-up.

ADEPT Score

TABLE 1 shows the characteristics of the
606 nursing home residents in the 12-
item ADEPT score. A total of 307 nurs-
ing home residents (50.7%) were aged
80 to 90 years and 29 (4.8%) had re-
sided in the nursing home for less than
90 days. A total of 256 residents (42.2%)
were completely functionally depen-
dent (Activity of Daily Living score, 28)
and 59 (9.7%) were bedfast most of the
day. Dyspnea was experienced by 36
residents (5.9%) and 107 (17.7%) had
a diagnosis of congestive heart failure.
In terms of nutritional markers, 252 resi-
dents (41.6%) had insufficient oral in-
take, 48 (8.3%) had a BMI of less than
18.5, and 68 (11.7%) had recent weight
loss. There were 537 residents (88.6%)
with bowel incontinence and 33 (5.4%)
with at least 1 pressure ulcer (�stage 2).

The mean (SD) ADEPT score of the
residents was 10.1 (3.1) points. The
concordance correlation coefficient of
the total ADEPT score was 0.98 (95%
CI, 0.97-0.99), indicating excellent in-
terrater reliability.

TABLE 2 shows the proportion of resi-
dents within specified ranges of the
ADEPT score and the observed and
mean predicted 6-month mortality rates
in each range. The goodness-of-fit test
showed no significant lack of fit
(P=.69), indicating good calibration
(agreement between observed and pre-
dicted mortalities). Table 2 also shows
the mean mortality rates predicted in
the retrospective derivation cohort for
the same score ranges.16

Table 1. ADEPT Scoring in Nursing Home Residents With Advanced Dementia (N = 606)

Characteristic
No. (%) of

Nursing Home Residents
Points in

Risk Score

Nursing home stay �90 d 29 (4.79) 3.3

Age, y (per 5-y increment)
65-69 7 (1.16) 1.0

70-74 34 (5.61) 2.0

75-79 61 (10.07) 3.0

80-84 136 (22.44) 4.0

85-89 171 (28.22) 5.0

90-94 129 (21.29) 6.0

95-99 56 (9.24) 7.0

�100 12 (1.98) 8.0

Sex, male 110 (18.15) 3.3

Shortness of breath 36 (5.94) 2.7

�1 Pressure ulcers at � stage 2 33 (5.45) 2.2

Activity of daily living score = 28a 256 (42.24) 2.1

Bedfast most of day 59 (9.74) 2.1

Insufficient oral intakeb 252 (41.58) 2.0

Bowel incontinencec 537 (88.61) 1.9

BMI �18.5d 48 (8.28) 1.8

Recent weight lossd,e 68 (11.70) 1.6

Congestive heart failure 107 (17.66) 1.5
Abbreviations: ADEPT, Advanced Dementia Prognostic Tool; BMI, body mass index, calculated as weight in kilograms

divided by height in meters squared.
aActivities of daily living score (range, 0-28) is the sum of scores in 7 domains of function, including bed mobility,

dressing, toileting, transfer, eating, grooming, and locomotion. Each is scored on a 5-point scale (0=independent;
1=supervision; 2=limited assistance; 3=extensive assistance; and 4=total dependence). A score of 28 represents
complete functional dependence.

bNot consuming almost all liquids in previous 3 days or at least 25% of food uneaten at most meals.
cOccasionally, frequently, or always (vs rarely or never).
dBMI and recent weight loss are calculated with a sample size of 580 because a recent weight was not available for 26

nursing home residents.
eRecent weight loss is defined as more than 5% body weight in prior 30 days or more than 10% in prior 180 days.

Table 2. Nursing Home Residents With Advanced Dementia in Specified Ranges of Risk
Score and Observed and Predicted 6-Month Mortality Rates

Risk
Score
Range

From Prospective
Validation Cohort

(N = 606)

From Retrospective
Derivation Cohort

(N = 218 088)16

No. (%) of
Residents

No. of
Deaths

Observed
6-mo Mortality

(95% CI)

Mean Predicted
6-mo Mortality

Using Risk Score
(95% CI)

Mean Predicted
6-mo Mortality

(95% CI)

1.0-6.4 70 (11.6) 2 0.03 (0-0.10) 0.07 (0.05-0.10) 0.073 (0.071-0.074)

6.5-7.9 79 (13.0) 7 0.09 (0.04-0.17) 0.10 (0.07-0.13) 0.111 (0.109-0.113)

8.0-8.9 79 (13.0) 15 0.19 (0.11-0.29) 0.13 (0.10-0.16) 0.139 (0.137-0.141)

9.0-9.7 64 (10.6) 11 0.17 (0.09-0.29) 0.14 (0.11-0.18) 0.163 (0.161-0.165)

9.8-10.5 79 (13.0) 13 0.16 (0.09-0.26) 0.17 (0.14-0.20) 0.194 (0.192-0.196)

10.6-11.5 62 (10.2) 12 0.19 (0.10-0.31) 0.20 (0.16-0.23) 0.232 (0.230-0.234)

11.6-12.5 51 (8.4) 12 0.24 (0.13-0.37) 0.23 (0.19-0.27) 0.276 (0.274-0.278)

12.6-14.0 56 (9.2) 15 0.27 (0.16-0.40) 0.28 (0.22-0.33) 0.333 (0.331-0.336)

14.1-16.1 44 (7.3) 14 0.32 (0.19-0.48) 0.34 (0.27-0.42) 0.426 (0.423-0.430)

�16.1 22 (3.6) 10 0.45 (0.24-0.68) 0.49 (0.37-0.62) 0.621 (0.616-0.626)
Abbreviation: CI, confidence interval.
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The AUROC for ADEPT score’s
prediction of 6-month mortality was
0.67 (95% CI, 0.62-0.72) (FIGURE 1).
Using less than 60 days and less than
120 days as cutoffs for the length of
stay item changed the AUROC only
at the level of the third decimal place
(for �60 days, AUROC=0.669; 95%
CI, 0.616-0.723; and for �120 days,
AUROC = 0.672; 95% CI, 0.618-
0.725). TABLE 3 shows the operating
characteristics of the ADEPT risk
score at various cut points. A score of
more than 7.9 points achieved a sen-
sitivity closest to 90% (sensitivity,
91.9; 95% CI, 85.2-96.2; specificity,
28.3; 95% CI, 24.4-32.5; n=457). A
cut point of more than 11.0 achieved
the highest AUROC, which had a
value of 0.63 (95% CI, 0.58-0.68),
sensitivity of 55.0 (95% CI, 45.2-
64.4), and specificity of 71.3 (95%
CI, 67.1-75.3).

Hospice Eligibility Guidelines

A total of 215 residents (35.5%) were
at a FAST stage 7c (TABLE 4). The num-
ber of residents experiencing the pre-
existing conditions in hospice guide-
lines included 43 (7.1%) with aspiration
pneumonia; 3 (0.5%) with urinary tract
infection; 8 (1.3%) with septicemia; 49
(8.1%) with fever; 6 (1.0%) with mul-
tiple stage 3 or 4 decubitus ulcers; and
59 (9.7%) with insufficient oral intake
(or tube-feeding with weight loss). A
total of 135 residents (22.3%) had at
least 1 of these medical conditions.
Taken together, 65 residents (10.7%)
were both at FAST stage 7c and had at
least 1 preexisting condition; there-
fore, they met guidelines for hospice eli-
gibility. The � statistic of hospice eli-
gibility guidelines was 1.00, indicating
perfect interrater reliability.

The AUROC for hospice eligibility
guidelines was 0.55 (95% CI, 0.51-
0.59) for 6-month survival, the sensi-
tivity was 0.20 (95% CI, 0.13-0.28), and
the specificity was 0.89 (95% CI, 0.86-
0.92). Using a cutoff of 13.5 on the
ADEPT score, which also had specific-
ity of 0.89, the AUROC was 0.58 (95%
CI, 0.54-0.63) and the sensitivity was
0.27 (95% CI, 0.19-0.36). Neither the

AUROC nor the sensitivity of the
ADEPT score using a cutoff of 13.5 was
significantly different (P = .17 and
P=.13, respectively) from that of hos-
pice eligibility guidelines. FIGURE 2 dis-
plays the survival curves for the entire
cohort, residents with ADEPT scores of
more than 13.5 (n=83 [13.7%]) and
less than or equal to 13.5 (n = 523
[86.3%]), and residents meeting and
not meeting hospice eligibility guide-
lines.

COMMENT
This prospective study furthers our un-
derstanding of the practical aspects of
estimating prognosis in advanced de-
mentia. When administered at the bed-
side, the ADEPT risk score had high in-
terrater reliability, good calibration, and
modest discrimination in predicting
6-month survival when applied as a
continuous measure (AUROC=0.67).
Medicare hospice eligibility guide-
lines also had excellent interrater reli-

Figure 1. Area Under the Receiver Operating Characteristic (AUROC) Curves for the ADEPT
and Hospice Eligibility Guidelines’ Prediction of 6-Month Survival Among Nursing Home
Residents With Advanced Dementia (N=606)
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ADEPT indicates Advanced Dementia Prognostic Tool. The AUROC for the ADEPT score used as a continuous
measure was 0.67 (95% confidence interval [CI], 0.62-0.72); for the ADEPT score using a cutoff of more than
13.5 points, 0.58 (95% CI, 0.54-0.63); and for hospice eligibility, 0.55 (95% CI, 0.51-0.59). The 45 degree
dotted line represents chance.

Table 3. Operating Characteristics of Selected Risk Score Cutoffs to Predict 6-Month
Mortality for Residents With Advanced Dementia (N = 606)a

Risk
Score
Cutoff

Value (95% Confidence Interval)

Sensitivity Specificity
Positive

Predictive Value
Negative

Predictive Value

�6.4 98.2 (93.6-99.8) 13.7 (10.8-17.1) 20.3 (17.0-24.0) 97.1 (90.1-99.7)

�7.9 91.9 (85.2-96.2) 28.3 (24.4-32.5) 22.3 (18.6-26.4) 94.0 (88.8-97.2)

�8.9 78.4 (69.6-85.6) 41.2 (36.8-45.7) 23.0 (18.9-27.6) 89.5 (84.7-93.1)

�9.7 68.5 (59.0-77.0) 51.9 (47.4-56.4) 24.2 (19.6-29.3) 88.0 (83.7-91.5)

�10.5 56.8 (47.0-66.1) 65.3 (60.9-69.4) 26.8 (21.3-33.0) 87.1 (83.2-90.3)

�11.5 45.9 (36.4-55.7) 75.4 (71.3-79.1) 29.5 (22.8-36.9) 86.1 (82.5-89.3)

�12.5 35.1 (26.3-44.8) 83.2 (79.6-86.4) 32.0 (23.8-41.0) 85.1 (81.6-88.2)

�14.0 21.6 (14.4-30.4) 91.5 (88.7-93.8) 36.4 (24.9-49.1) 83.9 (80.5-86.9)

�16.1 9.0 (4.4-15.9) 97.6 (95.8-98.7) 45.5 (24.4-67.8) 82.7 (79.4-85.7)
aSensitivity is the proportion of residents who died within 6 months with a risk score above cutoff. Specificity is the pro-

portion of residents who survived beyond 6 months with a risk score below cutoff. Positive predictive value is
the proportion of residents with a risk score above the cutoff who died within 6 months. Negative predictive value
is the proportion of residents with a risk score below the cutoff who survived beyond 6 months.
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ability, but the discrimination was poor
(AUROC=0.55). The ADEPT score’s
performance was not significantly dif-
ferent (AUROC=0.58) when exam-
ined as a dichotomous measure using
a cutoff with the same specificity as hos-
pice guidelines. These findings under-
score the challenge of prognostication
in advanced dementia and suggest that
determining access to hospice based on
life expectancy for patients with de-

mentia limits access to the supportive
care hospice offers.

The characteristics of the residents
with advanced dementia in this co-
hort were comparable with other stud-
ies.4,7,8,16,19,34 In particular, almost all
ADEPT score items ascertained using
primary data collection were similarly
distributed in the derivation cohort, de-
fined, and characterized using second-
ary MDS data.16 One exception was that
fewer residents in the prospective co-
hort were recent admissions com-
pared with the derivation cohort (4.8%
vs 36.2%), albeit the definition of this
variable differed slightly between the 2
studies. The 6-month mortality rate was
lower in the prospective cohort (18%
vs 25%), possibly reflecting the inclu-
sion of fewer recent admissions. Fewer
residents in the prospective study met
hospice eligibility compared with the
derivation cohort (11% vs 16%), in
which criteria were simulated with MDS
data. Taken together, dissimilarities be-
tween the prospective validation and
retrospective derivation cohorts may be
attributable to both differences in resi-
dent characteristics, as well as varia-
tion in data ascertainment methods.

Despite the few cohort differences,
the discrimination of the ADEPT score
to predict 6-month survival in this pro-
spective validation was comparable with
its performance in the retrospective

derivation data set (AUROC=0.68).16

The ADEPT score demonstrated good
calibration. However, in practice,
whether to use the predicted mortal-
ity rates in this smaller prospective co-
hort vs those in the larger derivation co-
hort is debatable. Because values
differed primarily in the 2 highest risk
categories, it may be reasonable to con-
sider the probability of death in these
categories to be within the range of the
2 mean predicted values (eg, �16.1
points; 0.49-0.62).

Hospice eligibility guidelines for de-
mentia are widely used, but have never
been validated in a large, prospective
fashion. In corroboration with prior ret-
rospective studies, we found the dis-
crimination of hospice guidelines to
predict 6-month mortality was poor.4,16

However, using a single cutoff to esti-
mate 6-month prognosis, whether using
existing hospice guidelines or the em-
pirically derived ADEPT score, is prob-
lematic for determining which nurs-
ing home residents with advanced
dementia should receive hospice care.
For example, using a relatively low cut-
off score of more than 7.9, 91.9% of resi-
dents with advanced dementia who died
within 6 months would be eligible for
the program (sensitivity), but only
22.3% of enrolled residents would die
within that period (positive predictive
value). With a high cutoff score of more
than 16.1, only 9.0% of residents who
died within 6 months would be eli-
gible, but 45.5% of enrolled residents
would die within that same period. That
said, one potential advantage of the
ADEPT score is that as a continuous
measure, it offers physicians and other
primary care clinicians caring for these
patients (eg, nurse practitioners) flex-
ibility to select cutoffs with different op-
erating characteristics (ie, tradeoff be-
tween sensitivity and specificity).

There are several limitations to our
study that warrant comment. First, it
is possible that the ADEPT score did not
capture clinical variables strongly pre-
dictive of mortality. However, given the
comprehensiveness of the MDS, the
rigor of our approach, and the consis-
tency of our findings with earlier re-

Table 4. Hospice Eligibility Guidelines for
Dementia Among Nursing Home Residents
With Advanced Dementia (N = 606)

Hospice Eligibility Guidelines

No. (%) of
Nursing Home

Residents

FAST stage 7c 215 (35.48)

Medical conditions in prior 12 mo
Aspiration pneumonia 43 (7.10)

Pyelonephritis or another
upper urinary tract
infection

3 (0.50)

Septicemia 8 (1.32)

Multiple stage 3 or 4
decubitus ulcers

6 (0.99)

Recurrent fevers after
antibiotic treatment

49 (8.09)

Insufficient oral intake or
tube feeding with
impaired nutritional
statusa

59 (9.74)

Any of the above medical
conditions

135 (22.28)

FAST stage 7c and �1 medical
condition

65 (10.73)

Abbreviation: FAST, Functional Assessment Staging.
a Indicates 10% weight loss within the prior 6 months or se-

rum albumin of less than 2.5 g/dL.

Figure 2. Survival Curves for the Entire Cohort of Nursing Home Residents With Advanced
Dementia, Those With ADEPT Scores of 13.5 or Less and ADEPT Scores of More Than 13.5,
and Those Not Meeting and Meeting Hospice Eligibility Guidelines
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search,4,5,7,8,16,18,19 the degree to which
the accuracy of a mortality risk score
for advanced dementia could be im-
proved with additional variables is ques-
tionable. Second, the ADEPT score and
hospice eligibility were ascertained at
a single random time point in the resi-
dents’ course. In practice, hospice re-
ferrals are often initiated when care
preferences shift toward comfort fol-
lowing a clinical set-back. Third, our
prospective cohort was predomi-
nantly white and lived in Boston-area
facilities, potentially limiting the gen-
eralizabilty of our findings. In addi-
tion, the ADEPT score was derived and
validated in nursing home residents. Al-
though the majority of patients with de-
mentia die in nursing homes,35 the
ADEPT score has not been validated for
those patients in the community.

Dementia is a leading cause of death
in the United States.36 Similar to other
terminally ill patients, persons with ad-
vanced dementia commonly experi-
ence burdensome symptoms (eg, pain,
dyspnea).37 Our study strongly sug-
gests that delivery of palliative care to
these residents should be guided by a
preference for comfort as the primary
goal of care and not by prognostic es-
timates. Therefore, the challenge for
health care professionals and policy
makers is to ensure that high-quality
palliative care is accessible to the grow-
ing number of individuals dying with
dementia in nursing homes, an effort
that may necessitate both revisiting the
6-month prognosis requirement for
hospice, as well as expanding compre-
hensive palliative care services in the
nursing home.
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