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ABSTRACT

BACKGROUND: Prognostication tools that
report personalized mortality risk and sur-
vival could improve discussions about
end-of-life and advance care planning. We
sought to develop and validate a mortality
risk model for older adults with diverse
care needs in home care using self-
reportable information — the Risk Evalua-
tion for Support: Predictions for Elder-Life
in the Community Tool (RESPECT).

METHODS: Using a derivation cohort
that comprised adults living in Ontario,
Canada, aged 50 years and older with at
least 1 Resident Assessment Instrument
for Home Care (RAI-HC) record between
Jan. 1, 2007, and Dec. 31, 2012, we devel-
oped a mortality risk model. The primary
outcome was mortality 6 months after a

hazards regression with robust standard
errors to account for clustering by the
individual. We validated this algorithm
for a second cohort of users of home care
who were assessed between Jan. 1 and
Dec. 31, 2013. We used Kaplan-Meier sur-
vival curves to estimate the observed risk
of death at 6 months for assessment of
calibration and median survival. We con-
structed 61 risk groups based on incre-
mental increases in the estimated median
survival of about 3 weeks among adults
at high risk and 3 months among adults
at lower risk.

RESULTS: The derivation and validation
cohorts included 435009 and
139388 adults, respectively. We identi-
fied a total of 122823 deaths within
6 months of a RAI-HC assessment in the

derivation cohort. The mean predicted
6-month mortality risk was 10.8% (95%
confidence interval [CI] 10.7%-10.8%)
and ranged from 1.54% (95% CI 1.53%-
1.54%) in the lowest to 98.1% (95% CI
98.1%-98.2%) in the highest risk group.
Estimated median survival spanned from
28 days (11 to 84 d at the 25th and 75th
percentiles) in the highest risk group to
over 8 years (1925 to 3420 d) in the low-
est risk group. The algorithm had a
c-statistic of 0.753 (95% Cl 0.750-0.756)
in our validation cohort.

INTERPRETATION: The RESPECT mortality
risk prediction tool that makes use of
readily available information can improve
the identification of palliative and end-of-
life care needs in a diverse older adult
population receiving home care.

RAI-HC assessment. We used proportional
ost people in high-income countries die of causes
M with progressive, predictable trajectories of
decline.’* Since 2000, the 3 leading causes of death
in Canada — accounting for 55% of all deaths — have been
cancer, heart disease and stroke.! Other leading causes of
death, such as dementia and chronic lower respiratory dis-
eases, also share signs and symptoms of senescence that are
common across chronic diseases, including deterioration of
physical and cognitive function, as well as an increased need
for assistance.

Despite the predictable nature of most deaths, many Canadian
residents who are at the end of life do not receive adequate home-
based supports.® In Ontario — the largest province in Canada
with more than 14 million residents and the setting of this
study — only 40% of decedents receive formal home care, and
less than 20% receive a physician home visit in their last year of
life.5” Even among those who had received palliative and end-of-
life care, the start of service was often too close to death and
failed to have a positive impact on the quality of life in those last
months.® The lack of available and accurate prognostic
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information is a key challenge. There are few existing tools that
can be used to inform palliative care planning for the general
population of older adults who live in the community and in peo-
ple without cancer.® Other barriers to accurate prognostic esti-
mates include clinicians’ reluctance or lack of time and existing
prognostication tools’ reliance on complex or specialized inputs,
such as laboratory data and previous health care use. As a result,
many older and frail adults do not receive timely palliative care
and do not have an advance care plan.®10-13

Our primary objective was to develop and validate a model
for predicting mortality risk among the general population of
community-dwelling adults with and without cancer that spans
an actionable period for end-of-life planning (5 yr to imminent
death). The variables included in our prognostication model —
the Risk Evaluation for Support: Predictions for Elder-life in the
Community Tool (RESPECT) — were prespecified to include
exposures that could be self-reported by patients and their care-
givers, including family members.

Methods

We derived and validated RESPECT using population-based home
care data housed at ICES in Ontario. The reporting of our approach
and findings adhere to the Transparent Reporting of a multivari-
able prediction model for Individual Prognosis Or Diagnosis
(TRIPOD) statement.* A detailed protocol prespecifying our
approach was published elsewhere.?

Study population

The study population included people who were 50 years of age
or older, eligible for government-funded long-term home care in
the community and had received at least 1 assessment using the
Resident Assessment Instrument for Home Care (RAI-HC)
between Jan. 1, 2007, and Dec. 31, 2013. The derivation cohort
included those who used home care between Jan. 1, 2007, and
Dec. 31, 2012, and the temporal validation cohort received care
and were assessed between Jan. 1 and Dec. 31, 2013. The RAI-HC
is a comprehensive, multidimensional instrument for clinical
assessment that contains nearly 400 data elements that capture
the home care client’s sociodemographic profile, cognitive and
functional capacities, chronic diseases and comorbidities, and
signs of health instability, as well as recent use of health care. It
is primarily used for care planning within the home care setting.
However, it also contains quality indicators and outcome mea-
sures that could be used to evaluate the impact of services pro-
vided. In Ontario, home care services, such as nursing, personal
support and rehabilitative or restorative therapy, are publicly
funded and provided to people to improve or manage their
health based on assessed need. The RAI-HC is used by home care
coordinators to evaluate the level of care need in those who are
expected to require at least 60 days of uninterrupted service
(also known as “long-stay clients”). Evaluations using the RAI-HC
are performed at initial consideration for home care and com-
pleted at least once every 6 months for those receiving home
care over an extended period, or when substantial changes in the
client’s situation have been observed.

The primary outcome of our prediction model was death
within 6 months of a RAI-HC assessment. Death was ascertained
from the Registered Persons Database, a registry of health card
numbers that have been issued under the Ontario Health Insurance
Plan to all eligible residents of Ontario.

The selection of predictors included in our model was informed
by clinical experience and our review of existing mortality predic-
tion models for a population of older, community-dwelling adults.
We also considered variables included in existing frailty indices.’
We considered risk factors related to physical functioning (e.g.,
difficulties with activities of daily living [ADL], inability to
independently carry out instrumental activities of daily living
[IADL] and reduced mobility), cognitive impairment (e.g., memory
decline and psychosis), sociodemographic factors (e.g., level of
education) and biological diseases (e.g., diabetes, heart disease
and cancer). We also included self-reported measures of recent
use of health care (i.e., number of hospital admissions or visits to
the emergency department in the last 90 d), the prescription and
receipt of life-sustaining therapies (e.g., dialysis and ventilation),
and symptoms of reduced health and physiologic reserve (e.g.,
weight loss, edema and vomiting). The latter variables were
selected to capture the acute symptomatology of people in the
terminal period of life. We also incorporated cohort characteris-
tics (e.g., year of the RAI-HC assessment, and the type of and rea-
son for assessment) that may account for remaining heterogen-
eity in the estimated risks. No stepwise variable selection
procedure was used.

Statistical analysis

We fit a Cox proportional hazards regression to predict death
within 6 months of a RAI-HC assessment. We included all assess-
ments for an individual user of home care that occurred within
our model development timeframe (Jan. 1, 2007, to Dec. 31,
2012). We followed each assessment record until death or cen-
sored it at 6 months after the assessment date. We accounted for
within-subject correlations using a robust sandwich variance
estimator because of the possibility of home care users having
multiple assessment records within this timeframe.

Given our large data set and number of observed events, there
was little concern about the sample size required for the number
of predictors and degrees of freedom included in our final model.
We modelled age using restricted cubic splines with 5 knots.
Restricted cubic splines are piecewise cubic functions that are
smooth at the knots and restricted to be linear in the tails. We
placed the knots at fixed quantiles (i.e., the 5th, 27.5th, 50th,
72.5th and 95th percentiles) of the distribution of age. All other
predictors, with the exception for age, were specified as categor-
ical variables.

In the interest of having a parsimonious model, we removed
predictors that could have been collinear with other predictors
in the model (i.e., hip fracture and peripheral vascular disease),
minimally contributed to the model’s predictive performance
using a step-down method!” based on contribution to model R?
(i.e., marital status and diabetes) or lacked precision in mea-
surement (i.e., any psychiatric diagnosis and daily pain). The rel-
ative contribution of these predictors to the initial model are
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presented in Appendix 1, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.200022/tab-related-content. Our final deriva-
tion model included 28 predictors with 65 degrees of freedom.

Predictive performance was assessed in the validation
cohort using predictive accuracy measures, including discrimi-
nation (e.g., C statistic) and calibration.® To assess model cali-
bration, we estimated the predicted risk at 6 months after a RAI-
HC assessment by applying the coefficients from the derivation
model to the validation cohort (Appendix 2, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.200022/tab-related-content).
For the year of assessment, we used the model coefficient from
the final year of observation (i.e., 2012). We used Kaplan-Meier
survival curves to obtain observed risks. We evaluated the over-
all model calibration, as well as calibration across all predictors
included in RESPECT.

We combined the derivation and validation cohorts to derive
the final estimates (Appendix 2) for algorithm implementation as
a web-based tool. Regression estimates from the combined
model did not differ noticeably from the derivation model.

Using the full study cohort (comprising RAI-HC assessments
performed between Jan. 1, 2007, and Dec. 31, 2013), we con-
structed 61 risk groups (Appendix 3, available at www.cmaj.ca/
lookup/d0oi/10.1503/cmaj.200022/tab-related-content) using
median survival estimates derived from Kaplan-Meier survival
curves. This serves as a scoring system for grouping people
into clusters of patients with similar prognosis. Unlike the

100

timeframe used in model development (i.e., 6 months from
each RAI-HC assessment conducted between Jan. 1, 2007, and
Dec. 31, 2012), we followed each RAI-HC assessment per-
formed in our full cohort until death or the most recent data
available at the time of this study (i.e., Dec. 31, 2018). This rep-
resents a maximum follow-up of 11 years for RAI-HC assess-
ments performed in January 2007. The 61 risk groups repre-
sent incremental increases in median survival of about 3 weeks
among higher-risk groups and between 2 and 3 months in
lower-risk groups (Figure 1). Sample sizes for each risk group
and their median survival are presented in Appendix 4, avail-
able at www.cmaj.ca/lookup/doi/10.1503/cmaj.200022/tab
-related-content. These cut-offs were guided by expert consen-
sus among clinical investigators in this study. For example, the
highest risk groups (i.e., bins 1-5) comprised patients whose
median survival was about 20 days (e.g., between patients in
bin 1 and bin 2), 19, 14 and 12 days apart, respectively. Incre-
mental changes between the risk bins were more considerable
from bin 7 onwards (15-327 d), because the median survival in
these risk groups was greater than 6 months.

We implemented the final combined model as a web-based
risk communication tool hosted on a knowledge translation
platform developed by our research team (available at www.
projectbiglife.ca/elder-life-calculator). Screenshots of the web-
based tool are provided in Appendix 5, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.200022/tab-related-content.
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Figure 1: Mean predicted 6-month mortality across risk groups. Note: The horizontal bars are the upper and lower bounds of the 95% confidence intervals.
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Ethics approval

ICES is a prescribed entity under section 45 of Ontario’s Personal
Health Information Protection Act. The use of data in this project
was authorized under section 45 of the Act, which does not
require review by a Research Ethics Board.

Results

Our derivation cohort comprised 435009 community-dwelling
older adults who used home care between Jan. 1, 2007, and
Dec. 31, 2012 (Appendix 6, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.200022/tab-related-content). There were
1160429 RAI-HC assessments performed for these adults during
this period (comprising 4122 086 person-years [PYs] of follow-
up). The number of RAI-HC assessments per adult ranged from 1
to 25, with a median of 2 (interquartile range [IQR] 1-3). Of these,
103681 adults (23.8% of the derivation cohort) died within
6 months of a RAI-HC assessment.

Our temporal validation cohort comprised 195951 RAI-HC
assessments that were completed between Jan. 1 and Dec. 31,
2013, and represented 139388 home care users and 371567 PYs
of follow-up. The number of assessments per adult ranged
between 1 and 11, with a median of 1 (IQR 1-2). Of these home
care users, 20015 (14.4%) died within 6 months of an assessment.

We excluded 8856 assessments (out of 1365606) that had
missing responses for predictors that were included in our
model.

Table 1 provides the characteristics of patients who received
home care and were included in our study. The mean (SD) age in
our total cohort at the time of a RAI-HC assessment was
79.7 (10.5) years and most were female (65.0%). Among the
reported comorbidities, hypertension was the most prevalent
condition (60.8%), followed by coronary artery disease (26.8%)
and Alzheimer disease or other dementias (23.5%). Other mor-
bidities included in our algorithm (i.e., a history of stroke, con-
gestive heart failure, multiple sclerosis, parkinsonism, cancer,
chronic obstructive pulmonary disease [COPD] and renal failure)
had a prevalence of less than 20%. A substantial proportion of
the population (78.3%) required extensive assistance in per-
forming ordinary housework, with meal preparation and phone
use (i.e., tasks related to IADL). Most (55.2%) had no difficulties
maintaining their hygiene, using the toilet, or with locomotion
or eating (i.e., tasks related to ADL). Only 1.3% of the those who
received care had been given a prognosis of having fewer than
6 months to live. However, many had reported worsening cap-
acity to perform ADL (45.9%), cognitive skills (18.9%) and symp-
toms of health instability, as indicated by having edema (27.1%)
or shortness of breath (26.4%) in the past 3 days. Overall, there
were no systematic differences between the derivation and vali-
dation cohorts.

Cox proportional hazards regression

Hazard ratio estimates from the Cox proportional hazard
regressions for the derivation and total cohorts are shown in
Appendix 2. In our derivation cohort, predictors with the largest
effect on mortality were the diagnosis of an end-stage disease

(hazard ratio [HR] 3.22, 95% confidence interval [CI] 3.11-3.33)
and limitations in performing ADL (HR 3.58, 95% CI 3.42-3.76
for an ADL Hierarchy Scale score of 6) or IADL (HR 2.02, 95% Cl,
1.92-2.13 for an IADL Difficulty Scale score of 6). These were
closely followed by a reported history of (nonskin) cancer, par-
ticularly among patients who were receiving chemotherapy
(HR 3.34, 95% CI 3.21-3.48), congestive heart failure (HR 1.35,
95% ClI 1.32-1.37), renal failure and receiving hemodialysis
treatment (HR 1.66, 95% Cl 1.58-1.74), and chronic obstructive
pulmonary disease (COPD) with on-going oxygen therapy
(HR 1.54, 95% CI 1.50-1.58). Signs and symptoms of health
instability — such as weight loss, shortness of breath, vomiting
over 3 consecutive days and other items that make up the
Changes in Health, End-Stage Disease, Signs, and Symptoms
(CHESS) scale — were all independently and highly predictive of
death at 6 months after a RAI-HC assessment.

The top predictors of mortality identified in our regression
model were disproportionally represented in the highest risk
groups. We found that the proportion of patients who had limita-
tions in function (i.e., IADL and ADL tasks) or cognition, a history
of cancer and signs of health instability increased in parallel to
the predicted mortality risk. A detailed description of the base-
line characteristics for assessments in each of the 61 bins is avail-
able in Appendix 7, available at www.cmaj.ca/lookup/doi/
10.1503/cmaj.200022/tab-related-content.

Model performance

We created a calibration plot to compare the mean predicted
probability of death in each risk bin against its observed
Kaplan-Meier survival estimates at 6 months after a RAI-HC
assessment (Appendix 8, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.200022/tab-related-content). The algorithm
was well-calibrated across most risk bins. The deviation in our
temporal validation on RAI-HC assessments performed in 2013
(i.e., calibration-in-the-large) was 1.46 percentage points on
average. The calibration slope was 0.87 (95% CI 0.85-0.90),
which represented a nonsignificant concern with overfitting
and good generalizability.'® Discrimination was good in the vali-
dation cohort (C statistic 0.753, 95% CI 0.750-0.756).

We subsequently evaluated the calibration across categories of
the top predictors of mortality (Appendix 9, available at www.cmaj.
ca/lookup/doi/10.1503/cmaj.200022/tab-related-content). We
evaluated the ADL and IADL scale scores, the presence or history of
select diseases and receipt of life-sustaining therapies (i.e., hemodi-
alysis, oxygen therapy and chemotherapy). The algorithm was well-
calibrated across most predictors, with less than a 4.8 percentage
point deviation from the observed probability of death in all cat-
egories. Calibration was poor in patients who were scheduled to
receive life-sustaining therapies (e.g., dialysis, ventilation and che-
motherapy) but did not receive them, likely because of their unex-
pected deaths.

Survival

The mean predicted 6-month probability of death in our full
study cohort was 10.8% (95% Cl 10.7%-10.8%) and ranged from
1.54% in the lowest risk bin (95% CI 1.53%-1.54%) to 98.1% in
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Table 1 (part 1 of 2): Baseline characteristics of the derivation and validation cohorts

No. (%) of No. (%) of No. (%) of
patients in the patientsin patients in
derivation the validation the total
cohort* cohort* cohort*
Characteristic n=1160429 n=195951 n=1356380
Age, yr; mean + SD 79.6 £10.5 80.6 £10.4 79.7+10.5
Sex
Female 759069 (65.4) 122913 (62.7) 881982 (65.0)
Male 401360 (34.6) 73038 (37.3) 474398 (35.0)
Highest level of education completed
Grade 11 or lower 411100 (35.4) 56275 (28.7) 467375 (34.5)
High school 190153 (16.4) 28617 (14.6) 218770 (16.1)
Technical or trade school 71070 (6.1) 10208 (5.2) 81278 (6.0)
Some college or university 173885 (15.0) 30130 (15.4) 204015 (15.0)
Unknown 314221 (27.1) 70721 (36.1) 384942 (28.4)
Diseases
Stroke 224251 (19.3) 36915 (18.8) 261166 (19.3)
Congestive heart failure 158167 (13.6) 27323 (13.9) 185490 (13.7)
Coronary artery disease 311387 (26.8) 51775 (26.4) 363162 (26.8)
Hypertension 700398 (60.4) 124052 (63.3) 824450 (60.8)
Alzheimer disease or other dementias 259128 (22.3) 59182 (30.2) 318310 (23.5)
Multiple sclerosis 14527 (1.3) 2165 (1.1) 16692 (1.2)
Parkinsonism 54632 (4.7) 10592 (5.4) 65224 (4.8)
Cancer (in the past 5 yr, excluding skin cancer) 169592 (14.6) 26710 (13.6) 196302 (14.5)
Emphysema, COPD or asthma 210868 (18.2) 37406 (19.1) 248274 (18.3)
Renal failure 85784 (7.4) 16831 (8.6) 102615 (7.6)
IADL Difficulty scale
0= No difficulty in performing ordinary housework, meal preparation or phone use 40376 (3.5) 3222 (1.6) 43598 (3.2)
1 76628 (6.6) 5611 (2.9) 82239 (6.1)
2 133787 (11.5) 14365 (7.3) 148152 (10.9)
3 17557 (1.5) 2794 (1.4) 20351 (1.5)
4 240055 (20.7) 32954 (16.8) 273009 (20.1)
5 450753 (38.8) 87753 (44.8) 538506 (39.7)
6 = Great difficulty in performing ordinary housework, meal preparation or phone use 201273 (17.3) 49252 (25.1) 250525 (18.5)
ADL Self-performance Hierarchy scale
=Independent in maintaining personal hygiene, toilet use, locomotion and eating 663190 (57.2) 84980 (43.4) 748170 (55.2)
1 127685 (11.0) 25871 (13.2) 153556 (11.3)
2 172038 (14.8) 39253 (20.0) 211291 (15.6)
8 81754 (7.0) 19686 (10.0) 101440 (7.5)
4 60026 (5.2) 13715 (7.0) 73741 (5.4)
5 41638 (3.6) 9385 (4.8) 51023 (3.8)
6 =Total dependence in maintaining personal hygiene, toilet use, locomotion and eating 14098 (1.2) 3061 (1.6) 17159 (1.3)
Worsening ADL
Yes 512843 (44.2) 109837 (56.1) 622680 (45.9)
No 647586 (55.8) 86114 (43.9) 733700 (54.1)
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Table 1 (part 2 of 2): Baseline characteristics of the derivation and validation cohorts

Characteristic

Cogpnitive skills for daily decision-making
Worsening decision-making capacity
Signs and symptoms of health instability
Vomiting in at least 2 of the last 3 d
Edemain the last 3 d
Shortness of breath in the last 3 days
Weight loss of > 5% in the last 30 d or > 10% in the last 6 mo
Noticeable decrease in food or fluid consumption compared with normal
Insufficient intake of fluids over the last 3 d
Prognosis of less than 6 mo to live
Yes
No
Receipt of life-sustaining treatments or therapies
Chemotherapyt
DialysisT
Ventilator for assistive breathing or oxygen therapyt
No. of inpatient admissions over the past 90 d
0
1
2
3 or more
No. of emergency department visits over past 90 d
0
1
2
3 ormore
Reason for assessment
Initial assessment
Follow-up assessment
Routine assessment at a fixed interval
After discharge from hospital
Assessment owing to a change in health status
Year of assessment
2007
2008
2009
2010
2011
2012
2013

No. (%) of

patients in the

derivation
cohort*
n=1160429

204918 (17.7)

15783
305303
297853
88373 (7.6)
35632 (3.1)
16483 (1.4)

(1.4)
(26.3)
(25.7)
(7.
(3.
(

14030 (1.2)
1146399 (98.8)

18626 (1.6)
16907 (1.5)
105361 (9.1)

799748 (68.9)
302152 (26.0)
45660 (3.9)
12869 (1.1)

942148 (81.2)
162917 (14.0)
36657 (3.2)
18707 (1.6)
434649 (37.5)
204139 (17.6)
441476 (38.0)

58738 (5.1)

21427 (1.8)
189655 (16.3
190575 (16.4
190226 (16.4
190673 (16.4
198233 (17.1
(

& & &2 &S &2 | &2

201067 (17.3
0(0.0)

No. (%) of
patientsin

the validation

cohort*
n=195951

50917 (26.0)

2826 (1.4)
62326 (31.8)
60384 (30.8)

17630 (9.0)

8749 (4.5)

3865 (2.0)

3072 (1.6)
192879 (98.4)

2189 (1.1)
2940 (1.5)
19739 (10.1)

125997 (64.3)
57735 (29.5)
9449 (4.8)
2770 (1.4)

153825 (78.5)
30329 (15.5)
7604 (3.9)
4193 (2.1)

77171 (39.4)
36203 (18.5)
65608 (33.5)
11770 (6.0)
5199 (2.7)

195951 (100.0)

Note: ADL = activities of daily living, COPD = chronic obstructive pulmonary disease, IADL = instrumental activities of daily living, SD = standard deviation.

*Unless specified otherwise.

tDefined as having received a prescription for the treatment and partial or full adherence to treatment.

No. (%) of
patients in
the total
cohort*
n=1356380

255835 (18.9)

18609 (1.4)
367629 (27.1)
358237 (26.4)

106003 (7.8)

44381 (3.3)

20348 (1.5)

17102 (1.3)
1339278 (98.7)

20815 (1.5)
19847 (1.5)
125100 (9.2)

925745 (68.3)
359887 (26.5)
55109 (4.1)
15639 (1.2)

1095973 (80.8)
193246 (14.2)
44261 (3.3)
22900 (1.7)

511820 (37.7)

240342 (17.7)

507084 (37.4)
70508 (5.2)
26626 (2.0)

189655 (14.0)
190575 (14.1)
190226 (14.0)
190673 (14.1)
198233 (14.6)
201067 (14.8)
195951 (14.4)
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Figure 2: Kaplan-Meier survival estimates of select risk groups in the full cohort.

the highest bin (95% CI 98.1%-98.2%). Median Kaplan-Meier sur-
vival time (Figure 2) varied from 28 days (11-84 d at the 25th and
75th percentiles) in the highest risk group to over 8 years (1925 to
>3420d) in the lowest risk group.

Interpretation

We developed a predictive model of 6-month mortality among
older, community-dwelling adults who required home care
using linked personal-level data that included self-reportable
chronic conditions, symptoms and level of function. The data
represented a true population perspective and are well-suited
for the development of prognostication tools for the community
setting, given the public funding and provision of homes care
services in Ontario.

Among the top predictors of 6-month mortality, we found
measures of functional capacity (limitations in IADL and ADL) to
be important factors capturing decline and deterioration
toward death — even more than most individual chronic dis-
eases themselves. Although only a small number of home care
users were given a prognosis of less than 6 months to live,
nearly one-quarter of the study cohort exhibited rapid health
declines that were correlated with elevated 6-month mortality

risk — an indication that a sizeable proportion of this popula-
tion may have end-of-life care needs that were not identified or
met. For clinicians as well as decision-makers, this suggests that
RESPECT has the potential to serve as a trigger for a compre-
hensive palliative care needs assessment after the completion
of each RAI-HC assessment.

Overall, the RESPECT model showed good performance.
Compared with similar algorithms that estimate short-term
mortality risk (< 1 year), RESPECT had comparable discrimina-
tion (C statistic of 0.75 compared with 0.66 to 0.72)2°2 but
improved calibration and classification of risk according to
incremental survival thresholds. For example, 1 well-known
algorithm predicting mortality using data elements from the
RAI-HC is the CHESS scale. A 2016 study?® using a similar
cohort of patients who received home care recipients in
Ontario reported poorer discrimination (C statistic of 0.66 for
the CHESS scale) than RESPECT. Furthermore, the CHESS
scale does not present meaningful stratifications according to
survival time, because the top 2 risk categories of the CHESS
scale represent an incremental increase in predicted risk of
49% (from a 37% 6-month mortality risk when the patient
scores 4 out of 5 on the scale to 86% 6-month mortality risk
associated with the highest risk score of 5 out of 5), despite
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showing similar calibration (calibration plot slope of 0.89 and
intercept of 0.014) as for RESPECT (Appendix 10, available at www.
cmaj.ca/lookup/doi/10.1503/cmaj.200022/tab-related-content). As
patients with CHESS scores of 4 or 5 comprise 3.0% and 0.2% of
the population, respectively, these translate to differences of
200-3000 patients per 1000000 home care users who may
require palliative and end-of-life care. The large, 10-fold differ-
ence poses a practical challenge to health system planning. In
contrast, differences among the highest risk bins in RESPECT
represented incremental survival of 3 weeks that translated into
a constant increase by intervals of 0.2% of the population, which
may be more easily operationalized for capacity planning at the
health system level.

Limitations

As with many prediction models, RESPECT is less well-calibrated
at the extremes of the distribution. In particular, we found that
RESPECT overpredicted the mortality risk of patients in our top
3 risk bins. The imprecision may reflect the absence of other
potentially influential predictors (e.g., cancer type and staging
information) or interaction effects in our model. Despite this,
clinically, these risk groups captured patients with extremely
poor prognosis, all of whom could benefit from palliative care.
Most of the patients (94%, 89% and 84%, respectively) in these
3 bins died within 1 year of their RAI-HC assessment. Neverthe-
less, we are currently exploring other modelling approaches
that may better account for nonlinear and possible time-varying
effects to improve the predictive performance of RESPECT. At
the inception of this study, we did not have the opportunity to
perform an external, geographical validation of the final model.
The validation was performed among home care users in
Ontario. We aim to further assess our algorithm’s generalizabil-
ity by validating it in other Canadian provinces where RAI-HC
data are available.

Conclusion

We developed RESPECT from routinely collected health care
administrative data available in many Canadian provinces. Our
model provides useful survival information that can inform
when palliative care should be started. It could be readily
implemented at the health system level as a care planning tool
and at the patient level as a risk communication aid. The tool
utilizes information from the RAI-HC that can be easily self-
reported by patients or their caregivers to support their
decision-making and, potentially, allows them to advocate for
their care needs to achieve the appropriate balance of life-
prolonging and comfort care.
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