CLINICAL REVIEW

Prognostic Indices for Advance Care Planning in
Primary Care: A Scoping Review

Peter Kim, MD, MPH, Jeanette M. Daly, PbD, RN, Maresi A. Berry-Stoelzle, PhD, MD,
Megan E. Schmidt, MEd, MPH, LeAnn C. Michaels, BS, David A. Dorr, MD, MS, and

Barcey T. Levy, PhD, MD

Background: Patient identification is an important step for advance care planning (ACP) discussions.
Objectives: We conducted a scoping review to identify prognostic indices potentially useful for ini-

tiating ACP.

Methods: We included studies that developed and/or validated a multivariable prognostic index for
all-cause mortality between 6 months and 5 years in community-dwelling adults. PubMed was searched
in October 2018 for articles meeting our search criteria. If a systematic review was identified from the
search, we checked for additional eligible articles in its references. We abstracted data on population
studied, discrimination, calibration, where to find the index, and variables included. Each index was

further assessed for clinical usability.

Results: We identified 18 articles with a total of 17 unique prognostic indices after screening 9154
titles. The majority of indices (88%) had c-statistics greater than or equal to 0.70. Only 1 index was
externally validated. Ten indices, 8 developed in the United States and 2 in the United Kingdom, were

considered clinically usable.

Conclusion: Of the 17 unique prognostic indices, 10 may be useful for implementation in the pri-
mary care setting to identify patients who may benefit from ACP discussions. An index classified as
“clinically usable” may not be easy to use because of a large number of variables that are not routinely
collected and the need to program the index into the electronic medical record. (J Am Board Fam Med

2020;33:322-338.)
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Prognosis

In the United States and worldwide, there is recog-
nition that advance care planning (ACP) is impor-
tant in patient care.' A group of experts using the
Delphi process defined ACP as follows: “ACP is a

process that supports adults at any age or stage of
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health in understanding and sharing their personal
values, life goals, and preferences regarding future
medical care. The goal of ACP is to help ensure
that people receive medical care that is consistent
with their values, goals and preferences during seri-
ous and chronic illness.”* ACP is a process that
allows physicians and other health care professionals
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to provide care concordant with patient-defined
goals and values.” ACP is not limited to ensuring
the designation of a proxy for health care decision-
making or documentation of code status, although
these aspects are usually part of the discussion.

Although ACP can reduce anxiety and depres-
sion in patients and families and increase the
likelihood for patients to receive medical care
concordant with their goals and values,*™® only
about one-third of the population in the United
States participates in some form of ACP.’
Current research efforts focus on expanding the
implementation of ACP and measuring its qual-
ity and clinical impact.'*!!

Although ACP is potentially appropriate for
nearly all adult patients, given the realities of a busy
practice, it would be useful to have a system for
identifying patients with a more limited prognosis.
Family medicine physicians are well situated to
engage in ACP due to the continuity of care that
they provide.'” However, they are often uncertain
about which patients to involve in ACP conversa-
tions and when to have the discussion.'’ Prognosis
is often used for referral to hospice or palliative
care.'*'® Prognosis is a possible trigger for primary
care physicians to initiate ACP with patients.'”

We conducted a scoping review and summarized
prognostic indices that predict all-cause mortality
in community-dwelling adults. The purpose was to
identify prognostic indices potentially useful for
supporting implementation of ACP in primary
care. The key question was the following: “What
studies developed and/or validated a prognostic
index for 6-month to 5-year all-cause mortality in
community-dwelling adults?” Our objective was to
identify indices that might assist family physicians
and others with identifying patients who may be
appropriate for ACP discussions well before the
final weeks of life.

Methods

"This review was informed by the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
Extension for Scoping Reviews checklist.'®

Eligibility Criteria

We adapted the following criteria from the
Transparent Reporting of a multivariable predic-
tion model for Individual Prognosis Or Diagnosis
(TRIPOD) checklist'’: the study developed and/or

Figure 1. Final Search Query as displayed on PubMed.

(("advance care planning"[MeSH] OR "prognostic
index"[All Fields]) OR ("serious illness"[All Fields] OR
"seriously ill patient"[All Fields])) OR ("mortality"[All
Fields] AND ("predict"[All Fields] OR "prediction"[All
Fields]) AND ("primary care"[All Fields] OR
"community-dwelling adults"[All Fields] OR "older
adults"[All Fields] OR "elderly"[All Fields]))

validated a multivariable prediction model in com-
munity-dwelling adults, and the outcome was all-
cause mortality in the range of 6 months to 5 years.
The time frame was chosen to aid clinicians in ini-
tiating ACP before a patient is eligible for hospice
but when a serious illness conversation would be
appropriate.>'* Individuals with a life expectancy of
less than 6 months ideally should undergo a series
of ACP conversations, but the focus of this article
was to identify algorithms that could help predict
life expectancy for longer intervals and, thus, pro-
mote ACP earlier than it might otherwise be done.
All types of articles meeting our eligibility criteria
were included.

Information Sources and Search Strategy

PubMed was searched on October 27, 2018 for
articles using the strategy indicated in Figure 1.
PubMed includes all articles from 1966 or the first
year a given journal was published. Search terms
were built using concepts such as ACP, prognostic
index, serious illness, and mortality. Filters such as
‘humans,” “English-language,” and “adult: 19+
years” were applied. References of a systematic
review that met the eligibility criteria were checked
to identify additional studies.

Selection of Sources of Evidence

The literature search and screening of titles were
completed by 1 author (PK). Articles with titles
indicating development and/or validation of a prog-
nostic index in community-dwelling adults were
chosen. Then, the abstracts of these articles were
reviewed by 2 independent investigators (PK and
JD/BTL/MBS) for possible inclusion. Differences
were resolved by discussion among all reviewers.
Full-text articles of abstracts that met our inclusion
criteria were assessed for eligibility by 1 researcher
(PK). During full-text review, studies were excluded
if (1) a prognostic index was not internally
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validated, (2) it identified individual predictors of
mortality but did not develop a usable index, or (3)
over half of the cohort used to develop the index
was hospitalized or nursing home patients. Eighteen
articles met the inclusion criteria.”*>’

Data Abstraction
Two investigators (PK, BTL) reviewed each article
and tabulated each prognostic index according to
broad categories of usability (clinically usable vs not
usable) and summarized key information regarding
each index in Tables 1 to 3. Final tables were
agreed on by all authors. An index was considered
clinically usable if the instrument scoring and inter-
pretation were available either in the article or
online and not usable otherwise. A website link to
each index, if available, was included in Table 3.
Discrimination of a prognostic index, as measured
by the c-statistic in the cut-point analyses of the
index, was categorized as poor (<0.60), moderate
(0.60 to 0.69), good (0.70 to 0.79), very good (0.80 to
0.89), or excellent (>0.90).*** Tools were consid-
ered well calibrated if the percent difference between
predicted and observed mortality in a given risk
group was less than 10 and poor if greater than or
equal to 10%.*® Other calibration and fitting meth-
ods, such as Hosmer-Lemeshow statistics, a test
where statistical significance indicates poor calibra-
don, and Cox calibration regression, where an «
intercept of 0 and B slope of 1 indicate perfect cali-
bration, were included if reported.* If the index pre-
dicted mortality at more than 1 time point, it was
categorized under the longest mortality estimate that
did not exceed 5 years, but information regarding the
authors’ other cut points was included in Table 2.

Results

Search Results

Figure 2 shows the flow diagram of the study selec-
tion process, adapted from the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
Extension statement.* Using our predefined search
terms, we identified 18,305 records; applying filters
on PubMed excluded 9,151 records and 9,154 titles
were screened. After the title screening process, 182
abstracts were reviewed for potental eligibility.
Forty-four full-text articles were assessed, and 1 addi-
tional unique article was found in the references of a
systematic review identified through the search,’
leading to 45 articles that were considered for full-

Table 1. Descriptive Statistics of the 17 Unique Indices*

n %
Time Frame for Mortality
6 month?®?! 1 5.9
1 year??~26 5 29.4
15 month*’ 1 5.9
2 year™® 1 5.9
3 year?*3? 2 11.7
4 year®! 1 5.9
5 year?™7 6 35.3
Country
United States20:21:25:26:28,30,31,34-37 10 58.8
United Kingdom?%%**? 3 17.6
Ttaly?*%7 2 11.8
Russia®’ 1 5.9
South Korea? 1 5.9
C-statistics
0.50 to 0.59 (poor) 0 0
0.60 to 0.69 (moderate)***° 2 11.7
0.70 to0 0.79 (good)??3:23:31-3%38 8 47.1
0.80 to 0.89 (very good)?*-1:2+26-28:36.37 7 41.2
0.90 to 1.00 (excellent) 0 0
Calibration
Well calibrated 13 76.5
<10% Difference???H26-28:30:31,34.35.37 10 58.8
Hosmer-Lemeshow P > .05%%3¢ 2 11.8
Cox calibration regression® (perfect 1 5.9
calibration: =0, B8 = 1)
Poorly calibrated (>10% difference)*? 1 5.9
Calibration curve only®**! 1 5.9
Not reported*** 2 11.8
Usability
Clinically usable???6-28:30:31,33,34,36,37 10 58.8
Not usable20:21:23-25,29.32,35 7 412

*Han et al.?” and Duarte et al.”" use the same index.

TUsability: usable if the mortality risk can be calculated using
the instrument and interpreted without referring to the text of
the article and not usable otherwise.

text review. Of these, 18 articles met our inclusion
criteria and were summarized in Tables 1 to 3.2
Of these, 1 study externally validated a published
index,”' yielding a total of 17 unique indices. Table 1
summarizes the 17 indices. The majority of indices
were developed in the United States (n = 10), fol-
lowed by Europe (n = 6), and Asia (n = 1).

The systematic review conducted by Yourman et
al.*® identified 16 unique prognostic indices that
were developed in community, nursing home, and
hospital settings. Five out of 6 prognostic indices in
the community setting for predicting 1- to S-year
mortality were captured using the search terms
in this scoping review.”**%*137 The combined
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comorbidity score to predict 1-year mortality by
Gagne et al.’® was not captured, possibly because
it is listed under the medical subjects heading
term “hospital mortality” on PubMed. It met our
inclusion criteria and was included in the final list
for full-text review. The remaining 10 of 16 stud-
ies in Yourman et al.’® were excluded based on
our eligibility criteria.

Characteristics of Identified Indices

Table 2 summarizes the 18 articles meeting the cri-
teria for full review, including the population stud-
ied, information on the development and/or
validation cohort, calibration statistics, and discrim-
ination as assessed by the c-statistic. Calibration
and discrimination should be described for clinical
prediction models.*” There was heterogeneity in
reporting the calibration of prognostic indices, but
the majority of indices were well calibrated, as indi-
cated by less than 10% difference in the predicted
and observed mortality rates?%?*26-28:30-31.3%33.37
Two studies did not report calibration.”** No
prognostic indices had excellent discrimination (c-
statistic, >0.90). Eight indices had very good dis-
crimination (c-statistic, 0.80 to 0.89),°%2%2%:31-3
7 had good discrimination (c-statistic, 0.70 to

0.79),21:2426-283637 414 2 had moderate discrimina-

tion (c-statistic, 0.60 to 0.69).%%°

Table 3 groups the indices by clinical usability.
For each index, we report authors and year pub-
lished, population and country, mortality time frame,
where to find, and all variables included in the instru-
ment. Ten articles presented their prognostic indices
either in the article or online and were classified as
clinically usable.2226-28:3031.33,34.3637
100% agreement between the 2 reviewers (PK and
BTL) on clinical usability. Although Pilotto et al.**

included a link to downloadable software, we classi-

There was

fied it as not usable because it requires knowledge of
Italian. The modified Geriatric Prognostic Index by
Jung et al.*? is available as a free downloadable applica-
tion on mobile devices, but we classified it as not usable
because it requires knowledge of Korean and uses scales
not commonly used in the United States.

Assessment of Individual Indices

Summarized below are 17 published indices identi-
fied from 18 articles according to the time frame of
the mortality index.

Six-Month Mortality

Duarte et al.”' externally validated the Patient-
Reported Outcome Mortality Prediction Tool
(PROMPT) in patients age 65 and older in Maine,
US. The development cohort was that used by
Han et al.*° The PROMPT questionnaire shown
in their Appendix is a patient self-reported ques-
tionnaire that takes 15 minutes. The calibration
curve was shown, but no information was pro-
vided on predicted or observed mortality rates for
the different risk groups. The index had good
discrimination.

Han et al.?° developed PROMPT, which esti-
mates 6-month mortality risk by using cohorts
from the 1998 to 2003 Medicare Health Outcomes
Survey of community-dwelling adults aged 65 years
and older in the United States. The calibration
curve was shown, but no actual data were pro-
vided for the predicted or observed mortality rates
for the different risk groups. The index had good
discrimination.

One-Year Mortality

The QMortality® risk prediction equation devel-
oped by Hippisley-Cox and Coupland is a 1-year
mortality index for primary care patients aged 65
and older.”” Using a large, validated medical
research database in England, the algorithms for
both men and women were well calibrated and had
very good discrimination.

Crooks et al.”> developed a comorbidity score to
predict 1-year mortality using 3 national administra-
tive databases in England. All people older than
20vyears registered to a primary care practice were
followed for 1 year and were randomly divided into 2
halves for development and validation. Chara-
cteristics of each cohort were not reported sepa-
rately. The relative goodness of fit was statistically
significant compared with the Charlson and the
Elixhauser indices (likelihood ratio test, P < .0001),
indicating improvement in model fitting for the
score developed by Crooks et al.>* It also had better
discriminatory performance than Charlson*® (c-sta-
tistic, 0.87; 95% CI, 0.87-0.87) or Elixhauser
comorbidity measures™ (c-statistic, 0.87; 95% CI,
0.87-0.87). Charlson®™ and Elixhauser™ are well-
known prognostic indices.

Pilotto et al.** developed an index based on an
assessment of community-dwelling adults older
than 65 years living at home in Italy. The index was

doi: 10.3122/jabfm.2020.02.190173

Prognostic Indices for Advance Care Planning 325

‘1ybLAdoo Ag paloalold 1sanb Ag Gzoz AeN 2 uo /Bio wigel mmm//:dny woly papeojumod "020Z Y2Je 9T U0 £/T06T 20°0202 Wigel/zzTe 0T Se paysiignd 1siiy :paj\ wed preog wy


http://www.jabfm.org/

Table 2. Prognostic Indices for Community-Dwelling Adults, by the Most Recent Published Year and Authors in
Alphabetical Order, according to the Increasing Order of the Time Frame of Mortality Index

Accuracy®
Population Calibration S
Devel Validation
Discrimination (95% CI)
Author Index Develop t Validation Devel t Validation}
6-month all-cause mortality
Duarte et al. 6-mo in See Han et al. n=467 Graph only (Figure 2 of paper)?'; used Hosmer-Lemeshow statistic, p = 0.66, indicates the
(2015)*! inpatient and (2012)* Mean age 80 y updated version of the original model is well calibrated
outpatient age 56% female C'=0.75; same cohort used by Han et al. C=0.73 (0.63-0.82)
>65y 7% 6-mo mortality (2012)
Han et al. 6-mo in n=21,870 Used 10-fold cross Graph only (Figure 3 of paper)?
(2012)* Medicare Mean age 78 y validation of
beneficiaries 59% female development cohort | ¢=0.75 C-statistic NR
age>65y 15% 6-mo mortality
1-year all-cause mortality
Hippisley-Cox | 1-y primary n= 1,466,598 n =499,478 NR Women
& Coupland care patients Mean age 75y Mean age 75 y Risk Predicted, Observed,
(2017)* age >65y 45% male 45% male percentile 1-y (%) 1-y (%)
95% white or not 95% white or not >5(th 13.5 13.1
recorded recorded >9(th 36.1 354
12% 1-y mortality 12% 1-y mortality >ogh 594 50.6
Men
Risk Predicted, Observed,
percentile 1-y (%) 1-y (%)
>50 13.8 13.6
>90h 36.8 37.7
>98th 64.6 56.9
C-statistic NR C=0.853 (0.850-0.856), women
C=0.844 (0.841-0.847), men
Crooks et al. l-yin primary | n= 328,628 n=328,636 NR; used Akaike’s information criterion (AIC) and likelihood ratio test (p < 0.0001) to
(2016)* care patients Mean age NR Mean age NR compare relative goodness of fit
age 20-100 y % gender NR % gender NR
3% 1-y mortality 3% 1-y mortality C=0.88 C=0.88
Pilotto et al. 1-yin n=7,876 n=4,144 Quintile of Predicted, Observed, Quintile of Predicted, Observed,
(2013)* community- Mean age 82 y Mean age 82 y predicted 1-y (%) 1-y (%) predicted 1-y (%) 1-y (%)
dwelling age 63% female 63% female risk risk
>65y 43% 1-y mortality 44% 1-y mortality 1 14.6 11.9 1 14.6 9.6
2 25.0 21.2 2 25.2 23.0
3 37.7 364 3 384 40.4
4 582 66.4 4 59.4 64.4
5 91.9 90.2 5 92.8 915
C=10.79 (0.78-0.80) C=0.79 (0.78-0.80)
Wang et al. 1-y in primary n=2,761,392 n=1,837,016 NR See Figure 12 (lower middle panel)
(2013)* care patients Mean age 64 y Random splitting; Used Cox calibration regression, which
within the 94% male can assume similar indicated model was extremely well-
Veterans 2.6 % 1-y mortality characteristics to calibrated;
Health development cohort slope (95% CI): 1.002 (0.995 — 1.009),
Administration intercept (95% CI): 0.001 (-0.021 — 0.023)
age 18-110y C-statistic NR C=0.851 (0.850-0.853)
Gagne et al. 1-yin n=120,679 n=123,855 NR Predicted, 1-y (%) Observed, 1-y (%)
(2011)% Medicare Mean age 80 y Mean age 79 y <7 3.1
enrollees age 83% female 77% female 7-<17 11.8
>65y 9% 1-y mortality 7% 1-y mortality >17 292
C-statistic NR C=0.788 (0.786-0.791)

15-month all-cal

use mortality

C=10.73 (0.71-0.75), model 2

Mazzaglia et 15-mo in n=2470 N=2926 Risk Score Observed, 15-mo Risk Score Observed, 15-mo
al. (2007)%" community- Mean age 75 y Mean age 75 y (%) (95% CI) (%) (95% CI)
dwelling age 56% female 59% female 0 0.2 (0.04-1.1) 0 0.3 (0.03-1.1)
>65y 5% 15-mo mortality | 4% 15-mo mortality | | 1.4 (0.4-3.6) 1 0.9 (0.1-2.1)
2 1.1(0.4-2.3) 2 0.7 (0.2-1.1)
>3 9.6 (7.9-11.5) >3 8.2 (6.7-9.8)
C=0.75(0.72-0.78) C=0.75(0.73-0.78)
2-year all-cause mortality
Carey et al. 2-yin n=4,516 n=2.877 Risk Score Observed, 3-y (%) Risk Score Observed, 3-y (%)
(2004)* community- Mean age 78 y Mean age 78 y 0-2 3 0-2 5
dwelling age 61% female 61% female 36 ] 36 12
>70y 84% White 73% White
. . 7-10 34 7-10 36
0, 9 0, -
10% 2-y mortality 12% 2-y mortality G656 ol
3-year all-cause mortality
Turusheva et 3-yin n=379 n=>567 NR NR (external validation in adults >80);
al. (2017)% community- Mean age 77 y Mean age 85y they show a net reclassification index (NRI)
dwelling adults | 75% female 63% female 0f 0.0011 (95% CI - 0.1742-0.1884)
age >65y 13% 2.5-y mortality | 23% 3-y mortality C=0.72 (0.70-0.74), model 1 C=0.59 (0.54-0.64), model 1

C=0.60 (0.55-0.64), model 2

Continued
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Table 2. Continued

Accuracy*
Population Calibration
Develop Validation
Discrimination (95% CI)
Author Index Develop t Valid Develog t Validation}
Carey et al. 1-,2-, & 3-yin | n=2232 n=1,667 Risk Score Observed (%) Risk Score Observed (%)
(2008)*° community- Mean age 79 y Mean age 79 y 1y 03 64 loy 03 68
dwelling age 68% female 76% female 25 o1 45 108
>55y 40% white 65% white > 20.6 =5 22'2
13% -y mortality 13% 1-y mortality - - = -
NR 2-y mortality NR 2-y mortality 2-y 0-3 13.8 2-y 0-3 14.5
37% 3-y mortality 36% 3-y mortality 4-5 24.3 4-5 2438
>5 39.7 >5 40.5
3y 0-3 20.9 3y 0-3 18.1
4-5 36.2 4-5 35.7
>5 54.1 >5 55.1
C=0.66 C=0.69
4-year all-cause mortality
Lee etal. 4-y in n=11,701 n= 38,009 Point Score Observed, 4-y (%) Point Score Observed, 4-y (%)
(2006)*! community- Mean age 67 y Mean age 67 y 0-5 3 0-5 4%
dwelling adults | 57% female 56% female 6-9 15 6-9 15%
age =50y 81% white 71% white 10-13 40 10-13 42%
10% black 19% black >14 67 >14 64%
12% 4-y mortality 13% 4-y mortality C=084 C=0.82
5-year all-cause mortality
Jung et al. 3-and 5-y in n=988 n=1,109 Geriatric Predicted, Observed, Geriatric Prognosis | Observed, 3-y (%)
(2016)** community- Mean age 76 y Mean age 77 y Prognosis 3-y (%) 3-y (%) Index (GPI) Score
dwelling adults | 56% female 64 % female Index (GPI)
age =65y 9% 3-y mortality 20% 3-y mortality Score
18% 5-y mortality 31% 5-y mortality 0 0.7 0 0 11.8
3.1 43 2 13.5
4 11.9 14.4 4 22.5
6 36.6 345 6 36.5
8 NR NR 8 66.7
Predicted, Observed, Observed, 5-y (%)
5-y (%) 5-y (%)
0 14.7 0 0 11.8
2 12.7 8.7 2 18.8
4 35.1 31.1 4 313
6 78.8 58.6 6 60.8
8 NR NR 8 83.3
C=0.78 (0.74-0.82), 3-y C=0.73(0.69-0.72), 3-y
C=0.80 (0.76-0.83), 5-y C=0.80 (0.77-0.82), 5-y
Ganna & S-yin n=498,103 n=35,810 NR Used Hosmer-Lemeshow statistics
Ingelsson community- Mean age 57 y, male | Mean age NR Women, p = 0.28; well-calibrated
(2015)* dwelling % gender NR Men, p = 0.0402; not well-calibrated
patients age 40- | Mean age 56y, 2% 5-y mortality C-statistic NR C=0.79 (0.76-0.83), women
70y female C=0.80(0.77-0.83), men
54% female
2% 5-y mortality
Mathias et al. 5-y in adults n=7463 Used 10-fold cross- NR 5-y Predicted, 5- | Observed,
(2013)* age >50y Mean age 62 y validation of mortality v (%) 5-y (%)
40% male development cohort risk decile
51% white <10% 3.6 3.6
11% 5-y mortality 20t0 <30% 244 242
50t0 <60%  54.8 55.5
70 to 80% 74.7 68.8
>90% 92.5 85.7
Hosmer Lemeshow, p = 0.20
C-statistic NR C=0.86(0.85-0.87)
Tan et al. 1- & 5-yin n= 568,656 n = 568,655 NR Predicted, 1-y (%) Observed, 1-y (%)
(2013)* Medicare Mean age 76y, Mean age NR <25% 4.3
beneficiaries female 60% female 25% —49% 334
age 66-90 y Mean age 75 y, male | Mortality NR for 50% — 74% 46.6
60% female either 1-y or 5-y, >75% 524
Mortality NR for Graph only for Predicted, 5-y (%) | Observed, 5-y (%)
cither 1-y or 5-y, survival (See <25% 2.1
Graph only for Figure 1)% 25% —49% 38.1
survival (See 50% — 74% 635
Figure 17 >75% 804
Intercept | Slope
Female 1-y 0.312 1.119
S-y 0.075 1.065
Male 1-y 0.238 1.102
S-y 0.064 0.065
Intercept values close to 0 and slope close
to 1 indicate good calibration
Female Male Female Male
C=081, 1-y C=0.79, 1-y C=0.79, 1-y C=0.77,1-y
C=0.79,5-y C=0.76,5-y C=0.78,5-y C=0.76,5-y

Continued
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Table 2. Continued

Accuracy®
Population Calibration
D t Validation
Discrimination (95% CI)
Author Index Develop t Validati De tt Validationt
Zhang et al. 1- & 5-y in n=4434 n=2939 Risk Groups (Sum Observed, 1-y (%) Risk Groups Observed, 1-y (%)
(2012)% community- 49.7% age >70-<75y | 49.3% age >70-<75y | Scores) (Sum Scores)
dwelling adults | 63.3% female 62.4% female Very Low (0-2) 18 Very Low (0-2) 2.0
age >70y 89.2% white 88.3% white Low (3-4) 17 Low (3-4) 65
Moderate (5-6) 7.6 Moderate (5-6) 11.5
3.3% 1-y mortality 4.1% 1-y mortality High (7-8) 219 High (7-8) 18.8
22.8% 5-y mortality | 24.0% 5-y mortality | Very High (=9) 47.1 Very High (>9) 31.6
Observed, 5-y (%) Observed, 5-y (%)
Very Low (0-2) 6.9 Very Low (0-2) 8.7
Low (3-6) 12.8 Low (3-6) 14.5
Moderate (7-14) 30.0 Moderate (7-14) 30.3
High (15-17) 55.0 High (15-17) 57.6
Very High (>18) 79.9 Very High (>18) 66.1
Hosmer-Lemeshow statistics p > 0.1 for 1-y and 5-y, which indicates good overall
calibration
C=0.72, 1-y C=0.72, 1-y
C=0.74,5-y C=0.72,5-y
Schonberg et S-y in n=16,077 n=28,038 Point Score Observed, 5-y (%), Point Score Observed, 5-y (%),
al. (2009)*" community- 27% age >80y Random splitting; (95% CI) (95% CI)
dwelling adults | 62% female can assume similar 0-1 2(1-4) 0-1 3(1-6)
age >65y 85% non-Hispanic characteristics to 6-7 11(10-14) 6-7 12 (10-15)
white development cohort 10-11 25 (23-28) 10-11 29 (25-33)
17% 5-y mortality 14-15 47 (32-42) 14-15 49 (43-55)
>18 71 (65-77) >18 62 (54-70)
C-statistic NR C=0.75

NA, not available; NR, not reported; CI, confidence interval.
*Data for 6-month to 5-year mortality only, with 95% confidence interval if reported.

T Predicted and observed mortality rate or ranges of mortality rate, from low to high risk groups if reported (e.g., percentiles or classes [low, middle, or high]).

well calibrated across all risk groups and had good
discrimination.

Wang et al.”’ developed a model to predict 1-
year mortality in patients aged 18 to 100 years who
were assigned to a Veterans Health Administration
primary care provider. It was well calibrated (Cox
Intercept, a = 0.001 [95% CI, —0.001 to 0.023];
Cox Slope, B = 1.002 [95% CI, 0.998-1.008]) and
had very good discrimination. However, a narrow
range of mortality was observed (0.1% to 9.1%) for
patients categorized between the 5™ and 90 pre-
dicted risk percentiles. Coefficients included in the
model to predict death are available in a supple-
mental table with 95% Cls.

Gagne et al.”% used low-income Medicare enroll-
ees from Pennsylvania and New Jersey. The index
was well calibrated and had good discrimination.
Mortality ranged from 3% to 29%.

Fifteen-Month Mortality

Mazzaglia et al.”” developed and validated a 15-
month mortality index for community-dwelling
older adults by using data from a screening survey
of patients answered by primary care physicians
from 2 regions of Florence, Italy. The final model
includes a number of positive responses to another
screening test, which is not available in the article.”
The index was well calibrated and showed good

discrimination. The reported mortality was narrow,
ranging from 0% to 10%.

Two-Year Mortality

Carey et al.*® developed a functional morbidity
index to predict 2-year mortality in community-
dwelling older adults aged 70 and older by using
data from the Asset and Health Dynamics Among
the Oldest Old study in the United States. The
index was well calibrated across the risk groups and
demonstrated good discrimination.

Three-Year Mortality
Turusheva et al.”” developed 2 models of mortality
risk score to predict 3-year mortality. The deriva-
tion cohort (n = 379) was randomly sampled using
data from a prospective cohort study of commu-
nity-dwelling older adults aged 65 to 91 years in
Saint Petersburg, Russia. The authors validated the
2 models by using a cohort from an external cohort
study of people aged 80years or older in Belgium
(n = 567). Both models had good discrimination in
the development cohort but poor-to-moderate per-
formance in validation. Calibration was not reported
in the study.

The other 3-year mortality index for community-
dwelling elderly was developed by Carey et al.*® This
index allows for prediction of 1-, 2-, and 3-year
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Table 3. Continued

Where to Find Risk Tool and

Reference by

Variables Included in the Prognostic Index*

Scoring

Outcome

Population (Country)

Tool Usability

Demographics: age

Not in article or online.

1- and 5-year
all-cause
mortality

Medicare beneficiaries

(2013)*°

Tan et al.

Medical diagnosis: acquired immunodeficiency syndrome, cardiac arrhythmia, chronic

Social history: alcohol abuse, drug abuse

aged 66 to 90 years
(United States)

pulmonary disease, chronic blood loss anemia, coagulopathy, congestive heart failure,

deficiency anemia, depression, diabetes without chronic complications, diabetes with
chronic complications, fluid and electrolyte disorders, hypertension (uncomplicated),

hypertension (complicated), hypothyroidism, liver disease, lymphoma, metastatic

cancer, neurological disorders other than paralysis, obesity, paralysis, peptic ulcer

disease excluding bleeding, peripheral vascular disease, psychoses, pulmonary

circulation disease, renal failure, rheumatoid arthritis/collagen vascular disease, solid

tumor without metastasis, valvular disease, weight loss

*Not shown if the prognostic index did not have variables in one of the major categories (demographics, medications, social history, vital signs/labs, medical diagnosis, functional measures, and

other).
fClinically usable if the mortality risk can be calculated using the instrument and interpreted using tables and/or figures in the paper without referring to the main text in the article, and not usa-

BMI, body mass index; HMG-CoA, B-hydroxy B-methylglutaryl-CoA. ADL, activities of daily living; TADL, instrumental activities of daily living.
ble otherwise or if risk calculator is in a language other than English.

mortality. Its data source was patients enrolled in the
Program of All-inclusive Care for the Elderly in
the Western, Midwestern, and Eastern regions of the
United States. The index was developed using
the cohort from the Western region and validated in
the other 2 regions. The index had moderate dis-
crimination and was well calibrated across all risk
groups for 1-, 2-, and 3-year mortality.

Four-Year Mortality

A 4-year mortality index was developed by Lee
et al.’’ in community-dwelling adults aged
50years and older in the United States who
answered the Health and Retirement Survey
from 1992 to 1998. The development and vali-
dation cohorts were chosen based on geographic
location in the United States. The index was
well calibrated across all risk groups and had
very good discrimination.

Five-Year Mortality

Jung et al.*? developed a geriatric prognosis index
to predict 3- and 5-year mortality. Its data source
for development was the Korean Longitudinal
Study on Health and Aging cohort, which included
people aged 65 years and older living in a suburban
city of South Korea. A retrospective review of med-
ical records of people aged 60years and older who
had a geriatric assessment in the outpatient geriatric
clinic or inpatient ward was used for validation.
The proportion of inpatients used for the validation
cohort was not reported. The index requires the
use of a number of other scores such as the
Charlson Comorbidity Index and multiple geriatric
scales. Three-year mortality was well calibrated for
all risk groups. Calibration for 5-year mortality was
poor for higher risk groups but well calibrated for
lower and middle risk groups. For both 3- and 5-
year mortality, the 95% CI for mortality was wide
for all risk groups. The index had good discrimina-
tion for 3-year mortality and very good discrimina-
tion for 5-year mortality.

Ganna and Ingelsson®® developed a 5-year mor-
tality predicdon score using UK Biobank partici-
pant data from England and Wales, and they
validated it using participants from Scotland.
Prediction models were developed separately for
men (13 items) and women (11 items). These mod-
els had very good discrimination for men and good
discrimination for women. The score for men was
poorly calibrated (Hosmer-Lemeshow, P = .0402),
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Figure 2. Flow diagram of study selection process to identify potentially useful prognostic indices in the primary
care setting to help initiate advance care planning, adapted from the PRISMA statement.”* Abbreviations: MeSH,

Medical Subject Headings; ICU, intensive care unit

but the score for women was well calibrated
(Hosmer-Lemeshow, P = .28). For the Hosmer-
Lemeshow test, statistical significance (P < .05)
means poor calibration.

The Ensemble Index developed by Mathias et
al.** to predict S-year mortality was developed using

'
18,305 records identified on PubMed (Searched on 10/27/2018)
8,407 #1 “advance care planning” [MeSH]
£ 4,695 #2 “prognostic index”
= 2,689 #3 “serious illness” OR “seriously ill patient”
& 2,514 #4 “mortality” AND (“predict” OR “prediction”) AND (“primary care” OR “community-
b= dwelling adults” OR “older adults” OR “elderly”)
E
9,151 records removed using filters: ‘humans,” ‘English-language,’ and ‘adults: 19+’
| —
'S
9,154 titles screened
8,972 titles excluded; the study did not develop and/or validate a multivariable prediction
model for all-cause mortality in community-dwelling adults (e.g., excluded if predicted
mortality in hospital, ICU, or nursing home; or mortality specific to diseases, procedure,
therapy; or outcome other than mortality).
g
E 182 abstracts reviewed
&
@ 138 abstracts excluded
47 predicted mortality for hospitalized patients
35 predicted mortality less than 6 months or greater than 5 years
30 predicted mortality related to specific condition/disease (eg. frailty, malnutrition)
18 identified predictors for mortality identified without development of an instrument
2 had a non-mortality outcome (eg. stroke, thromboembolism, critical illness)
6 non-research articles (eg. editorial, letters, protocols)
—
44 full-text articles
assessed for eligibility
& 1 additional article identified through reference check of a systematic review
@n 45 full-text articles
5 assessed for eligibility
27 full-text articles excluded
20 did not provide a validated model
4 hospitalized patients comprised the majority of population cohort (>50%)
3 identified predictors of mortality without developing a usable instrument
—=
§ 18 eligible full-text articles
= 17 unique prognostic algorithms, developed and validated
E 1 external validation of a published algorithm

predicdve data mining and analysis of electronic
health records data from Epic (Verona, WI) and
Cerner (Kansas City, MO). The random forest en-
semble technique with alternating decision tree was
used to develop the model, and 10-fold cross valida-
ton was used. Its discrimination was very good,
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showing a higher c-statistic than the Walter life ex-
pectancy method and Charlson Comorbidity
Index,*** and it was well calibrated across all risk
groups.

Tan et al.** developed a life expectancy model
that adapts the Elixhauser comorbidity measure**
to predict 1- and 5-year mortality in the Medicare
population in the United States. A 5% random
sample of Medicare data was randomly split for
development and validation. The model was well
calibrated for all risk groups for 5-year mortality
and for low-to-middle risk groups for 1-year mor-
tality in both males and females. Calibration in
the high-risk groups for 1-year mortality in both
males and females was poor. Discrimination was
very good for I-year mortality in females and
good for 5-year mortality in females and 1- and 5-
year mortality in males.

Zhang et al.>® developed a 1- and 5-year mortal-
ity index using data collected alongside a national
health survey of noninstitutionalized adults in the
United States. The development cohort came from
randomly selecting 60% and using the remaining
40% for validation. The models were well cali-
brated according to the Hosmer-Lemeshow statis-
tics. Both the 1- and 5-year mortality index had
good discrimination and predicted a wide range of
mortality between low- and high-risk groups (2%
to 42% for 1 year and 7% to 81% for 5 year).

Schonberg et al.>” developed a S-year mortality
index for adults aged 65 years and older with good
discrimination. Linking data from the National
Health Interview Survey and the National Death
Index, two-thirds were randomly selected for devel-
opment and the remainder for validadon. The
index was well calibrated across all risk groups and
predicted a wide range of mortality between the
lowest to highest risk groups.

Discussion

This review summarizes 17 unique prognostic indi-
ces from 18 articles that predict all-cause mortality
between 6 months to 5years in community-dwell-
ing adults. Our review summarizes the performance
of prognostic indices and assesses their potential for
clinical use aimed at supporting implementation of
ACP in the primary care setting. Ten articles
included algorithms that were usable in the setting
of primary care office.2226-28303133343657 (o

search criteria included adults 18years and older.
However, only 3 of the 10 usable indices were
developed and validated in a population cohort
that included patients less than 65 years.’'?%3*
Three systematic reviews have identified prognos-
tic indices that predict mortality in community-
dwelling adults,*®*** but none of them made
recommendations on which tool to prioritize for
clinical implementation. Even a prognostic index
that is accurate, externally validated, well cali-
brated, and with a low risk of bias may still have
limited clinical use and impact if it is difficult to
use and if the physician does not have access to all
variables necessary for a specific prognostic algo-
rithm. Several of the indices we identified as clini-
cally wusable require knowledge of multiple
variables and are impractical without systematic
collection of these variables or additional pro-
gramming in an electronic medical record.

Implications for Future Research

Currently available approaches to prognostication
include clinical intuition and algorithms. A vali-
dated approach using clinical intuition to trigger
palliative care is to ask the following Surprise
Question (SQ): “Would I be surprised if this
patient died in the next 12 months?”!” Because
the SQ was not originally developed to predict
mortality, more research is needed to test how the
SQ can aid in the patient identification process
for physicians to initiate ACP.'® Combining the
SQ with another prognostic tool has the potential
to enhance accuracy in determining a patient’s
prognosis.”’

The indices we classified as clinically usable may
not be easy to use. They often require knowledge
of many variables that may not be easily accessible
to the practicing physician. Future research should
compare the clinically usable indices we identified
for time spent per patient and resources required to
program them into their existing electronic medical
records to see which ones are most feasible in busy
practices, given the large number of variables that
many of them have,?%26-28:30:31:33:3%3637 ¢ s 1y osi-
ble that these algorithms could be programmed
into the electronic medical record to prompt physi-
cians to discuss ACP with appropriate patients, the
same way many other best practice alerts are now.
It is currently unclear which if any of the indices we
identified might work best for initiating ACP dis-
cussions. With a growing interest in the use of
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machine learning and artificial intelligence in medi-
cal care, our results can guide researchers who wish
to test multiple algorithms simultaneously.’ >

Our work has implications for practice-based
research networks that wish to expand the imple-
mentation of ACP in the primary care setting. For
example, the Patient-Centered Outcomes Research
Institute recently funded 7 studies to encourage the
expansion of ACP and palliative care.’>* The
Meta-network Learning And Research Center
(Meta-LARC) ACP trial is 1 of these studies.’’
Meta-LARC is a consortium of 7 practice-based
research networks in the United States and Canada
including over 900 primary care practices and
approximately 4000 clinicians who care for over 3
million patients. Meta-LARC is dedicated to
increasing the quality, effectiveness, and safety of
primary care through accelerated research and
collaborative  learning  (https://www.ohsu.eduw/
oregon-rural-practice-based-research-network/
meta-larc). The ACP trial will use the infrastruc-
ture of Meta-LARC to conduct a cluster random-
ized trial in 42 primarily family physician practices
in the United States and Canada to compare the ef-
ficacy of clinician-led versus team-based approaches
to implement ACP in primary care.

Limitations

The risk of bias in individual indices was not
assessed, as it was not applicable for our review.
Publication bias may exist because we searched only
on PubMed, which may miss some articles. Given
the heterogeneity in the way studies reported their
calibration, straightforward comparisons were
impossible. Studies that included administrative
data may have included hospitalized and nursing
home patients. Although we attempted to exclude
indices developed on cohorts where more than
50% were hospitalized or in nursing homes, not all
articles provided this information. For this study,
we abstracted the calibration statistics, as reported
by the authors of each prognostic index. Currently,
methods to assess model performance are not
standardized and are reported in a variety of ways.
Future studies of prognostic indices should report
calibration by using standard means.** Clinicians
and researchers can choose to implement the prog-
nostic algorithms we classified as usable and test
whether appropriate patients for ACP conversa-
tions are identified in the primary care setting.

Conclusion

Our review identified 18 studies with 17 published
prognostic indices that are potentially useful for
patient identification for ACP conversations. Eight
prognostic indices from the United States and 2 from
the United Kingdom were identified as clinically
usable.?>2¢728303L33,3%3637 Ap index classified as
clinically usable may not be easy to use because of a
large number of variables that are not routinely col-
lected and the need for programming the index into
the electronic medical record. Future research should
validate these indices in other populations, compare
across indices to determine time spent per patient,
and program them into electronic medical records to
see which ones are most feasible in busy practices.

The authors thank Sharon Straus, MD, University of Toronto,
Toronto, Ontario, and Annette Totten, PhD, Oregon Health
and Science University, Portland, Oregon for their feedback on
this manuscript. The authors would like to thank Parang Kim,
MS, University of Iowa, for her work in formatting the tables.
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