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ROGNOSTIC INFORMATION IS

valuable to many of the stake-

holders in the US health care

system. For patients and care-
givers, prognostic information is needed
to inform clinical decision making.! For
example, patients with limited life ex-
pectancy may benefit more from ad-
vance care planning and discussions on
the goals of care.”? Older patients with
better than average life expectancy may
be more likely to benefit from cancer
screening since recent guidelines sug-
gest clinicians target screening in the el-
derly to those with life expectancies
greater than 5 years.*® For policymak-
ers, prognostic information is essential
when comparing the quality of care be-
tween different health care organiza-
tions, such as hospitals and insurance
plans. Accurate risk adjustment levels
the playing field by accounting for the
differences in health status of the un-
derlying populations making fair com-
parisons between health care organiza-
tions possible. Finally, prognostic
information is essential for epidemio-
logical studies.” Observational studies re-
quire accurate risk adjustment so that
baseline differences do not confound the
relationship between the risk factor of
interest and the outcome.

Despite the clinical, policy, and epi-
demiological importance of prognostic
information, there are few prognosticin-
dexes that can easily be used in large seg-
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Context Both comorbid conditions and functional measures predict mortality in older
adults, but few prognostic indexes combine both classes of predictors. Combining eas-
ily obtained measures into an accurate predictive model could be useful to clinicians
advising patients, as well as policy makers and epidemiologists interested in risk ad-
justment.

Objective To develop and validate a prognostic index for 4-year mortality using in-
formation that can be obtained from patient report.

Design, Setting, and Participants Using the 1998 wave of the Health and
Retirement Study (HRS), a population-based study of community-dwelling US
adults older than 50 years, we developed the prognostic index from 11701 indi-
viduals and validated the index with 8009. Individuals were asked about their
demographic characteristics, whether they had specific diseases, and whether
they had difficulty with a series of functional measures. We identified variables
independently associated with mortality and weighted the variables to create a risk
index.

Main Outcome Measure Death by December 31, 2002.

Results The overall response rate was 81%. During the 4-year follow-up, there were
1361 deaths (12%) in the development cohort and 1072 deaths (13%) in the valida-
tion cohort. Twelve independent predictors of mortality were identified: 2 demo-
graphic variables (age: 60-64 years, 1 point; 65-69 years, 2 points; 70-74 years, 3 points;
75-79 years, 4 points; 80-84 years, 5 points, >85 years, 7 points and male sex, 2 points),
6 comorbid conditions (diabetes, 1 point; cancer, 2 points; lung disease, 2 points; heart
failure, 2 points; current tobacco use, 2 points; and body mass index <25, 1 point),
and difficulty with 4 functional variables (bathing, 2 points; walking several blocks, 2
points; managing money, 2 points, and pushing large objects, 1 point. Scores on the
risk index were strongly associated with 4-year mortality in the validation cohort, with
0 to 5 points predicting a less than 4% risk, 6 to 9 points predicting a 15% risk, 10 to
13 points predicting a 42 % risk, and 14 or more points predicting a 64 % risk. The risk
index showed excellent discrimination with a c statistic of 0.84 in the development
cohort and 0.82 in the validation cohort.

Conclusion This prognostic index, incorporating age, sex, self-reported comorbid
conditions, and functional measures, accurately stratifies community-dwelling older
adults into groups at varying risk of mortality.
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ments of the population. Many have fo-
cused on specific segments of the popu-
lation such as hospitalized elders®!° or
veterans.'! Other indexes have focused
onsingle domains of risk, such as comor-
bidity'? or function.** Finally, some in-
dexes require laboratory or performance
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testing, which is costly, time-intensive,
and not always available.®"

To address these issues, we devel-
oped and validated a 4-year mortality
prediction index from a representa-
tive sample of the US population older
than 50 years. We considered and com-
bined demographic, comorbidity, be-
havioral, and functional predictors into
our final index. To maximize the us-
ability of the index in a variety of set-
tings, we relied solely on patient re-
port. Our goal was to develop a single
prognostic index that could be used for
community-dwelling individuals older
than 50 years for clinical, health policy,
and epidemiological purposes.

METHODS
Participants

We studied community-dwelling par-
ticipants interviewed in 1998 as part of
the Health and Retirement Survey
(HRS), which was initiated in 1992 and
was expanded in 1998 to become a rep-
resentative sample of all persons in the
contiguous United States older than 50
years.'®!” Data were collected primar-
ily through telephone interviews, with
an overall response rate of 81%.'®

A total of 20447 persons were en-
rolled in HRS in 1998. We excluded 429
of those residing in nursing homes and
308 whose vital status could not be de-
termined in 2002. This yielded a final
sample size of 19 710. Of this final
sample, 2433 individuals died by 2002.
We developed the model from the east-
ern, western, and central regions of the
country (n=11 701) with a total of 1361
deaths. We then validated the model in
participants from the southern region
(n=8009), which included 1072
deaths.®>1° We chose our validation co-
hort to be geographically distinct from
our development cohort to test our mod-
el’s geographic transportability as well
as our model’s accuracy.”

Measures

The outcome of interest was death by
December 31, 2002. We assessed mor-
tality using the HRS follow-up proce-
dures, which entailed cross-referenc-
ing HRS information with the National
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Center for Health Statistics National
Death Index to determine vital status.*
We considered 3 classes of vari-
ables as potential predictors of mortal-
ity: demographic variables, behavior
and comorbidity variables, and func-
tional status variables. In the demo-
graphic category, we examined sex and
age. The relationship between age and
mortality was exponential, with an ad-
ditional year of age providing more
mortality risk among older individu-
als. However, we found that categoriz-
ing age into 5-year intervals up to age
85 years resulted in a model that was
easier to interpret than the exponen-
tial model with minimal losses in dis-
crimination (c statistic 0.819 vs 0.823).
When categorized, the 2 youngest age
groups had similar mortality. Thus,
these groups were combined to form 1
reference age group (50-59 years).
We considered a total of 18 behav-
ioral and comorbidity variables: cur-
rent tobacco use, alcohol use, hyperten-
sion, diabetes mellitus, non—skin cancers,
chronic lung disease, heart failure, other
heart problems, stroke, psychiatric dis-
ease, memory-related disease, arthritis,
history of falls, history of pain, inconti-
nence, visual or hearing impairment, and
body mass index (BMI) of less than 25.
(Body mass index is calculated as weight
in kilograms divided by the square of
height in meters.) We dichotomized BMI
because our multivariate analysis showed
that when other variables were consid-
ered, more extreme values of BMI did not
improve the performance of our model.
Disease status was determined by ask-
ing participants, “Have you ever had or
has a doctor told you that you have/had
X?” Initially some comorbidity vari-
ables were coded to represent the sever-
ity of disease. However, all variables were
ultimately dichotomized into disease pre-
sent and disease absent categories when
multivariate analysis showed that sever-
ity levels did not yield significantly dif-
ferent risks of mortality. Participants were
asked to self-identify their race with the
question, “Do you consider yourself to
be primarily white or Caucasian, black
or African American, American Indian,
Asian, Hispanic or Latino, or some-

thing else?” We combined American In-
dian, Asian, and other categories into
“Other” due to the small numbers in
those categories. We considerd all par-
ticipants who self-identified as His-
panic to be Hispanic regardless of
whether they also identified as white,
black, or other.

Participants were asked whether they
had difficulty with 21 functional mea-
sures. These included 6 activities of daily
living (bathing, dressing, toileting, eat-
ing, transferring, and walking across the
room); 5 instrumental activities of daily
living (shopping, preparing meals, us-
ing the telephone, managing medica-
tions, and managing finances); and 10
other functional variables derived from
the Rosow-Breslau Functional Health
Scale and the Nagi Index*'* (getting up
from a chair; walking several blocks;
pushing or pulling heavy objects; climb-
ing a flight of stairs; stooping, kneel-
ing, or crouching; picking up a dime;
reaching above one’s shoulders; lifting
10 Ib; using a map; and vigorous physi-
cal activity). These functional domains
have been shown in previous studies to
be important predictors of institu-
tional care and death.*"'*

In developing our model, we did not
consider some variables that, al-
though associated with mortality, could
have reduced the generalizability or us-
ability of our index. Specifically, we did
not include race or socioeconomic sta-
tus because their association with mor-
tality may be due, at least in part, to
lower quality of care. Since risk adjust-
ment indexes are often used to mea-
sure quality of care, including race and
socioeconomic status would have pre-
cluded the use of our model for risk ad-
justment.” We also did not include the
number of hospitalizations and surger-
ies because of marked regional vari-
ability in these rates among patients
with similar disease severity.*

Statistical Analysis

Using mortality as the dichotomous out-
come variable, we measured the bivari-
able relationship between each of the 41
risk factors and mortality within the de-
velopment cohort. Because all pro-
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posed variables were significant predic-
tors of mortality in the bivariable analysis,
all variables were analyzed using multi-
variable logistic regression. We used
backward elimination (P<.05 to
retain) to determine which variables re-
mained independent predictors of mor-
tality. This process yielded a model with
19 independent risk factors for mortality.

Because of our large sample size, many
predictors were found to be significantly
associated with mortality but only mar-
ginally improved the predictive accuracy
of the model. To simplify the model fur-
ther, while minimizing losses in predic-
tive ability, we subjected all remaining
predictors to further selection with the
Schwarz Bayesian Information Criterion
(BIC).»* The BIC penalizes the log like-
lihood of a model (a measure of its fit)
by a factor related to the number of pre-
dictor variables in the model (a measure
ofits complexity). This provides an ob-
jective way of assessing whether the im-
proved fit provided by an additional vari-
able is justified by the added complex-
ity of the model.*® Applying the BIC
criteria to our model yielded the final
model with 12 predictor variables.

To test the stability of our final model,
we tried alternate methods to deter-
mine whether the resultant model would
differ from our original final model. First,
we used forward and bidirectional se-
lection techniques instead of backward
selection. These alternative strategies re-
sulted in differences of a few variables
at the early modeling stages, but these
different variables were eliminated in the
BIC selection step leading to the same
final model. Second, we bypassed the
backward elimination steps, subjecting
all 41 of the initial variables to BIC se-
lection. This also resulted in the same
final 12-variable model. Third, we de-
rived the model in stages, in which the
functional variables were initially mod-
eled separately from the comorbidity
variables. The resultant submodels were
then merged into single model, which
was then subjected to BIC selection. This
staged approach is an accepted method
of variable reduction and has been used
successfully in the development of many
previous prognostic indexes.”!*#72° Af-
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ter the BIC selection step, this staged ap-
proach resulted in the same final 12-

interactions between age and other pre-
dictors were checked, and these terms

variable model. Fourth, prespecified were also eliminated in the stepwise se-

Table 1. Characteristics of the Health and Retirement Study Participants Included

in This Study*

No. (%)
IDevelopment ValidationI
Characteristics (n=11701) (n = 8009)
Demographics
Age,y
50-59 3154 (27) 2328 (29)
60-64 2145 (18) 1547 (19)
65-69 1798 (15) 1188 (15)
70-74 1669 (14) 1017 (13)
75-79 1362 (12) 909 (11)
80-84 856 (7) 533 (7)
=85 717 (6) 487 (6)
Women 6639 (57) 4516 (56)
Race or ethnicity
White, non-Hispanic 9467 (81) 5656 (71)
Black, non-Hispanic 1225 (10) 1484 (19)
Other, non-Hispanic 225 (2) 149 (2)
Hispanic 772 (7) 706 (9)
Less than a high school education 2845 (24) 2745 (34)
Comorbidities and behaviors
Hypertension 5366 (46) 3960 (49)
Diabetes mellitus 1608 (14) 1246 (16)
Cancer 1349 (12) 862 (11)
Lung disease 443 (4) 376 (5)
Heart failure 298 (3) 240 (3)
Coronary artery disease 2032 (17) 1481 (19)
Stroke or transient ischemic attack 754 (6) 602 (8)
Dementia 189 (2) 179 (2)
Incontinence 1881 (16) 1292 (16)
BMI <25 4402 (38) 2981 (37)
Current smoker 1813 (16) 1416 (18)
Functional measures
Activities of daily living difficulty
Bathing 754 (6) 644 (8)
Dressing 1014 (9) 848 (11)
Eating 312 (9) 308 (4)
Toileting 575 (5) 496 (6)
Transferring 863 (7) 715 (9)
Walking across room 1280 (11) 1068 (13)
Instrumental activities of daily living difficulty
Shopping 1307 (11) 1118 (14)
Preparing meals 1154 (10) 990 (12)
Using the telephone 463 (4) 485 (6)
Managing medications 307 (3) 276 (3)
Managing finances 887 (8) 737 (9)
Other measures of functional status, difficulty
Walking several blocks 3167 (27) 2542 (32)
Pushing or pulling heavy objects 3329 (29) 2604 (33)
Climbing stairs 5324 (46) 4234 (53)

Abbreviations: BMI, body mass index, which is calculated as weight in kilograms divided by the square of height in

meters.
*Percentages may not sum to 100 due to rounding.
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Table 2. Bivariable Analysis of Risk Factors and 4-Year Mortality in Development Cohort*

No. (%) of Odds Ratio
Risk Factor Deaths (95% Confidence Interval)
Demographics
Age, y
50-59 95 (3) 1.0
60-64 124 (6) 2.0 (1.5-2.6)
65-69 155 (9) 3.0(2.3-3.9
70-74 199 (12) 4.4 (3.4-5.6)
75-79 239 (18) 6.9 (5.4-8.8)
80-84 224 (26) 11.4 (8.8-14.7)
=85 325 (45) 26.7 (20.8-34.3)
Sex
Women 686 (10) 1.0
Men 675 (13) 1.3(1.2-1.5)
Comorbidities and behaviors
Diabetes mellitus
Absent 1058 (10) 1.0
Present 308 (19) 2.0(1.8-2.3
Cancer
Absent 1060 (10) 1.0
Present 299 (22) 2.5(2.2-2.9
Lung disease
Absent 1197 (11) 1.0
Present 164 (37) 4.9 (4.0-6.0)
Heart failure
Absent 1235 (11) 1.0
Present 120 (40) 5.5(4.4-7.0
Coronary artery disease
Absent 990 (10) 1.0
Present 371(18) 2.0(1.7-2.2)
Dementia
Absent 1271 (11) 1.0
Present 90 (48) 7.3 (6.5-9.8)
Body mass indext
=25 648 (9) 1.0
=249 713 (16) 2.0(1.8-2.2)
Tobacco
Never and former 1123 (11) 1.0
Current 238 (13) 1.2(1.0-1.4)
Functional measures
Activities of daily living—bathing
No difficulty 1032 (9) 1.0
Difficulty or needs help 325 (43) 7.3 (6.2-8.5)
Instrumental activities of daily living
Preparing meals
No difficulty 973 (9) 1.0
Difficulty, can’t, or don’t 386 (33) 4.9 (4.3-5.7)
Using the telephone
No difficulty 1149 (10) 1.0
Difficulty, can’t, or don’t 210 (45) 7.3 (6.0-8.8)
Managing finances
No difficulty 1035 (10) 1.0
Difficulty, can’t, or don’t 323 (36) 5.4 (4.6-6.3)
Other measures of functional status
Walking several blocks
No difficulty 546 (6) 1.0
Difficulty, can’t, or don’t 813 (26) 5.0 (4.5-5.7)
Pushing heavy objects
No difficulty 614 (7) 1.0
Difficulty, can’t or don’t 746 (22) 3.6 (3.2-4.1)
Climbing stairs
No difficulty 378 (6) 1.0
Difficulty, can’t, or don’t 980 (18) 3.6 (3.1-4.0)
Vigorous physical activity
Yes 303 (6) 1.0
No 1058 (16) 3.0(2.6-3.4)

*Due to missing comorbidity and functional data, the sum of deaths for each variable may vary from 1355 to 1361.
TBody mass index is calculated as weight in kilograms divided by the square of height in meters.
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lection and BIC selection processes, lead-
ing to the same final model.** Fifth, 6 col-
linear predictor variable pairs were
identified. However, replacement of the
selected variable with the collinear vari-
able resulted in a poorer fit in every case.
Thus, we reverted back to our original
12-predictor model. Sixth, we used the
number of comorbid conditions in place
of the individual comorbidities and
found the resultant model to be slightly
less accurate. The final model was
checked using the Hosmer-Lemeshow
goodness-of-fit test with 10 groups,
which showed the absence of a gross lack
of fit (P=.27).

To determine the performance of our
index across age groups, we applied our
index to 3 age subgroups. We at-
tempted to maintain a similar number
of deaths in each subgroup, which re-
sulted in our youngest subgroup hav-
ing many more participants than our
older subgroups. To maximize power,
we combined the development and vali-
dation cohorts for this analysis. We also
dropped age as a predictor in our point
score for this analysis because age was
used to divide our sample.

We assessed the predictive accu-
racy of the final model by looking at the
2 components of accuracy: calibration
and discrimination. Calibration of the
model was assessed by comparing the
predicted mortality with the actual mor-
tality in the development and valida-
tion cohorts. The discrimination of the
model was assessed by calculating the
receiver operating characteristic (ROC)
curves for the development and vali-
dation cohorts.

We describe the results of our final
model in 2 ways. First, we determined
the predicted risk for each participant
using the coefficients from the final lo-
gistic regression model. We then di-
vided the sample into quartiles of risk
and compared the mortality rates in the
development and validation cohorts.
Second, a point-based risk scoring sys-
tem was developed in which points
were assigned to each risk factor by di-
viding each B coefficient by the lowest
B coefficient (ability to push or pull
heavy objects) and rounding to the
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nearest integer. A risk score was as-
signed to each participant by sum-
ming the points for each risk factor pre-
sent.®*° We compared the mortality
rates by point score in the develop-
ment and validation cohorts.

The Human Subjects Committee of
the University of California, San Fran-
cisco, and the San Francisco Veterans Af-
fairs Research and Development Com-
mittee approved this study. All statistical
analyses were performed using Inter-
cooled Stata software version 8.2 (Stata
Corporation, College Station, Tex).

RESULTS
Characteristics of the Participants

The mean (SD) age of participants in the
development cohort was 67 (10) years.
Fifty-seven percent were women, 81%
were white, and 10% were black.
Twenty-five percent reported complet-
ing less than a high school education.
Sixteen percent reported difficulty in 1
or more activities of daily living and 12%
reported difficulty in at least 1 instru-
mental activities of daily living
(TABLE 1). During 4-year follow-up,
1361 participants (12%) died, leading to
a total of 40 471 person-years of obser-
vation. The mean (SD) age of partici-
pants in the validation cohort was 67
(10) years. Fifty-six percent were
women, 71% were white, and 19% were
black. Thirty-four percent reported com-
pleting less than a high school educa-
tion. Eighteen percent reported diffi-
culty in 1 or more activities of daily living
and 16% reported difficulty in at least 1
instrumental activities of daily living
(Table 1). During 4-year follow-up, 1072
participants (13%) died, leading to a total
of 27 647 person-years of observation.

Bivariable Results

All risk factors were associated with
4-year mortality in the bivariable analy-
ses (P<<.05; TABLE 2). Age was the most
powerful predictor of mortality, yield-
ing an ROC area of 0.75 in the devel-
opment cohort.

Multivariable Results

Because all 41 proposed predictor
variables were significant predictors
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of mortality in the bivariable analysis,
all variables were entered into a multi-
variable logistic regression using
stepwise backward selection. This
resulted in 19 variables remaining as
significant predictors of mortality.
Application of the BIC criteria to this
model resulted in a final model of 12
independent predictors with only a
small loss in discrimination, as seen
by the minimal drop in ROC curve
area between the 19-term model
(ROC area=0.85) vs the 12-term
model (ROC area=0.84).

The final model with 12 predictors
included 2 measures of demographics
(age and sex), 6 measures of comor-
bidities and behaviors (diabetes melli-
tus, cancer, chronic lung disease, heart
failure, current tobacco use, and BMI
<25), and 4 measures of functional dif-
ficulty (bathing, walking several blocks,
managing finances, and pushing or pull-
ing heavy objects; TABLE 3). Former to-
bacco use was not independently asso-
ciated with mortality after adjustment
for comorbid conditions and func-
tional measures.

Risk Stratification by Quartiles

When divided into quartiles of risk, the
4-year mortality ranged from 1% in the
lowest-risk quartile to 33% in the high-
est-risk quartile in the development co-
hort and 2% to 34% in the validation
cohort (TABLE 4). The calibration of the
model was good, with close agree-
ment between the observed mortality
in the development and validation co-
horts. The discrimination of the model
was also good, with an ROC area of 0.82
in the development cohort and 0.84 in
the validation cohort.

Risk Stratification by Points

The points assigned to each of the fi-
nal 12 predictor variables are listed in
Table 3. A risk score was calculated for
each participant by adding the points
for each risk factor present. For ex-
ample, a 78-year-old (3 points) non-
smoking (0 points) woman (0 points)
with a BMI of 28 (0 points) with dia-
betes (1 point) and difficulty manag-
ing finances (2 points) would have a

]
Table 3. Independent Risk Factors for
4-Year Mortality in the Development Cohort
in the Multivariable Analysis

Adjusted OR
Risk Factor (95% CI)* Points
Demographics
Age, y
60-64 1.9 (1.4-2.5) 1
65-69 2.8(2.1-3.7) 2
70-74 3.7 (2.8-4.9) 3
75-79 5.4 (4.1-7.1) 4
80-84 8.3 (6.3-11.0) 5
=85 16.2(12.2-216) 7
Male sex 2.0(1.8-2.3) 2
Comorbidities and
behaviors
Diabetes mellitus 1.8 (1.5-2.1) 1
Cancer 21 (1.7-2.4) 2
Lung disease 2.3(1.8-2.9 2
Heart failure 2.3(1.8-3.1) 2
BMI<25 1.7(1.4-1.9 1
Current smoker 2.1 (1.7-2.5) 2
Functional measures
Bathing 2.0 (1.6-2.4) 2
Managing finances 1.9 (1.6-2.3) 2
Walking several 2.1(1.8-2.4) 2
blocks
Pushing/pulling 1.5(1.3-1.9) 1

heavy objects

Abbreviation: BMI, body mass index, which is calculated as
weight in kilograms divided by the square of height in me-
ters; Cl, confidence interval; OR, odds ratio.

*Each OR was adjusted for the other risk factors in the table.

total risk score of 6 points. Develop-
ment cohort risk scores ranged from 0
to 22 (mean [SD], 5.3 [3.5]). Valida-
tion cohort risk scores ranged from 0
to 23 (mean [SD], 5.5 [3.6]).

The point score effectively divided the
cohort into groups at varying risk of
4-year mortality. In the development
group, the mortality risk ranged from 3%
in those with 0 to 5 points, 15% in those
with 6 to 9 points, 40% in those with 10
to 13 points, and 67% in those with 14
or more points. In the validation co-
hort, the mortality risk ranged from 4%
in those with 0 to 5 points, 15% in those
with 6 to 9 points, 42% in those with 10
to 13 points, and 64% in those with 14
or more points (Table 4). The point-
based model showed excellent discrimi-
nation, with a ¢ statistic of 0.84 in the
development cohort and 0.82 in the vali-
dation cohort. Translating our risk
model into a point-based index re-
sulted in very small losses in discrimi-
nation (c statistic of 0.819 vs 0.817). The
model was also well calibrated with close
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]
Table 4. Validation of the Prognostic Index:
Comparing the Model Performance by
Quartiles of Risk and Point Score

Validation
Cohort

Development
Cohort

I 1 |
No. Who Died/ No. Who Died/
Risk Strata No. at Risk (%) No. at Risk (%)

Quiartile of risk

1 24/2853 (1) 31/1934 (2
2 123/3086 (4) 112/2042 (5)
3 232/2780 (8) 187/1822 (10)
4 968/2933 (33)  733/2175 (34)
ROC area 0.842 0.819
Point score
0 2/488 (0) 2/355 (1)
1 5/742 (1) 10/494 (2)
2 13/1368 (1) 15/889 (2)
3 48/1480 (3) 35/973 (4)
4 58/1448 (4) 61/994 (6)
5 68/1334 (5) 65/845 (8)
6 104/1168 (9) 72/762 (9)
7 110/890 (12) 96/638 (15)
8 146/762 (19) 99/501 (20)
9 133/552 (24) 79/404 (20)
10 112/409 (27) 87/310 (28)
1 139/324 (43) 106/233 (45)
12 118/244 (48) 85/192 (44)
13 95/177 (54) 94/159 (59)
=14 210/315 (67) 166/260 (64)
ROC area 0.840 0.817

Abbreviation: ROC, receiver operating characteristic.

]
Figure. Four-year Mortality by Risk Score in
Differing Age Groups

Age Group, y
m >80 (n=2579)
80 | A 70-79 (n=4921)

® 50-69 (n=12125) AUC=0.7239 @
<
= 60 /A
= u | -
I / o
] =
2 40 .- AUC o./7e.o1
o]
SE 20 /l/ / /./.
3 =" /A/./O AUC=0.7708
s o /‘/‘ ././
ole—t—e—°
0 1 2 3 4 5 6 7 8 9 210

Risk Score (Excluding Age Contribution)

AUC indicates area under the curve.

agreement between the mortality rates
in the development and validation co-
horts for various levels of risk (Table 4).

Risk Stratification

in Special Populations

When the point score (excluding the
points assigned to age) was evaluated
in different age groups, we found that
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our index discriminated well in all 3 of
the age subgroups, with ¢ statistics rang-
ing from 0.77 to 0.72 (FIGURE). The ¢
statistic in the validation cohort with
the point-based model was 0.79 among
black participants vs 0.84 among
whites. Similarly, those with less than
a high school education had a ¢ statis-
tic of 0.80 vs 0.83 for those with a high
school diploma.

COMMENT

We developed and validated a prognos-
tic index that can be used in the clini-
cal setting to stratify patients 50 years
or older into high-, intermediate-, and
low-risk groups for 4-year mortality. Our
index is easy to use and can be ob-
tained in a few minutes with an inter-
view or intake form (Box), with no need
for medical record review or labora-
tory testing. Our index shows good cali-
bration, as seen by the similar mortal-
ity rates in the development and
validation cohorts, and good discrimi-
nation, as seen by a c statistic of 0.84
in the development cohort and 0.82 in
the validation cohort. As seen from our
subgroup analysis, our index appears
valid in the entire population of indi-
viduals older than 50 years, as well as
among black individuals and those with
less than a high school education. Our
index is parsimonious without signifi-
cant losses in discriminative ability: the
¢ statistic using all 41 candidate vari-
ables is 0.847, whereas the c statistic of
the 12 variable model is 0.842.

Our prognostic index demonstrates
the importance of considering both
the presence of disease and functional
status in prognostic systems. We
found that models considering both
disease status and functional status
perform better than models consider-
ing just 1 of these domains. Measures
of function are particularly useful in
prognostic systems because they
reflect the severity and end conse-
quence of disease.*’ Thus, comorbid
conditions and function are markers
at different points along the trajectory
of frailty. We believe that the inclu-
sion of functional measures is the rea-
son that our index discrimination

compares favorably with other widely
used prognostic indexes, such as the
Charlson-Deyo (0.60-0.78)3*3% and
Framingham (0.77-0.74).**

Our index has several potential uses
in clinical, policy, and research set-
tings. In clinical settings, our index may
be useful in identifying both high- and
low-risk patients so that specific inter-
ventions can be targeted to each group.
Because the benefits of cancer screen-
ing are not realized for 5 years, recent
cancer screening guidelines call for tar-
geting screening to individuals with a life
expectancy of more than 5 years.*** Our
index may be useful in identifying older
low-risk patients who may benefit from
screening as well as identifying younger
high-risk patients for whom the ben-
efits of screening are outweighed by the
harms. For example, a 75-year-old male
smoker with heart failure, difficulty bath-
ing, walking, and managing finances may
not be an appropriate candidate for co-
lorectal cancer screening because his
probability of 4-year mortality is greater
than 64% (16 points). On the other hand,
an 85-year-old woman with no major co-
morbid conditions and excellent func-
tional status has a high probability of sur-
viving 4 years and would be a good
candidate for screening despite her ad-
vanced age. In addition, our index may
be useful in identifying patients with
whom advance directives would be es-
pecially important to discuss.

Our index may also be useful when
risk adjustment is needed to compare the
patient outcomes among different health
care organizations. Currently there is
much interest at the federal *¢*® state 3>
and private* levels in evaluating care or-
ganizations through patient outcomes.
As these efforts proceed, accurate meth-
ods of risk adjustment are needed to
avoid penalizing clinicians and organi-
zations that care for sicker patients.

Finally, our index may be useful in
epidemiological studies that examine the
impact of exposures and treatments on
mortality. A primary concern in obser-
vational studies is baseline differences
between groups, making any difference
at the end of the study difficult to inter-
pret. For example, the results of ran-
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domized trials of postmenopausal estro-
gen therapy suggest that the initial
observational studies were biased
because the treated participants were
healthier before treatment than the
untreated participants.** More thor-
ough risk adjustment of these observa-
tional studies may have led researchers
to the correct conclusion and pre-
vented harmful estrogen exposure in
many women.*

Although risk adjustment is used ex-
tensively in research, prognostic in-
dexes have made little headway into
routine clinical practice.** The rea-
sons for this are numerous but in-
clude competing demands on the phy-
sician’s memory and difficulty in
collecting all necessary information for
an index. We attempted to maximize
the usability of our index by address-
ing these issues. First, to minimize de-
mands on physician memory, we made
our index as simple as possible. Un-
like previous indexes, we used a more
stringent criterion than statistical sig-
nificance to select our predictor vari-
ables.®!13:1> By using the BIC, we were
able to remove variables that were sta-
tistically significant but contributed
little to our predictive accuracy. Sec-
ond, we limited our predictor vari-
ables to information that would be
readily available through patient re-
port. Although it is possible that clini-
cal evaluation and observation may be
amore objective measure of comorbid-
ity and function, there is strong evi-
dence that patient report of both co-
morbidity and functional status is
reliable and has predictive valid-
ity. % Given the high time costs for
chart review and laboratory testing, our
reliance on patient report will make our
index easier to use across a variety of
care settings while compromising little
in terms of reliability and accuracy.

Our mortality index has several limi-
tations. Since our index focused on
community-dwelling older adults, it is
likely that our index will not be appli-
cable to nursing home and other insti-
tutional populations. Since the partici-
pants were predominantly white with
a high school education, our model’s ac-
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FOUR-YEAR MORTALITY PROGNOSTIC INDEX

Box. Four-Year Mortality Index for Older Adults

1. Age

60-64: 1 point

2. Sex (Male/Female)
3. a. Weight:

65-69: 2 points
70-74: 3 points
75-79: 4 points
80-84: 5 points
=85: 7 points
Male: 2 points
BMI <25: 1 point

b. Height:

703 X (weight in pounds/ height in inches?)

BMI =

4. Has a doctor ever toldyou that you have diabetes

or high blood sugar? (Y/N)

5. Has a doctor told you that you have cancer or a
malignant tumor, excluding minor skin cancers? (Y/N)

6. Do you have a chronic lung disease

that limits your usual activities or makes

you need oxygen at home? (Y/N)

7. Has a doctor told you that you have
congestive heart failure? (Y/N)

8. Have you smoked cigarettes in the past week? (Y/N)

9. Because of a health or memory problem
do you have any difficulty with bathing

or showering? (Y/N)

10.Because of a health or memory problem,
do you have any difficulty with managing
your money—such as paying your bills

and keeping track of expenses? (Y/N)

11.Because of a health problem do you have
any difficulty with walking several blocks? (Y/N)

12.Because of a health problem do you have

any difficulty with pulling or pushing

Diabetes: 1 point
Cancer: 2 points

Lung Disease: 2 points

Heart Failure: 2 points

Smoke: 2 points

Bathing: 2 points

Finances: 2 points

Walking: 2 points

Push or Pull: 1 point

large objects like a living room chair? (Y/N)

Total Points:

curacy and discrimination are slightly
less for black individuals and those with
less than high school education. Fi-
nally, because this was a community-
dwelling sample, which included par-
ticipants as young as 50 years, our
cohort was generally healthy. In a sicker
cohort, the ideal model would likely in-
clude other predictor variables that cap-
ture the severity of comorbidity and
functional impairment.

In summary, our index provides a po-
tentially useful tool to estimate the 4-year
mortality risk in community-dwelling
older adults in the United States. Our in-

dex relies on 12 variables, which are
available by patient report in a variety
of care and research settings. The in-
dex had good discrimination and cali-
bration and was successfully validated
ina geographically distinct cohort. These
characteristics suggest that our index
may be useful for clinical, policy, and
epidemiological applications.
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