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Abstract
Objectives—To develop and validate mortality and hospitalization prognostic tools based upon
information readily available to primary care physicians (PCPs).

Design—Population-based cohort study. Baseline predictors were patient demographics, a seven-
item questionnaire on functional status and general health, use of five or more drugs, and previous
hospitalization.

Setting—Community-based study.

Participants—Prognostic indexes were developed in 2,470 subjects and validated in 2,926
subjects, all community-dwelling, aged 65 and older, and randomly sampled from the rosters of 98
PCPs in Florence, Italy.

Measurements—Fifteen-month mortality and hospitalization.

Results—Two scores were derived from logistic regression models and used to stratify participants
into four groups. With Model 1, based upon the seven-item questionnaire, mortality rate ranged from
0.8% in the lowest-risk group (0–1 point) to 9.4% in the highest risk group (≥3 points), and
hospitalization rate ranged from 12.4% to 29.3%; area under the receiver operating characteristic
curves (AUC) was 0.75 and 0.60, respectively. With Model 2, considering also drug use and previous
hospitalization, mortality and hospitalization rates ranged from 0.3% to 8.2% and from 8.1% to
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29.7%, for the lowest-risk to the highest-risk group; the AUC increased significantly only for
hospitalization (0.67).

Conclusion—Prediction of death and hospitalization in older community-dwelling people can be
easily obtained with two indexes using information promptly available to PCPs. These tools might
be useful for guiding clinical care and targeting interventions to reduce the need for hospital care in
older persons.
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The aging of the population raises concerns of health professionals and policy makers around
the world. Older persons in general require a large amount of medical attention and absorb a
share of healthcare resources disproportionately greater than their prevalence in the population.
In Italy, persons aged 65 and older represent more than 19% of the population, but they
accounted for 35% of hospitalizations in 2000 and 40% of drug consumption in 2004.1,2 A
small number of frail older persons who are vulnerable and usually affected by severe chronic
comorbidities and functional limitations account for most of the excess healthcare spending.

Healthcare systems have developed different strategies in the attempt to provide the best
possible care to older persons with chronic diseases and physical dependency in a situation of
limited resources. In general, these innovative strategies are centered on the shift from
traditional care, fragmented into episodic interventions in response to acute conditions, to an
integrated and multidisciplinary approach toward chronicity, in which continuity of care is
highly valued. Within this new paradigm of care, primary care physicians (PCPs) are frequently
involved and assigned an important, proactive role, with the ultimate goals of postponing death
and the onset of disability3–6 and minimizing the risk of unnecessary hospital admissions while
containing costs.7 In Italy, because of their close, longstanding relationships with patients and
their families, PCPs are usually knowledgeable about the clinical, personal, and environmental
factors affecting the overall well-being of their patients, as well as about formal and informal
supports that can be activated in case of need.8 Thus, PCPs are well positioned to identify frail
older persons who are at risk for adverse medical outcomes and intense use of healthcare
resources and who may benefit the most from integrated, continuous care interventions,
planned and conducted in collaboration with geriatricians.9,10

Several indexes have been developed that allow the identification of high-risk older subjects
in the community. These indexes usually integrate information from demographics, medical
diagnoses, functional status, and laboratory values.11,12 The concurrent use of several
prognosticators may increase the overall explanatory power of a screening tool, although this
requires the availability of a greater amount of data, which might not be routinely available in
primary care, and implies more complex calculations.13

This study used the results of the “Assistenza Socio-Sanitaria in Italia” (ASSI), an observational
study of older community-dwelling people, to calculate and validate a prognostic index based
on simple information easily available to PCPs. It had preliminarily been shown that the
questionnaire used in ASSI, aimed at identifying the presence of general health problems,
accurately predicted mortality.14 The prognostic index has now been further refined to estimate
short-term mortality and hospitalization risk separately. Such tools might support clinicians'
intuition and judgment when selecting appropriate therapeutic options or counseling patients
and their families.
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Methods
Participants and Study Protocol

ASSI is a prospective cohort study of persons aged 65 and older randomly abstracted from the
rosters of 98 PCPs in Florence, Italy.15 At the January 2003 baseline, using a seven-item
structured questionnaire, PCPs screened 5,445 (92%) of 5,927 eligible older community-
dwelling people living in the local health unit of Florence, Italy, which covers the entire
metropolitan area, for the presence of disability and other general health problems.

The ethics committee of the academic hospital Azienda Ospedaliero-Universitaria Careggi
approved the study protocol.

Data Collection and Measurement
The seven-item questionnaire answered by the PCPs provided summary information on
complete inability and need for help in basic activities of daily living (BADLs: eating, toileting,
bathing, dressing, transferring, and walking across the room) and instrumental activities of
daily living (IADLs: grocery shopping, preparing meals, washing clothes, managing
medications, and showering); poor vision (inability to read newspapers headings); poor hearing
(inability to hold a conversation); recent unintentional weight loss (>3 kg in the previous year);
use of homecare services (personal assistance, rehabilitation, or nursing services), which in
Italy are usually prescribed by the PCP; and inadequacy of income. The PCPs answered this
questionnaire based upon personal knowledge of their enrollees' status in 71.0% of cases and
upon direct interview in the remaining cases.

In addition to the data gathered from the PCPs, information on the number of drug prescriptions
and on hospitalizations in the 6 months before baseline assessment was obtained from registries
of the regional health system of Tuscany, which contain data on pharmacy claims for out-of-
hospital drug prescriptions, hospital discharges, and deaths. The same databases were used to
identify the outcomes of interests: death or hospitalization within 15 months from baseline
(through March 31, 2004).

Statistical Analysis: Development and Validation of the Predictive Models
Of the 5,445 baseline participants, 49 were lost follow-up, leaving 5,396 individuals available
for analysis. The predictive indexes were developed in subjects from the northwestern area of
Florence (N = 2,470), and validated using the population from the southeastern region (N =
2,926). The two subsamples were comparable in terms of demographics and social
characteristics.

In the development cohort, the number of positive responses to the screening questionnaire,
age (65–74, 75–84, and ≥85), sex, taking five or more prescription drugs, and having been
hospitalized in the 6 months before the baseline assessment were tested in separate logistic
regression models as predictors of death or hospitalization. Previous studies have reported that
taking five or more drugs (usually referred to as polypharmacy) is an independent risk factor
for death and other adverse health outcomes including hospitalizations.16,17 Because all of
these variables were significantly associated with both of these outcomes, they were entered
together into multivariable logistic models for the prediction of death and hospitalization.

In accordance with methods described in previous studies,11,12,18 each risk factor was
assigned a score resulting from the ratio, rounded to the nearest integer, between the regression
b coefficient for that variable and the lowest significant b coefficient in the corresponding
logistic model, which resulted to be associated with being aged 75 to 84. A summary point
score was calculated for each participant by adding the points for each risk factor present. The
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sample was then stratified on the basis of the individual risk scores. A sensitivity analysis was
also performed to determine the stability of the results obtained by excluding from the main
model the variables “taking five or more prescription drugs” and “having been hospitalized in
the 6 months before baseline”.

The predictive accuracy of the point scoring systems for mortality and hospitalization was
estimated in the development cohort and in the validation cohort by calculating the sensitivity
and specificity for each risk stratum and the area under the receiver operating characteristic
curves (AUCs) for the overall test. The AUC expresses the probability that, in all the possible
pairs of participants of whom, for example, one lives and the other dies, a higher risk is assigned
to the participants who died than to the ones who survived.19

Survival analysis across the risk strata was performed. Survival time was defined as the number
of months between baseline interview and the date of mortality or hospitalization or, in absence
of the mentioned outcomes, through March 31, 2004. Kaplan–Meier curves were used to
examine the performance of the prognostic indexes over time. Statistical analyses were
performed with Stata for Windows 8.0 (StataCorp., College Station, TX). Two-tailed P <.05
was considered statistically significant.

Results
Study Population

In the development cohort, mean age ± standard deviation was 75.3 ± 7.2; 56.2% were female,
and 17.1% lived alone. Based on the questionnaire, 7.4% were dependent in one or more
BADLs and 12.3% in one or more IADLs. At baseline, 22.2% participants were taking five or
more prescription drugs, and 9.7% had been hospitalized in the previous 6 months. In the
validation cohort, mean age was 75.1 ± 7.2, 58.9% were female, and 17.4% lived alone. A total
of 7.5% participants were dependent in one or more BADLs and 13.9% in one or more IADLs.
At baseline, 20.7% participants were taking five or more prescription drugs, and 11.7% had
been hospitalized in the previous 6 months (Table 1). After 15 months of follow-up, 115
subjects from the development cohort (4.7%) and 114 from the validation cohort (3.9%) had
died, whereas 445 (18.0%) and 504 (17.2%), respectively, had been hospitalized at least once.

Multivariable Results
Logistic regression was used to identify factors that predicted death or hospitalization during
follow-up. As indicated in Table 2, the same variables were consistently identified as
significant predictors of both outcomes yet with different risk estimates. In the development
cohort, the risk of death increased dramatically with the number of problems identified in the
screening questionnaire (being almost five times as high with four to six positive answers as
with no positive answers) and with advancing age (point estimate of more than four associated
with age ≥85), and it was twice as high in men as in women. Previous hospitalization and use
of five or more prescription drugs were also strong predictors; in particular, they were major
predictors of hospital admission, obtaining the highest point estimates across the entire set of
independent variables (Table 2).

Risk Scoring System
Based on the results of the logistic models, points were assigned to each of the final risk factors,
as listed in Table 2. The mean risk scores were 2.8 (range 0–14) for mortality and 2.3 (range
0–11) for hospitalization.

When participants were stratified according to risk scores, mortality ranged from 0.2% to 9.6%
in the development cohort and 0.3% to 8.2% in the validation cohort, whereas hospitalization
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ranged from 6.1% to 30.5% in the development cohort and 8.1% to 29.7% in the validation
cohort (Table 3). Overall, the point scoring system predicted death better than hospitalization
(development cohort AUC = 0.68; validation cohort AUC = 0.67) and to the same extent in
the two cohorts (AUC = 0.75). When the risk strata were compared, the optimal cutoff point
was at a score of 3, which offered the best compromise between sensitivity and specificity to
predict mortality (sensitivity 91.2%, specificity 58.6%) and hospitalization (sensitivity 61.3%,
specificity 68.9%).

Additional AUC statistics were calculated in subgroups identified using demographic
characteristics. In the validation cohort, the accuracy of the point scoring system in predicting
mortality was higher in men (0.79) than in women (0.68) and in participants younger than 75
(0.79) than in those aged 75 and older (0.61). Conversely, participant demographics did not
affect the accuracy of the scoring system in predicting hospitalization.

Sensitivity analysis was performed with models in which the scores attributed to previous
hospitalization and to taking five or more prescription drugs were excluded, because these two
conditions may vary across regions only because of contextual factors. The results indicate
similar accuracy for the prediction of death (AUC = 0.75) and substantial poorer accuracy for
the prediction of hospitalization (AUC = 0.60).

The findings reported above were confirmed using Kaplan–Meier survival curves, which
demonstrated that mortality trajectories were comparable for scores from 0 to 2 and diverged
only in participants who scored 3 or higher (Figure 1A). The survival-without-hospitalization
curves showed good discrimination for a threshold score of 3 or higher (Figure 1B).

Discussion
In this study, two prognostic indexes were developed and validated, based on a simple point
scoring system, that office-based physicians can use to effectively classify older community-
dwelling people into groups at variable risk of mortality and hospitalization. Items from an ad
hoc questionnaire exploring general health status were the basis of the prognostic tools, because
they had proven accurate in the preliminary analyses of mortality prediction.14 With the
inclusion of a few other elements of information, the indexes showed good discrimination,
with AUCs of 0.75 for mortality and 0.67 for hospitalization in the validation cohort.

Overall, this performance compares favorably with that of definitively more-complex
prognostic indexes, generally developed in hospital settings, that require the availability of
medical diagnoses and biochemical markers. One screening instrument based on sex,
functional status, diagnosis of congestive heart failure and cancer, and high serum creatinine
and low plasma albumin levels predicted 1-year mortality with a c statistic (analogous to an
AUC) of 0.80.12 The High-Risk Diagnoses for the Elderly Scale,20 which retrieves
information from administrative data, achieved a c statistic of 0.68 when 10 different
comorbidities were included into the model. The Community Assessment Risk Screening
Instrument,21 which includes three main predictors, such as having two or more associated
illnesses, taking five or more prescriptions, and having been hospitalized over the previous
year, predicted the risk of 1-year hospitalization with a c statistic of 0.67. Finally, the
Probability of Repeated Admission questionnaire, based on eight items (age, sex, self-
perceived health, number of hospital admissions in previous year, number of physician visits
in previous year, presence of diabetes mellitus, presence of coronary heart disease, and
availability of a caregiver), predicted the 1-year risk of hospital admission with a c statistic of
0.64.22

In the present study, survival and AUC analyses suggested that a score of 3 or higher,
identifying the group at highest risk, represented the most convenient threshold to distinguish
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between high- and low-risk elderly subjects, because it correctly classified 91.2% of persons
who died and 61.3% of those who would require hospitalization in the following 15 months
(sensitivity), with corresponding specificity figures of 58.6% and 68.9%, respectively. In
addition, the use of such scoring system allowed a large (more than 50% of the sample) group
of robust elderly people scoring 2 or less, whose mortality and hospitalization rates were low
(<1% and 10%, respectively), to be identified.

The ultimate usefulness of identifying frail older persons at risk for poor outcomes is debated.
Some believe that, because of limited chances of recovery, the frailest individuals should not
be the target of community intervention programs, although others disagree.23 Balancing the
available evidence, one study underscored the importance of risk stratification in old age,
suggesting that a simple health risk appraisal be conducted in low-risk individuals aged 60 to
75 and preventive home visits in those aged 75 and older who live independently and that
higher-intensity services be restricted to the frailest subjects.24 Along this line of thought, the
findings reported in this study should be of interest to policy makers, who need to allocate
public health resources appropriately, because, in these days of constant pressure for cost
containment, effective interventions need to be targeted to the appropriate patient subgroups.

The instruments proposed here offer a definite advantage over previous tools, because they
achieve comparable, or better, prognostic accuracy and represent a simpler and low-cost way
to identify older community-dwelling people at risk for poor outcomes who require close
monitoring and might benefit from targeted interventions. Because all information used to build
the prognostic indexes are in general already available to PCPs and in most cases stored in an
electronic form, the most appropriate setting for the application of such instrument could be
the PCP office. For patients who screen positive, the PCP would be prompted to review current
therapies, plan frequent follow-up visits, communicate with the family, and take other actions
directed at improving the management of high-risk older patients. To enhance widespread use
of these tools, they might be incorporated into computerized medical records integrated with
already available systems.25,26 With the investment of just a few minutes of time, PCPs can
gain worthwhile clinical and prognostic information about their patients by adding the
assessment of the functional and social status included into the seven-item questionnaire.

Information on drug treatment and previous hospitalizations affected the assessment of the risk
of dying less than that of being hospitalized. This finding is in agreement with previous studies,
demonstrating that measures of functional status, along with age and sex, are per se powerful
predictors of the risk of 1-year mortality, even beyond the predictive power of medical
diagnoses or physiologic measures.27,28 One study12 found that, after adjustment for
functional status, of all the medical diagnoses included in the Charlson Comorbidity Index,
only congestive heart failure and cancer remained independently associated with mortality.
The strong prognostic value of functional status, resulting from the current study as well as
from other studies, can be easily interpreted, considering that physical performance represents
the common final pathway through which most illnesses and psychosocial factors exert their
burden.29

Conversely, information on use of five or more prescribed drugs and previous hospitalizations
substantially improved the prediction of hospitalization to a greater extent than functional
status. Nevertheless, it should be emphasized that, even with a wide array of explanatory
variables, the prediction of hospital admission remained substantially less satisfactory than the
prediction of death. This is not an unexpected finding, because it has been consistently reported
in several previous studies that highlighted the role of prior hospitalization and of drug
treatment–related measures in predicting the subsequent use of healthcare resources.21,22,
30,31 Several authors have also argued that population measures of deprivation or social factors
such as living alone, rather that strict clinical indicators, might explain the variability in hospital
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admission rates. Moreover, lower admission rates have been found to be associated with some
markers of quality in primary care, such as the provision of specialist clinics, thus suggesting
that organizations focusing on better integration between primary and secondary care and on
patient self-management cost less and result in fewer hospitalizations.32–35 Thus, it appears
that, in addition to physiological and clinical variables, us of healthcare resources in late life
depends heavily—or, at least, more than mortality—on broad societal factors and, more
specifically, on the architecture of healthcare services for the elderly.

Limits of the study should be recognized. Functional status of participants whose PCPs had
indicated that they were impaired was subsequently verified using appropriate instruments,
15 yet no representative sample of participants who had screened negative was evaluated. Thus,
whereas the proportion of subjects who screened positive and were eventually confirmed as
disabled from direct interview was high, some false negative subjects might have been missed.
However, in a previous study, the screening instrument used in the current study proved to
have excellent concurrent validity.14 Second, the current study did not consider cognitive
impairment and behavioral symptoms, which are known to be reliable predictors of poor
survival36–38 and hospitalization,39,40 even beyond somatic comorbidity, functional
impairment, and living situation. Third, data on hospitalization and medication use were
derived from claims databases, whereas in possible future applications, it is likely that direct
input of these data would be required; it is unknown whether this different methodological
approach to data retrieval might influence the performance of the prognostic index. Fourth, the
prediction of major health outcomes could not be calibrated to a shorter time-frame, as would
be useful in frail older persons, because only 43 deaths were observed in 6 months. Finally,
the indexes were developed using information from home care settings, and additional
validation studies might be needed before using them in other settings, such as residential care
or long-term hospitals, or in other populations.41

In conclusion, our indexes provide potentially useful diagnostic tools to identify older,
community-dwelling subjects at risk of death and hospitalization. They are calculated with
only 11 variables, all easily available to PCPs, and a simple additive point system. Because of
these characteristics, these indexes might be useful in identifying frail older individuals at
greater risk of death and to target interventions aiming at the prevention of potentially avoidable
hospital admissions.
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Figure 1.
Kaplan–Meier survival curves of the risk of mortality (A) and hospitalization (B) stratified
according to risk scores in the validation cohort. mo = months.
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Table 1
Baseline Characteristics of the Study Participants in the Development and Validation Cohort

Characteristic
Development

(N=2,470)
Validation
(N=2,926)

Demographic

 Female, n (%) 1,387 (56.2) 1,722 (58.9)

 Age, mean ± standard deviation 75.3 ± 7.2 75.1 ± 7.2

 Age, n (%)

  65–74 1,305 (52.8) 1,618 (55.3)

  75–84 891 (36.1) 998 (34.1)

  ≥85 274 (11.1) 310 (10.6)

 Living alone, n (%) 422 (17.1) 510 (17.4)

Health services utilization, n (%)

 Hospitalized in the prior 6 months 238 (9.7) 342 (11.7)

 Taking ≥5 prescribed drugs 549 (22.2) 605 (20.7)

Responses to the screening instrument, n (%)

 Need help performing basic activities of daily living 182 (7.4) 218 (7.5)

 Need help performing instrumental activities of daily living 304 (12.3) 406 (13.9)

 Poor vision 123 (5.0) 135 (4.6)

 Poor hearing 86 (3.5) 127 (4.3)

 Self-perceived inadequacy of income 105 (4.3) 127 (4.3)

 Absence of home care services 2,401 (97.2) 2,856 (97.6)

 Weight loss >3 kg in previous year 122 (4.9) 230 (7.9)
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