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Objectives: To study risk factors for and likelihood
of unplanned hospital admission and readmission
in persons aged =65 years in Catalonia, Spain.

Study Design: Retrospective cohort study.

Methods: We used data from clinical records of
the primary care centers, pharmacy database,
and hospital discharge records for persons aged
>65 years registered in primary care centers of
referral hospitals in the Baix Llobregat health-
care area. Unplanned hospital admission was
defined as any unscheduled hospitalization in
2008; unplanned readmission was defined as
any unscheduled admission occurring within 6
months after discharge date of index admission.
Logistic regression analysis was used to identify
predictors of unplanned hospital admission and
readmission.

Results: The population included 28,430 individ-
uals. Among them, 2103 (7%) experienced an
unplanned admission and 365 (1.3%) an un-
planned readmission. The readmission rate for
the admitted population was 18.7%. The strongest
predictive factor of unplanned admission was >2
admissions in the previous 2 years (odds ratio
[OR] 24.9, 95% confidence interval [CI] 16.0-38.7
for 2007; OR 15.6, 95% CI 8.6-28.0 for 2006). Fac-
tors associated with unplanned readmission were
aged >80 years (OR 4.6, 95% CI 3.1-7.1) and 22 ad-
missions during the previous year (OR 20.4, 95%
Cl 14.1-29.5). The area under the receiver operat-
ing characteristics curve was 0.78 for unplanned
admission and 0.85 for unplanned readmission
in the development sample and 0.76 and 0.81,
respectively, in the validation sample.
Conclusions: Aged persons and those who used
more hospital services in previous years had a
higher probability of hospital admission and
readmission.
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ersons of advanced age have a greater number of chronic dis-

eases and more comorbidity than the remaining population.

This population has a considerable economic impact on the
healthcare system, particularly when there is a lack of coordination
between primary care and hospital services. Patients with chronic
diseases and high~comorbidity-may not always receive optimum care
because sometimes they have not been identified as persons at risk or
with special needs. Some studies have estimated that the population
with greater needs represents around 10% of the total, but consumes
about 70% of available healthcare resources.! Unplanned hospital ad-
missions and readmissions are included among the indicators of this
higher healthcare expenditure. Short periods of time between admis-
sion and readmission (eg, 30 days) are used as indicators of quality of
hospital care. Longer periods are useful as indicators of the population
at risk and to asses the impact on the health system.?

Managed care models have been developed to promote integration
and coordination of the healthcare system, and to provide patients
with different interventions according to their level of need.** These
models have been implemented by various organizations.”® One of
these models stratifies the population’s healthcare needs into 4 levels
and provides patients with different interventions according to their
level of need, while the other model focuses on the high-risk popu-
lation and offers specific resources, particularly nursing case manage-
ment, to achieve a more proactive approach in the care of high-risk
patients. The aim of this strategy is to improve the patient’s clinical
outcome and quality of life, while reducing the use of more costly ser-
vices such as unplanned hospital admission. These models have also
been applied in the National Health Service in England. Managed
care models are based on identification of patients at risk of emergency
hospitalization or high consumption of resources, or of requiring high-
cost care in the future.

A systematic review published in 1991 identified 44 studies related
to predictive models of hospital admission or readmission.” Forty-six stud-
ies published between 1991 and 2010 that developed predictive models
to identify persons at risk were re-
trieved; most of them cohort stud-
ies (n = 30). Eight standardized

instruments®!® designed to rec-
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Predictive Model for Admission and Readmission

risk and to develop interventions to re-
duce unplanned admissions have been
published.

The healthcare system in Catalonia is
a public system, financed by taxes, with de
universal healthcare coverage and free readmission.
entry for all citizens. It is oriented toward
primary care, which is the first contact
and level of access users have with the
healthcare system (cure, care, prevention,
and health promotion), and it is mainly provided in primary
care centers.!”" The hospitalization rate in Catalonia was
306.3/1000 for the population over age 64 years in 2009.2° A
comparable figure of admission rate in acute, short-stay hospi-
tals was 350.8/1000 for the United States in 2006.%!

With the currently available information about the Span-
ish healthcare system, it would be appropriate to incorporate
tools to help identify subpopulations at risk of high consump-
tion of resources.

The aims of this study were to analyze the risk factors for
and the likelihood of unplanned hospital admission and re-
admission in the population over age 64 years who were reg-
istered with a primary care center in 1 of the geographical
healthcare areas of Catalonia. This tool could potentially
provide useful information to establish interventions focused

on preventing future unplanned admissions and readmissions.

METHODS
Design and Study Population

This is a retrospective cohort study including all persons
more than 64 years of age who were registered in the primary
care area of Baix Llobregat Litoral within the health region
of Costa de Ponent in Catalonia (Spain). The health services
provided in this area include 7 primary care teams and 2 pub-
lic referral hospitals, Viladecans Hospital, a first-level center,
and Bellvitge Hospital, a third-level center for more complex
cases. The primary care centers and hospitals provide almost

all healthcare services in this area.

Data Source and Study Variables

The data were obtained from the e-CAP, the computerized
information system used in primary care; the pharmacy data-
base, which records dispensation of drugs; and the hospital
discharge data from Viladecans and Bellvitge. Data used to
build the predictive models came from the period encompass-
ing 2006, 2007, and 2008. Data from 2006 and 2007 were used
as background information on healthcare service use in both
the primary care and hospital settings. To validate the model,
data from the period including 2007, 2008, and 2009, were

Take-Away Points
Predictive models of people at high risk for hospital admission and readmission were
developed using primary care, pharmacy, and hospital care databases.

B Aged people with respiratory and/or cardiac comorbidities and with greater use of
hospital care services in previous years had a higher probability of hospital admission and

B Application of this predictive model to identify people at risk may have a considerable
impact on the care of patients with high comorbidity, making for a more proactive health-
care system and at the same time reducing the cost of avoidable hospitalizations.

used, with data from 2007 and 2008 being the background
information.

The dependent variables were unplanned hospital admis-
sion between January 1, 2008, and December 31, 2008, and
unplanned readmission within 6 months after discharge day
of the index admission.

The exclusion criteria for index admissions were elective
or planned admission, readmissions during the same study
period, admission of patients who resided outside the area,
and hospital discharges without recording the admission or
discharge date or the type of admission. In readmissions, the
exclusion criteria were persons dead at discharge of index ad-
mission and individuals transferred from one hospital to an-
other hospital in the same readmission.

The sociodemographic factors analyzed were age (catego-
rized into 65-69, 70-74, 75-79, and >80 years), sex, place of resi-
dence, morbidity, and diagnoses recorded in the e-CAP, based
on the International Classification of Diseases, 10th Revision, Clini-
cal Modification into large groups, from which the more specific,
common diagnoses according to the literature were chosen.
These included insulin-dependent diabetes (E10), non—insulin-
dependent diabetes (E11), heart failure (I50), ischemic heart
disease (I120-150), bronchitis (J40, J41, and J42), emphysema
(J43), chronic obstructive pulmonary disease (COPD) (J44),
asthma (J45), bronchiectasis (J47), Alzheimer’s disease (G30),
and femoral neck fracture (S72), plus the total number of con-
current diagnoses (<4 vs >5). In addition, the following factors
were analyzed: consumption of primary care resources in the
previous 2 years, consultations by telephone contact (0 vs >1),
general medical visits (<5 vs >6), nursing visits (<2 vs >3), so-
cial worker visits (O vs >1), visits to any service (<5 vs >6), drugs
dispensed (<3 vs >4), and use of hospital resources in the previ-
ous 2 years, including previous unplanned admissions (<1 vs >2)
and cumulative days of stay (<8 vs >9). Categorization of these
variables was carried out in keeping with data in the literature
and according to their skewed distribution in the population
studied.

An analysis of the internal validity, quality, and consis-
tency of the information obtained was carried out following a
previously designed protocol.
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CLINICAL

H Table 1. Sociodemographic Characteristics of the Population Aged >65 Years Who Were Registered With
Primary Care Centers and Patients Who Had Unplanned Admissions in 2008

Characteristic Total
Total 28,430
Sex
Male 12,129 (42.7)
Female 16,301 (57.3)
Age,y
65-69 7484 (26.3)
70-74 6670 (23.5)
75-79 5649 (19.9)
>80 8627 (30.3)
Municipality?
Castelldefels 10,107 (35.7)
Gavé 8038 (28.4)
Viladecans 10,173 (35.9)

Municipality was missing for 0.39%.

This study was performed in accordance with national and
international guidelines (ethics code, Declaration of Helsin-
ki) and with legal regulations on the confidentiality of per-
sonal data (Law 15/1999 of December 13 on the protection
of personal data).

Statistical Analysis

Logistic regression was used to identify factors predictive of
unplanned hospital admission in a 12-month period and read-
mission within 6 months. The model building process consisted
of 3 steps: selecting the variables, building the model, and vali-
dating the model. Unplanned hospital admission and readmis-
sion models were adjusted for sex and age. Model fitting was
realized with an iterative process, selecting in each step the can-
didate variable to add to the model, using a statistical signifi-
cance level of <.01. To choose the best model, the likelihood
ratio test was used to compare the models in each iteration.

Validation of the model was performed by testing calibra-
tion, discrimination, and colinearity, and analyzing the residu-
als and influence values.?? SPSS version 18 (SPSS Inc, Chicago,
Illinois) and STATA version 11 (StataCorp, College Station,

Texas) for Windows were used for the statistical analyses.

RESULTS

A total of 28,430 persons over 64 years of age (57.6% wom-
en) were registered in a primary care center in the study area.

Among them, 30.3% were 80 years or older, 35.7% were regis-

No. (%)

Unplanned Planned and Unplanned
Admissions Admissions
2103 3632
1015 (48.3) 1706 (47.0)
1088 (51.7) 1926 (53.0)
264 (12.6) 702 (19.3)
393 (18.7) 830 (22.9)
437 (20.8) 811 (22.3)
1009 (48.0) 1289 (35.5)
646 (32.5) 969 (27.5)
584 (29.3) 1082 (30.7)
761 (38.2) 1469 (41.7)

tered in Castelldefels, and 35.9% were registered in Viladecans,
Spain.

The sociodemographic characteristics of the entire study
population, patients who had any hospital admission (planned
or unplanned), and patients who had only an unplanned hos-
pital admission in 2008, are presented in Table 1. Among the
total population, 7.4% (n = 2103) had an unplanned admis-
sion; 51.7% of this group were women and 48% were 80 years
or older (Table 1). The most prevalent diagnoses related to
unplanned admissions compared with the total population
were COPD, heart failure, ischemic heart disease, non—in-
sulin-dependent diabetes, and having 5 or more concurrent
diagnoses (Table 2). Compared with the total population,
hospitalized patients in this group consumed an increased
amount of healthcare resources, and this increase was higher
in 2007 than in 2006.

Among the total population, 1.3% (n = 365) had an un-
planned readmission within 180 days from the index admis-
sion (53.7% men, 53.7% 80 years or older), and 4.1% had any
readmission (unplanned or planned; Table 3). In the admit-
ted population the rate of readmission was 18.7% (365/1952)
at 6 months and 13.6% (265/1952) at 30 days. Compared with
the total population, readmitted patients had a higher preva-
lence of almost all the variables analyzed. Emergency admis-
sion in the 2 years prior to readmission was also higher in the
readmitted population (Table 4).

The predictive factors for unplanned hospital admission
were sex (male), age (the older the patient, the higher the
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Predictive Model for Admission and Readmission

H Table 2. Percentage of Individuals With the Diagnoses Studied, Dispensed Medication, and Health Services Use?

Characteristic
Morbidity
Insulin-dependent diabetes
Non-insulin-dependent diabetes
Ischemic heart disease
Heart failure
Unspecified bronchitis (acute or chronic)
Mucopurulent and simple chronic bronchitis
Unspecified chronic bronchitis
Emphysema
Chronic obstructive pulmonary disease
Asthma
Bronchiectasis
Alzheimer’s disease
Femur fracture
Concurrent diagnoses (=5)
Use of health services
Number of drugs prescribed (>4)
Use of services per year (2006)
Consultation by telephone (>1)
Social worker visits (>1)
Emergency visits (>1)
Nurse visits (=3)
General medical visits (>6)
Total of visits (>6)
Emergency admissions (>2)
Planned admissions (>2)
Days of cumulative stay (=9)
Use of services per year (2007)
Consultation by telephone (>1)
Social worker visits (>1)
Emergency visits (>1)
Nurse visits (>3)
General medical visits (>6)
Total of visits (>6)
Emergency admissions (>2)
Planned admissions (>2)

Days of cumulative stay (=9)

Total
(n = 28,430)

121 (0.4)
5570 (19.6)
2346 (8.3)
1048 (3.7)

66 (0.2)

161 (0.6)

443 (1.6)

127 (0.5)
1822 (6.4)
1024 (3.6)

269 (1.0)

379 (1.3)

17 (0.1)

429 (1.5)

5085 (17.9)

804 (2.8)
826 (2.9)
1250 (4.4)
14,688 (51.7)
11,746 (41.3)
16,142 (56.8)
133 (0.5)
114 (0.4)
157 (0.6)

1993 (7.0)
1083 (3.8)
20,607 (72.5)

633 (2.2)
12,404 (43.6)
16,434 (57.8)

233 (0.8)

135 (0.5)

206 (0.7)

No. (%)

Unplanned
Admissions
(n =2103)

20 (1.0)
591 (28.1)
374 (17.8)
288 (13.7)

8(0.4)

21 (1.0)

71 (3.4)

32 (1.5)
361 (17.2)
12 (5.3)

51(2.4)

46 (2.2)

3(0.1)
171 (8.1)

840 (39.9)

101 (4.8)
132 (6.3)
146 (6.9)
1426 (67.8)
1205 (57.3)
1508 (71.7)
114 (5.4)
63 (3.0)
117 (5.6)

223 (10.6)
181 (8.6)
1698 (80.7)
179 (8.5)
1296 (61.6)
1571 (74.7)
202 (9.6)
67 (3.2)
156 (7.4)

Planned and Unplanned
Admissions
(n =3632)

32 (0.9)
970 (26.7)
550 (15.1)
336 (9.3)

10 (0.3)

28 (0.9)
109 (3.0)

39 (1.1)
506 (13.9)
199 (5.5)

71 (2.0)

56 (1.5)

5(0.1)
200 (5.5)

1199 (33.0)

175 (4.8)
171 (4.7)
260 (7.2)
2586 (71.2)
2205 (60.7)
2780 (76.5)
133 (3.7)
114 (3.1)
157 (4.3)

412 (11.3)
240 (6.6)
3179 (87.5)
207 (6.7)
2402 (66.1)
2910 (80.1)
233 (6.4)
135 (3.7)
206 (5.7)

#Total population aged >65 years who were registered with primary care centers and patients who had unplanned admissions in 2008.
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CLINICAL

H Table 3. Sociodemographic Characteristics of the Population Aged >65 Years Who Were Registered With
Primary Care Centers and Patients Who Were Readmitted in 2008

Total

Characteristic (n = 28,279)
Sex

Male 12,050 (42.6)

Female 16,229 (567.4)
Age, y

65-69 7477 (26.4)

70-74 6648 (23.5)

75-79 5627 (19.9)

>80 8527 (30.2)
Municipality?

Castelldefels 10,063 (35.7)

Gava 8007 (28.4)

Viladecans 10,121 (35.9)

Municipality was missing for 0.31%.

risk), COPD, heart failure, 5 or more concurrent diagnoses,
dispensation of 4 or more medications, and the use of hospital
resources in the 2 years prior to admission (emergency admis-
sions, planned admissions, and cumulative days of hospital
stay). Associated factors for unplanned readmission were sex
(male), age (the older the patient, the higher the risk), insu-
lin-dependent diabetes, ischemic heart disease, heart failure,
the number of dispensed drugs, and emergency admissions and
days of hospital stay accumulated in the previous year. The
most powerful predictive factor for both admission and read-
mission was unplanned admissions in the previous year (odds
ratio [OR] 24.9, 95% confidence interval [CI] 16.0-38.7 and
OR 20.4, 95% CI 14.1-29.5, respectively; Table 5).

The area under the receiver operating characteristic
(ROC) curve of hospital admission was 0.78 in the study
sample and 0.76 in the validation sample (Figure). The vari-
ance influence factors were 1.03 to 1.24 and the Hosmer-Lem-
eshow P value was .50. For readmission, ROC curves were
0.85 in the study sample and 0.81 in the validation sample
(Figure). The variance influence factors were 1.00 to 1.14,
and the Hosmer-Lemeshow P value was .12.

DISCUSSION

In this study, predictive models for unplanned hospital
admission and readmission were developed in a health area
of Catalonia using retrospective data from the primary care,

pharmacy, and hospital databases. Hospitalization in previous

No. (%)

Planned and Unplanned

Unplanned Readmissions Readmissions

(n = 365) (n =1163)
196 (53.7) 618 (563.1)
169 (46.3) 545 (46.9)
28 (7.7) 205 (17.6)
70 (19.2) 232 (19.9)
71 (19.5) 258 (22.2)
196 (563.7) 468 (40.2)
123 (36.7) 335 (29.9)
98 (28.4) 330 (29.4)
124 (35.9) 457 (40.7)

years was the most powerful risk factor for unplanned hospi-
talization and rehospitalization. These predictive models en-
able identification of persons at higher risk and establishment
of proactive interventions with greater intensity in the high-
risk categories, so that more effective allocation of resources
to meet population needs can be achieved.

The fact that the Spanish healthcare system is oriented
toward primary care, with easy and universal access to care,
could be associated with low rates of hospitalizations, both
the total rates and specifically the rates for ambulatory care—
sensitive conditions.!” Nevertheless, factors related to the
use of primary care did not achieve statistical significance
in our predictive models. As almost all the elderly popula-
tion had consulted regularly with primary care in previous
years (mean number of visits to a primary care center per
year in the study sample was 10.8 in 2008), these variables
lost their ability to discriminate between those who were
admitted and those who were not admitted to the hospi-
tal. Moreover, in spite of the high mean number of visits
to a primary care center in the Spanish elderly population
compared with the number of visits in other countries, the
present study did not include assessment of the “quality” or
effectiveness of those visits.

No differences were found in the probability of admission
or readmission related to the place of residence, despite the
existing variability in clinical practice in Spain.?* This may be
because the area analyzed was relatively small, including only

2 hospitals and 7 primary care teams.
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Predictive Model for Admission and Readmission

H Table 4. Percentage of Individuals With the Diagnoses Studied, Medication Use, and Health Services Use?®

No. (%)
Unplanned Planned and Unplanned
Total Readmissions Readmissions
Characteristic (n = 28,279) (n = 365) (n =1163)
Morbidity
Insulin-dependent diabetes 120 (0.4) 6 (1.6) 14 (1.2)
Non-insulin-dependent diabetes 5538 (19.6) 108 (29.6) 334 (28.4)
Ischemic heart disease 2327 (8.2) 80 (21.9) 245 (20.8)
Heart failure 1027 (3.6) 90 (24.7) 178 (15.1)
Unspecified bronchitis (acute or chronic) 66 (0.2) 1(0.3) 3(0.3)
Mucopurulent and simple chronic bronchitis 160 (0.6) 6 (1.6) 13 (1.1)
Unspecified chronic bronchitis 440 (1.6) 15 (4.1) 46 (3.9)
Emphysema 127 (0.4) 13 (3.6) 25(2.1)
Chronic obstructive pulmonary disease 1808 (6.4) 97 (26.6) 234 (19.9)
Asthma 1023 (3.6) 23 (6.3) 73 (6.2)
Bronchiectasis 267 (0.9) 16 (4.4) 37 (3.1)
Alzheimer’s disease 377 (1.3) 8(2.2) 21 (1.8)
Femur fracture 17 (0.1) 0 (0.0) 1(0.1)
Concurrent diagnoses (=5) 415 (1.5) 45 (12.3) 108 (9.2)
Use of health services
Number of drugs prescribed (>4) 5062 (17.9) 175 (48.0) 487 (41.4)
Use of services per year (2006)
Consultation by telephone (>1) 795 (2.8) 26 (7.1) 61 (5.2)
Social worker visits (>1) 819 (2.9) 21 (5.8) 64 (5.4)
Emergency visits (>1) 1240 (4.4) 40 (11.0) 110 (9.4)
Nurse visits (=3) 14,595 (51.6) 265 (72.6) 870 (74)
General medical visits (=6) 11,672 (41.3) 239 (65.5) 756 (64.3)
Total of visits (=6) 16,049 (56.8) 281 (77.0) 923 (78.5)
Emergency admissions (>2) 128 (0.5) 39 (10.7) 67 (5.7)
Planned admissions (>2) 111 (0.4) 17 (4.7) 48 (4.1)
Days of cumulative stay (=9) 149 (0.5) 34 (9.3) 70 (6.0)
Use of services per year (2007)
Consultation by telephone (>1) 1982 (7.0) 54 (14.8) 150 (12.8)
Social worker visits (>1) 1065 (3.8) 46 (12.6) 101 (8.6)
Emergency visits (>1) 20,511 (72.5) 295 (80.8) 1003 (85.3)
Nurse visits (>3) 602 (2.1) 42 (11.5) 90 (7.7)
General medical visits (>6) 12,328 (43.6) 241 (66.0) 805 (68.5)
Total of visits (>6) 16,338 (57.8) 281 (77.0) 947 (80.5)
Emergency admissions (>2) 219 (0.8) 89 (24.4) 143 (12.2)
Planned admissions (>2) 134 (0.5) 17 (4.7) 61 (5.2)
Days of cumulative stay (=9) 194 (0.7) 47 (12.9) 98 (8.3)

#Total population aged >65 years who were registered with primary care centers and patients who were readmitted in 2008.
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H Table 5. Predictive Models of Unplanned Hospital Admission and Readmission

Characteristic
Sex
Female
Male
Age, y
65-69
70-74
75-79
>80
Insulin-dependent diabetes
No
Yes

Chronic obstructive pulmonary disease

No
Yes
Ischemic heart disease
No
Yes
Heart failure
No
Yes
Number of concurrent diagnoses
<4
>b
Number of drugs prescribed
<3
>4
Emergency admissions 2007
<1
>2
Planned admissions 2007
<1
>2
Days of cumulative stay 2007
<8
>9
Emergency admissions 2006
<1
>2
Planned admissions 2006
<1
>2
Days of cumulative stay 2006
<8
>9

Cl indicates confidence interval; OR, odds ratio.

CLINICAL

OR (95% Cl)

Admission

1
1.26 (1.14-1.40)

1
1.63 (1.28-1.82)
1.85 (1.66-2.20)
3.13 (2.69-3.64)

1
1.87 (1.69-2.19)

1
1.40 (1.20-1.62)

1
2.12 (1.77-2.55)

1
2.33 (1.80-3.04)

1
2.89 (2.60-3.21)

1

24.89 (16.00-38.72)

1
4.23 (2.66 -6.74)

1
14.39 (9.80-21.14)

1

15.58 (8.66-28.02)

1
5.85 (3.58-9.56)

1
9.54 (6.03-15.09)

Readmission

1
1.62 (1.20-1.95)

1
2.37 (1.60-3.75)
2.561 (1.69-3.99)
4.64 (3.05-7.06)

1
4.15 (1.60-10.76)

1
2.18 (1.62-2.94)

1
3.92 (2.93-6.25)

1
3.09 (2.46-3.88)

1

20.40 (14.10-29.51)

1
3.44 (2.12-5.56)

The rates of unplanned
readmission for the admitted
population in our study were
18.7% at 6 months and 13.6%
at 30 days, both lower than the
20.0% generally found in the
United States at 30 days."°

Previous studies in Spain
have analyzed admission
and/or readmission for specific
diseases or specialties. In Cat-
alonia (Baix Emporda) the re-
lationship between population
morbidity and healthcare costs
was examined.”* In Valencia,
relationships between comor-
bidity and hospital stay, mor-
tality, and readmission were
analyzed using the Charlson
index.” The results from the
current study cannot be com-
pared with the results of these
studies because we examined
the risk of unplanned hospital-
ization using various databases,
not using only hospital data. In
addition, the study from Baix
Emporda analyzed primary
care and hospital cost together
as a dependent variable.

Similar studies have been
carried out in the United
Kingdom (Scottish Patients at
Risk of Readmission and Ad-

11,12

mission'"'? and the combined

predictive model Patients at
Risk of Re-hospitalisation'**¢)
and in the United States
(Probability of Repeated Ad-
mission®’ and the Triage Risk
Stratification Tool.!'®?") The
latter included other variables
such as morbidity groups based
on cost (Adjusted Clinical
Groups?®). These and other
published cohort studies ob-
tained ROC curves between
0.64 and 0.83. On the other
hand, a recent published study

obtained acceptable predic-
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Predictive Model for Admission and Readmission

B Figure. Receiver Operating Characteristics of the Development and Validation Samples
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tive figures, although it included death as part of the outcome
measure.'®

The model that showed the greatest capacity for discrimi-
nation (ROC curve of 0.83) included individual variables
such as self-perceived health status, visual impairment, mean
scores on physical activity, and need for assistance in activities
of daily living. This model showed better discrimination than
another model from the same population using only adminis-
trative data (0.77).%

The inclusion of a classification of morbidity groups or co-
morbidity indexes according to the consumption of resourc-
es, such as the Adjusted Clinical Groups®® or Clinical Risk
Groups,* could improve the models obtained here. However,
models based on hospital cost do not seem to obtain better re-
sults than those based on morbidity and use of health services.’!

The strengths of this study include the general population
sample over age 64 years and the use of different databases. It
is also one of the first studies on predictive models carried out
in Spain.

Among the limitations of this study, certain individual
variables (ie, Charlson or Elixhauser index; variables related
to admission such as admission for emergency, hour of admis-
sion, or patient follow-up visits with primary care physician
after discharge from the index admission) that could improve

the predictive level were lacking and should be included in

future studies. In addition, admissions and readmissions of
residents in the area to other hospitals in Catalonia or out-
side Catalonia were not included because of the lack of hos-
pital data outside the study area. However, it is not expected
that this would have significantly influenced the final results,
since it is likely that most emergency admissions would occur
in the area where a person resides. According to data from
the 2008 Catalonian hospital discharge database, the hospi-
talization rate for the area’s total population was 96/1000.*? In
our study, taking into account all admissions in the area, the
hospitalization rate was 86/1000 (in the population >15 years
old, excluding obstetric causes); hence, we think that any
underestimation would be low. On the other hand, we could
not identify those few deaths occurring in 2008 that were
not connected to the index admission. Nevertheless, these
would not be expected to have a significant impact on the
results. Future studies could identify these deaths and apply
Cox proportional hazards analysis.” It should also be noted
that an external validation performed in the same population
can favor the good discriminating power shown by a model;
hence, it would be advisable to perform the validation in an-
other population. Another limitation may be that categoriza-
tion of the variables was partly based on their distribution in
the study population; this issue should be examined in future

studies. Finally, generalization of the results is limited to areas
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with similar healthcare models and populations with similar
characteristics.

In conclusion, aged persons who have respiratory and
cardiac comorbidities and who use the hospital care services
more often have a higher probability of hospital admission
and readmission in the future. Despite the limitations of the
study, the predictive model that was developed showed ac-
ceptable results in terms of validity and reliability.

In the future, it might be possible to implement proactive
interventions in real time in at-risk patients detected by the
predictive model. Application of these interventions could
have considerable impact on the care of patients with high co-
morbidity. Comparative studies investigating the effectiveness
of these interventions in reducing hospitalizations should be
carried out. The Catalan and Spanish healthcare system, which
is oriented toward primary care, should be considered when im-
plementing any intervention. This system makes it easier than
other healthcare systems to treat health problems by ongoing,

comprehensive, and coordinated care.
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