
In the United States, asthma affects 14 to 15 million
persons and accounts for more than 100 million
days of restricted activity and 470 000 hospitaliza-

tions annually.1 The total estimated cost of asthma in
the United States in 1994 was $5.8 billion,2 and it
appears that more than 80% of the total cost is generat-
ed by the 20% of patients with more severe asthma.2 A
substantial proportion of these direct costs are due to
asthma hospitalizations and emergency department
(ED) visits.2

Various interventions have been shown to reduce the
risk of hospitalizations or ED visits in asthmatic sub-
jects, including specialty care,3-7 and organized pro-
grams involving personalized education and regular
personal or telephone contact.8-20 Such interventions
should both improve quality of life and reduce direct
and indirect costs for asthmatic patients. However, cost-
effective intervention programs would be best aimed at
patients who are at higher risk of adverse outcomes. 

A number of studies have tried to identify risk fac-
tors for asthma hospitalizations or ED visits.21-83 Many
demographic, clinical, utilization, medication, and
social/environmental factors have been associated with
an increased risk of asthma hospitalizations or ED vis-
its (Table 1). Among the most consistent or pro-
nounced risk factors were younger age (when children
were included in the population studied), African-
American or Hispanic race/ethnicity, lower socioeco-
nomic status, more clinically severe asthma, prior
utilization, and increased use of rescue medications
(inhaled β-agonists and oral corticosteroids). Several
studies have suggested that increased use of preventative
medications (cromolyn, inhaled corticosteroids) and the
use of asthma action plans could decrease the risk of
asthma hospitalizations or ED visits. Among patients
hospitalized with asthma, there was a strong relation-
ship between age and gender, such that up to twice as
many patients under age 20 were males, but up to 3
times as many patients over age 20 were females.
However, since many of these studies did not take into
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account the possible age–gender associations
among all asthmatics, they cannot adequately
assess the role of either factor as a risk factor for
hospitalization.

The purposes of the current study were 1) to con-
firm previously identified risk factors using a com-
puterized administrative database in a large
managed care organization; 2) to assess the inde-
pendent effects of these factors; and 3) to develop
a clinically useful prediction rule to identify
patients in asthmatic populations at high risk of
subsequent asthma hospitalizations. 

METHODS

Data Collection
Data for this study were derived from the

Southern California Kaiser Permanente Asthma
Case Identification Database (ACID), based on
linkage of computer data from a hospital discharge
database, diagnosis and procedures database, mem-
bership database, and prescription database.
Patients were identified as having asthma if they
met one or more of the following criteria: 

1) Any discharge diagnosis (principal or
other diagnosis) of asthma in the hospi-
talization database (ICD-9 code: 493.xx); 

2) Two or more asthma-related medication
dispensings (excluding oral steroids) in a
1-year period in the prescription data-
base, including β-agonists (excluding oral
terbutaline), inhaled steroids, other
inhaled anti-inflammatory drugs, and oral
leukotriene modifiers; and 

3) ED or regular clinic asthma-related visit
in the diagnosis and procedures database. 

This algorithm is based on the evidence that
identifying “physician-diagnosed asthma” is a valid
way to identify asthmatic patients in epidemiologi-
cal studies.84 Physician-diagnosed asthma is cap-
tured explicitly with criteria 1 and 3 and implicitly
with criterion 2.

Subjects in the present cohort were patients
included in ACID during 1998 and 1999 who 1)
were assigned to the San Diego or Los Angeles med-
ical centers, 2) were continuously enrolled in 1998
and 1999, 3) had prescription drug coverage as a
benefit, and 4) were between the ages of 3 and 64.
The outcome was any 1999 hospitalization with a
primary diagnosis of asthma (ICD-9 Code: 493.xx)
at a Kaiser Foundation Hospital or at an outside

Table 1. Previously Identified Risk Factors for Asthma
Hospitalizations or Emergency Department Visits

Age/gender
Younger age (children)21-32,82

Older age (adults)33

Male gender (< age 20)31,34,35-37,82

Female gender (> age 20)35,37-42,79

Race/ethnicity
African American26,27,29,30,34,35,43-51,78,79

Hispanic25,26,45,46,49

Nonwhite/minority21,25,83

Socioeconomic
Lower income21,25,26,34*,43,47,52,78,83

Poverty status25,34,37,45,76

Problem paying for care53

Medicaid/public aid30,50,54,77

Deprivation†55

Lower educational level25,26, 34*,52,78

Unemployment78

Clinical
Increased symptom severity or frequency23,52,53,56-59

Nocturnal symptoms23,58,60

Does not have personal physician22

Missed school53

No action plan52,61,62

Decreased forced expiratory volume in 1 second60,63

Cat/cockroach sensitivity30

Low perception of dyspnea81

Utilization
Prior emergency department visits22,23,52,60,64,65,77,80,83

Prior hospitalizations22,54,58,61,63,77,80,83

Asthma visit past 6-12 months23,53,77

Unscheduled visits for asthma past year23

Medication
Increased β-agonist use22,52,60,66-68,80

Not using cromolyn22,32,66

Not using inhaled corticosteroids33,59,66,69-71

Low inhaled corticosteroid/β-agonist ratio25,64,72,73

Use of oral corticosteroids22,58,61,63,64,74,77

Use of daily medications23

Larger number of prescribers22

Nebulizer at home52

Not treated for allergic rhinitis80

Use of theophylline80

Social/environmental
Smoking46

Damp housing75

Crowding26

Use of oil for heat26

Did not wash bedsheets > twice per month52

No mattress cover53

Low social support53

Northeast vs West United States29

Maternal depressive symptoms59

*Socioeconomic index in this study included occupation, educational
level, home ownership, income, and access to services.
†Townsend Index, based on unemployment, presence of cars, home
ownership, and number of persons per room.
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hospital. The outcome was evaluated and modeled sep-
arately for children (ages 3-17) and adults (ages 18-64). 

Median household income for each zip code was
determined from the 1990 US Census Web site.
Potential predictors for the analysis included 1) age, 2)
gender, 3) zip code–derived median household income
(based on 1998 address), 4) San Diego or Los Angeles
location, 5) number of 1998 asthma hospitalizations, 6)
number of 1998 asthma ED visits, 7) number of 1998
inhaled β-agonist dispensings, 8) number of 1998 anti-
inflammatory medication dispensings, 9) the 1998 ratio
of anti-inflammatories to total asthma medications
(anti-inflammatories plus inhaled β-agonists) dispens-
ings, 10) number of 1998 oral corticosteroid dispens-
ings, 11) number of 1998 asthma medication
prescribers, and 12) interaction terms for 1998 β-ago-
nists with 1998 ED visits, hospitalizations, oral corti-
costeroid dispensings, and number of prescribers.

Data Analysis
All analyses were conducted using SAS version 6.12

for Windows software. Univariate analyses evaluated the
relationships between individual risk factors and asth-
ma hospitalization in children and adults. Hypothesis

testing for continuous predictors was conducted using
the Wilcoxon rank sum test. Hypothesis testing for bina-
ry predictors was conducted using the Fisher’s exact
test. A two-sided P value of less than .05 was consid-
ered statistically significant.

Using all potential predictors, separate logistic
regression models using backwards elimination algo-
rithms were constructed for each age group (ie, children
and adults). Only variables with final Wald chi- square
P values of less than .01 were retained for the final mod-
els. A P value of .01 was chosen so as to limit the poten-
tial for over-training and increase the likelihood that the
model will generalize to other populations. The inter-
cept and coefficients of the models were used to create
prediction rules for asthma hospitalizations in children
and adults. These prediction rules were then validated
using bootstrap resampling techniques with 500 repeti-
tions each.

From the final validated models, tables of predicted
risks for each outcome compared with actual outcomes
were constructed using jackknifed estimates.85 A jack-
knifed estimate is one in which many models are fit,
each time leaving out one person from the training set.
The risk of the “left-out” person is then calculated from

Table 2. Predictor and Outcome Variables in the Study Population

Children (n = 4197) Adults (n = 6904)

Variable Mean ± SD % Mean ± SD %

Demographic
Age 9.493 ± 4.105 — 43.672 ± 12.313 —
Female — 37.8 — 63.5
Male — 62.2 — 36.5
Income* 34 687 ± 10 715 — 35 493 ± 10 295
San Diego — 65.9 — 71.7
Los Angeles — 34.1 — 28.3

Utilization
1999 Hospitalization .014 ± .125 1.4 .013 ± .127 1.2
1998 Hospitalization .015 ± .140 1.3 .008 ± .097 .8
1998 ED visits .080 ± .322 6.9 .066 ± .317 5.4

1998 treatment
β-agonists 2.643 ± 3.117 82.8 3.975 ± 3.884 91.0
Total anti-inflammatories 1.070 ± 2.810 49.1 1.913 ± 2.422 67.6
Ratio† .261 ± .276 — .324 ± .286 —
Oral steroid courses .563 ± .918 37.4 .560 ± 1.191 29.8
Number of prescribers 2.371 ± 1.473 96.0 2.388 ± 1.458 97.6

ED indicates emergency department.
*Missing = 138 children, 231 adults.
†ratio = total anti-inflammatories/total anti-inflammatories + β-agonists; data missing for 592 children, 258 adults.
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the model for which that person was not part of the
training set. The summary risk calculated using this
approach gives a more valid estimate of risk.85 From
these risk tables, sensitivities, specificities, positive pre-
dicted values (PPV), and negative predictive values
(NPV) for various probability cut-offs were calculated.
For each model, the probability cut-off that maximized
the sensitivity and PPV was determined.

RESULTS

The final case identification cohort included 4197
children aged 3 to 17 and 6904 adults younger than age
65. Characteristics of the population are shown in Table
2. Sixty-two percent of asthmatic children were male,
while 63% of asthmatic adults were female. Approxi-
mately 70% of the persons in the database were from the
San Diego medical center. The overall 1999 hospitaliza-
tion rate was 1.4% in children and 1.2% in adults. The
medication treatment of this cohort in 1998 is also
described in Table 2.

Univariate analyses between asthma hospitalizations
and potential predictors for children and adults are

shown in Table 3. Hospitalized children were younger
than nonhospitalized children. There was no significant
relationship between gender and hospitalization in chil-
dren or adults. Both hospitalized children and adults
lived in zip codes with lower mean household incomes
than patients who were not hospitalized. Hospitalized
children were less likely to have been from the San Diego
medical center than nonhospitalized children. Adults
and children hospitalized in 1999 were much more like-
ly than nonhospitalized patients to have had a hospi-
talization or ED visit in 1998. Hospitalized patients
used more β-agonists and oral steroids and had more
prescribers than nonhospitalized patients. Although hos-
pitalized patients used more anti-inflammatory medica-
tion and had a lower anti-inflammatory to total asthma
medication ratio than nonhospitalized patients, these
differences were not statistically significant.

The final regression models are shown in Table 4.
Independent predictors for 1999 asthma hospitalizations
in children were younger age and increased number of
1998 hospitalizations, β-agonist dispensings, and pre-
scribers. Increased total anti-inflammatory treatment
also was associated with a reduced likelihood of hospital-

Table 3. Univariate Analyses of the Relationships Between 1999 Hospitalizations and Predictor Variables

Children Children Adult Adult
Parameter Hospitalized Not Hospitalized Hospitalized Not Hospitalized

n 57 4140 83 6821

Age 7.53 ± 3.67‡ 9.52 ± 4.10 41.48 ± 11.94 43.70 ± 12.32

Female 38.6% 37.8% 69.9% 63.4%

Income 31 438 ± 10 205* 34 733 ± 10 716 32 147 ± 9244† 35 532 ± 10 300

San Diego location 50.9%* 66.1% 72.3% 71.7%

Any 1998 hospitalizations 10.5%‡ 1.2% 8.4%‡ .7%

Mean 1998 hospitalizations .193 ± .639‡ .013 ± .118 .108 ± 0.383‡ .007 ± .088

Any 1998 ED visits 17.5%† 6.7% 16.9%‡ 5.2%

Mean 1998 ED visits .316 ± 0.805‡ .076 ± .309 .253 ± .730‡ .064 ± .308

β-agonists 5.02 ± 4.58‡ 2.61 ± 3.08 5.67 ± 4.69‡ 3.95 ± 3.87

Total anti-inflammatories 1.37 ± 2.06 1.07 ± 1.67 2.27 ± 3.15 1.91 ± 2.41

Ratio§ .21 ± .24 .26 ± .28 .28 ± .27 .32 ± .29

Oral steroid courses 1.37 ± 1.68‡ .55 ± .90 1.54 ± 1.91‡ .55 ± 1.17

Number of prescribers 3.61 ± 2.19‡ 2.35 ± 1.45 3.19 ± 1.89‡ 1.45

ED indicates emergency department.
*P <.05.
†P <.01.
‡P <.001.
§Ratio = total anti-inflammatories/total anti-inflammatories + β-agonists
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ization among children in the final model. Independent
predictors for 1999 hospitalizations in adults included
lower income and the number of 1998 hospitalizations
and oral steroid dispensings. The discrimination of the
pediatric model was higher than that of the adult model,
based on the C statistic for the area under the ROC curve
(Table 4).

The performance of the final prediction rules was
evaluated in a jackknifed sample of children and adults.
For cut-off high-risk probabilities ranging from 1.0% to
3.0% in children, sensitivities ranged from 35.1% to
82.5%, specificities from 58.3% to 92.9%, PPVs from
2.7% to 6.4%, and NPVs from 99.0% to 99.6%. Using a
cut-off predicted probability of hospitalization of 2.5 %
in children, approximately 11% were identified as high
risk (Table 5). This high-risk group included 44% of the
children actually hospitalized. Of these high-risk chil-
dren, 5.6% were hospitalized compared with .9% of chil-
dren identified as low risk (relative risk = 6.2). For
cut-off high-risk probabilities ranging from 1.0% to 3.0%
in adults, sensitivities ranged from 20.5% to 66.7%,
specificities from 62.7% to 97.3%, PPVs from 3.1% to
8.2%, and NPVs from 99.0% to 99.4%. Using a cut-off pre-
dicted probability of hospitalization of 1.5% in adults,
approximately 13% were identified as high risk (Table
5). This high-risk group included 45% of the adults actu-
ally hospitalized. Of these high-risk adults, 3.9% were
hospitalized compared with .7% of adults identified as
low risk (relative risk = 5.6).

The importance of prior hospitalizations as a risk fac-
tor in both adults and children and the relatively low
PPVs achieved by the models derived in this study sug-
gested 2 additional analyses. First, the models were fit-
ted only in patients with prior utilization (1998
hospitalization or ED visits for asthma). This process
identified 8% to 12% of the prior utilizers with a sub-
stantially higher PPV—14% to 19% of the high-risk
group from this population would be hospitalized in
the subsequent year (Table 5).

Second, a model only using 1998 hospitalizations as
a predictor was fit in children and adults. This model
had substantially less discrimination than the complete
models in both children (C statistic = .547 versus .781)
and adults (C statistic = .539 versus .712). Moreover,
the maximum sensitivity achievable with this model
(with greater than 0% specificity) was only 10.5% in
children and 8.4% in adults.

DISCUSSION

This study confirms previous findings of a positive link
between the risk of asthma hospitalization and the follow-
ing factors: younger age (in children), lower median house-
hold income, prior hospitalization or ED visits, increased
use of β-agonists, use of oral corticosteroids, and greater
number of prescribers (Table 1). This study also developed
predictive models that were able to identify 11% to 13% of
adults or children who were approximately 6 times more

Table 4. Final Models for the Prediction of Asthma Hospitalizations in Adults and Children

Children Adults

Odds Ratio Odds Ratio
Parameter Estimate (95% Confidence Parameter Estimate (95% Confidence

Variable (P value) Interval) (P value) Interval)

Intercept −3.9671 (.0001) — −3.5539 (.0001) —

Hospitalizations* 1.2142 (.0013) 3.37 (1.61-7.04) 1.6817 (.0001) 5.38 (2.53-11.42)

β-agonists* .1556 (.0001) 1.17 (1.10-1.25) — —

Total anti-inflammatories* −.3164 (.0024) 0.73 (0.59-0.89) — —

Number of prescribers* .3265 (.0021) 1.39 (1.13-1.71) — —

Age −.1803 (.0001) 0.84 (0.77-0.91) — —

Oral steroids* — — .2850 (.0001) 1.33 (1.21-1.47)

Income — — −.00004 (.0043) 1.00 (1.00-1.00)

C statistic† .781 — .712

CLINICAL
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likely to be hospitalized in
the following year, account-
ing for approximately 45% of
the patients actually hospi-
talized.

Several previously iden-
tified factors were not
found to be significant in
this study. For example,
males under age 20 have
been reported to be more
likely to be hospitalized
than are their female coun-
terparts, while females
over age 20 are more like-
ly to be hospitalized than
are their male counter-
parts. However, many studies did not take into
account the age–gender associations among all asth-
matics. The present study confirms that more than 60%
of children with asthma are male and more than 60% of
adults with asthma are female, but did not show an effect
of gender of the risk of asthma hospitalizations.

Older age has been identified as a risk factor in adults
in a prior study,33 but was not linked to hospitalizations
in the present study. This may be because the upper age
limit in the present study was 64—a wider age range
may be necessary to demonstrate a relationship
between older age and asthma hospitalizations in adults.
Prior studies also have suggested that appropriate pro-
phylactic anti-inflammatory therapy may mitigate the
risk of asthma hospitalization (Table 1). The current
study only partially confirmed these findings. Total use
of anti-inflammatory medications was increased among
hospitalized vs nonhospitalized patients, although this
difference was not statistically significant. This may
reflect an effect of inherent severity. However, when
other risk factors were simultaneously considered,
increased use of anti-inflammatory prophylactic medica-
tions (cromolyn, nedocromil, inhaled corticosteroids, or
leukotriene modifiers) significantly reduced the risk of
hospitalization in children but not in adults (Table 4).

Another means of attempting to define appropriate
prophylactic therapy is the ratio of anti-inflammatory to
β-agonist or total medication use, which has been pre-
viously reported to be significantly lower in patients
who are subsequently hospitalized for asthma (Table 1).
In the current study, these ratios were somewhat lower
among hospitalized versus nonhospitalized children and
adults, but the difference was not statistically signifi-
cant. In addition, when considered in the context of the
other predictors in the multivariate models, the pro-
phylactic anti-inflammatory to total medication ratio

did not emerge as a significant independent predictor.
One reason for this may be that the ratios in these cal-
culations were based on dispensings, rather than num-
ber of canisters, which was not available in this data set.
One would predict that number of canisters, especially
if adjusted for doses per canister and drug potency,
would provide a more sensitive measure of actual pro-
phylactic versus rescue therapy dispensed and be a bet-
ter predictor.

Two differences between children and adults were
identified in the univariate analyses. The first is that
younger age increased the risk of hospitalization among
children but not among adults, which is consistent with
prior findings. The other difference is that hospitalized
children (but not adults) were less likely to be from the
San Diego service area than nonhospitalized children.
One could speculate that environmental differences
between San Diego and Los Angeles, such as air pollu-
tion, could account for these findings, assuming that
these factors have a greater effect on children than
adults younger than age 65.

Multivariate models also revealed differences among
children and adults (Table 4). In fact, the only factor
common to final models in both children and adults was
prior hospitalizations, which had the highest parameter
estimate in both models. As in the univariate analysis,
younger age was a risk factor in children but not adults.
While β-agonists, total anti-inflammatories (inverse
relation), and number of prescribers were independent
predictors in children, oral steroids and lower income
were independent predictors in adults. Furthermore,
the model for hospitalization in children appeared to
be more discriminating, based on the area under the
receiver–operating characteristic curve (C statistic).
The reasons for these differences are unclear, but they
do suggest that predictive models for asthma hospital-

Table 5. Jackknifed Estimates of the Performance of the Final Model in Children
and Adults*

P Level % Predicted
Subjects Cut-off High Risk Sensitivity (%) Specificity (%) PPV(%) NPV (%)

All
Children .025 10.9 43.9 89.8 5.6 99.1
Adults .015 13.3 44.9 87.0 3.9 99.3

Prior Utilization†

Children .090 9.8 46.2 91.8 19.4 97.6
Adults .065 12.5 46.7 88.8 14.0 97.7

PPV indicates positive predictive value; NPV, negative predictive value.
*Cut-offs deemed most clinically useful (based on sensitivity >40% and maximum PPV).
†1998 asthma emergency department visit or hospitalization.
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izations may be more discriminating if they evaluate
children and adults separately.

In addition to identifying independent predictors
from administrative data, a major goal of this study was
to develop a valid and clinically useful prediction model
for asthma hospitalizations. The ideal validation of a
model derived from one population is testing it in a
totally independent population.86 However, the boot-
strapping validation technique used to validate the cur-
rent models is considered an appropriate form of
internal validation.86 In addition, this study’s use of
jackknifed estimates of the performance of the predictive
models is more conservative and better approximates its
expected performance in an independent data set.85

There are several strengths of the predictive per-
formance of the current models. They identify less than
13% of the total population who will account for nearly
45% of the patients subsequently hospitalized.
Compared with patients deemed to be at low risk,
patients identified as being at high risk were approxi-
mately 6 times more likely to be hospitalized. However,
the weakness of the models is their low positive pre-
dictive value—only 4% to 6% of patients identified as
high risk are actually hospitalized in the subsequent
year. This means that for every patient correctly iden-
tified, approximately 19 patients are incorrectly identi-
fied. This may still be clinically acceptable. For
example, a relatively low cost intervention may be cost
effective if it can prevent some hospitalizations in these
high-risk patients. Moreover, the PPV of the current
model could be substantially increased (to 14% to 19%)
by restricting the population to those with prior hospi-
tal or ED utilization (Table 5). Furthermore, patients
identified as high risk may be at risk of other morbidi-
ty not specifically assessed in this study, such as hos-
pitalization beyond a year later, ED visits, missed work,
or missed school. Indeed, analysis of the current data
(not presented) shows that 13.6% of children assessed
as being high risk  visited the emergency department in
1999 (versus 5.3% of children not identified as high
risk), and 15.6% of adults assessed as being high risk
visited the emergency department in 1999 (versus 5.0%
of adults not identified as high risk). Thus, intervention
in a group of patients deemed to be at high risk by the
current models may very well prove to be cost effective
to prevent a wider variety of asthma morbidity.

One potential limitation in the current study is the
possibility of missed hospitalizations of Kaiser Perma-
nente members at non–Kaiser Permanente affiliated
hospitals. However, this number should be very small
and would probably have only a minor impact on the
results. Secondly, although the models developed in this
study may be more sensitive for use in a large managed

care organization population than any models devel-
oped to date, it would be expected that their perform-
ance could be improved by a number of modifications.
As discussed previously, expressing medication use as
number of canisters (or anti-leukotriene medication
dispensings), weighted on the basis of number of doses
per canister/dispensing and on the relative potency of
each dose, would be expected to improve predictions
based on use of inhaled β-agonists, prophylactic anti-
inflammatory medications, or their ratio. 

A third limitation is that assessment of race/ethnicity
should improve the ability to predict asthma hospital-
izations. In fact, many studies have suggested that
African-American or Hispanic race/ethnicity substantial-
ly increase the risk of asthma hospital or ED utilization
(Table 1). Moreover, some of these studies have found
that this effect is independent of socioeconomic factors
or access to care.34,43-45,51 Similarly, since many studies
have suggested that lower socioeconomic status is corre-
lated with increased asthma hospitalizations (Table 1), a
more individual and robust measure of socioeconomic
status than was used in this study would be expected to
improve the performance of a predictive model.
However, this information is not likely to be available in
an administrative database or even from clinical data.

Finally, this study was not able to utilize clinical
information, such as symptom intensity or pulmonary
function, or environmental/social risk factors (Table 1)
as potential predictors. Whether or not these character-
istics would prove to be independent risk factors when
the information taken into account in this study—espe-
cially if improved as above—is also considered requires
further study. In addition, the value of obtaining this
information would have to be balanced against the cost
and difficulty of obtaining such data on a large scale.

Several other authors have attempted to develop pre-
diction models for asthma hospitalizations using admin-
istrative data, and their results can be compared to the
results of the current study (Table 6). Not included in
this Table is the study of Li et al63 that used clinical
rather than administrative data and that of Lieu et al64

that modeled either an asthma hospitalization or ED
visit, which is both a more prevalent and more hetero-
geneous outcome than the asthma hospitalization out-
come modeled in this study. In a large cross validation
study, Grana et al77 identified a high-risk population of
3.7% of the total population of 75 124 asthmatic
patients who accounted for 30% of asthma hospitaliza-
tions the year following the prediction calculation.
However, other parameters of the performance of their
final risk stratification scheme (eg, sensitivity, positive
predictive value) are not clearly defined in their report.
Lieu et al22 developed 2 models for the prediction of

CLINICAL



VOL. 9, NO. 8 THE AMERICAN JOURNAL OF MANAGED CARE 545

asthma hospitalizations in children using administra-
tive data and a population similar to the current one. By
means of recursive partitioning, she and her colleagues
could develop a model with a higher positive predictive
value but a much lower sensitivity than those of the
models developed herein. Overall the sensitivities of the
current models were substantially higher (44-45%) than
those of the previously published models (≤ 32%) or that
which could be accomplished based on a prior asthma
hospitalization alone (< 10.5%).

The prediction rules developed in this study and the
processes used for their development could be utilized
in 2 specific ways for risk stratification in asthma popu-
lation management. First, managed care organizations
with similar populations and similar administrative data
could directly use the regression equations and proba-
bility cut-offs developed herein to define high-risk asth-
matic groups for targeted intervention. Second, the
processes used in this study could be applied to other
large asthmatic patient populations in which potential
risk factors can be prospectively identified and out-
comes tracked. By means of the logistic regression mod-
eling technique, independent predictors in that
population could be identified. Utilizing the regression
equations in jackknifed samples, the most useful high-
risk cut-offs could then be determined. Finally, the pre-
dictive performance of the derived prediction rules
could then be externally or internally validated in that
or a similar asthmatic population.

CONCLUSIONS

In summary, this study makes a number of impor-
tant contributions to the literature. First, it shows that
administrative data can be successfully used as meas-
ures of previously defined demographic and utilization
risk factors. Second, it shows that some previously
defined risk factors for asthma hospital utilization may
be related to each other, while others are independent

of each other, which may have both pathophysiologic
and measurement implications. Third, it shows that a
previous hospitalization is the strongest independent
predictor of a subsequent hospitalization in both chil-
dren and adults with asthma. Finally, it demonstrates
that the independent risk factor profile for children is
different from that of adults.

Furthermore, the predictive models developed in this
study have sufficient validity and predictive power to be
potentially clinically useful. It is hoped that these mod-
els, or improvements on them, will be used in the future
to identify high-risk patients for targeted intervention
and that such intervention will lead to substantially
reduced asthma morbidity.
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