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Objective: To validate a risk stratification scheme using computerized pharmacy data to predict emergency hospital utilization for
persistent asthma.
Study Design: Retrospective cohort.
Methods: The development sample consisted of 1079 HMO
members aged 18 to 56 years with persistent asthma. The scale used
medication cut-points as predictors for next-year emergency hospital utilization in a stepwise logistic regression model. Prediction
properties were evaluated in a validation sample of 24 370 patients
aged 18 to 56 years in a separate persistent-asthma database.
Results: Increasing use of β-agonists (odds ratio [OR] of 2.2 for
5-13 vs 0-4 canisters; OR of 2.4 for >13 vs 5-13 canisters) and oral
corticosteroids (OR of 2.6 for >2 vs 0-2 dispensing events) in the
first year independently predicted emergency hospital utilization in
the second year. Assigning 1 point for exceeding each of the above
3 medication thresholds led to a 4-level medication intensity scale
that was significantly (P < .0001) related to validated measures of
asthma symptom severity, asthma control, and asthma quality of
life in the development sample. In the validation sample, this
scheme identified a high-risk group that was 6 times more likely
than the low-risk group to require subsequent emergency hospital
care, with overall sensitivity of 65% and specificity of 54%. This
scale did not perform as well as a scale based on both baseline
emergency hospital care and pharmacy data.
Conclusion: This simple risk stratification scheme can be used
for populations with persistent asthma for whom computerized
pharmacy data, but not computerized prior utilization data, are
available.
(Am J Manag Care. 2006;12:478-484)

Several prior studies developed and validated risk
stratification schemes based on electronic data to
predict subsequent emergency hospital utilization for
asthma.3-6 However, all of these schemes included prior
emergency hospital utilization as an important component of the risk prediction algorithm. Computerized
pharmacy data are becoming increasingly available, but
frequently they are not linked to hospital utilization
data. Even if utilization data that could be linked to pharmacy data were available, it would be simpler to be able
to use only 1 computer system for risk stratification.
We are aware of 3 prior studies that attempted to predict subsequent emergency hospital care based on stratification of computerized pharmacy data. Two were
published only in abstract form,7,8 and the other one was
not validated in a separate population.9 Thus, we
thought it would be important to develop and validate a
risk stratification scheme based on computerized pharmacy data alone that would predict subsequent emergency hospital utilization and identify patients for
targeted intervention. In addition, we compared the performance of this medication-derived scale with that of a
previously validated scale that included baseline emergency hospital utilization as well as pharmacy data.6

sthma is a common chronic medical condition
that exacts a high human and economic cost in
our society.1,2 The prevalence and impact of
asthma, along with the availability of effective controller
therapy, make it an appropriate disease for population
management, which involves disease identification, risk
stratification, and therapeutic intervention in specified
populations. Risk stratification is used in population
management to identify those asthmatic patients who
are most likely to experience morbidity and resource
utilization, and for whom targeted intervention should
reduce these risks. In addition, risk adjustment is necessary when using databases to evaluate the effects of
interventions on asthma outcomes.
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This study is a retrospective cohort database study
using 1 sample (the development sample) to develop the
risk stratification scheme and a separate sample (the
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validation sample) to validate it. The study was
approved by the Northern California, Northwest, and
Southern California Regional Kaiser-Permanente institutional review boards.
Development Sample
Patients. Surveys were sent in August 2000 to a random sample of Kaiser-Permanente Medical Care
Program adult members aged 18 to 56 years from the
Northern California (n = 3072), Northwest (Oregon and
Washington) (n = 543), and Southern California (n =
3251) regions who were diagnosed as having persistent
asthma in 1999. The diagnosis of persistent asthma was
based on the National Committee for Quality Assurance
Health Plan Employer Data and Information Set
(HEDIS) criteria10: (1) 4 or more asthma medications
dispensing events, or (2) 1 or more emergency department visits or hospitalizations with a principal diagnosis
of asthma, or (3) 4 or more asthma outpatient visits with
2 or more asthma medication dispensing events. The
upper age of 56 years was chosen to reduce the inclusion of patients whose primary disease was chronic
obstructive pulmonary disease, as was done in the
HEDIS cohort.10 Completed surveys were returned
between August and October 2000 by 4175 members
(61%), of whom 3765 (90%) answered yes to the question, “Have you ever been told by a doctor that you have
asthma?” Computerized pharmacy information and
year 2001 asthma hospitalization and emergency
department information were available for 1079
patients who met the HEDIS persistent-asthma criteria
in 2000 and who were continuously enrolled in 2000
and 2001. These patients represent the development
sample for this study.
Survey Information. The survey included 3 validated
asthma tools: (1) the Mini Asthma Quality of Life
Questionnaire,11 a disease-specific quality-of-life questionnaire with a 2-week window and in which higher
scores indicate better quality of life; (2) the Asthma
Therapy Assessment Questionnaire,12 a validated asthma-control tool that has 5 levels, corresponding to 0 to
4 asthma-control problems as assessed over the prior
4 weeks; and (3) the Asthma Outcomes Monitoring
System,13 a symptom intensity scale that assesses symptoms over the previous 4 weeks.
Utilization Information. Survey records were
matched using a unique medical record number to year
2000 and 2001 computerized pharmacy records. These
data included canisters per year of short-acting βagonists, canisters per year of inhaled corticosteroids
(not weighted for potency or puffs per container), and
dispensings per year of oral corticosteroids. The 1079
patients in the development sample also had information on year 2001 asthma emergency department (ED)
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visits and hospitalizations available from linked hospital
and outpatient visit databases.
Development of the Medication Intensity Scale
Candidate predictors for the medication intensity
scale were the number of year 2000 (1) β-agonist canisters, cut at more than 0, more than 1, more than
2…and more than 17 per year; (2) inhaled-corticosteroid canisters, cut at more than 0, more than 1,
more than 2…and more than 17 per year; and (3) oralcorticosteroid dispensings, cut at 1 or more, 2 or more,
3 or more, and 4 or more. The outcome was emergency
hospital utilization for asthma during the year 2001,
defined as at least 1 hospitalization or ED visit for asthma (International Classification of Diseases, Ninth
Revision [ICD-9] code 493.xx), expressed as a yes/no
variable. Stepwise logistic regression was used to identify independent predictors from among the above
candidate predictors. In this analysis, the predictor
with the strongest relationship to the outcome
entered the model first. Subsequently, only predictors
independently related at P <.05 entered the model.
Risk points then were assigned based on the relative
odds ratios (ORs) of the predictors in the final logistic
regression model.
Validation Sample
Patients. The validation sample was derived from
patients in the Southern California Kaiser Permanente
asthma database. This database makes use of administrative data to define patients as having persistent asthma if they meet 1 or more of the following criteria in a
12-month period:
• A hospital discharge principal diagnosis of asthma
(ICD-9 code 493.xx).
• An ED visit with asthma as the principal diagnosis
(ICD-9 code 493.xx).
• Four or more dispensings of any combination of
inhaled β-agonists, inhaled corticosteroids, other
inhaled anti-inflammatory drugs, and oral
leukotriene modifiers, excluding oral corticosteroids (which may have been used for illnesses
other than asthma) and oral theophylline (for
which specific information was not available in this
database).
These criteria are similar to the HEDIS criteria
except for not capturing patients with 4 or more outpatient visits and 2 or more medications, because number
of outpatient visits was not available in this dataset.
Subjects in the validation sample were patients aged 18
to 56 years (to conform to the adult HEDIS population)
who were included in the asthma database during both
2002 and 2003.
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Utilization Information. The utilization information
included canisters of β-agonists and dispensings of oral
corticosteroids in 2002 and 2003 as well as asthma ED
visits and hospitalizations during 2002 and 2003.
Data Analysis
Relationships between the medication intensity scale
levels and the Mini Asthma Quality of Life Questionnaire,
the Asthma Therapy Assessment Questionnaire, and the
Asthma Outcomes Monitoring System were evaluated by
means of 1-way analysis of variance. The outcome to be
predicted in the development and validation samples was
emergency hospital care during the second year of observation. Emergency hospital care was defined as 1 or more
asthma hospitalizations or ED visits as a yes/no variable.
Prediction properties of the scale were assessed by
calculation of sensitivity, specificity, positive predictive value, negative predictive value, and area under
the receiver operating characteristic (ROC) curve for
various cut-offs of the scale. The latter was derived
from the C statistic of a logistic regression model, with
second-year emergency hospital care as the outcome
and first-year scale cut-offs as the predictors.
The predictive properties of the medication scale in
the current validation sample were compared with
prediction properties in this sample of the previously
validated risk stratification scheme that includes baseline-year emergency hospital care.6 In this scheme 2

points are assigned for baseline-year emergency hospital
care; 1 point for any baseline-year dispensings of oral
corticosteroids; and 1 point for dispensing of 15 or more
β-agonist canisters in the baseline year. This leads to
scale scores of 0-4.
All analyses were conducted using SAS software, version 8.2, for Windows (SAS Institute Inc, Cary, NC). All
P values are 2 sided, and the term “significant” refers to
a P value of <.05.

RESULTS

Characteristics of patients in the development and validation samples are compared in Table 1. Patients in the
development sample were somewhat older, more likely
to be female, and more likely to require emergency
hospital care than patients in the validation sample
(Table 1).
Increasing use of inhaled β-agonists and oral corticosteroids were significant independent predictors of
future (2001) emergency hospital care for asthma in the
development sample (Table 2). Two β-agonist thresholds
(>4 vs 0-4 canisters and >13 vs 5-13 canisters) and 1
oral-corticosteroid threshold (>2) were independent
predictors of subsequent emergency hospital care. No
inhaled-corticosteroid predictor entered the model.
Noting the similar ORs associated with exceeding each
of the β-agonist thresholds and the oral-corticosteroid
threshold, we defined a simple 4-level
risk score that assigned 1 point for each
Table 1. Characteristics of Development and Validation Samples
risk threshold that was exceeded (Table
2). Thus, 1 point was conferred by more
Characteristic
Development Sample
Validation Sample
than 4 β-agonist canisters, another
point for more than 13 β-agonist canisSource
Random sample from
Southern California
ters, a third point for more than 2 disNorthwest, Northern
persistent-asthma
California, and
database
pensings of oral corticosteroids, and no
Southern California
points if none of the above thresholds
populations with
were reached, leading to a total score of
persistent asthma by
0-3 for each patient.
HEDIS criteria
The risk of year 2001 emergency
No. of patients
1079
24 370
hospital care approximately doubled
Years followed
2000-2001
2002-2003
with each increasing medication scale
level from 0-2 and tripled at level 3 in
Age, y
the development sample (Table 3).
Mean ± SD
43.2 ± 9.3
40.9 ± 11.3
Higher risk scores also were significantMedian (interquartile
45 (37-51)
43 (33-50)
ly associated with stepwise decreases
range)
in the Mini Asthma Quality of Life
Female sex, %
67.8
61.9
Questionnaire scores, indicating lower
9.5
6.1
Asthma ED visit
quality of life; increases in the Asthma
or hospitalization
Therapy Assessment Questionnaire
in second year of
scores, indicating less asthma control;
observation, %
and increases in the Asthma Outcomes
HEDIS indicates Health Plan Employer Data and Information Set; ED, emergency department.
Monitoring System scores, indicating
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greater symptom severity
Table 2. Stepwise Logistic Regression Results in Development Sample
(Table 4).
(n = 1079) and Assignment of Risk Points*
Table 3 also shows the proportion of validation-sample
Odds Ratio
patients in each level of the
Medication
(95% Confidence Interval)
Risk Points†
medication intensity scale. The
β-agonists
validation sample had fewer
5-13 canisters (vs 0-4 canisters)
2.2 (1.2, 3.8)
1
patients in risk levels 1-3
>13 canisters (vs 5-13 canisters)
2.4 (1.5, 3.8)
1
(47.0%) than the development
Oral corticosteroids
sample (62.2%). With each
>2 dispensings (vs 0-2 dispensings)
2.6 (1.5, 4.5)
1
level increase in scale score,
*β-agonist canister dispensing was adjusted for oral-corticosteroid dispensing and vice versa. No inhaled-corthe risk of year 2003 emerticosteroid dispensing cut-point entered the model.
gency hospital care for patients
†Because of relatively equal odds ratios, each threshold exceeded was assigned 1 risk point. Thus, 1 point
was conferred for dispensing more than 4 β-agonist canisters, another point for dispensing more than 13 βin the validation sample
agonist canisters, a third point for dispensing more than 2 prescriptions for oral corticosteroids, and no points
increased by 50% (risk levels 0if none of the above thresholds were reached, leading to a total score of 0-3 for each patient.
1) to 100% (risk levels 1-2 and
2-3). Patients in the highest
risk group were more than 6 times as likely as patients in hospital care data) were as follows: 57.9% (risk level
the lowest risk group to require emergency hospital care 0), 28.6% (risk level 1); 5.5% (risk level 2); 7.0% (risk
level 3); and 1.0% (risk level 4). Sensitivity, speciin 2003 (Table 3).
Prediction performance of the medication intensity ficity, positive predictive value, negative predictive
scale for emergency hospital care during the second year value, and area under the ROC curve of any risk
of observation in the development and validation samples points (ie, >0) all were somewhat higher with the
is shown in Table 5. For all cut-offs, sensitivities, positive previously defined scale, which included baseline
predictive values, and areas under the ROC curve were emergency hospital utilization, compared with the curlower in the validation sample than in the develop- rent scale derived from pharmacy data only, but the
ment sample, whereas specificities and negative pre- absolute values of these differences were less than 7%.
dictive values were higher. However, a reasonable Somewhat larger sensitivity and positive predictive
balance of sensitivity (64.6%) and specificity (54.1%) value differences as well as a larger difference in areas
could be obtained with a medication intensity scale cut- under the ROC curves between the 2 schemes were
off of more than 0 in the validation sample, and identifi- seen using scale values of more than 1 (Table 5).
cation of more than 25% of the high-risk patients could
be accomplished with nearly 90% specificity by using a
DISCUSSION
cut-off of more than 1 in the validation sample. A
An important component of population management
relatively high positive predictive value (26.8%) compared
with the baseline risk
(6.1%) and a very
high specificity (99.1%)
Table 3. Proportion of Patients in Each Medication Scale Category and Proportion in Each
could be obtained with
Category Who Received Emergency Hospital Care During the Second Year of the Study*
a medication intensity
scale cut-off of more
Percentage
than 2, although this
Development Sample
Validation Sample
stratum encompassed
(n = 1079)
(n = 24 370)
only slightly more than
1% of the total number
Medication Scale Score† In Category
Receiving EHC
In Category
Receiving EHC
of patients (Table 3).
4.0
53.0
4.2
37.8
0
The proportions of
1
38.8
8.8
35.2
6.4
patients in the valida2
20.4
15.0
10.6
12.4
tion sample in each of
3
3.0
46.9
1.2
26.8
the previously defined
scale levels (using
*Emergency hospital care was defined as 1 or more asthma hospitalizations or emergency department visits.
both pharmacy and
†Determined during the first year of the study in each sample.
EHC indicates emergency hospital care.
baseline emergency
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Table 4. Relationship of Medication Scale to the AQLQ, ATAQ, and AOMS
in the Development Sample
Mean ± SD Survey Scale Scores (n)*
AQLQ

ATAQ

5.25 ± 1.19 (377)

0.80 ± 1.04 (391)

2.43 ± 1.11 (403)

1

4.71 ± 1.24 (387)

1.14 ± 1.11 (404)

2.91 ± 1.06 (411)

2

4.39 ± 1.26 (193)

1.65 ± 1.25 (206)

3.17 ± 0.99 (216)

3

3.44 ± 1.32 (29)

2.35 ± 1.36 (31)

3.66 ± 0.70 (32)

Medication scale score
0

ANOVA F statistic
P value

AOMS

36.6

38.4

33.9

<.0001

<.0001

<.0001

*Number of patients at each scale level for each instrument for whom data were available for the analysis;
the total number of patients for each scale was fewer than 1079 due to missing data.
AQLQ indicates the Mini Asthma Quality of Life Questionnaire (8) with 1 = poorest and 7 = best; ATAQ,
the Asthma Therapy Assessment Questionnaire (9), with 0 = best and 4 = worst; AOMS, the Asthma
Outcomes Monitoring System (10) with 1 = lowest and 4 = highest; ANOVA, analysis of variance.

Table 5. Predictive Properties of the Current Medication Scale*

Development
Sample
(n = 1079)

Validation
Sample
(n = 24 370)

Prior Scheme
Using Medication
and Past
Utilization in
Validation
Sample†
(n = 24 370)

83.3
47.1
14.7

64.6
27.3
5.5

71.0
48.4
32.4

40.0
79.1
98.3

54.1
89.2
99.1

59.8
88.8
93.7

12.7
19.1
46.9

8.3
13.9
26.8

10.3
21.9
25.0

95.8
93.5
91.7

96.0
95.0
94.3

97.0
96.4
95.5

Current Medication Scale

Prediction Properties
and Defined Cut-offs
Sensitivity, %
>0
>1
>2
Specificity, %
>0
>1
>2
Positive predictive value, %
>0
>1
>2
Negative predictive value, %
>0
>1
>2
Area under the ROC curve‡
>0
>1
>2

0.62
0.63
0.57

0.59
0.58
0.52

0.65
0.69
0.63

*Predictive properties were for emergency hospital care (defined as 1 or more asthma hospitalizations or
emergency department visits) during the second year of observation in the development and validation
samples. This medication scale was compared with a previously defined risk stratification scheme that
included prior emergency hospital utilization in the validation sample.
†Risk points were as follows: baseline-year emergency hospital care = 2 points; baseline-year oral-corticosteroid dispensing = 1 point; baseline-year dispensing of 15 or more β-agonist canisters = 1 point; total 0-4
points.6
‡Derived from the C statistic of the logistic regression model.
ROC indicates receiver operating characteristic.
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is risk stratification, and risk
adjustment is important in
observational database research
that evaluates asthma interventions. Previously validated risk
stratification schemes have included prior ED visits or hospitalizations as important predictors
of subsequent utilization.3-6
However, because such information is less available than computerized pharmacy data, we felt
it was important to develop a
risk stratification scheme that
did not depend on knowing
patients’ prior emergency hospital utilization.
Among patients in the validation sample, the currently developed scheme identified 12% as
having a risk score of more than
1 (see Table 3); this group
accounted for more than 25% of
the patients who subsequently
required emergency hospital care
(see Table 5, “Sensitivity”). The
false-positive rate (1 minus the
specificity) was only approximately 11%. A gradation of risk
was identified with increasing
risk points, with a 50% to 100%
increase in the risk of subsequent
emergency hospital care with
each additional point (Table 3).
More than 1 in 4 patients in the
highest risk group subsequently
had emergency hospital care in
the validation sample (Table 3).
The medication intensity
scheme developed in this study
has 2 major strengths. First, it
was validated in a larger separate
sample seen later in time. It was
expected that the prediction performance in the validation sample
would be less strong than that in
the development sample (Table
5), both because the scheme was
developed from the data in the
development sample and because
the incidence of the outcome was
higher in the development sample
than in the validation sample.
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However, as discussed below, the prediction properties of
the scale in the validation sample appear clinically useful. Second, because it requires only β-agonist canister
and oral-corticosteroid dispensing information, and
includes only 3 criteria, the current medication intensity scale should be relatively simple to obtain and apply.
There are 2 main weaknesses of the current scheme.
The first is that it missed approximately 35% of the
patients who subsequently required emergency hospital
care (1 minus sensitivity of score > 0, Table 5). This
could be because patients with generally controlled asthma still may experience acute severe episodes.
Alternatively, lower perception of dyspnea could explain
why some patients with low chronic medication utilization experience acute episodes.14 This study cannot
differentiate between these alternatives or other explanations for the above findings. The second potential
weakness is that 73% of highest risk patients did not
require emergency hospital care in the next year (1
minus positive predictive value of score > 2, Table 5).
(However, this is probably a less important disadvantage,
because the survey data [Table 4] suggested that patients
in the higher risk groups were experiencing more symptoms and decreased quality of life, which makes targeting such patients for intervention a fruitful effort.)
This study provides a method of risk adjustment for
use in observational database studies when prior hospital utilization data are not available. Studies that assess
pharmacologic interventions by using computerized
pharmacy data could benefit from the use of the current
scale for baseline risk adjustment. Such baseline risk
adjustment also may be useful in assessments of quality
of asthma care that use computerized pharmacy data.
The relationship of β-agonist use and oral-corticosteroid use to subsequent emergency hospital care was
expected based on a number of prior studies.15-20 Inhaled
corticosteroids did not appear to affect the risk of subsequent emergency hospital care when β-agonist and oralcorticosteroid use also were accounted for. These results
seem contrary to prior data suggesting that inhaled-corticosteroid use reduces the risk of subsequent emergency hospital care.21-24 However, controller use can act
as an independent severity marker.25 In addition, inhaled
corticosteroids do not lead to controlled asthma in all
patients.26 If inhaled corticosteroids are effective, this
should result in less use of β-agonists. If inhaled corticosteroids are not effective enough, this should result in
more use of β-agonists and possibly oral corticosteroids as well. Thus, β-agonist use and oral-corticosteroid use indirectly reflect inhaled-corticosteroid
efficacy in treated patients, which is apparently more
important in predicting subsequent utilization than
inhaled corticosteroid use alone.
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Asthma severity and asthma control are 2 related
but separate constructs.27 Severity can be defined
clinically in untreated patients,28 but to assess severity in treated patients, the Global Initiative for
Asthma guidelines recommend consideration of the
medication level.29 The medication intensity scale
defined in this study appears to be a severity marker
because it is associated with increased hospital utilization and it is inversely related to asthma control
and quality of life.
One prior published study used computerized pharmacy data to develop a pharmaceutically based severity
stratification scheme for an asthmatic population.9 The 5
levels tested were determined based on focus groups and
defined based on the number of β-agonist canisters dispensed per year (cut-point of 4 canisters), other asthma
medications besides systemic corticosteroids, and systemic corticosteroids (at least 1 prescription dispensed).
The scheme was evaluated in relationship to acute bed
days during the 12 months after the period when the
severity level was assigned. Only the top 2 levels were
associated with significantly increased hospital bed days,
and validation in another population was not confirmed.
Two other asthma severity stratification schemes using
computerized pharmacy data have been proposed, but
results have been published only in abstract form.7,8
Because prior emergency hospital utilization is the
strongest risk factor for subsequent utilization,3-6 it is
not surprising that a risk stratification scheme that
included both baseline emergency hospital utilization
and pharmacy data performed better than the current
scheme based on pharmacy data alone, especially
regarding the sensitivity and positive predictive value of
a score more than 1 (Table 5). Thus, if baseline emergency hospital utilization data are available, the risk
stratification system based on both types of data should
be chosen. However, if baseline emergency hospital utilization data are not available or are difficult to obtain,
the current medication-derived scheme should be useful because a reasonable balance of sensitivity (65%) and
specificity (54%) could still be achieved with a score
greater than 0, and a sensitivity of 27% with a specificity
of 89% could be achieved with a score greater than 1.
Which cut-off of the scale to use would depend on the
purpose of the risk stratification exercise. If it was to
identify patients for intervention, the intensity and expense of the intervention could determine the choice of
cut-off. For a low-intensity intervention, a score greater
than 0 may be chosen because of highest sensitivity
(65%), with an acceptable false-positive rate (1 minus the
specificity) of 46%. For a medium-intensity intervention,
a cut-off of greater than 1 provides lower sensitivity
(27%) but much higher specificity (89%). For a very
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intense intervention, a cut-off of greater than 2 identifies 1% of the population with a nearly 27% risk of subsequent emergency hospital care, with 99% specificity.
This study does have several potential limitations. It
did not capture unscheduled outpatient visits other than
ED visits, although ED visits would be the most expensive
type of outpatient unscheduled asthma visits. Administrative data do not usually capture potentially important
risk factors such as lower pulmonary function,18,30 race or
ethnicity,1,31-33 or smoking.34,35 The study also did not capture clinical predictors such as symptom severity19,30,36,37
and quality of life,37-39 although the current study demonstrates a strong relationship between the medication
intensity scale and these measures.
A final issue is the external validity of this study.
Patients receiving care from Kaiser Permanente are
demographically similar to the working family populations from which they are drawn (unpublished data).
However, the asthma hospitalization and ED utilization
rate in the validation sample was quite low compared
with levels reported in other populations.40,41 This might
be related to the access of this population to routine care,
telephone interactions, urgent-appointment clinics, and
specialty care.24 The results of this study should be generalizable to West Coast adult populations with persistent
asthma (as defined by database criteria) who have similar
access to healthcare. Further studies will be necessary to
confirm its generalizability to other populations.
In summary, we developed and validated a simple
and practical 4-level risk stratification scheme based on
computerized pharmacy data for use in management of
asthma populations and for risk adjustment in database
studies. We hope that this scheme will prove useful for
identifying patients in need of targeted intervention and
that future outcome studies will show reduced morbidity in higher risk patients who receive such targeted
intervention.
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