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Objective: To develop and evaluate a set of questionnaire-
based screening tools to identify risk for 1-year adverse outcomes
in adults with moderate to-severe asthma.

Study Design: Prospective cohort study in 16 managed care
organizations in the United States.

Patients and /Methods: Patients (n = 4888) with moderate-to-
severe asthma/ completed baseline and 1-year questionnaires
(response rate, 79%). Adverse outcomes included hospitalization
in the past year; emergency department (ED) visit in the past year;
days of lost activity in the past month; a composite measure com-
bining hospitalization, ED use, and lost days; and severe symp-
toms. Risk models-were constructed for each of these 5 outcomes.
Candidate predictors included baseline demographic characteris-
tics, prior asthma healthcare use, access to care, symptoms, and
treatment. Outcome variables were dichotomized, and logistic
regression analysis was used to estimate the probability of 1-year
outcomes.

Results: The patients’ mean age was 45 years; 69% were
female, and ' 83% were white. At 1-year follow-up, 9% had been
hospitalized in the-past year, 35% had used the ED, and 36% had
reduced activity in the past month; 54% reported at least 1 of these,
and 53% reported severe symptoms. Twenty-one items were
retained for the 5 final risk models. Overall, the strongest predic-
tors were comorbid illnesses and prior ED use. Model discrimina-
tion using receiver operating characteristic area ranged from 0.67
to 0.78 for predicting hospitalization, ED use, lost days, any one of
these outcomes, and symptoms.

Conclusions: The' questionnaire-based risk models identified
with good discrimination asthmatics at increased risk for a range of
adverse outcomes. Risk ‘models based on- patient-reported data
could be used to target individuals for intervention.

(Am ] Manag Care. 2004;10:321-328)

sthma, a common chronie _condition, has sub-
stantial effects on individuals, the healthcare
system, and society, accounting annually for 2
million emergency department (ED) visits, more than
400 000 hospitalizations, 4500 deaths, 2 million lost
work days, and a cost of $6 billion."* The enormous
burden of asthma on patients and society in part
reflects the undertreatment of patients at risk of poor
outcomes.>® Therefore, there is a need for screening
tools to identify patients needing closer scrutiny of their
therapeutic regimen.”
Screening populations to identify higher-risk individ-
uals for disease management programs can improve

efficiency of resource use-andlead to cost savings.*'” In
managed care, there are opportunities to improve asth-
ma care, particularly with medication use.” Programs
that identify high-risk patients and direct them to cer-
tain interventions have. achieved improved out-
comes.®'"!> Most risk models for asthma have focused
on using physiologic and clinical data to predict clinical
outcomes, including mortality, hospitalization, ED use,
and relapse.'”!® Some recent work has focused on
developing tools to predict patient-reported outcomes,
including health-related quality of life, adherence, satis-
faction, and work disability.'®** This emphasis is impor-
tant, as the perspectives of varied stakeholders, such as
employers, patients, clinicians, disease management
companies, and health plans, support the need for
developing models that predict a broader range of out-
comes. Managed care organizations (MCOs) have a
financial incentive to intervene to prevent hospitaliza-
tions and ED use.”® Employers may find lost work days
to be the most relevant outcome.?* Patients’ quality of
life and satisfaction with eare may be affected most by
symptom reduction.*’

The objective of this study-was to develop a brief set
of patient-reported questions that could be used to pre-
dict a broad array of outcomes, including severe symp-
toms, reduced activities, ED use, and hospitalization.
We developed and assessed the performance of 5 asth-
ma risk models, based on'a common set of survey ques-
tions, to predict these outcomes in patients enrolled in
managed care.
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METHODS

The risk models were developed using data from the
Managed Health Care Association Outcomes Manage-
ment System Asthma Project, a collaboration among 12
large employers and their managed care partners. The
project was designed to test the feasibility and usefulness
of information on adult asthma for improvement of the
quality of patient care.?*?’ Sixteen MCOs participated in
a prospective cohort study that included an initial patient
baseline survey and 2 annual follow-up surveys. A 58-
item questionnaire,*” which included the generic Medical
Outcomes Study 36-Item Short-Form Health Survey and
condition-specific measures, was used for the study. This
instrument was used for the baseline survey and the 1-
year follow-up to develop the final risk models. Some of
the items in the questionnaire were the following:

Symptoms

In the past 4 weeks, how often did you have asth-
ma attacks? By “asthma attack,” we mean increased
difficulty breathing that may be accompanied by
cough, wheezing, chest tightness, or other symp-
toms. Not at all, less than once a week, once or twice
a week, 3 or more times a week

In between the times when you have asthma
attacks, how is your breathing? No problems, some
symptoms on some days, some symptoms on most
days requiring an inhaler for relief, symptoms most
of the time

During the past 4 weeks, how much did your asth-
ma cause you to cancel or rearrange your normal
activities? Not at all, a little bit, some, quite a bit

Access to Care
Did any of the following happen to you in the past
12 months?

You had a problem with your asthma but had
trouble reaching a doctor or nurse on the phone.
Yes, No

You had a problem with your asthma but had
trouble getting an appointment to see your doctor.
Yes, No

You needed medicine for your asthma but had
trouble getting it. Yes, No

Use

Over the past 12 months, how many times have
you gone for care to a hospital emergency room for
your asthma® ___ Number of times

Over the past 6 months, how many times have
you gone for care to a doctor, nurse, or other health
professional in an office or clinic for your asthma?
___ Number of times

When was the last time you were admitted to a
hospital for your asthma? Month and year ___

The study design has been described in detail else-
where.''"! Briefly, in 1993, patients (n = 10 539) were
sampled using claims data from 16 MCOs. The question-
naires were accompanied by a disclosure letter, and con-
sent was indicated by return of the questionnaire. The
study was approved by the institutional review board of
the Bloomberg School of Public Health. Eligible patients
met 3 criteria: 2 or more asthma encounters (visits or hos-
pitalizations, International Classification of Diseases,
Ninth Revision, Clinical Modification [ICD-9-CM] code
493.X) during the previous 2 years; age 18 years or older
on September 1, 1993; and enrollment in the MCO at the
time of sampling. The sample was stratified so that
approximately 40% of the patients had a hospitalization or
ED visit for asthma in the past 2 years. Stratification was
intended to assure a sufficient number of patients with
moderate to severe asthma who might benefit from quali-
ty improvement efforts. Individuals were excluded if they
denied having asthma or if they had disenrolled. At base-
line, 6612 questionnaires were completed (response rate,
77%); 4895 completed an identical questionnaire 1 year
later (response rate, 79%). The study sample includes the
4888 patients who completed baseline and 1-year ques-
tionnaires. Nonrespondents at 1 year were more likely to
be younger, nonwhite, and less satisfied at baseline with
their asthma care (data not shown).

Development of Risk Models

The objective was to identify a parsimonious group of
variables from the baseline survey to predict 1-year out-
comes. Dependent variables were selected based on lit-
erature review' 1719202992 and priorities expressed by
employer and MCO members of the Managed Health
Care Association Outcomes Management System
Asthma Project. Candidate predictors were identified
from the literature and using clinical judgment and were
conceptualized within 6 domains: demographic charac-
teristics, generic health status, asthma-specific health
status, asthma treatment, asthma service use, and
access to care.”% We selected 4 dichotomous out-
come indicators from the 1-year follow-up survey: (1)
hospitalization for treatment of asthma in the prior year
(hospital); (2) ED treatment for asthma in the prior year
(ED); (3) reduced activities for 7 or more days due to
asthma, or missed work 5 or more days in the past
month (lost days); and (4) experiencing 5 or more asth-
ma attacks per week in the past month or having symp-
toms most of the time between attacks (symptoms).

Preliminary analysis suggested that 3 of the dependent
variables—hospital, ED, and lost days—would be predict-
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ed by a similar set of independent variables. Therefore, a
fifth outcome, a composite variable defined as the occur-
rence of any 1 of these 3 outcomes, was created; this type
of outcome may represent the shared perspective of the
administrative and employer groups. Odds ratios for pre-
dictor variables associated with each of the 5 outcomes
are presented separately for patients in the inpatient/ED
stratum and for those in the outpatient stratum.

Management of Missing Data for
Independent Variables

The results in this article are presented with substi-
tutions made for missing values. We developed an algo-
rithm for imputing missing data based on multiple
conditional imputation.*” Approximately one quarter of
the respondents had at least 1 missing response. The
candidate variables with the largest percentage of miss-
ing responses were corticosteroid use (12%), ED visits in
the past year (7%), age 35 years to 65 years or older
(5%), B-agonist inhaler use more than 8 puffs per day
(4%), and trouble getting medications (3%). Sensitivity
of the analyses to missing values was evaluated by com-
paring the difference between odds ratios in the com-
plete and imputed datasets. There were no important
changes to the models with and without substitution.

Statistical Analysis

A multistep process was used to select candidate
variables for the 5 final predictive models. First, the
relationship of each candidate predictor variable to 1-
year outcomes was assessed using a y° test. Because
these relationships differed for patients recruited from
the hospital or ED and outpatient strata, model devel-
opment proceeded separately for each stratum.
Variables with a y* greater than 2 times the df were
retained in the multiple regression models.*” Multiple
logistic regression analysis was performed to identify
independent predictors (P < .05) for each outcome. Age,
sex, and race were included in all models. For each out-
come, variables that were significant independent pre-
dictors in the inpatient/ED model or the outpatient
model were tested in the final models. The final product
was 2 sets of multivariable predictive models, one for
patients from the inpatient/ED stratum and one for the
outpatient stratum. Odds ratios and 95% confidence
intervals (CIs) were obtained for each predictor vari-
able. The analyses were performed using SAS version
6.07 (SAS Institute, Cary, NC).

To ensure against overfitting, that is, spurious regu-
larity in the data, multiple imputation was used to gen-
erate 5 complete datasets, fit the selected risk models,
and estimate 5 sets of odds ratios. Because there was lit-
tle variability across the 5 datasets, we present the

pooled odds ratio for each predictor variable and out-
come. Confidence intervals were calculated taking into
account the within-dataset variability and between-
dataset variability of the odds ratios.

Performance of the Predictive Models

Performance of the models was assessed by com-
paring them on rankings of candidate variable odds
ratios, area under the receiver operating characteristic
(ROC) curve, and diagnostic accuracy with sensitivity,
specificity, and positive and negative predictive val-
ues. We also explored the predicted risk in 3 sub-
groups by stratifying the sample by sex, race, and
education. For the composite model, we further
assessed the range of possible cutpoints and tested
their diagnostic accuracy.

RESULTS

Most patients in this study were white (83% [13%
were African American]), female (69%), educated (89%
were high school graduates), and employed full-time
(66%) or part-time. The mean age was 45 years, and
nearly half (46%) of the patients reported being current
or former smokers. Approximately 39% of patients were
in the inpatient/ED sample, and 61% in the outpatient
sample. Frequencies of the 5 outcome variables were
similar at baseline and at 1 year: (1) hospitalization for
asthma (baseline and 1 year, 12% and 9%, respectively),
(2) ED in the past year (43% and 33%), (3) reduced
activities or missing work (38% and 36%), and (4) severe
symptoms (57% and 53%). More than half of the patients
reported 1 or more of the outcomes that comprise the
composite measure (baseline and 1 year, 61% and 54%,
respectively).

Significant Predictor Variables

Table 1 shows each of the 5 risk models separately
for the inpatient/ED and outpatient strata. Also shown
are the 12 independent variables (not counting demo-
graphics and comorbidities) identified in the bivariate
comparisons as likely predictors of the outcomes. These
12 variables were tested in all 5 risk models in each of
the recruitment strata. The odds ratios and 95% CIs
represent an unweighted mean of results obtained from
analyses of each of the 5 datasets, including imputed
values. Between 4 and 11 predictors were significant
independent predictors of the various 1-year outcomes.
Emergency department visits in the year before base-
line were significant in all 5 models; all the other vari-
ables were significant in at least 1 model.

As anticipated, different variables emerged as inde-
pendent predictors in each of the 5 outcome models,
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Table 1. Odds Ratios for Predictor Variables for Each Outcome at 1 Year*

Composite Measure’ Hospitalization

Variable Inpatient/ED Outpatient Inpatient/ED Outpatient

Receiver operating characteristic 0.78 0.73 0.71 0.79

area

Demographic
HAge, 18-34y 1.37 (1.05-1.80)" 1.35 (1.09-1.66) 0.95 (0.69-1.31) 0.92 (0.53-1.61)
HAge, 265y 1.61 (1.01-2.55)" 1.10 (0.81-1.49) 1.44 (0.92-2.24) 1.70 (0.94-3.07)
Female sex 1.13 (0.87-1.47) 1.23 (1.02-1.48)" 1.40 (1.01-1.96)" 2.16 (1.25-3.74)
White race 2.00 (1.47-2.71)** 1.84 (1.41-2.41% 1.22 (0.90-1.65) 1.43 (0.83-2.46)
< College education 1.07 (0.84-1.37) 1.17 (0.97-1.41) — —

Employed full-time

Comorbidity
History of myocardial infarction

Emphysema or chronic bronchitis

History of ulcer or gastrointestinal
bleeding

Current smoker
Symptom
Any asthma attacks, past 4 weeks

Symptoms some days between
asthma attacks

Self-rated general health,
continuous (1, excellent; 5, poor)

Asthma affected activities,
past 4 weeks

Treatment
Theophylline

Oral corticosteroids

Access
Trouble reaching physician
or nurse by telephone

Trouble getting appointment
to see physician
Trouble getting medicines

Healthcare use
ED visit for asthma,
past 12 months

Physician visit, past 6 months

4.64 (1.74-12.35)*
1.50 (1.12-1.99)*
3.08 (1.60-5.90)**

1.14 (1.01-1.29)"
1.12 (0.97-1.30)

1.33 (1.15-1.55)**

1.81 (1.51-2.16)**

1.27 (1.00-1.62)"

2.29 (1.80-2.91)**

1.01 (0.77-1.33)

_

.99 (1.13-3.51)"
.09 (0.87-1.35)
.79 (1.15-2.77)"

_ -

.13 (1.03-1.23)*
17 (1.04-1.31)*

—_

i

.39 (1.24-1.56)**

_

.59 (1.38-1.82)**

1.19 (0.98-1.43)

2.23 (1.68-2.95)**

1.36 (1.12-1.65)*

0.66 (0.49-0.87)*

1.36 (0.84-2.18)

1.32 (1.16-1.51)**

1.77 (1.34-2.34)**

1.18 (0.78-1.79)

1.37 (1.01-1.87)7

1.20 (0.82-1.75)
1.90 (1.37-2.59)**

0.77 (0.48-1.22)

1.24 (0.56-2.76)

1.53 (1.24-1.88)**

1.42 (0.93-2.16)

0.77 (0.36-1.65)
1.95 (1.18-3.22)

3.15 (1.59-6.23)**
2.71 (1.38-5.10)*

Hospitalization for asthma, —
past 12 months

*Data are given as odds ratios (95% confidence intervals). Dashes in each column mark variables that did not reach statistical significance
in the bivariate comparison and thus were not included in that particular model.

fCombines hospitalization, emergency department (ED) visit, and lost activity days.

*Reduced activities for 7 or more days in past month because of asthma, or missed 5 or more days of work because of asthma.

SFive or more asthma attacks per week in the past month or symptoms most of the time between attacks.

lIReference category is 35 to 64 years.
“P<.05.

“P<.01.

**P<.001.

and for patients in the inpatient or ED vs outpatient
strata. Although comorbidity was a strong predictor in 4
of the 5 models, the specific conditions involved varied
as follows: ulcer for the hospital model, myocardial

infarction and chronic obstructive pulmonary disease
for the ED model, chronic obstructive pulmonary dis-
ease alone for the symptoms model, and all 3 conditions
for the composite model. Canceling activities because of
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ED Visit Lost Activity Days* Severe Symptoms®
Inpatient/ED Outpatient Inpatient/ED Outpatient Inpatient/ED Outpatient
0.73 0.67 0.76 0.76 0.76 0.76
1.48 (1.16-1.89) 1.33 (1.06-1.66)" 0.97 (0.76-1.23) 1.16 (0.94-1.44) 1.02 (0.80-1.30) 1.07 (0.88-1.31)
1.47 (1.02-2.12)" 1.04 (0.76-1.43) 1.13 (0.78-1.64) 1.03 (0.77-1.38) 1.17 (0.78-1.76) 0.90 (0.67-1.20)
1.23 (0.97-1.55) 1.35 (1.10-1.65) 1.20 (0.94-1.52) 1.11 (0.91-1.34) 0.91 (0.72-1.16) 0.96 (0.81-1.15)
2.15 (1.67-2.77)** 1.57 (1.22-2.03)** 1.16 (0.90-1.49) 1.52 (1.18-1.95) 0.97 (0.75-1.25) 1.02 (0.79-1.31)
— — — — 1.27 (1.02-1.58)" 1.27 (1.06-1.52)°

2.27 (1.27-4.06)*
1.35 (1.06-1.71)"

1.24 (1.10-1.41)**

1.25 (1.10-1.41)**

1.43 (1.11-1.83)**

1.13 (0.81-1.58)
1.65 (1.15-2.36)°
2.68 (2.17-3.32)%*

0.95 (0.74-1.23)

0.94 (0.56-1.60)
1.04 (0.83-1.30)

1.33 (1.18-1.50)**

1.05 (0.93-1.19)

1.27 (0.96-1.65)

1.49 (1.08-2.04)"
1.03 (0.74-1.42)
3.05 (2.38-3.92)**

1.23 (0.99-1.52)"

1.16 (0.94-1.43)

1.23 (1.10-1.37)**
1.16 (1.01-1.32)7

1.41 (1.25-1.60)**

1.75 (1.54-1.99)**

1.17 (0.95-1.44)

1.13 (0.81-1.56)

1.70 (1.38-2.10)**

0.91 (0.76-1.09)

1.09 (1.00-1.19)
1.35 (1.20-1.52)**

1.49 (1.33-1.67)**

1.84 (1.63-2.08)**

1.26 (1.05-1.52)"

1.67 (1.24-2.25)**

1.43 (1.10-1.85)

0.82 (0.64-1.04)

1.55 (1.39-1.72)**
1.95 (1.70-2.23)**

1.30 (1.14-1.48)**

1.21 (0.84-1.73)
1.41 (1.13-1.76)*

1.10 (0.85-1.41)

1.08 (0.88-1.32)

1.64 (1.52-1.78)**
1.80 (1.61-2.00)**

1.20 (1.08-1.33)**

1.71 (1.27-2.30)**
1.25 (0.96-1.63)

1.27 (1.06-1.52)°

asthma was important in 4 of the models (all except the
symptoms model). Smoking was not statistically signifi-
cant in any of the 5 predictive models, although it had
shown a trend in the bivariate comparisons.

Predictive Discrimination

Areas under the ROC curve for the 5 outcome models
ranged from 0.67 to 0.78, suggesting adequate discrimi-
nation. There was no significant variation in the ROC
area for sex, race, and education for those younger than
65 years; however, the ROC area increased to 0.86 for

those 65 years of age or older, although this age group was
represented in low numbers. Receiver operating charac-
teristic areas in the composite model were 0.78 for the
inpatient/ED stratum and 0.73 for the outpatient stratum,
and in the symptom model, 0.76 for inpatient/ED and
outpatient strata, indicating fairly good discrimination.
Further examination of the composite model shows
the ability to capture approximately three fourths of
the high-risk population with good accuracy at a cut-
point of 0.7 (sensitivity, 77%; 95% CI, 74%-79%; speci-
ficity, 63%; 95% CI, 59%-67%; positive predictive
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value, 82%; 95% CI, 78%-85%; and negative predic-
tive value, 56%; 95% CI, 53%-59%).

Using the variables in the composite model, Table
2, demonstrates how a scoring system could be used
to characterize patient risk, with 14 items producing
22 possible points. For patients with a score of 0, for
example, the proportion experiencing 1 or more of the
adverse outcomes in the next year would be 23%.
Similarly, 35% of patients with scores of 2 would have
at least 1 adverse outcome, 49% of those with scores of
3, 70% of those with scores of 6, and 100% of those
with scores of 12 or more.

DISCUSSION

We demonstrated that patient self-report using a lim-
ited number of questions can satisfactorily predict

diverse asthma outcomes in a nationwide population of
patients in managed care. The questions were selected
from factors previously shown to be associated with
asthma outcomes, including patient demographics,
asthma symptom severity, comorbid illnesses, tobacco
exposure, and current use of medications. The resulting
set of 14 self-administered questions could be applied
for screening of large populations of patients.
Advantages of using this instrument include the options
of predicting specific outcomes relevant to different
stakeholders in asthma care, as well as prediction of an
aggregate outcome. Screening is conducted using an
easily administered survey format. Depending on a
healthcare organization’s priorities and available
resources, these questions could be used to stratify
patients by risk for the outcomes of greatest interest, so
those at higher risk could receive additional attention.
Most risk models for asthma have used
clinical and physiologic data to predict

Table 2. Sample Score Sheet for Asthma Risk Index Screening

clinical outcomes such as hospitalization
and ED visits.">"> Our hospitalization and

Variable

Composite Measure Risk Score*

ED outcomes were predicted with good

Demographic
Nonwhite race 1
< College education
Age group, y

18-34

35-64

265
Female sex

—_

—__ 0 =

Comorbidity
History of myocardial infarction 4
Emphysema or chronic bronchitis
History of ulcer or gastrointestinal bleeding 3

—_

Healthcare use

ED visit for asthma, past 12 months 2
Physician outpatient visit, past 6 months 1
Symptom

Asthma affected activities, past 4 weeks
Asthma attacks >1/wk, past 4 weeks
Symptoms some days between asthma attacks
Self-rated general health, poor or fair

_—_ N

Treatment
Methylxanthine, past 4 weeks 1

TOTAL 22

accuracy by patient-reported data. Models
for severe symptoms and lost work days
extend prediction to include outcomes
important from the patient and societal
perspectives. Our composite model allows
prediction of occurrence of any 1 of sever-
al adverse outcomes, including hospitaliza-
tion, ED visits, and lost work days,
providing an aggregate outcome that
broadly captures the effect of disease.

A self-reported history of ulcer or gas-
trointestinal bleeding was related to bad
patient outcomes. Although the question
used in the survey asked simultaneously
about gastrointestinal bleeding and ulcer
disease, we suspect that most of these
patients may actually have had ulcer dis-
ease or gastroesophageal reflux, because
frank gastrointestinal bleeding is uncom-
mon. National asthma guidelines recom-
mend assessment of many comorbid
conditions, including reflux, which are
known or suspected to worsen asthma

*Combines hospitalization, emergency department (ED) visit, and lost activity
days. Default responses receive a score of 0. Scoring is based on assigning inte-
ger weights for levels of each predictor variable that was significant in our final
model. Risk was determined based on predicted probabilities from the logistic
regression models (P = 1/1+ e°8itic cauation) " A weight of 0 was assigned if the odds
ratio (OR) was less than 1.0 and not significant; for significant ORs, weights were
1 for OR 1 to 1.9, 2 for 2.0 to 2.9, 3 for 3.0 to 3.9, and 4 for 24.0. Twenty-two

total score points were possible.

control. Therefore, it was not surprising to
see some relationship of this question to
worse asthma outcomes.

For prediction of the aggregate outcome,
our approach resulted in good discrimina-
tive accuracy, with increased sensitivity for
screening patients at the expense of
decreased specificity. In contrast, a model
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to predict hospitalization or ED use developed by Lieu
and colleagues® for pediatric populations achieved
greater specificity at the expense of lower sensitivity.
That model used predictors based on medication use
and previous healthcare use. In our models, medication
use was also predictive of outcomes, including theo-
phylline to predict hospitalization and oral corticos-
teroids to predict ED use. However, these were not the
strongest predictors in our model, perhaps because
medication use was related to the presence of other
patient characteristics available from our survey.

Other patient survey-based tools have been devel-
oped to predict adult asthma outcomes. The Perceived
Control of Asthma Questionnaire is an 11-item survey
that assesses self-efficacy. In a population of patients
seen by asthma specialists in California, a score derived
from the survey was shown to be associated with prior
hospitalization, restricted activity, and cessation of
employment.** Prediction of future outcomes has not
been established. Blanc and colleagues® developed an
asthma severity measure that uses information from
patient interview and medical chart review to predict
work disability. This measure has been validated in
cross-sectional and longitudinal analyses.”*** Vollmer
and colleagues* developed and tested an index of asth-
ma control that was significantly related to cross-sec-
tional measures of healthcare use and generic and
asthma-specific quality of life. Prospective investigations
have shown that the index predicts healthcare use*’ and
may be useful for monitoring patient self-management.**

An important feature of our approach is that all of the
data can be obtained directly from patient surveys,
without requiring medical chart review or other data
sources. Many large MCOs use administrative data
(ICD-9-CM codes and prescription records) to identify
members with asthma and to monitor quality of care.
However, administrative data do not provide the kind of
detail that is possible using survey methods. Therefore,
it is likely that our methods would have greater ability
to discriminate between patients at higher and lower
risk for bad outcomes. Patient surveys are more costly
to mount than use of administrative data. However,
many organizations already survey their members on a
periodic basis. The addition of questions such as ours
would add little to patient burden or incurred costs.

Our study has some limitations. We relied on patient-
reported measures, without comparison to clinical or
administrative data. However, whenever possible, we
used questions from existing, previously tested instru-
ments. For some data elements such as perceived access,
satisfaction, and symptoms, patient reports are the gold
standard,>*" and previous studies®>! have supported
the validity of patient reports in related applications.

Generalizability of our findings may be limited, as the
education and race demographics are not typical of the
entire US adult asthma population; our results are most
applicable to patients in employer-based managed care.
As MCOs begin to care for more vulnerable populations,
it would be important to test tools in higher-risk disad-
vantaged populations. There are other outcomes that
would be valuable to predict. For example, acute care
visits to primary care physicians and the use of antibi-
otics make up substantial and avoidable costs. Finally,
our data were collected a decade ago, during a period of
declining use of xanthines for treatment of asthma.>
Although these medications are used with decreasing
frequency, the question about use may continue to be
relevant, as rare use may identify particularly difficult-
to-control subjects. However, exclusion of this variable
would not change substantially the main findings of the
study concerning the value of patient-reported data for
predicting different outcomes. Future studies should
attempt to replicate these findings, which would likely
result in modifications in our models.

How could these models be used? Screening instru-
ments can be adapted by healthcare organizations as
case-finding tools for referral of patients to more inten-
sive management programs. Unless an organization was
concerned about a specific adverse outcome, it might
be reasonable for it to apply the composite model.
Patients to be surveyed would be selected using admin-
istrative data indicating previous visits for asthma and
would be stratified based on whether they had recently
been hospitalized or visited an ED. Some organizations
might choose to survey only the outpatient stratum,
which would otherwise be presumed to be at lower risk
for adverse outcomes. Table 2 illustrates how a scoring
system could help translate risk assessment data into
practice. A healthcare organization that wanted to
identify the 10% of patients at greatest risk of future
adverse outcomes could identify all patients whose
score was greater than 8. In individual practice, a pri-
mary care physician could use the screening questions
to obtain relevant patient history during a patient visit.

Managed care organizations are in a unique position
to provide integrated care, assisted by the assessment of
patient-centered outcomes.** National and internation-
al asthma guidelines have emphasized patient educa-
tion, environmental control, periodic physiologic
measurement, and a step-care approach to pharmaco-
logic treatment of patients with asthma.>> These guide-
lines link processes of care and subsequent outcomes
in asthmatics and function as a quality-of-care stan-
dard.>*® Risk models such as those described herein
provide a step toward linking current clinical quality
process indicators with meaningful patient outcomes.
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In conclusion, the questionnaire-based risk models
developed in this project identified asthmatics at risk
for increased symptoms, disability, and avoidable
healthcare use. Risk models based on patient-reported
data could be used to target individuals for early inter-
vention and could help to prevent adverse outcomes.
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