
The Guidelines for the Diagnosis and Treatment
of Asthma developed by the National Asthma
Education and Prevention Program1 have been

widely disseminated to help achieve more uniform man-
agement and improve disease outcomes. However, vari-
ations in asthma management practices persist, and
asthma continues to impose a burden on society,2 with
a high proportion of asthma-related morbidity concen-
trated in identifiable subpopulations.3 Targeting dis-
ease-specific intervention to the individuals at highest
risk allows efficient use of healthcare resources and has
been shown to be effective.4 Managed care organizations
(MCOs) have attempted to use performance measures
as a way to reduce variation and to monitor and identi-

fy suboptimal management practices through the use of
performance measures.

The most widely used performance measure for asth-
ma is the “use of appropriate medications for people
with asthma,” which is one of the many measures
included in the Health Plan Employer Data and
Information Set (HEDIS), developed by the National
Committee for Quality Assurance to evaluate the per-
formance of health plans. This measure is computed as
the proportion of people who filled at least 1 prescrip-
tion for a controller medication among those identified
as likely to have persistent asthma. Persons are classi-
fied as having persistent asthma based on data from
year 1, while the assessment of controller dispensing is
assessed based on data from year 2. However, perform-
ance measures, in general, have been criticized as hav-
ing unintended negative effects on care by “overlooking
important dimensions of quality not captured by these
performance measures.”5,p575 In addition, specific
aspects of the HEDIS asthma measure have been criti-
cized.5 Because the HEDIS asthma measure relies sole-
ly on automated data (ie, no reports of symptom
frequency or pulmonary function data), the denomina-
tor (the subpopulation of individuals with persistent
asthma) can only be estimated. Second, the HEDIS
asthma measure requires data from 2 consecutive years
for evaluation; subjects are classified as having persist-
ent asthma using data from year 1, while the HEDIS per-
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Background: The most widely used performance measure for
asthma, the Health Plan Employer Data and Information Set
(HEDIS), has been criticized because the delay between classifica-
tion (year 1) and assessment of medication dispensing (year 2) may
produce a “misalignment” and weaken the validity of the measure.

Objective: To examine whether a previously observed associa-
tion between the HEDIS performance measure and asthma-related
emergency department visits is robust when the period between
the classification and outcome assessment is evaluated during a
2-year period as defined.

Methods: Children (N = 2766) aged 3 to 15 years enrolled in 1
of 3 managed care organizations with at least 1 asthma diagnosis
listed for a hospitalization, an emergency department visit, or an
ambulatory encounter and at least 2 consecutive years of data for
analysis from July 1996 through June 1999 were identified.

Results: Children did not consistently meet the HEDIS criteria
for persistent asthma, and 24% to 28% of children did not requal-
ify in year 2 of observation. Multivariate regression models showed
that a protective relationship between controller medication dis-
pensing and asthma-related emergency department visits was no
longer seen among children meeting the HEDIS criteria for persist-
ent asthma when the total period of observation is extended to 2
years (odds ratio, 0.7; 95% confidence interval, 0.4-1.2).

Conclusions: Our results suggest that the variable nature of
asthma may affect how the HEDIS performance measure should be
used for assessing quality of care. The period between identifica-
tion of the target population and performance assessment should
be closely related in time.
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formance measure, the proportion with controller med-
ication dispensing among the individuals identified as
having persistent asthma, is evaluated using data from
year 2. The potential misclassification of subjects with
persistent asthma and the delay between classification
(year 1) and performance assessment (year 2), produc-
ing a “misalignment,” may weaken the validity of the
measure.5 A third criticism is that the HEDIS measure
does not emphasize the regular use of controller med-
ications. For persons who truly have persistent asthma,
the single dispensing of a controller medication during a
12-month period is inadequate.

The Pediatric Asthma Care Patient Outcomes
Research Team, in a clinical trial assessing the effec-
tiveness and cost-effectiveness of strategies to imple-
ment asthma guidelines,6 previously evaluated the
ability of the HEDIS performance measure to identify
individuals at increased risk of future adverse asthma-
related events. The prior analysis demonstrated that,
among children defined by the HEDIS criteria as hav-
ing persistent asthma, identification of children who
have been dispensed a controller medication can help
stratify children based on their risk of future adverse
events.7 In this analysis, we sought to extend these
results to examine the criticisms of the HEDIS meas-
ure. Does the misalignment between the period of iden-
tifying children with persistent asthma and the period
of performance assessment in the HEDIS performance
measure affect its ability to identify children with per-
sistent asthma and sustained high utilization?

METHODS

Study Sites
Provider profiling is now widely practiced in many

managed healthcare systems.8 We based our analysis
within 3 large geographically diverse managed care
systems.

Group Health Cooperative of Puget Sound. Group
Health Cooperative of Puget Sound is a centralized
group-model health maintenance organization. At the
time of the study, it was the sixth largest nonprofit
health maintenance organization in the nation, serving
an estimated 383 000 members in the Puget Sound area.

Harvard Pilgrim Health Care. Harvard Pilgrim
Health Care (HPHC) is a mixed-model managed care
organization (MCO) concentrated in eastern Massa-
chusetts. At the time of the study, HPHC had a staff-
model component and a network practice component.
The Pediatric Asthma Care Patient Outcomes Research
Team trial was conducted in HPHC network practices.
Each of these network practices was affiliated with sev-
eral health insurers or MCOs in addition to HPHC.

Therefore, a second MCO, Blue Cross Blue Shield of
Massachusetts, was enlisted to increase the number of
children per practice under analysis.

Rush-Prudential Health Plans, Chicago. Rush-
Prudential Health Plans enrolled an estimated 350 000
members at the time of the study. Rush-Prudential
Health Plans had a staff-model component and an inde-
pendent practice association model component.

Automated claims and pharmacy data were collected
as part of the Pediatric Asthma Care Patient Outcomes
Research Team trial from each of the 3 study sites. All
3 MCOs maintain computerized information systems
that capture basic demographic data and claims files for
all hospitalizations and emergency department (ED)
visits. Automated pharmacy records contain detailed
information on prescriptions dispensed at outpatient
pharmacies. Approval for this study was obtained from
institutional review boards at each of the participating
institutions.

Study Population
The source population for this study consisted of

children aged 3 to 15 years enrolled in 1 of the 3 study
MCOs with at least 1 asthma diagnosis (International
Classification of Diseases, Ninth Revision, Clinical
Modification codes 493.00-493.99) listed for a hospi-
talization, an ED visit, or an ambulatory encounter
during a 3-year period from July 1996 through June
1999. In addition, study subjects had to have contin-
uous enrollment for the 12-month study period, pre-
paid prescription drug coverage, and at least 1
dispensing of an asthma medication. Approximately
90% of all members have prepaid drug coverage that
provides up to a month’s supply of medicine for a
nominal payment. For this analysis, the study popula-
tion was further limited to children with 2 consecu-
tive years of data available.

The HEDIS Denominator
The HEDIS denominator is the subpopulation of

children meeting the HEDIS criteria for persistent
asthma. Children are included if they meet 1 of 4 cri-
teria based on medication dispensing or healthcare
utilization; each criteria is assessed during a 12-month
period: 

1. At least 4 asthma medication dispensing events, or 
2. At least 1 ED visit with asthma as the principal

diagnosis, or
3. At least 1 hospital admission with asthma as the

principal diagnosis, or
4. At least 4 ambulatory visits with asthma as the

principal diagnosis and at least 2 asthma medica-
tion dispensing events.
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In addition to the 4 criteria, the absolute level of
β-agonist dispensing has been independently associated
with the risk of asthma-related hospitalizations and ED
visits.9 Therefore, we refined the HEDIS denominator
by stratifying the level of β-agonist dispensing. The
HEDIS high reliever subpopulation included children
who met the HEDIS criteria for persistent asthma and
had at least 4 β-agonist dispensings per person-year,
while the HEDIS low reliever subpopulation included
children who met the HEDIS criteria for persistent
asthma and had fewer than 4 β-agonist dispensings per
person-year.

Classification Using Pharmacy Data
Automated medical records were inspected for type

and quantity of asthma pharmacotherapy provided
during each 1-year period. Asthma controller therapy
was defined to include inhaled corticosteroids, inhaled
cromolyn sodium and nedocromil sodium (referred to
as “cromolyn”), and oral antileukotriene and theo-
phylline preparations. Reliever agents included inhaled
or pediatric oral reliever preparations such as short-act-
ing β-agonists and anticholinergics but excluded long-
acting β-agonists such as salmeterol xinafoate.10

Pharmacy data included initial dispensing and refills of
all prescription medications. Salmeterol and oral corti-
costeroids were not included in this analysis.

For each type of drug, the frequency of dispensing was
calculated for each study subject as the sum of the num-
ber of canisters or containers of drug dispensed during
each 1-year period. Canister equivalents for nebulized
reliever agents and inhaled and nebulized anti-inflamma-
tory medications were created on the basis of expected
duration of supply with typical dosages. This method cor-
rects for differences in days of medication supplied by
various anti-inflammatory preparations at standard doses
and by reliever agents formulated as metered-dose
inhalers versus a nebulized solution.11 We defined 1 can-
ister equivalent of a reliever agent as 1 canister of
albuterol sulfate and considered 2.5 mg of nebulized
albuterol as equivalent to 4 puffs of the metered-dose
inhaler.11 One dispensing of an oral formulation was
treated as 1 canister equivalent regardless of the quanti-
ty dispensed. Controller medications were not weighted
for potency, as fluticasone propionate accounted for only
5% of controller dispensing, budesonide was not being
used during this period, and recommended doses of other
inhaled corticosteroids are similar in potency.

The HEDIS Performance Measure
The HEDIS performance measure (version 3.0) iden-

tifies the proportion of individuals who have been dis-
pensed a controller medication (yes or no) among

subjects meeting the HEDIS criteria for persistent asth-
ma. The performance measure specifies that 2 years of
data are necessary for review; the information in year 1
is used to target individuals, and the information in year
2 is then used to assess prescribing practices. Three
years of data were available for this project. Therefore,
2 separate cohorts of children with 2 consecutive years
of data (cohort 1 with data from years 1-2 and cohort 2
with data from years 2-3) were included in the analysis,
and children with all 3 years of data contributed obser-
vations to both cohorts.

Emergency Department Visit Outcome Variables
Each MCO maintains computerized files of all office

visits, hospitalizations, and ED visits of its members;
coded information includes visit dates and Inter-
national Classification of Diseases, Ninth Revision,
Clinical Modification diagnosis codes. All patient data
files were linked by scrambled and untraceable patient
identification numbers.

We included all events and pharmacy dispensings
that were billed to the MCOs. This would not include
items completely paid for out of pocket or by another
insurer. Previous work from within one of the health
plans indicates that the number of such occurrences is
small.12 Emergency department visits were included in
the analysis only if they were related to asthma.

Statistical Analysis
The distributions were tabulated according to orga-

nizational and demographic characteristics. Differences
in the proportion of children in each stratum were
assessed for significance by χ2 tests and Mantel-
Haenszel methods for analysis of 2 × κ tables. The
HEDIS performance measure was tested in a predictive
model examining the relationship of controller medica-
tion dispensing and ED events. Multiple logistic regres-
sion was then used to assess independent effects of the
HEDIS performance measure in models for ED visits.

Because published literature has demonstrated that
age, sex, and MCO are associated with varying rates of
medication use,9 multivariable models included these
variables. In examining the association of age with ED
visits, models incorporating a quadratic term in addi-
tion to the linear term had improved fit. General esti-
mating equations were used to account for multiple
observations among some subjects and for clustered
observations at the level of the clinical practice.

RESULTS

We identified 2 overlapping cohorts of children with
persistent asthma who had at least 2 consecutive years
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of data: cohort 1 (n = 1532), children identified in year
1 with information available in year 2, and cohort 2
(n = 1234), children identified in year 2 with infor-
mation available in year 3. A subpopulation of children
(n = 615) had data available in all 3 years and con-
tributed observations to both cohorts. Demographic
characteristics of the 2 cohorts were similar with
regard to age, sex, and proportion of children covered
by Medicaid (Table 1).

Overall, about half of the children in both cohorts
met the HEDIS criteria for persistent asthma during
year 1. A slightly lower proportion of children (51.2% vs
54.9%) met the HEDIS criteria for persistent asthma in
the baseline period of cohort 1 (year 1) compared with
the baseline period of cohort 2 (year 2). However, when
we examined the breakdown of the 4 inclusion criteria
that make up the HEDIS definition for persistent asth-
ma, the distribution was found to be similar for all 3
years of data. Most children were identified as having
persistent asthma by medication dispensing criteria
alone (≥ 4 asthma medication dispensing events during
a 12-month period). Lower proportions of children met
the HEDIS criteria for persistent asthma for 2 consecu-
tive years, 36.7% and 41.9% (cohort 1 and cohort 2,
respectively) (Table 2).

We then examined the consistency of the HEDIS cri-
teria to identify subjects with persistent asthma. Among
children who met the HEDIS criteria for persistent asth-
ma in year 1 for each cohort, one quarter did not
requalify in year 2 of available data. Within cohort 1, of
the 785 children who met the criteria in year 1, there

were 223 (28.4%) who did not requalify in year 2; simi-
larly, within cohort 2, of the 677 children who met the
criteria in year 1, there were 160 (23.6%) who did not
requalify in year 2 (Table 2).

We then examined whether the association be-
tween the HEDIS performance measure and asthma
morbidity was robust when the period of observation
is extended for 2 years. This analysis included all chil-
dren with at least 2 consecutive years of automated
data (N = 2766).

Similar to prior analysis,7 the dispensing of a con-
troller medication was associated with the risk of a
subsequent asthma-related ED visit, and the baseline
reliever agent dispensing modified the strength of the
relationship. However, in contrast to prior observa-
tions, now the association was significant only in the
HEDIS low reliever population (Table 3). A significant
protective relationship between controller medication
dispensing and asthma-related ED visits was no longer
seen among the entire population meeting the HEDIS
criteria for persistent asthma (odds ratio [OR], 0.7;
95% confidence interval [CI], 0.4-1.2; and OR, 0.3;
95% CI, 0.2-0.4; for the present and prior analyses,
respectively).

We then examined the relationship between the
HEDIS performance measure and asthma-related ED
visits when the measure was modified to include only
individuals with consistent controller medication dis-
pensing (≥ 4 controller medications per 12-month peri-
od). Again, the association between controller
medication dispensing and asthma-related ED visits was

significant only in the HEDIS low
reliever subpopulation (OR, 0.9; 95%
CI, 0.6-1.3; OR, 0.5; 95% CI, 0.3-1.0;
and OR, 1.2; 95% CI, 0.8-2.0; for the
total, low reliever, and high reliever
populations, respectively).

DISCUSSION

We observed variability in the
subpopulation identified by the
HEDIS criteria as having persistent
asthma. Of children initially targeted
by the HEDIS criteria as having per-
sistent asthma, approximately one
quarter did not requalify in the sub-
sequent year. This suggests that the
HEDIS criteria for persistent asthma
do not identify a consistent subpopu-
lation of children over time and sup-
ports the criticism that the HEDIS
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Table 1. Demographic Characteristics During the Baseline Period of
Observation for the 2 Study Cohorts*

Cohort 1 Cohort 2
(Years 1-2) (Years 2-3)

Characteristic (n = 1532) (n = 1234)

Age, mean, y 8.8 8.8

Female, % 60.1 61.4

Covered by Medicaid, % 7.5 8.4

Canister equivalents per 12 mo, mean
Reliever agent 3.5 3.5
Controller medication 2.6 2.7

Subjects who met HEDIS criteria, no. (%) 785 (51.2) 677 (54.9)

Subjects with persistent asthma (per HEDIS criteria) 878 (57.3) 810 (65.6)
who were dispensed controller medication, no. (%)

*HEDIS indicates Health Plan Employer Data and Information Set.



criteria for persistent asthma
more accurately target children
with problematic asthma control.

Measures of disease severity, by
definition, should characterize a
subject’s intrinsic intensity of dis-
ease. However, after initial presen-
tation, accurate classification of
asthma severity, independent of
therapy, is complex. Many of the
characteristics of disease that we
use to describe severity may
change or be absent after appro-
priate intervention. Therefore, the
concept of asthma control has
been introduced to more accu-
rately describe the status of dis-
ease in the presence of
intervention. Asthma control can
change rapidly in response to triggers
or therapy. Asthma is a highly variable disease, particu-
larly among children whose level of control varies sig-
nificantly over time and whose manifestations and
appropriate treatments vary with age.13,14 The HEDIS
criteria for persistent asthma are more appropriately
used to identify persons with suboptimal asthma con-
trol than to define a subject’s underlying severity of
disease.

Multivariable analyses confirmed that the HEDIS
performance measure, the dispensing of a controller
medication among subjects meeting the HEDIS criteria
for persistent asthma, is associated with the risk of
future asthma-related adverse events. In addition, the
association between the HEDIS performance measure
and the risk of an ED visit is dependent on the underly-
ing reliever agent dispensing rate. However, our results
suggest that the strength of this relationship is weak-
ened as the lag between classification and outcome
assessment is increased. Modifying the HEDIS criteria

for persistent asthma to include only children with con-
sistent controller medication dispensing (≥ 4 controller
medications per 12 months) did not significantly affect
the relationship. 

Previous investigations in asthma have demonstrated
a limited ability to predict future events based on meas-
urable characteristics. Using regression models to
examine persistent high expenditures, Monheit15

demonstrated that demographic factors, health status,
comorbidity, and prior utilization are all related to the
persistence of high expenditures. However, only a small
proportion of the variation in the probability of persis-
tence is explained by these models (pseudo R2 for the
model, 0.19). Two recent analyses of trends in asthma-
related healthcare charges also emphasize the variabili-
ty in healthcare utilization among asthmatic patients.
Stempel et al16 examined hospital admissions, ED visits,
and medication use by grouping patients into quartiles
based on asthma-related charges and by following their
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Table 2. Consistency of the HEDIS Criteria in Identifying Subjects With
Persistent Asthma During a 2-Year Period*

Cohort 1 (Years 1-2) (n = 1532) Met HEDIS Criteria in Year 2

Met HEDIS criteria in year 1 No Yes Total
No 577 (37.7) 170 (11.1) 747 (48.8)

Yes 223 (14.6) 562 (36.7) 785 (51.2)

Total 800 (52.2) 732 (47.8) 1532 (100.0)

Cohort 2 (Years 2-3) (n = 1234) Met HEDIS Criteria in Year 3

Met HEDIS criteria in year 2 No Yes Total

No 406 (32.9) 151 (12.2) 557 (45.1)

Yes 160 (13.0) 517 (41.9) 677 (54.9)

Total 566 (45.9) 668 (54.1) 1234 (100.0)

*Data are given as number (percentage) of the total cohort. HEDIS indicates Health Plan Employer Data
and Information Set.

Table 3. Multiple Logistic Regression Models Examining the Relationship Between the HEDIS Performance
Measure (Dispensing of ≥1 Controller Medication) and the Risk of Asthma-related Emergency Department Visits*

*Multivariable models control for age, sex, and managed care organization (MCO). Clustering of individual subjects at the practice level within each MCO
was taken into account using general estimating equations.
†Data are from Fuhlbrigge et al.7
‡Persons dispensed at least 4 reliever agents per person-year.

Prior Single-Year Analysis† Present 2-Year Analysis

Relative Risk Total Low Reliever High Reliever Total Low Reliever High Reliever 
(95% Confidence Interval) Population Population Population‡ Population Population Population‡

0.3 (0.2-0.4) 0.05 (0.03-0.08) 0.6 (0.4-0.8) 0.7 (0.4-1.2) 0.4 (0.2-0.9) 1.0 (0.6-1.9)



movement between quartiles each year. Of the 52 135
patients identified, 24 351 (46.7%) were in the top quar-
tile for a single year only, and 14 727 (28.2%) remained
in the top quartile during a 3-year period. Identification
and targeting of high users during a given 1-year peri-
od will miss a significant number of high users in sub-
sequent years. In analyzing health expenditures,
Monheit15 observed that, among the top 5% of spenders
in a given year, only 30% retain that position in the sub-
sequent year, with just under half (45%) remaining in
the top decile. There is a tendency for most high users
to move to lower percentiles, with few persons demon-
strating persistently high expenditures.17,18

Analyses using risk-adjustment models suggest that
the amount of variance explained by such models is
linked to the temporal proximity of the input data to the
period being targeted. As the lag between the period of
identification of a particular warning flag and the period
of prediction increases, the variance explained by such
models decreases.19 In addition, analyses predicting
costs based on automated data, such as pharmacy-
based (RxRisk) or diagnosis code–based (Diagnostic
Cost Groups/Hierarchical Condition Categories system)
measures, showed significant differences in concurrent
vs prospective models.20 These authors detected a sig-
nificant decline in variability explained by a model pre-
dicting costs (R2) when the explanatory variables were
separated in time by a 1-year period from the cost vari-
able that they were trying to predict.

We must note limitations to our analysis. Although
the analysis cohort was drawn from 3 geographically var-
ied MCOs, serving a large overall base population, the
generalizability of our results to the other populations,
such as those without commercial insurance, is uncer-
tain. Our analysis population had a low enrollment of
subjects covered by Medicaid, who may have different
underlying patterns of healthcare utilization. Finally, our
analysis was limited to children, and how our results
would extrapolate to adult populations is unknown.

The HEDIS performance measure, the dispensing of
a controller medication among subjects meeting the
HEDIS criteria for persistent asthma, is associated with
decreased risk of future asthma-related adverse events.
Therefore, targeting individuals who have suboptimal
asthma control as defined by the HEDIS criteria is
important. However, the HEDIS criteria for persistent
asthma more accurately identify persons with subopti-
mal control than persons with persistent disease sever-
ity, because disease control can vary more rapidly over
time. Our results suggest that the variable nature of
asthma may affect how the HEDIS performance meas-
ure should be used for assessing quality of care. The
measure may be improved if the period of labeling sub-

jects with persistent (uncontrolled) asthma overlaps
with the period of assessing whether controller medica-
tion has been dispensed; subjects would meet the crite-
ria for persistent asthma in the first and second years of
assessment. Requiring children to meet the HEDIS cri-
teria for persistent asthma for 2 consecutive years
would decrease the number of children included but
would more appropriately target those individuals with
persistent uncontrolled disease. The inherent trade-off
between a decrease in the sensitivity of the measure to
identify children with persistent asthma and a potential
improvement in its specificity will need to be examined.
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