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ABSTRACT

Introduction: Enhancing Care for Patients with Asthma is a multi-state, multi-center quality
improvement program developed to augment guideline-based practice among health care
providers through Plan-Do-Study-Act cycle. This study examined the association between
the implementation of the guideline-based quality improvement program and subsequent
changes in asthma-related emergency room visits and hospitalizations.

Methods: This retrospective, interrupted time-series study used administrative claims data
from a private insurer that provided coverage to patients receiving care from participating
health centers (15 centers in New Mexico, Oklahoma, Texas, and lllinois). The 12-month
implementation period started in January 2013 for centers in Cohort 1 and October 2013
for centers in Cohort 2. The claims of 1,828 patients with asthma from January 2012 to May
2015 were analyzed. The data included 12-month pre-program implementation, 12-month
program implementation, and 5-month post-program completion periods.

Results: The average number of asthma-related emergency room visits and hospitalizations
decreased from 2.22 to 1.38 and 1.97 to 1.04 per 100 patients per month, respectively, in
the 12-month pre-implementation period as compared to 12-month implementation period.
The results of three-level generalized linear mixed models found that during the 12-month
implementation period, patients had 37.7% and 47.1% lower rates of emergency room visits
and hospitalizations, respectively, compared to the 12-month pre-implementation period
(p <0.001 in both comparisons).

Conclusions: Enhancing Care for Patients with Asthma is an effective quality improvement
program that was successfully executed in diverse geographical states and associated with
reductions in potentially preventable health events. The findings support the widespread
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use of the program in other settings.

Introduction

Emergency room (ER) visits and hospitalizations are fre-
quent for patients with asthma (1). These events are
potentially preventable public health problems and major
contributors to the high costs of health care (2). Since
these events are usually avoidable with proper asthma
management (3), high-quality asthma care is needed to
assist patients in living better with this chronic condition.

Although asthma care provided in community set-
tings plays a critical role in achieving optimal patient
outcomes,

previous research has reported several

barriers to adoption of management guidelines into the
practice settings (4-6). The barriers include the lack of
time and necessary equipment (4) and non-familiarity
with specific guideline elements (5). The Expert Panel
Report 3 (EPR-3) guidelines have outlined essential
asthma care components for appropriate asthma man-
agement (7). However, asthma care quality remains
suboptimal (8) due in part to the underutilization of
evidence-based asthma guidelines. Therefore, an effective
quality improvement action that facilitates the imple-
recommendations  would

mentation of guideline

CONTACT Sirikan Rojanasarot @ sirikan.rojanasarot@gmail.com e Social and Administrative Pharmacy Graduate Program, Department of
Pharmaceutical Care & Health Systems, College of Pharmacy, University of Minnesota, 7-164 Weaver-Densford Hall, 308 Harvard Street SE, Minneapolis,

MN 55455, USA.

Previous Presentation at Professional Meetings: The preliminary results of this work were presented as a podium presentation at the 2018 International
Society for Pharmacoeconomic and Outcomes Research Annual International Meeting.

© 2020 Taylor & Francis Group, LLC


http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2020.1741611&domain=pdf&date_stamp=2020-03-26
http://orcid.org/0000-0003-2102-7520
http://orcid.org/0000-0002-2201-3019
https://doi.org/10.1080/02770903.2020.1741611
http://www.tandfonline.com

2 S. ROJANASAROT ET AL.

translate into reducing potentially preventable ER visits
and hospitalizations.

Enhancing Care for Patients with Asthma (ECPA)
is a multi-state, multi-center quality improvement
program that was developed to augment guideline-
based asthma care processes in health centers in four
states: Illinois, New Mexico, Oklahoma, and Texas.

Previous research has demonstrated the effective-
ness of ECPA in improving clinic-based performance
measures consistent with the EPR-3 guidelines (9). It
is unknown if the program is associated with a
decrease in ER visits and hospitalizations among
patients with asthma. Therefore, the objective of this
study was to examine the association between the
implementation of ECPA and subsequent changes in
asthma-related health events. The hypothesis was that
patients with asthma who received care from health
centers that participated in ECPA would have lower
numbers of ER visits and hospitalizations after pro-
gram implementation.

Methods
Study design

This study employed a retrospective quasi-experimental
approach using an interrupted time series (ITS) design.
The ITS design has been recommended for evaluation
of health care interventions having a clear implementa-
tion segment (10). ECPA divided the recruitment and
participation of centers into different chronological
cohorts. The ECPA implementation could be consid-
ered as a multiple ITS given the sequential introduction
of ECPA in different health center cohorts. Each ECPA
cohort started and completed the quality improvement
activities within a well-defined month. The ITS
approach is also appropriate for the ECPA program
evaluation because the sequential measures of the out-
come are available both before, during, and after pro-
gram implementation (10).

Setting

ECPA was executed in participating health centers at
Illinois, New Mexico, Oklahoma, and Texas. Three-
fourths of the participating health centers were in an
urban area. The centers included stand-alone primary
care clinic (36.9%), stand-alone pediatric clinic
(18.5%), multi-specialty health center (23.1%), and
school-based or mobile clinic (21.5%). Health centers
agreed to participate in ECPA were evaluated to
ensure their commitment to the 12-month quality
improvement  program. During a  12-month

implementation period, ECPA assisted participating
health centers with improvement activities through
the Plan-Do-Study-Act (PDSA) cycle to carry out
changes that led to asthma guidelines adoption in
each center. The ECPA support involves both clinical
and technical assistance, such as providing centers
with a spirometer used to assess patients’ lung func-
tion and properly monitor asthma control and train-
ing clinic staff in key guideline components required
for patients with asthma. Each cohort had at least one
center from each state to ensure the high quality of
the improvement effort. The full description of the
program is published elsewhere (9). This analysis con-
centrated on 15 health centers in Cohort 1 and
Cohort 2 of ECPA. For Cohort 1, the 12-month
implementation period started in January 2013 for all
centers. For Cohort 2, the 12-month implementation
period started in October 2013 for centers in New
Mexico and Texas, and in January 2014 for centers
in Ilinois.

Data source

This study used administrative claims from a private
insurance company that provided coverage to enroll-
ees who received care in ECPA-participating health
centers. Patient enrollment and hospital and office-
based claims data from January 2012 to May 2015
were provided for analysis. The dataset was fully de-
identified and HIPAA (Health Insurance Portability
and Accountability Act of 1996) compliant.

The administrative claims dataset covered the 12-
month period before ECPA implementation in Cohort
1 and ended five months after ECPA completion in
Cohort 2. Therefore, this study divided observations
into three segments: 12-month pre-ECPA implementa-
tion, 12-month ECPA implementation, and 5-month
post-ECPA completion. The comparison of outcomes
in each segment allowed the investigation of ECPA
effect while improvement activities were ongoing in
each health center and after program completion with
no structural support from the program. Figure 1 sum-
marizes administrative claims availability of this study.

Participants

Eligible patients were identified and attributed to a
participating health center using the following inclu-
sion criteria: continuously enrolled from January 1,
2012, to May 31, 2015; had at least one claim at a
participating health center during the 12-month
pre-implementation period with a primary or
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Figure 1. The summary of administrative claims availability of this study.

secondary  diagnosis of asthma  (International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code of 493.xx). Patients
were excluded if they disenrolled from their insurance
plans between January 2012 and May 2015. Patients
who could be attributed to more than one health center
were assigned to the health center they visited
more frequently.

Outcomes of interest

The outcome of interest was ER visits and hospitaliza-
tions with a primary or secondary diagnosis of asthma
(ICD-9-CM code 493.xx). ER visits were defined using
Current Procedural Terminology (CPT) code 99281-5.
Hospitalizations were defined using Place of Service
(POS) code 21 and revenue codes indicating hospital
services (11x-48x). An ER visit that resulted in hospi-
talization was counted as a hospitalization episode.
Asthma-related ER visits and hospitalizations were
then constructed into: 1) combined number of both
events per patient per month; 2) number of ER visits
per patient per month; and 3) number of hospitaliza-
tions per patient per month.

Statistical methods
Descriptive statistics

Patient baseline demographics were reported by state.
Patients” age at baseline was referred to as the patient
age one year before the ECPA implementation at their
attributed center was executed. To clarify, the baseline
age of all patients equaled their age in 2012, except the
patients who received asthma care from Illinois health
centers in the second cohort. The baseline age of these
Illinois patients equaled their age in 2013. The age was
calculated and described using mean, standard deviation,

median, interquartile range, minimum, and maximum
values. The percentage of patients aged less than 18 was
reported. Patient percent by gender was calculated.

A dummy variable was created with the values
ranging from —11 to 17 to determine the three differ-
ent study periods. The values from —11 to 0 repre-
sented the 12-month pre-ECPA implementation
period. The values from 1 to 12 represented the 12-
month ECPA implementation period while the values
from 13 to 17 corresponded to the 5-month post-
ECPA completion. The average numbers of ER visits
and hospitalizations during 12-month pre-implemen-
tation and 12-month implementation periods were
calculated by dividing the total number of the events
occurred during the 12-month periods by the total,
fixed number of patients who received asthma care
from the participating health centers. Time series plots
of observed combined number of ER visits and hospi-
talizations and predicted trend of the health events
estimated from modeling the time series with ITS
design were presented to identify the underly-
ing trend.

Statistical inferences

To determine ECPA effect on outcomes, the 3-level
generalized linear mixed model (GLMM) was selected
because of the three nested levels and repeated time
series data of this study. Within the same patient, ER
visit and hospitalization numbers from different
months are correlated and considered the level-1
measurement. These numbers are nested within that
patient, which is the level-2 cluster. Patients from the
same health center are also nested in that center,
which is the level-3 cluster. This study allows individ-
ual patients and individual participating health centers
to have their own random intercepts to partition
their variation.
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Table 1. Baseline demographic characteristics of patients receiving asthma care from participating health centers.

Characteristics Total lllinois New Mexico Oklahoma Texas
Health centers (n = 15) 15 (100.0%) 6 (40.0%) 6 (40.0%) 2 (13.3%) 1 (6.7%)
Cohort 1 9 (60.0%) 4 (44.4%) 3 (33.3%) 2 (22.2%) 0 (0.0%)
Cohort 2 6 (40.0%) 2 (33.3%) 3 (50.0%) 0 (0.0%) 1 (16.7%)
Patients (n = 1,828) 1,828 (100.0%) 1,135 (62.1%) 580 (31.7%) 64 (3.5%) 49 (2.7%)
Cohort 1 1,683 (92.1%) 1, 121 (98.8%) 498 (85.9%) 64 (100.0%) 0 (0.0%)
Cohort 2 145 (7.9%) 4 (1.2%) 2 (14.1%) 0 (0.0%) 49 (100.0%)
Baseline age, years

Mean (SD) 30.5 (23.9) 25.6 (23.0) 42.3 (22.1) 29.2 (21.7) 8.4 (4.5)
Median 19 15 48 25 8
Interquartile range 9-52 8-45 19-61 11-47 5-12
Minimum-Maximum 1-93 1-93 1-90 1-81 1-17
Age less than 18 (%) 861 (47.1%) 656 (57.8%) 131 (22.6%) 25 (39.1%) 49 (100.0%)
Gender

Female 999 (54.7%) 583 (51.4%) 366 (63.1%) 33 (51.6%) 17 (34.7%)
Male 829 (45.3%) 552 (48.6%) 214 (36.9%) 31 (48.4%) 32 (65.3%)

SD = Standard deviation.
Due to rounding, percentages may not always add up to 100%.

The 3-level GLMM permits investigation of the
within-patient effect and quantification of improvement
in ER visits and hospitalizations for three comparisons.
First, outcomes between pre-ECPA implementation
and 12-month ECPA implementation periods were
compared to determine the effect of ECPA while it
actively supported health centers. Second, outcomes
between pre-ECPA implementation and 5-month post-
ECPA completion periods were compared to determine
the short-term, sustainable effect of ECPA during no
active support to health centers following program
completion. Third, outcomes between 12-month ECPA
implementation and 5-month post-ECPA completion
periods were compared to determine if there were stat-
istically significant differences in the outcomes between
the two segments. The effectiveness of ECPA from
these three comparisons were reported using rate ratio
(RR), 95% confidence interval (CI), and p values.

Seasonality is an environmental factor widely acknowl-
edged in asthma research (11). Therefore, a dummy
variable for season was included: winter (December-
February), spring (March-May), summer (June-August),
and fall (September-November) (12). The ITS design is
not impacted by the common, non-time-dependent cova-
riates such as age, gender, race or ethnicity, or educa-
tional level (10). Thus, these standard covariates were not
included in final statistical models.

All statistical analyses were performed using SAS
version 9.3 (SAS Institute Inc., Cary, NC, USA) (13).
The number of ER visits and hospitalizations are
count data. The GLMM estimates assumed Poisson
distribution and its canonical log link to determine
the ECPA effect. Poisson distribution was appropriate
since the data used for this study did not present
overdispersion after the scaled Pearson statistic for the
conditional distribution of each GLMM was tested
(13). All models included seasonality as a confounding

factor. An estimation of the parameters was achieved
using a PROC GLIMMIX (14). A significance level of
less than 0.05 (2-tailed) was adopted for all analyses.
This study was considered exempt by the institutional
review board of the University of Minnesota due since
we used de-identified existing administrative claims data.

Subgroup analysis

The claims segment submitted until December 2014
was used for subgroup analysis in Cohort 1 to investi-
gate whether there was a longer-term, sustainable
effect of ECPA on ER visits and hospitalizations
12 months post-ECPA completion.

Results

Table 1 summarizes the baseline characteristics of
1,828 patients who received asthma care from the 15
health centers participating in the two cohorts of
ECPA. Illinois and New Mexico had the highest num-
ber of participating health centers. Patients from New
Mexico had the highest average age of 42.3years,
compared to the other states. The number of male
and female patients from each state was comparable.

Figure 2 shows the ITS analysis of the crude num-
ber of ER visits and hospitalizations due to asthma of
the 1,828 included patients before and after ECPA
implementation. Before ECPA was implemented, the
asthma-related ER visits and hospitalizations demon-
strated an upward trend with the slope of 0.45. After
ECPA was implemented in participating health cen-
ters, ER visits and hospitalizations decreased showing
a downward trend with the slope of —0.06. The slopes
were statistically different (p < 0.001).

The average numbers of ER visits and hospitaliza-
tions due to asthma decreased from 2.22 to 1.38 and
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Figure 2. Monthly number of combined asthma-related emergency room visits or hospitalizations among 1,828 included patients.

Table 2. ECPA effect on emergency room visits and hospital hospitalizations among 1,828 included patients after adjusting for

seasonality from the 3-level generalized linear mixed model.

Outcomes ECPA effect Rate ratio 95% Cl p-value
Either emergency room 12-month pre-implementation Ref N/A N/A N/A
visit or hospitalization 12-month implementation 0.579 0.520 0.644 <.0001*
5-month post-completion 0.500 0.422 0.591 <.0001*
Emergency room visit alone 12-month pre-implementation Ref N/A N/A N/A
12-month implementation 0.623 0.540 0.719 <.0001*
5-month post-completion 0.443 0.350 0.562 <.0001*
Hospitalization alone 12-month pre-implementation Ref N/A N/A N/A
12-month implementation 0.529 0.450 0.621 <.0001*
5-month post-completion 0.567 0.446 0.720 <.0001*

Cl = Confidence interval; ECPA =Enhancing Care for Patients with Asthma; N/A = Not applicable; Ref = Reference.
Generalized linear mixed regression assuming Poisson distribution and its canonical log link was used to estimate the effect of ECPA on the three out-

comes, accounting for seasonality.
Example of interpretation:

® On average, patients had a 42.1% lower rate of combined emergency room visits or hospitalizations during the 12-month ECPA implementation

period, compared to the 12-month pre-implementation period.

Asterisks indicate a statistically significant result at a significance level of 0.05.

1.97 to 1.04 times per 100 patients per month, respect-
ively, in the 12-month pre-implementation period as
compared to 12-month ECPA implementation period.
The average numbers of ER visits and hospitalizations
during the 5-month post-program completion phase
were 1.02 and 1.09 times per 100 patients per month,
respectively.

The ECPA effect from the 3-level GLMM analyses
on the rates of health events due to asthma after
accounting for seasonality is depicted in Table 2. RRs
represent the change in outcome occurrence comparing
a particular period to a reference period. During the
12-month ECPA implementation period, patients had

42.1%, 37.7%, and 47.1% lower rates of combined
asthma-related ER visits or hospitalizations, ER visits
alone, and hospitalizations alone, respectively, compared
to the patients during the 12-month pre-implementation
period (p < 0.001 in all three comparisons).

When comparing the implementation and post-
program completion segments, the rate of ER visits
alone was significantly lower (RR = 0.728; 95% CI
0.562, 0.942; p=0.0158). However, this was not the
case for combined hospitalizations and ER visits
(RR = 0.848; 95% CI 0.705, 1.022; p=0.0828) or
hospitalizations alone (RR = 1.005; 95% CI 0.768,
1.315; p=0.9701).
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Table 3. Subgroup analyses of the Cohort 1-ECPA effect among 1,683 patients on emergency room visits and hospitalizations
after adjusting for seasonality from the 3-level generalized linear mixed model.

Outcomes ECPA effect Rate ratio 95% Cl p-value
Either emergency room 12-month pre-implementation Ref N/A N/A N/A
visit or hospitalization 12-month implementation 0.560 0.502 0.624 <.0001*
12-month post-completion 0.492 0.439 0.552 <.0001*
Emergency room visit alone 12-month pre-implementation Ref N/A N/A N/A
12-month implementation 0.591 0.510 0.685 <.0001*
12-month post-completion 0.448 0.381 0.527 <.0001*
Hospitalization alone 12-month pre-implementation Ref N/A N/A N/A
12-month implementation 0.525 0.446 0.617 <.0001*
12-month post-completion 0.542 0.461 0.636 <.0001*

Cl = Confidence interval; ECPA = Enhancing Care for Patients with Asthma; N/A = Not applicable; Ref = Reference.
Generalized linear mixed regression assuming Poisson distribution and its canonical log link was used to estimate the effect of ECPA on the three out-
comes, as subgroup analyses focusing only on patients receiving asthma care from Cohort-1 health center.

Example of interpretation:

® On average, patients had a 44.0% lower rate of combined emergency room visits or hospitalizations during the 12-month ECPA implementation

period, compared to the 12-month pre-implementation period.

Asterisks indicate a statistically significant result at a significance level of 0.05.

In addition to the main analyses, the subgroup
analyses focusing on 1,683 patients from Cohort 1
found that the average rates of ER visits and hospital-
izations due to asthma as a primary or secondary
diagnosis decreased from 2.17 to 1.28 and 1.94 to 1.01
per 100 patients per month, respectively, in the 12-
month pre-implementation period as compared to 12-
month ECPA implementation period. The average
rates of ER visits and hospitalizations during the 12-
month post-program completion phase were 0.97 and
1.05 per 100 patients per month, respectively. The
results from the GLMM analyses are reported in
Table 3. The rate ratio of the three outcomes ranged
from 0.448 (ER visits) to 0.542 (hospitalizations) when
comparing the event rates of pre-implementation to
post-program completion periods. Using the imple-
mentation period as a reference, the rates of ER visits
alone significantly decreased during the 12-month
post-program completion period (RR = 0.758; 95% CI
0.634, 0.906; p =0.0023).

Discussion

This analysis of the effectiveness of a multi-state, multi-
center, quality improvement program for patients with
asthma showed that implementation of Enhancing Care
for Patients with Asthma (ECPA), a quality improve-
ment program designed to improve asthma care proc-
esses at the clinic level, was associated with significant
reduction of asthma-related ER visits and hospitaliza-
tions. The numbers of ER visits and hospitalizations in
the implementation and post-program completion peri-
ods were decreased roughly by half, compared to rates
12 months before ECPA implementation. From the 3-
level GLMM, the magnitude of the program effect was
greater on the rate of ER visits when focusing on the

improvement from pre-implementation to post-program
completion periods (more than 50% reduction in the
ER visit rate). Subgroup analysis also demonstrated a
potential long-term, sustainable effect of ECPA on
asthma-related adverse events; patients, attributed to
health centers in Cohort 1 were less likely to experience
asthma-related outcomes in the 12-month post-program
completion period. The results of this study provided
substantial evidence for the effective, translational effect
of ECPA on patient outcomes.

The findings regarding the translational effect of
ECPA is critically important in quality improvement
approaches that target the quality of asthma care at
the health center level, given the high impact of the
program effect on the patient outcomes. Woods et al.
investigated the effectiveness of a quality improvement
program through nurse case management and home
visits (15). While their program demonstrated a
decrease in the number of ER visits and hospitaliza-
tions after patients engaged in the program, home vis-
its can be time-consuming and expensive. ECPA,
instead, concentrated on improving guideline-based
asthma care processes in health centers. With approxi-
mately 50% improvement in ER visits and hospitaliza-
tions, ECPA established its translational effect on
patient-level outcomes and appropriateness for being
replicated at a population level.

The highest magnitude of ECPA effect (comparing
post-program completion to pre-implementation peri-
ods) was on preventing ER visits. Asthma-related ER
visits are mostly preventable (16) with proper asthma
management. Comprehensive asthma care could
improve asthma symptoms (17) and decrease asthma
exacerbation (18) and ER visit rates (19). In previous
work, ECPA showed impact on improving asthma
guideline-based  performance measures, such as



documentation of asthma action plan, asthma educa-
tion, and controller medication (9). Improvement in
these essential care components among patients receiv-
ing care from ECPA-participating health centers most
likely contributed to minimizing asthma-related
ER visits.

Although previous research demonstrated that hospi-
talizations per capita and ER visits per capita have been
declining nationally in the study period (20), the national
average trend including individuals with different health
insurance types might not well represent patients with
asthma with private insurance coverage. In this research
the population of interest was those with asthma who had
private health insurance from 4 states: Illinois, New
Mexico, Oklahoma, and Texas. The majority of included
patients were derived from the participating Illinois health
centers in Cohort 1 (61%; 1,121/1,828). The State
Inpatient Database and of the Healthcare Cost and
Utilization Project (HCUP) for Illinois documented a rela-
tively stable trend, rather than decreased trend, of asthma-
related hospitalization (21) and ER visits (22) among
patients with asthma with private health insurance in
Illinois during the same study periods (January 2012 to
December 2014). The specific trend among patients with
asthma with private health insurance at the state level was
stable, but the findings of this study showed the declining
trend after ECPA, the results suggest the health care util-
ization improvement was attributable to the quality
improvement efforts.

One strength of this study is that the analyses eval-
uated the effect of ECPA through multiple aspects,
showing program generalizability. ECPA decreased
asthma-related outcomes while the program was
ongoing in participating centers and after program
had been completed (5-month short-term effect and
12-month long-term effect). These results support
internal validity of ECPA in improving patient out-
comes (23). Moreover, ECPA was shown to be a gen-
eralizable program demonstrating external validity in
multiple health centers with various characteristics in
four different states (9). This study provides a further
understanding of ECPA’s generalizability. The study
could also enable decision-makers in supporting
effective quality improvement programs for patients
with asthma and overcoming the sustainability issue
seen in previous quality improvement efforts (24).

Another strength of this study is the evaluation of
ER visits and hospitalizations: outcomes that have not
been observed much in quality improvement interven-
tions. A systematic review by Peytremann-Bridevaux
et al. reported that less than half of published studies
they examined evaluated the improvement in ER visits
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and hospitalizations among patients with asthma (25)
and these are important outcomes to consider when
evaluating effects of asthma management programs.
This study evaluated ECPA effect on potentially pre-
ventable asthma-related health events. Since these out-
comes are less often observed in the evaluation of
quality improvement programs, this study provides
meaningful evidence to the scientific community.

Three limitations should also be noted. First, the data
source was secondary, administrative claims data. While
these data enabled examination of outcomes patient out-
comes across multiple health centers, administrative data
is subject to coding errors (26). Second, this study used
the provider tax identification number of participating
health centers to attribute patients to each center. Some
clinic locations shared the same identification number.
Thus, we could not attribute patients to a specific loca-
tion and could not include the location data as a random
intercept. Third, while the GLMM analyses of this study
include seasonality as an adjusting covariate, other unob-
served time-varying factors, such as outdoor air pollution
(27), could contribute to asthma exacerbation and result
in the use of ERs or admission to a hospital. However,
this problem is relatively small because of ITS approach,
which is not affected by a time-varying confounder that
is relatively constant over a short-time period (10).
Despite these limitations, this study provides insights
into a multi-state, multi-center quality improvement
strategy that mitigates potentially preventable health
events among patients suffering from asthma.

Conclusion

ECPA is an effective quality improvement program
which was associated with reductions in asthma-
related ER visits and hospitalizations. ECPA effects on
asthma-related health events were sustainable in the
12-month period post-program completion. These
findings augment previous research that showed the
effectiveness of ECPA on asthma guideline-based per-
formance measures and supplied evidence for wide-
spread the ECPA implementation. Further research
could build on the body of literature by investigating
whether ECPA could also reduce overall health care
expenditure among patients with asthma.
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