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Promoting Best-Care Practices in Childhood Asthma:
Quality Improvement in Community Health Centers

WHAT’S KNOWN ON THIS SUBJECT: Clinical asthma management
is suboptimal. Asthma morbidity continues to be a substantial
contributor to pediatric health disparities. The authors combined
continuous quality improvement and care coordination to
significantly reduce asthma morbidity and improve the quality of
life of children and adolescents.

WHAT THIS STUDY ADDS: Targeting a much larger population of
children than the previous study, a more focused, but less
intensive, technical-assistance approach resulted in major
improvements in care and health outcomes for a large group of
primarily low-income, minority children with asthma.

abstract
OBJECTIVE: Outpatient asthma management remains suboptimal. We
previously reported significant improvements in asthma guideline ad-
herence and outcomes in children by using quality-improvement pro-
cesses and community health workers. We hypothesized that a larger
project could achieve comparable outcome improvements with
streamlined quality-improvement processes and decreased technical
assistance.

METHODS: Seventeen clinics treating 12 000 children with asthma were
evaluated through interviews of a subset of patients with persistent or
high-risk asthma (n� 761) at baseline and at 12 and 21months and chart
reviews randomly selected from all patients with asthma at baseline and
12 and 24 months (n � 2040). Multidisciplinary teams developed data-
driven continuous quality-improvement activities. Asthma coordinators
provided patient education and were active teammembers.

RESULTS: Study children were predominantly Hispanic (77%) and black
(11%); 60%wereenrolled inMedicaid, and9%wereuninsured. Comparing
results between baseline and the 21-month follow-up, significantly fewer
families reported emergency-department visits (29.6% vs 9.3%), hospital-
izations (10.9% vs 3.4%), frequent daytime symptoms (44.0% vs 11.7%),
and missed school days (28.7% vs 13.6%); significantly more reported
confidence in asthma management (70.6% vs 95.5%); and quality-of-life
scores increased significantly for both children and caregivers (all P �
.05). Cross-sectional data revealed significant clinic-wide improvements in
symptom documentation, health care use, and review of action plans.

CONCLUSIONS: On a larger scale, this approach realized impressive
changes in provider clinical practice associated withmajor improvements in
health outcomes. It holds great potential for significantly reducing asthma-
relatedmorbidity among low-income children. Pediatrics 2011;128:20–28
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Despite the availability of National
Asthma Education and Prevention Pro-
gram (NAEPP) guidelines, the quality of
asthma care in the United States re-
mains suboptimal.1 Adherence to 17 NA-
EPP asthma care quality indicators is
only 45.5%.2 Compared with white chil-
dren, black and Hispanic children are
less likely to receive anti-inflammatory
medications and timely follow-up care
after an asthma emergency-department
visit and have a 2.6- and 2-times-higher
emergency-department visit rate, re-
spectively.1,3–8 Only 14% of community
health center patients had documenta-
tion of an asthma-management plan.9

Much remains to be done to improve
pediatric asthma care, especially in
low-income and minority groups.

From 2001 to 2004, we conducted a dem-
onstration, the California AsthmaAmong
the School-aged Project, to improve
asthma care for largely low-income, mi-
nority, school-aged children. Community
healthworkerswerecombinedwithcon-
tinuous quality-improvement (CQI) strat-
egies to increase NAEPP guideline com-
pliance. Care processes and clinical
outcomes improved dramatically.10 To
increase dissemination, we streamlined
theCQIprocessbypreselecting toolsand
topic areas for action. We streamlined
reporting, feedback, and teleconfer-
ences and used a similar program-
staffing pattern while increasing the
program from 7 to 17 clinics and adding
children ages 0 to 5 years. The asthma
coordinator function was retained, but
we did not require home visits for all pa-
tients. We hypothesized that this “scaled-
down” intervention would improve com-
pliance with NAEPP guideline–based
care and improve asthma-related out-
comes for children and caregivers.

PATIENTS AND METHODS

Study Population and Design

Seventeen community health centers
in California participated in the 28-
month translational research project

(2006–2008), with 2 centers having
participated in our previous CQI proj-
ect in the same clinic or provider set-
ting. Small to very large clinics served
between 140 and 2100 predominantly
low-income and minority children with
asthma annually. A quasi-experimental
design was used to examine patient-
level (longitudinal) and clinic-level
(cross-sectional) outcomes over time
(see Fig 1). For the former, �80 chil-
dren per site with persistent or high-
risk asthma (on the basis of the risk
criteria below) were enrolled consec-
utively by site physicians at clinic vis-
its. They were identified during visits
or through claims data or asthma reg-
istries. These children were inter-
viewed at baseline and annually there-
after to assess the impacts on care
processes and patient outcomes. On
average, another 160 children were
subsequently enrolled and received
care coordination by the asthma coor-
dinator but were not interviewed. This
ensured that�240 children per clinic
were enrolled in the program. The fol-
lowing were the eligibility criteria: age

0 to 18 years; seen by a primary care
provider for asthma in the 6 months
before referral; and English- or
Spanish-speaking (for the initial 80
children). Diagnostic criteria included
asthma (International Classification of
Diseases, Ninth Revision [ICD-9] codes
493.00–493.92) and an asthma clinical
risk index11 for children aged 5 years
or younger. A negative index did not
automatically exclude children from
being enrolled. Children aged 5 years
or younger with a diagnosis of bron-
chitis, bronchiolitis, or wheezing were
eligible if providers still suspected
asthma (on the basis of the referring
providers’ clinical judgment). Only 11
of 1350 children who were enrolled at
baseline did not have an asthma ICD-9
code (all aged 5 years or younger). Ad-
ditional inclusion criteria were having
1 of the following asthma risk criteria
in the 6 months before referral: use of
2 or more asthma medicines; 1 or
more asthma hospitalizations or 1
or more unscheduled asthma clinic or
emergency-department visits; or
symptoms consistent with persistent
asthma severity classifications at re-
ferral (as judged by the referring pro-
viders). Per the study protocol, provid-
ers received training in diagnosis and
severity classification of asthma ac-
cording to NAEPP guidelines. The clinic-
level, cross-sectional evaluation as-
sessed whether care improvements
extended beyond the children who
were followed longitudinally. Forty
charts were selected annually from
each site’s entire pediatric asthma
population using a different random
sample each time. Eligibility criteria in-
cluded the following: age 0 to18 years;
asthma diagnosis (ICD-9 codes
493.00–493.92); and at least 1 primary
care provider visit for asthma in the
previous 12 months. The Committee on
Human Research at the University of
California, San Francisco, approved
the study.

FIGURE 1
Clinic chart review (left) and patient interview
sampling and follow-up evaluation (right) de-
signs. Tn indicates time n.
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Intervention

Multidisciplinary CQI teams were
formed at each site with a “clinician
champion” (physician or nurse practi-
tioner), an asthma coordinator, and
other clinical and nonclinical staff.
Each clinic used a team-based, system-
atic, data-driven CQI process to imple-
ment changes in patient education and
at least 2 of 3 additional core compo-
nents (asthma visit flow sheet, asthma
action plan, and home trigger assess-
ment). The asthma coordinator en-
sured that information collected
through patient interactions was in-
corporated into CQI planning and pro-
vided coordination of CQI interventions
and program activities, care manage-
ment, and linkages among providers,
home, school, and community. Asthma
coordinators were health educators,
community health workers, medical
assistants, or respiratory therapists. A
central technical-assistance team
provided each site with (1) NAEPP
guideline–derived (2002 update12)
care standards agreed to by each CQI
team and target goals determined by
the technical-assistance team (eg, 90%
of patients receive trigger education)
(see Table 2); (2) assistance and over-
sight for consistent application of the
CQI model; (3) training for asthma co-
ordinators to work with patients and
families; and (4) data collection and re-
porting procedures. Technical assis-
tance and training on asthma assess-
ment and management (partly by
external experts) was provided
through annual program-wide meet-
ings and site visits; tailored site train-
ing opportunities; monthly clinician
champion and bimonthly all-site telecon-
ferences; individualized written and ver-
bal feedback on monthly or bimonthly
progress reports; and an asthma re-
sources Web site. Updated tools used in
the CQI process (eg, flow sheet and the
asthma action plan) are available at bet-
terasthmacare.org.

Data Collection

Patient-level data were collected using
closed fixed-response interviews con-
ducted by the asthma coordinators at
baseline (time 1), 12 months (time 2),
and 21 months (time 3). To control for
seasonality, only time 2 interviews con-
ducted within 4 weeks of the baseline
interview anniversary were analyzed.
The time 3 follow-up had to be con-
ducted at 21months because the study
start was delayed and enrollment took
longer than expected. Chart reviews
were conducted by clinic staff at base-
line (time 1), 12 months (time 2), and
24months (time 3), reviewing themost
recent visit in the previous 12
months. Although we were using a
previous version of the NAEPP guide-
lines, many of our measures are con-
sistent with asthma control and risk
assessment in the Expert Panel Re-
port 3.13 Quality-of-life information
was collected from patients aged
older than 7 years and all caregivers
using validated instruments.14,15 In-
terviewers and chart reviewers were
provided extensive training. Details
on outcome measures are shown in
Supplemental Text.

We combined interview and chart re-
view measures to create several aggre-
gate site-level effect measures averag-
ing out each site’s variation between
indicators. We calculated relative im-
provement scores for each outcome
measure and ranked the sites.10 A mean
overall outcome rank was calculated
across care-process indicators for the
chart review data, asweremean overall,
clinical, symptom, and process outcome
ranks for the interview data.

We refined our previous model adher-
ence assessment tool to measure the
relationship between the degree of ad-
herence to the intervention model and
outcomes.10 The tool included 17 objec-
tives within 4 categories: CQI applica-
tion; clinician champion performance;
asthma coordinator performance; and

responsiveness to technical assis-
tance (see Supplemental Appendix).
Each objective described optimal sys-
tems and processes. Before site
follow-up data were available, the proj-
ect director and coordinator indepen-
dently scored the items and developed
consensus scores for each item. Site
adherence ranks were calculated by
ranking the sum of the 17 scores.

Statistical Analysis

In the final analysis, ordinal variables
were dichotomized. For patient-level
data, the Obuchowski method extend-
ing the McNemar test to clustered
matched-pair data and the test of sym-
metry were used.16 Bivariate analyses
for clinic-level data used Pearson �2,
Fisher’s exact, and 2-sample t tests.

In initial models, stepwise logistic re-
gression for clinic-level data used the
intervention effect, the site effect, and
all demographic variables. Final mod-
els included intervention effects as
well as covariates and interaction
terms with P� .05. To examine corre-
lations between outcomes and model
adherence, we performed linear re-
gression analyses, regressing mean
outcome ranks against the model ad-
herence rank. Initial models included
(and retained if P� .05) the size of the
clinics’ pediatric asthma population,
as well as proportions of black pa-
tients, uninsured patients, children
younger than5yearsofage, andpatients
with moderate or severe persistent
asthma. These variables were included
because some population subgroups
have worse clinical outcomes and are
potentially more likely to have better
chart documentation or receive
guideline-recommendedcare. Statistical
analyses were performed with SAS 9.2
(SAS Institute, Cary, NC).

RESULTS

The sites served a population of
�12 000 children with asthma annu-
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ally. A total of 4049 children were en-
rolled in the study; the first 1350 pa-
tients were enrolled in the patient-
level evaluation group and interviewed
at baseline. Of these, 761 (56%) pa-
tients were available for interviews at
both time 2 and time 3.

Demographic and Clinical
Characteristics

Table 1 displays demographic and clin-
ical characteristics of the clinic-level
chart review and patient-level inter-
view samples. In the chart samples, a
significant difference exists for health
carecoveragebetween time1and time3
with an increase in Medicaid patients.
Asthma severity changed significantly,
and it is noteworthy that the documenta-
tion itself of asthma severity increased
(58% of patient charts had a docu-
mented severity classification at time 1
and 88% at time 3). Comparing patient-
level and clinic-level samples at time 1,
we found expected differences in
asthma severity because the patient-
level sample was designed to include

persistent or high-risk asthma patients.
Furthermore, thepatient-level sample in-
cluded more Hispanic patients, more
Medicaid managed care, and fewer pri-
vately insured patients.

Loss to Follow-up

In the patient-level evaluation group,
27% of patients were lost to follow-up
or did not complete the time 2 inter-
view within 4 weeks of their baseline
anniversary. By time 3, another 17%
were lost. The group lost to follow-up
included fewer Medicaid managed
care (52% vs 60%; P� .003), more pri-
vately insured (15% vs 6%; P� .0001),
and fewer Hispanic (75% vs 85%; P �
.0001) patients but showed no signifi-
cant difference in asthma severity,
clinical outcomes, or care processes
at baseline, except for slightly more
children with frequent nighttime
symptoms (51% vs 45%; P� .03).

Clinic-Level Analysis

Aggregated chart reviews showed a
highly significant time 1 to time 2 and

time 2 to time 3 increase (Pearson �2

P � .0001) in all care-process out-
comes except prescribed controller
medications (already 93% at baseline).
Because logistic regressionmodels re-
vealed significant variations in the de-
gree of change across clinics, we de-
scribe in detail the changes between
time 1 and time 3.

Overall, documentation of day or night-
time symptoms increased from 32%
and 26% at time 1 to 71% and 67% at
time 3, respectively. In 13 and 14 clin-
ics, respectively, the change was sig-
nificant (P� .05) or the clinics met the
90% target goal. Acute care visits were
documented in 4% of charts at time 1
and increased to 50% at time 3 (12 of
17 clinics improved significantly). Doc-
umentation of emergency-department
visits and hospitalizations increased
from �17% to �60%, with a signifi-
cant change in 11 and 12 clinics, re-
spectively. Documentation of asthma-
related missed school days increased
from 6.5% at time 1 to 59% at time 3,

TABLE 1 Demographic and Clinical Characteristics

Indicator Clinic-Level Chart Review Samples Patient-Level Interview Sample

Time 1 Time 2 Time 3 Pa Time 1 Pb

n % n % n % n %

Gender, male 680 59.6 680 57.9 680 59.4 .95 761 58.7 .75
Race/ethnicity 631 633 638 761
Black 10.9 11.4 10.3 .67 6.7 .001
Hispanic 76.9 75.8 77.1 85.3
White 5.9 7.1 7.2 3.9
Other 6.3 5.7 5.3 4.1
Health care coverage 662 672 676 759
None 9.2 7.7 8.6 7.5
Medi-Cal MC 51.7 61.6 58.4 .002 60.5 �.0001
Medi-Cal FFS 8.0 6.4 10.5 6.6
Other government programs 16.9 12.1 11.2 19.1
Private 13.6 10.7 9.9 5.5
Other 0.6 1.5 1.3 0.8
Severity classificationc 392 537 600 561
Intermittent 43.9 42.3 36.3 22.6
Mild persistent 36.0 34.1 44.5 .014 49.2 �.0001
Mod persistent 19.9 22.0 18.0 25.8
Severe persistent 0.3 1.7 1.2 2.3
Aged 680 7.6 (7.0) 680 8.0 (7.5) 8.1 (7.7) .07 761 7.4 (6.9) .47

a Comparing time 1 with time 3.
b Comparing time 1 between clinic-level chart review and patient-level interview samples.
c n is low at time 1 because of poor documentation (that improved over time).
d Data are mean (median).
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with 14 of 17 clinics showing signifi-
cant improvement. Documentation
that an asthma action plan was cre-
ated, updated, or reviewed at the last
visit tripled from 16% to 56%. In 13 clin-
ics, the increase was significant or the
90% goal was reached. At time 1, 37%
of patients were asked about environ-
mental tobacco smoke exposure in-
creasing to 64% at time 3 (significant
improvement in 11 clinics). Figure 2
shows variation across clinics over
time.

Patient-Level Analysis

Table 2 lists patient-level outcomes at
time 1, time 2, and time 3, with signifi-
cant improvements in clinical out-
comes, care processes, correct use of
medications, patient confidence, and
quality-of-care ratings. Results were
not homogeneous across clinics ei-
ther. On average, 70% of clinics
showed significant improvement be-
tween time 1 and time 3 or reached the
target goal for each indicator. Most im-

provement occurred in the first year.
Of 761 children, 44% were 5 years of
age or younger and 77% of these had a
positive clinical risk index. When chil-
dren with a negative index (n � 79)
were excluded from the analyses, re-
sults were unchanged. Outcomes at all
3 time points were within 2 percentage
points of the results for the full group.
Subgroup analyses according to age
(0–5, 6–11 or�12 years) showed that
generally, 0- to 5-year-old children ex-
perienced higher health care use at
baseline with greater absolute re-
duction in percentage points but not
necessarily greater relative im-
provement. In all 3 age categories,
improvements were statistically sig-
nificant for all indicators except hos-
pitalizations in children aged 6 to 11
years and those aged 12 years or
older, caregivers missing work for
children aged 12 years or older, and
spacer use for children aged 6 to 11
years. Another subgroup analysis ac-

cording to size of pediatric asthma
population (0 –399, 400 –799, or
�800 patients) showed no consis-
tent differences between subgroups.
A final subset analysis excluded the 2
clinics that had participated in our
previous CQI project with results
within 2 percentage points of the full
group for almost all indicators.

Model Adherence

As shown in Fig 3, model adherence
scores attained by the clinics ranged
between 31 and 75 (of a possible 85),
with amean score of 55. Because inter-
vention effects on care-process and
clinical outcomes differed among the
clinics, we were able to compare each
site’s outcomes to its adherence to the
intervention model by linear regres-
sion. For the clinic-level data, a signifi-
cant linear relationship (R2 � 0.29;
P � .026) existed between the sites’
model-adherence ranks and mean
overall outcome ranks (calculated
across chart review care-process indi-

FIGURE 2
Care-process outcomes (documentation at the last visit) for chart review samples. Each community health center is represented by a gray line connecting
the outcome at times 1, 2, and 3. The overall (program-level) mean� SE is represented by a black line, with the ends slightly displaced from the individual
clinic data for clarity. A, Day symptoms documented; B, night symptoms documented; C, acute visits documented; D, emergency-department visits
documented; E, hospitalizations documented; F, missed school documented; G, missed work documented; H, Asthma Action Plan created, updated, or
reviewed; I, environmental tobacco smoke exposure assessment.
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cators) with no other significant cova-
riates in the model. This finding dem-
onstrates that care-process indicators
measuring compliance with NAEPP
guidelines improved in direct propor-
tion to compliance with the compo-
nents of the intervention model. No
correlation between model adherence
and care processes was found com-
paring time 3 outcomes to either time
1 or time 2. Likewise, for patient out-
comes in the longitudinal interview

sample, no simple linear relationship
existed between model adherence and
summary outcomes.

DISCUSSION

This multifaceted CQI and care-
coordination intervention was associ-
ated with significantly improved care
processes, clinical outcomes, and
quality of life. Care processes im-
proved not only for the children fol-
lowed longitudinally but also clinic

wide. Even with the streamlined model
serving more clinics, we were able to
achieve similar improvements as in
our previous efforts.10

Because we were unable to include a
control group in this translational re-
search study, it is impossible to know
exactly how much improvement was a
result of regression to the mean
(RTTM) or other secular trends. RTTM
is likely if patients are selected for a

TABLE 2 Care Process and Clinical Outcomes: Patient-Level (Interview) Sample

Indicator n Time 1, n (%) Time 2, n (%) Time 3, n (%) Ph No. of clinics with P� .05
and/or reached goal

Patients who experienced daytime symptoms more than
twice a week in the past 2 weeks

761 335 (44.0) 112 (14.7) 89 (11.7) .002 13/17i

Patients who experienced nighttime symptoms more
than twice a month in the past 2 weeks

761 341 (44.8) 145 (19.1) 113 (14.8) .003 11/17i

Patients who used rescue medications frequently in the
last 2 weeks (more than 2 times per week)a

484 149 (30.8) 49 (10.1) 38 (7.9) .002 12/16i

Patients with any acute office or clinic visit attributed to
asthma in the past 6 months

760 378 (49.7) 200 (26.3) 156 (20.5) .006 11/17j

Patients with any emergency-department visits
attributed to asthma in the past 6 months

761 225 (29.6) 57 (7.5) 71 (9.3) .009 8/17j

Patients with any hospitalization attributed to asthma in
the past 6 months

761 83 (10.9) 10 (1.3) 26 (3.4) .008 6/17j

Patients who missed any school in the past month
because of asthmab

537 154 (28.7) 78 (14.5) 73 (13.6) .019 5/16j

Caregivers who missed any work in the past month
because of the child’s asthmac

400 87 (21.8) 39 (9.8) 24 (6.0) .009 10/16j

Patient’s provider reviewed written asthma action plan
with the patient at the last visit

761 307 (40.3) 512 (67.3) 571 (75.0) .011 11/17k

Any health care provider ever asked about exposure to
asthma triggersd

725 415 (57.2) 688 (94.9) 698 (96.3) .002 15/17k

Any health care provider ever provided trigger
educationd

713 376 (52.7) 689 (96.6) 699 (98.0) .001 16/17k

Patients who have rescue medications, know they are
rescue medicatons, and use them correctly

761 470 (61.8) 661 (86.9) 695 (91.3) .002 14/17k

Patients with PERSISTENT asthma who take controller
medications, know they are controller medications,
and take them correctlye

278 169 (60.8) 220 (79.1) 236 (84.9) .029 10/16k

Patients who always use spacersf 632 454 (71.8) 554 (87.7) 560 (88.6) .040 10/17k

Patients who rate asthma care as excellent or very good 761 519 (68.2) 660 (86.7) 685 (90.0) .006 12/17k

Patients who feel confident managing their asthma 761 537 (70.6) 705 (92.6) 727 (95.5) .009 16/17k

Patients with “very good” quality of life (defined as a
mean score�6)g

299 127 (42.5) 230 (76.9) 252 (84.3) .003 12/16k

Caregivers with “very good” quality of life (defined as a
mean score�6)g

680 212 (31.2) 437 (64.3) 492 (72.4) .002 11/17k

a Includes only children who had rescue medications and knew they were rescue medications at all 3 time points.
b Includes only children who attended school, preschool, and daycare at all 3 time points.
c Includes only children whose parents or guardians worked at all 3 time points.
d Excludes children and families who answered “not sure” at any time point.
e Includes only children who had documentation of persistent asthma at all 3 time points.
f Includes only children with metered dose inhaler medication at all 3 time points.
g Includes only children and caregivers who completed a quality-of-life interview at all 3 time points. Children were only asked to complete quality-of-life interviews if the were 7 years of age
or older (49% of all patients at baseline). One clinic did not collect any child quality-of-life data.
h Adjusted McNemar test for clustered matched-pair data comparing times 1 and 3.
i Target goal is 10%.
j Target goal is 0%.
k Target goal is 90%.

ARTICLES

PEDIATRICS Volume 128, Number 1, July 2011 25
 at Swets Info Serv 37619198 on July 3, 2011pediatrics.aappublications.orgDownloaded from 

pediatrics.aappublications.org/
http://pediatrics.aappublications.org/


study because of recent urgent health
care use or acute symptoms. Our eligi-
bility criteria included recent acute
visits or hospitalizations. However, this
was 1 of 3 criteria, and only 1 had to be
fulfilled. As a result, about half of the
participants were selected because of
the other 2 criteria (2 or more asthma
medications or persistent asthma).
Furthermore, at baseline our patients
were not as acutely ill as those inmany
asthma studies we reviewed.17–29

To assess the size of the potential RTTM
for clinical outcomes, we examined
control groups of trials in the pediatric
asthma literature that reported equiv-
alent utilization measures to ours at
the 1-year follow-up. Our improve-
ments were always greater, usually
substantially so, than those found in
any usual care control groups that
were roughly similar in baseline use to
our patients (ie, between half and
twice the mean number of urgent
clinic visits, emergency-department
visits, or hospitalizations).19–22,30 This is
especially significant because the con-
trol group patients tended to be more
acutely ill at baseline, predisposing
them to more RTTM. The sample size
weighted average across utilization
outcomes showed a relative improve-
ment for these controls of 40% inmean
urgent clinic visits, emergency-
department visits, and hospitaliza-
tions, presumably as a result of RTTM
and other secular trends. Because we
found an average reduction of 75%

across the same variables (data not
shown), the remaining 35% reduction
was likely a result of program impacts,
a substantial and clinically significant
change. Even when we did subset anal-
yses modifying our sample to better
match the age range of the published
comparison control groups, our aver-
age reduction only dropped 2% (from
75% to 73%, data not shown). Further-
more, our reductions in mean urgent
clinic visits, emergency-department
visits, and hospitalizations were
greater than those found in the inter-
vention groups of these trials.

Another limitation of our study is possi-
ble social desirability interview bias be-
cause the patients’ asthma coordina-
tors conducted the interviews. To
examine this issue, we compared the
outcomes for interviews by asthma
coordinators who had changed since
the previous interview (n � 83) to
those who had not changed. We
found no consistent trend toward
better outcomes for established
asthma coordinators.

Most clinical outcome improvement
occurred between time 1 and time 2,
as compared with process outcomes,
which improved steadily from time 1 to
time 3. The clinical improvement in the
first year was likely somewhat exag-
gerated as a result of RTTM. The
change in the second year was not as
dramatic, at least partly as a result
of a floor/ceiling effect for some vari-

ables and to a truncated time 3
follow-up interval (only 9 months be-
tween times 2 and 3). As such, inter-
views were conducted much closer
to the cold and flu season than the
previous 2 interviews.

Twelve of 17 clinics improved signifi-
cantly or reached target goals for at
least half the measures. This is re-
markable because small sample sizes
at the clinic level made it hard to reach
statistical significance, and the chal-
lenging target goals were difficult to
meet. There were striking differences
between clinics, with some signifi-
cantly improving or meeting the goal
for almost all indicators, whereas the
least successful clinic improved for
only one-third of the indicators. This
variation could partially be explained
bymodel adherence. We found a signif-
icant correlation between model ad-
herence (mainly adherence to CQI prin-
ciples) and improvements in care-
process outcomes from time 1 to time
2. This linear relationship disappeared
by time 3, possibly as a result of a ceil-
ing effect for higher performers and
because of “slower” and more reluc-
tant clinics catching up (especially be-
cause the intensity of technical assis-
tance by the central team was based
on clinic progress). The correlation
with model adherence during the first
year suggests that closely following
CQI processes is a forceful driver for
clinic-wide improvements in care pro-
cesses. On the basis of our experience,
strong, collaborative leadership by a
clinician champion who seeks multi-
disciplinary input and buy in, as well as
a clinic administration that supports
the CQI team and holds it accountable
for CQI processes are crucial for suc-
cess. Because our project was based
in community health centers, which
typically face many barriers imple-
menting CQI activities, we believe that
the intervention is not only replicable
but actually may be easier to imple-

FIGURE 3
Model adherence score (of a possible 85) according to clinic site.
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ment in other settings (eg, in a more
resource-rich health plan setting). It is
generalizable to other diseases and
populations (eg, adults) because the
same CQI and care-coordination tech-
niques can be used.

We were unable to separate the effects
of CQI strategies from the contribution
of the asthma coordinators. The litera-
ture27,31–45 shows that each approach
can lead to improvements in asthma
care and outcomes. Research also
suggests that multipronged interven-
tions have the strongest effect, which
lends support to combining both strat-
egies.46–48 Several studies35,36,49 similar
to ours used quality-improvement
strategies and asthma coordinators.
One project combined quality-
improvement strategies like provider
education and clinical process rede-
sign with asthma coordinators who,
like ours, were active in case manage-
ment, coordination of quality-
improvement activities, and commu-
nity outreach.35,36 This approach

resulted in significant improvements
in care processes and clinical out-
comes that were slightly smaller than
in our study but in a population that
was less symptomatic. Similar to our
experience, the authors stress the im-
portance of the entire system joining
in the goal of improving outcomes,
shared learning in a collaborative
group, rapid feedback and sharing re-
sults with providers, and clinician
ownership through use of physician
champions, as well as clinicians lead-
ing the design process. A more recent
study49 produced strong improve-
ments in clinical outcomes (similar to
ours) through quality-improvement
strategies (such as flowcharts, pro-
gram standards, and asthma action
plans) and asthma coordinators pro-
viding patient education and program
coordination. Our study differs in the
use of fairly strict Plan-Do-Check-Act
CQI techniques, centralized technical
assistance, and more detailed care-
process and quality-of-life measures.

CONCLUSIONS

Efforts suchasours, usingacomprehen-
sive approach to improving asthma
care, hold great potential for reducing
health disparities among disadvantaged
population subgroupsof childrenat high
risk for the adverse consequences of
poorly controlled asthma. It is clear that
this can be accomplished and is an im-
portant component of an overall strat-
egy for reducing the substantial burden
of asthma.
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OUTCOME MEASURES
Data collected for the patient-level, lon-
gitudinal interview sample included
gender, birth month and year, race/
ethnicity, health care coverage, pri-
mary language spoken at home, ICD-9
diagnosis code, and clinical risk index
(all only at time 1); asthma severity lev-
el; frequency of day and nighttime
symptoms in the past 2 weeks;
asthma-related acute clinic visits,
emergency-department visits, and
hospitalizations in the past 6 months;
asthma-related missed school and
caregiver work days in the past month;
rescue and controller medications
currently prescribed and whether
taken correctly; spacer use with me-
tered dose inhaler medication; envi-
ronmental tobacco smoke exposure
and smoking status; asthma trigger
assessment and trigger education by
provider; possession and understand-
ing of asthma action plan, as well as
review with the provider at the last vis-
it; influenza vaccination in the past 12

months; confidence in managing asth-
ma; and rating of the quality of asthma
care provided. The latter 2 items were
measured on a 5-point Likert scale. Re-
sponses were dichotomized in the final
analysis. Patients and their families
strongly agreeing or agreeing with the
statement “I am confident about man-
aging my (your child’s) asthma” were
considered “confident.” Quality-of-life
information was collected from pa-
tients aged 7 years or older using the
validated Pediatric Asthma Quality of
Life Questionnaire with Standardized
Activities and from caregivers of all
children using the self-administered
Pediatric Caregiver’s Asthma Quality of
Life Questionnaire.14,15 Patients and
their families were considered to have
reported “very good” quality of life if
they had a mean score of 6 or higher
(of a possible score of 7) on the quality-
of-life questionnaires.

Data collected by chart review for the
clinic-level, cross-sectional sample in-
cluded gender, birth month and year,

race/ethnicity, and health care cover-
age; documentation of asthma severity
at the last visit and in the 6months prior
to the last visit; prescribed rescue and
controller medications; influenza vacci-
nation in the past 12 months; and docu-
mentation of the following at the most
recent asthma visit: day and nighttime
symptoms; asthma-related acute clinic
visits, emergency-department visits, and
hospitalizations; asthma-related missed
school days and caregiver missed work
days; whether environmental tobacco
smoke was assessed andwhether there
was exposure; and whether an asthma
action plan was created, updated, or re-
viewed at the last visit or in the past 12
months. For documentation of symp-
toms, utilization, and asthma-related
missed school or work, we also as-
sessed whether an accompanying
time frame was specified (eg, number
of emergency-department visits in the
past 6 months). Only if a time frame
was specified did we count these items
as documented.
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SUPPLEMENTAL APPENDIX

CQI Application Section

Model Adherence Scoring Tool

CQI Team Performance Standard (Expectation) Score 
(1–5 scale) 

1 = Strongly Disagree 
3 = Neither Agree or Disagree 

5 = Strongly Agree 

1. Utilizes a multidisciplinary Asthma CQI Team that 
meets at least once a month and includes appropriate 
representation by staff who care for children with 
asthma. 

1    2    3   4    5 

2. Uses a multidisciplinary team approach to improve 
the quality of asthma care with CQI activities. 

1    2   3    4   5 

3. Asthma CQI interventions and processes have 
objectively measurable indicators that will directly 
impact outcomes and accurately track intermediate 
steps toward a goal. 

1    2    3    4    5 

4. Applies changes to systems of care based on the 
information gained through specific measurable 
indicators of asthma CQI interventions and AC 
activities. 

1    2   3    4    5 

5. Thoroughly tests asthma CQI interventions before
dissemination. 1    2  3    4    5 

6. Attendance and participation by clinician champions 
and asthma coordinators at teleconferences, meetings 
and trainings. 

1    2    3    4   5 

7. Applies all CQI interventions to the entire pediatric 
asthma population.  This includes all clinics involved in 
care for the population. 

1    2    3    4    5 

8. Uses a systematic method for the development, 
implementation and evaluation of CQI activities (this 
may include the description of a possible trial run
before full implementation). 

1   2    3    4    5 

9. Has reasonable, specific and measurable outcome 
goal(s) 

1    2  3    4   5 

10. Seeks input from provider/staff outside of current 
members of the CQI team on the development, 
implementation and evaluation of  CQI activities 

1    2    3    4    5 
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SUPPLEMENTAL APPENDIX Continued

 Clinician Champion Progress Section

APL Performance Standard (Expectation) Score 
(1–5 scale) 

1 = Never meets Expectation 
5 = Always meets Expectation 

1. Is an active and integrated member of the clinic-
based CQI team who plans, leads, and is responsible
for the coordination of all project-related CQI 
processes, interventions, and activities. 

1    2    3   4    5 

2. Supports and ensures that clinic health care 
providers are in compliance with National Asthma 
Education and Prevention Program (NAEPP) 
guidelines for the diagnosis, treatment and 
management of asthma in children. 

1   2   3    4    5 

3. Takes into consideration monthly/bi-monthly written 
feedback from the Asthma Program TA Team as 
evidenced in reports. 

1    2    3  4   5 

4. Continue to maintain clinic-wide healthcare provider 
and administrative buy-in to support CQI interventions 
and related changes in the care process for children 
with asthma. 

1    2    3    4    5 

Asthma Coordinator Progress Section

AC Performance Standard (Expectation) 
Score 

(1–5 scale) 
1 = Never meets Expectation 

5 = Always meets Expectation 

1. Actively and regularly participates in the asthma CQI 
team and during team meetings. 

1    2    3    4   5 

2. Information is collected at home visits, clinic visits, or 
through community outreach and is incorporated into a 
patient plan of care and/or CQI plan for all children with 
asthma, when applicable. 

1    2    3    4    5 

3. AC offers and supports asthma program-related 
services and is incorporated at all clinics (no more than 
two) during the project period. 1    2    3    4    5 
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