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Achieving and maintaining asthma control in inner-city

children

Lyne Scott, MD,? Tricia Morphew, MS,® Mary E. Bollinger, DO,® Steve Samuelson, MPA,® Stanley Galant, MD,®
Loran Clement, MD,’ Karen O’Cull, RT,? Felita Jones, MPA,® and Craig A. Jones, MD" Los Angeles, Orange County, and
San Bernadino, Calif, Baltimore, Md, Chicago, Ill, Mobile, Ala, and Burlington, Vt

Background: Despite guidelines-defined care, inner-city
children of low socioeconomic status have poor asthma control.
Objective: This study evaluated time to achieve control,
maintenance of control, and factors associated with well
controlled asthma for pediatric patients receiving specialty-
based asthma care in mobile asthma clinics designed to reduce
barriers to delivering effective asthma care (the Breathmobile
Program).

Methods: Existing clinical data collected from January 1998 to
June 2008 for 7822 pediatric patients with asthma (34,339 visits)
enrolled in similarly structured mobile asthma programs across
the United States evaluated the effect of asthma control on the
reduction of asthma-related morbidity, time to achieve asthma
control, maintenance of asthma control, and factors associated
with well controlled asthma.

Results: Comparison of pre and post year data for subjects
enrolled in the program for at least 1 year revealed reductions
in the percentage of patients reporting emergency department
visits (mean, 66 %), hospitalizations (mean, 84%), and missed
school days >5/year (mean, 78%). Well controlled asthma was
achieved by visit 3 for an estimated 80% of patients. Factors
contributing to well controlled asthma include non-African
American race, visit interval <90 days, and adherence to
prescribed therapy.

Conclusion: This study demonstrates the ability to achieve and
maintain asthma control in high-risk populations in association
with intensive, accessible, guidelines-defined care with close
follow-up. (J Allergy Clin Immunol 2011;NEN: ENE-EEN,)
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Abbreviations used
BMI: Body mass index
ED: Emergency department
MC: Maintenance of asthma control
NAEPP: National Asthma Education and Prevention Program
NHLBI: National Heart, Lung, and Blood Institute
OR: Odds ratio
TC: Time to achieve asthma control
WCA: Well controlled asthma

National guidelines focus on asthma control as a therapeutic
goal.'” Although numerous studies report asthma control can be
achieved for a majority of patients receiving appropriate therapy,”>
poor asthma control is problematic in the United States.® This is
particularly true for children and adults of low socioeconomic
status living in inner-city environments.” Much of this disparity
results from medical care delivery systems’ inadequacies.®'°

To address this deficiency, approaches for treating inner-city
children with asthma have been developed.”’12 Among these is
the Breathmobile program, initiated in Los Angeles in 1995."
This school-based disease management program uses fully equip-
ped mobile clinics staffed by specialty trained asthma providers
and integrates strategies for case identification, community out-
reach, continuity of care, structured healthcare encounters, and
patient tracking. This model serves to reduce barriers to deliver-
ing effective asthma care.'"'*'* Similarly structured programs
now operate in multiple US cities and collaboratively offer a
novel opportunity to analyze the efficacy of regular, guidelines-
based comprehensive care"'>'° to achieve and maintain asthma
control in a large, heterogeneous, real-world pediatric population.

METHODS
Study population

This study evaluated asthma control for patients enrolled in similarly
structured mobile asthma programs previously described'>'* for the following
sites (program name, launch date): Los Angeles, Calif (Los Angeles County +
University of Southern California Pediatric Asthma Disease Management
Program, LAC+USC PADMAP, Breathmobile Program, November 16,
1995), Chicago, Il (Mobile Children’s Asthma Research and Education
(C.AR.E.) Foundation, November 9, 1999), Baltimore, Md (University of
Maryland Medical School [UMMS] Breathmobile Program, March 6,
2002), Orange County, Calif (Children’s Hospital of Orange County Asthma
Breathmobile Program, April 5, 2002), Mobile, Ala (University of South Ala-
bama Breathmobile Program, September 26, 2006), and San Bernardino
County, Calif (Arrowhead Regional Medical Center Breathmobile Program,
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Components of Control

(standardized according to 2007 NHLBI/NAEPP guidelines and
confines of frequency scales within retrospective data)
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Classification of Asthma Control

Well Controlled Not Well Controlled  Very Poorly
Controlled
Symptoms <=2 d/wk >2 d/wk but not Throughout the day
>1x/daily
Nighttime Symptoms * <=2 x/month 3-4 x/month >=5 x/month
Interference with normal activity - None-Minor Some Limitations Extremely Limited
limitations (past 4 w Less than usual Usually
ED v ospite 1S None One Two or more
School absenteeism <5 days missed 5-10 days missed >10 days missed
use for symptom control (not <=2 d/wk >2 d/wk Several times per
prevention of EIB) day
Lung function®: FE >80% predicted 60-80% predicted <60% predicted
>80% 75-80% <75%
>=]

Impairment Components 1-4 &
Risk Component (N=7,822 patients)
N=34,339 follow-up visits

N=10,511

OVERALL L.A., Calif

Chicago, lll

N=2,141

Baltimore, Md

Region, Number of Follow-up Visits

Not Well Controlled

N=7,516
(21.9%)

N=436 N=654

Mobile, Ala S.B.C,, Calif

Most severe indication applied as category rating. (I=Impairment, R=Risk)

“Night symptoms (2007 guidelines recommends assessment of night awakenings)

® Lung function parameters including peak flow personal best not considered although recommended in guidelines
(not routinely reported in EMR across all regions).

FIG 1. Classification of asthma control and distribution across 34,339 follow-up visits. EMR, Electronic
medical record; Exer., exercise; FVC, forced vital capacity; L.A., Los Angeles; O.C., Orange County; SABA,

short-acting B-agonist; S.B.C, San Bernadino.

June 18, 2007). Hereafter, sites are referred to by geographic region. Data for
all sites were collected at each visit (scheduled 4-8 weeks) and stored in an
electronic medical record, EMR (Asmatrax, created by Loran Clement, Los
Angeles, Calif). The study was approved by the institutional review boards
of participating academic centers. Patient selection criteria included (1) pro-
gram enrollment between January 1998 and June 2008, (2) age 3 to 18 years,
(3) an initial visit with asthma diagnosis and guideline-based baseline severity
recorded,"'>'® (4) follow-up visits 7 to 365 days after program entry, and (5)
follow-up visit asthma control status determinable by National Heart, Lung,
and Blood Institute (NHLBI)/National Asthma Education and Prevention

Program (NAEPP) 2007 guidelines using a minimum of 3 impairment compo-
nents (defined as daytime symptoms, nighttime symptoms, interference with
normal activities, and short-acting [3,-agonist use) and a risk component (de-
fined as interval steroid burst; Fig 1).

A total of 7822 subjects met inclusion criteria. Of these, 5790 subjects
had persistent baseline disease and were included in the time to achieve
well controlled asthma analysis (time to achieve asthma control, TC).
A total of 5442 subjects met inclusion criteria and were included in the
maintenance of control analysis (MC). These subjects had intermittent
or persistent baseline severities and returned for follow-up care after
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TABLE I. Characteristics of pediatric patients with asthma who met study criteria

Los Angeles, Baltimore, Orange County, Mobile, San Bernardino,
Overall Calif Chicago, llI* Md Calif Ala Calif

Valid % N = 7822 n = 3258 n = 2384 n =618 n = 1083 n = 186 n = 293
Age (y), mean (SD) 8.6 (3.4) 8.9 (34) 8.8 (34) 74 (2.9) 8.0 (3.5) 9.9 (3.5) 8.3 (2.8)

3-4y (%) 10.3 7.6 8.9 18.8 18.6 3.8 8.2

5-11y (%) 69.5 70.0 70.0 73.1 63.5 64.0 79.2

12-18 y (%) 20.1 22.4 21.1 8.1 17.9 32.3 12.6
Female (%) 41.8 40.0 46.7 39.5 30.4 40.3 524
Hispanic (%) 67.1 81.9 56.9 1.6 83.2 2.7 70.3
African American (%) 22.5 7.9 40.4 89.3 0.6 55.9 17.1
Caucasian (%) 49 3.1 1.6 7.3 6.3 40.9 6.5
Other ethnicity (%) 5.6 7.1 1.1 1.8 9.9 0.5 6.1
BMI percentile

<85% (normal) (%) 49.6 51.8 45.6 52.1 479 50.3 52.9

85% to 94% (at risk) (%) 17.5 16.6 17.5 18.2 21.3 14.9 16.7

>95% (overweight) (%) 32.9 31.6 36.9 29.7 30.8 34.8 30.4
Asthma severity (baseline)

Intermittent (%) 26.0 27.7 18.0 33.0 26.6 23.1 56.7

Mild persistent (%) 31.2 21.7 48.5 30.4 28.9 21.0 13.0

Moderate persistent (%) 29.5 30.8 29.3 32.0 27.3 29.6 20.5

Severe persistent (%) 13.2 19.8 4.2 4.5 17.2 26.3 9.9
Insurance status

None (%) 23.3 37.1 8.4 4.4 16.2 54 18.4

Medicaid/public program (%) 57.2 49.5 64.4 57.1 73.4 59.7 47.1

Private/other (%)t 19.5 13.4 27.1 38.5 10.4 349 34.5
Poverty status (zip code)i

>50% poor or near poor (%) 44.7 60.5 43.8 28.3 19.2 38.5 14.0

*Chicago ethnicity and insurance status distributions based primarily on patients entering 2005 forward (routine tracking of these parameters).

fPrivate insurance, 17.6%; other, 0.4%; and unknown, 1.4% (overall).

{Percent of patients residing in zip code area where family income for the majority (=50%) of residences adjusted for family size and inflation poor or near poor by criteria defined
in Healthy People 2010 (US Bureau of the Census): poor (below federal poverty level) or near poor (100% to 199% of the federal poverty level). Regional differences significant

across characteristics (x2 tests, P <.05).

achieving well controlled asthma during a maximum 2-year observation
period.

Of the 12,418 individuals 3 to 18 years of age diagnosed with asthma during
the study, 4596 were excluded because of (1) lack of follow-up (n = 3555), (2)
first return visit <1 week or >1 year after baseline visit (n = 234), (3) relevant
control measures missing at follow-up (n = 722), or (4) both 2 and 3 (n = 85).
Patients excluded because of these criteria were more likely to be non-
Hispanic (44% vs 33%), to be 3 to 4 years of age (12% vs 10%), to have less
severe baseline disease (intermittent, 31% vs 26%), and to have entered the
program during the last year of the study period (January to June 2008, 13% vs
6%; P <.05).

Measures and data collection

Asthma control was assigned to 1 of 3 NHLBI/NAEPP'—defined categories
(well controlled asthma [WCA], not well controlled asthma, and poorly con-
trolled asthma). The most severe indicator across components defined asthma
control (Fig 1). Additional data recorded include height, weight, sex, race, res-
idential zip code, and insurance status.

Poverty status for each patient was estimated by using 2000 US Census
bureau data for patient residential zip code at enrollment.'” Poverty level was
defined by percent of households within a zip code region whose median
household income (adjusted for family income, family size, and inflation)
was poor (below the federal poverty level) or near poor (100% to 199% of
the federal poverty level).

Analytic and statistical methods
Regional differences in distributions of each factor were assessed by x*
tests. Factors investigated in TC and MC analyses included the following:

1. Patient characteristics: sex, age (3-4, 5-11, 12-18 years), ethnicity/race
(Hispanic vs non-Hispanic: African American, Caucasian, other), and
body mass index (BMI) percentile18 (<85%, normal; 85% to 94%, at
risk; >95%, overweight)

2. Socioeconomic characteristics: health insurance status and poverty sta-
tus (zip code region >50% households poor or near poor, yes or no)'”

3. Time factors: season of entry (TC analysis), month of visit (MC anal-
ysis), and visit interval defined as elapsed days since last visit (<60,
61-90, >90 days)

4. Treatment factors (patients with persistent baseline disease): provider
assessment of (patient-reported) adherence with controller medications
(adherent, nonadherent/off therapy), and time to achieve WCA (<3
visits, >3 visits) assessed in MC analysis.

Cox regression analyses were conducted to assess the influence of these
factors on the cumulative probability that a patient would achieve WCA with
each subsequent visit to the program (TC analysis). Because of the potential
interaction of baseline asthma severity with factors investigated and indication
that the proportional hazards assumption might be violated, stratification by
baseline severity was applied. A stepwise procedure was applied in the
multivariable analysis to determine which factors significantly affected time to
achieve WCA. The TIES=EXACT approach was specified in the model
statement for the PHREG procedure in SAS (SAS Institute, Inc, Cary, NC) to
account for the occurrence of multiple patients achieving WCA by a particular
visit, acknowledging that the event likely occurred within the visit interval.

The generalized estimating equations method was used to analyze factors
associated with WCA at follow-up visits 1 to 6 after control was first achieved
(MC analysis). After adjustment for other significant contributory variables,
factors that significantly influenced likelihood of WCA were investigated by
categoric contrast comparisons. The probability of maintaining WCA was
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Morbidity Pre vs. Post Year of Entry
Among study patients who entered and received ongoing care (>=1 year) in regions operating programs
during the 5 year period (2002-2006)

100% 100% T 100%
w Pre year W Postyear m Pre year w Postyear m Pre year m Postyear
0% 0% | 0%
% Reduction in patients reporting ED wisits (95% CI) *: % Reduction in patients reporting hospitalizations (95% Cl) *: % Reduction in patients reporting missed school (=5 d) (95% CI)*:

8o Los Angeles:  68% (65-71%) 30% 1 Los Angeles:  B7% (85-89%) 80% 1 Los Angeles:  82% (79-85%)
% Patients 7% Chic;go: 74% (71-77%) 68.0% — Chicago: 88% (86-90%) . Chicago: 82% (79-85%)
Reporting Baltimore: 56% (50-62%) Baltimore: 78% (73-83%) g Baltimore: 59% (52-66%)

P Orange County. 68% (63-73%) - - . -

l[orbldlty 0% s Orange County: 83% (79-87%) P Orange County: 86% (82-90%)

s o so% | so% 4 ATE% 45.2%

40.0%
a0% | so% 4 e 37.1%
30.15%
30% 26.1% 30% 26.3% 30% 4
23.0%
o 11.5% v 2% Pl 15.7% 20% 18.4%
0% i 9.1%
E 108 5.8% 10% | 8.4% o
-ﬁ 2.1% 2.7% 4.1%
% - - s

Baltimore, MD

Los Angeles, CA  Chicago, IL 0C,CA

* % Reduction = [(pre-post)‘pre)]

Los Angeles, CA  Chicago, IL

Baltimore, MD 0.C,CA

Los Angeles, CA Chicago, IL

Baltimore, MD 0.C,CcA

FIG 2. Morbidity reductions (pre vs postyear). Patients who entered and received ongoing care (>1 year) in
regions operating programs from 2002 to 2006 evaluated. Average reduction in percent of patients
reporting emergency department (ED) visits, 66% (regional range, 56% to 74%); hospitalizations, 84% (78%
to 88%); and school absenteeism (>5 d/y), 78% (59% to 86%). Baseline (preyear) morbidity profile of patients
excluded from this analysis because of inadequate follow-up was similar to those in the program >1 year,
with the following exceptions of percent of patients reporting: preyear ED visits in Baltimore (58% vs 68%;
P < .05), hospitalizations preyear entry in Chicago borderline significant (14% vs 18%; P = .06), and missed
school days >5/y preyear entry in Los Angeles (30% vs 23%; P < .05). O.C., Orange County.

estimated on the basis of the average value of covariates included in the final
model within each severity stratum. Analyses were adjusted for potential
clustering effects of care site and cohort effects of year of program entry.

SAS version 9.1 software was used for Cox regression and generalized
estimating equations analyses, and remaining analyses were conducted with
SPSS version 12.0 software (SPSS, Inc, Chicago, IlI).

RESULTS
Patient demographics

Table I describes the patient populations with regional varia-
tions noted (P <.05). Subjects had a mean age of 8.6 years (SD,
3.4) and a median number of 4 program visits/year (interquartile
range, 2-5); the median visit interval length was 56 days (inter-
quartile range, 42-91 days; visit data not presented in Table I).
Ethnicity and race varied by site (overall, 67% Hispanic vs 33%
non-Hispanic; 22% African American, 5% Caucasian, and 6%
other). Nearly half of patients had a BMI >85% (similar trends ob-
served across regions). Most subjects (74%) had persistent asthma
at baseline. Estimated socioeconomic status of the subjects was
51.3% middle-upper income and 48.6% poor or near poor (com-
pared with 69.2% and 30.7% in US general population, respec-
tively). Health insurance for the majority of patients (57%) was
Medicaid/public program, and 23% reported no insurance cover-
age. California programs reported the highest uninsured rates
(range, 16.2% to 37.1%).

Asthma-related morbidity data

Fig 2 describes asthma-related morbidities (pre/postenroll-
ment) for all patients who received ongoing care (>1 year) at sites
operating during the 2002 to 2006 study period. Overall, partici-
pation in the Breathmobile program was associated with reduc-
tions in percentage of patients reporting emergency department
(ED) visits (mean, 66%; range, 56% to 74%), hospitalization
(mean, 84%; range, 78% to 88%), and school absenteeism
(=5 d/y, mean, 78%; range, 59% to 86%).

Asthma control analysis

Fig 1 demonstrates the level of asthma control across 34,339
follow-up visits for all sites. Overall, 62.4% of patients had
WCA, 21.9% not well controlled asthma, and 15.7% poorly con-
trolled asthma at follow-up visits. Orange County had the highest
percentage of WCA patient follow-up visits (69.9%). Regions
with higher proportions of African Americans had lower percent-
ages of patient visits with WCA: Mobile (45%), Baltimore
(54.6%), and Chicago (57.8%).

Fig 3 depicts the time required to achieve WCA at each site
stratified by baseline severity. Provider-estimated adherence did
not account for observed ethnic/racial differences in time to
achieve WCA for patients with moderate-severe persistent base-
line severity (non-Hispanic African American mean, 3 visits, vs
Hispanic mean, 2 visits; P < .05). African American patients
were 27% (95% CI, 12% to 41%) and 48% (95% CI, 31% to
61%) less likely to achieve WCA at any visit interval than His-
panic patients for moderate and severe persistent baseline disease,
respectively (P <.05). Trends were similar at each study site, with
slightly more variation observed among children with severe per-
sistent baseline disease. Cumulative probabilities within each
baseline severity stratum suggested that the median number of
visits to achieve WCA were 2 visits for mild persistent, 2 to 3
visits for moderate persistent, and 3 visits for severe persistent
asthma.

Factors affecting well controlled asthma

Table II details factors associated with WCA for each baseline
severity. Patient adherence with prescribed controller therapy,
rated independently of control assessment, influenced mainte-
nance of WCA (P < .05). Adherent patients exhibited similar
levels and trends for WCA over time, independent of baseline
asthma severity: mild, regional mean, 78%, and range, 70% to
85%; moderate, regional mean, 71%, and range, 60% to 82%;
and severe, regional mean, 78%, and range, 77% to 80%. In con-
trast, patients rated as nonadherent exhibited lower maintenance
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Severe Persistent Baseline Severity

Overall Overall Overall

100% == 100% 100%

. 90% /__-—r---"' 90% 90%
Cumulative gpoy, g™ 80% 80%
probability of 70% 1 70% | 70%
achieving 60% 60% - 60%

asthma  50% |

40%

control by 30%
0

each v_isit 20% |
(1-survival) 1o -

0%

Initial

Adherent w/baseline therapy
African American

100%

3 o
Cumulative 900/“

probability of 705/:

achieving 60%

asthma  50% 1

control by 40%

each visit  5qg,

(1-survival) 10% -

0%

Initial
visit

Adherent w/baseline therapy

1. Los Angeles Calif

= == 2. Chicago Il il o
: 40% 1 pyls
3. Baltimore Md
4.0.C. Cali oy 200
. Q.C. Calif of o |
— « + 5. Mobi 20% 0
. Mobile Ala 10% 10%
—-—6.$.B. Calif . .

0% 0%
Initial Visit 2 Visit 3 Visit4 Visit5 Visit 6
visit visit

Visit2 Visit3 Visit4 Visit5 Visité

Adherent w/baseline therapy

African American African American

Initial Visit 2 Visit 3 Visit 4 Visit 5 Visit 6

Adherent w/baseline therapy

30%

100% 100%
90% 90%
80% | 80% |
70% 70%
60% 1 60% 1
50% 50%
40% 40% |
30% 30%
20% 1 20% 1
10% 10% |/
0% 0%

Initial Visit 2 Visit3 Visit4 Visit5 Visit6
visit visit

Visit2 Visit3 Visit4 Visit5 Visit6

Adherent w/baseline therapy

Initial Visit 2 Visit 3 Visit4 Visit5 Visit6

Adherent w/baseline therapy

Hispanic Hispanic Hispanic
ot 100% 100%

: ggwﬁ 90% 90% 1
Cumulative 0%, 80% 80%
probability OfGO“/: | 70% 70%

: . 0/ 1
achieving 50% | gg;}; 1 gg‘;’i |
asthma  4qo, 0% 1 0%
control by  30% 30% 30% A
each visit  20% 20% 20% |
(1-survival) 10% 10% | 10%
0% 0% : ; : ; | o
Initial Visit2 Visit3 Visit4 Visit5 Visit6 Initial Visit2 Visit3 Visit4 Visit3 Visit6
visit visit visit

FIG 3. Time to achieve asthma control. The cumulative probability that patients with persistent asthma at
initial visit will achieve WCA by each of the first 5 program follow-up visits (visits 2-6) stratified by
underlying disease severity (covariate value for mobile unit weighted equally in regions with multiple
units). Survivor estimates adjust for the following significant covariates: ethnicity, adherence with baseline
therapy, winter entry, and 4-category term to represent interaction effect between BMI and poverty status.
Overall cumulative probability estimates representative of distribution of each factor within severity
category with exception of equal weight applied to site, 4 BMI and poverty status categories (interaction
effect), and year of entry equally weighted across 2007 and 2008: distributions in mild patients: Hispanic
(64%), African American (28%), Caucasian (4%), other (4%), winter entry (28%), and 69% adherent;
distributions in moderate patients: Hispanic (64%), African American (26%), Caucasian (5%), other (5%),
winter entry (29%), and 69% adherent; distributions in severe patients: Hispanic (70%), African American
(18%), Caucasian (7%), other (5%), winter entry (29%), and 78% adherent. Estimates for Hispanic and African
American patients adherent with baseline therapy were performed at values of remaining significant
covariates where equal weight was applied to site, interaction term representing 4 BMI and poverty status
categories was included, on average 29% of patients enter during winter, and the year of entry was equally
weighted across 2007 and 2008. Trends were similar across regions with slightly more variation observed in
patients with baseline severe persistent disease. Note: Cls wide around estimates for patients in newer
programs (Mobile and San Bernardino) with severe persistent disease because of the limited number of
patients in the stratum at the time of evaluation. O.C., Orange County; S.B., San Bernardino; w, with.

Initial Visit 2 Visit 3 Visit4 Visit5 Visit6

of WCA with increased baseline severity: mild, regional mean,
62%, and range, 47% to 76%; moderate, regional mean, 43%,
and range, 29% to 59%; and severe, regional mean, 36%, and
range, 34% to 36% (P < .05). African American patients were
less likely than Hispanic patients to maintain WCA for intermit-
tent (odds ratio [OR], 0.63; P = .004) and mild persistent (OR,
0.68; P =.010) baseline severities. In summary, factors associated
with increased time to achieve WCA include medication nonad-
herence, African American race, BMI >85% in combination

with zip codes >50% households poor or near poor, and winter en-
try into the program (P <.05).

Asthma control status was known in 97.1% of follow-up visits
after WCA first achieved. Sensitivity analyses were performed for
patients with complete data measures recorded through their last
follow-up visit. Visit interval length (reflection of potential
missed appointment) was investigated as a covariate in analyses.
Patients had a median of 5 follow-up visits after WCA was first
achieved (median visit interval length, 62-63 days, consistent
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TABLE Il. Factors that significantly contributed to well controlled asthma in persistent patients at follow-up visits (1-6) after control first

achieved

Mild persistent
adjusted OR
(95% Cl)

P value

Outcome: well controlled
asthma predictor

Moderate persistent

Severe persistent
adjusted OR
(95% Cl)

P value

adjusted OR
(95% Cl)
P value

Adherent vs nonadherent with controller therapy
at previous visit

2.36 (1.96-2.85)
P <.001

Visit interval <60 vs >90 d 1.31 (1.07-1.61)

P =.009
Time to first achieve control <3 vs >3 visits 1.45 (1.09-1.93)
P =.010
Age 5-11 vs 3-4y 1.36 (1.07-1.72)
P =.011
Age 12-18 vs 3-4 y 1.39 (1.03-1.87)
P =.029
Hispanic vs Non-hispanic African American 1.47 (1.10-1.97)
P =.010
No insurance vs Medicaid/public 1.37 (1.00-1.86)
P =.047
Private vs Medicaid/public 1.30 (1.02-1.65)
P = .031
BMI (<85% vs >85%) 1.47 (1.22-1.78)
P <.001

Interaction term adherence X visit interval significant
9.89 (6.13-15.84)*

Adherent vs nonadherent: VI <60 d

4.47 (2.85-7.01)*

Adherent vs nonadherent: VI 61-90 d

6.55 (4.36-9.87)*
Adherent vs nonadherent: VI >90 d

3.43 (2.89-4.08)
P <.001

1.32 (1.12-1.56)

P =.001
1.72 (1.25-2.36)
P =.001
1.31 (1.06-1.63)
P =.014
1.50 (1.13-1.98)
P =.005

1.11 (0.89-1.38)

P =338
1.38 (1.09-1.75)
P = .007

1.30 (0.99-1.71)
P =.063

Only factors significant in adjusted model within each persistent severity stratum are presented. ORs and 95% ClIs describe the likelihood of well controlled asthma at follow-up
visits after control first achieved (baseline in intermittent patients) for each contributory factor relative to reference (vs) category. Contributory factors are based on P values from
generalized estimating equations, GEE, analysis. Final model within severity strata controls for potential clustering effect of Breathmobile unit (region), cohort effect of year of
visit, and potential time effects of visit number and month. Although not presented in the table, factors that significantly contributed to maintenance of well controlled disease in
patients with intermittent baseline severity were as follows: visit interval (P = .013), sex (P = .004), age (P = .020), ethnicity (P = .027), insurance (P = .033), and BMI (P =

.459). Interaction effects: BMI X insurance (P = .027), age X gender (P = .043).
VI, Visit interval.
*P <.001.

across follow-ups). Regression coefficients and SEs (sensitivity
analyses) did not appreciably differ from those in the overall set.
Contributory factors maintained significance.

The number of children remaining at risk (uncontrolled
asthma) was not presented in Fig 3 to retain clarity in the presen-
tation of adjusted curves across several strata and covariate levels.
In the unadjusted model, the following number of children re-
mained at risk at each time point (initial visit, V2, V3, V4, V5,
V6): mild (2443, 728, 273, 124, 66, 37), moderate (2311, 868,
364, 163, 83, 47), and severe (1036, 495, 280, 174, 99, 65).

DISCUSSION

African American and Hispanic children with asthma living in
underserved areas have the highest asthma-related morbidity and
mortality, yet have limited access to specialty-based asthma care to
improve asthma-related outcomes effectively.m’]g'27 Implementa-
tion of the Breathmobile program sought to remove barriers to
care, providing preventive specialty-based asthma care to this
high-risk population.1 113 Participation in this program is associated
with reductions in asthma-related morbidities, evidenced by 2/3 re-
duction in the percentage of patients reporting ED visits and over 3/4
reduction in hospitalizations and >5 missed school days per year. The
current study provides significant data about real-world patterns of
asthma control in predominantly underserved populations.

Several randomized controlled trials targeting inner-city mi-
nority children with asthma have had limited effects, demon-
strating difficulties in achieving improvement in this population
despite intensive interventions.”®>' It is unclear why African
American patients tend to have more difficult to control asthma,
as observed in our study and by other investigators.®*' Further
investigation is required to identify specifically which factors in-
cluding environmental, socioeconomic, psychosocial, behavioral,
or genetic explain this phenomenon. In this study, more visits
were required, on average, first to achieve WCA in African
American compared with Hispanic patients (3 vs 2 visits). This
differential was significant for time to achieve control and only
factored into maintenance of WCA in children with intermittent
and mild persistent baseline severities. This is the first study to
our knowledge that reports the impact of race, particularly African
American race, as a noncontributory factor in maintaining WCA
for patients with moderate and severe persistent asthma. These re-
sults suggest that more severe intrinsic disease may negate the role
of race in maintaining asthma control. The ability of patients to
achieve WCA following guideline care has been previously
reported.*>** Similarly, this study demonstrated the ability to
achieve and maintain control in high-risk populations through in-
tensive, accessible, guidelines-based care with close follow-up.

Our study population was poorer than the general popula-
tion,'"3* largely nonwhite, and living primarily in urban
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environments, which may be explained by the design of the pro-
grams. Children are treated regardless of insurance status and
generally live in underserved areas, potentially representing a
greater proportion of uninsured patients than expected. For the
states represented in this study, overall percentages of uninsured
children varied from the national average of 11.1%: Alabama
(6.5%), California (12.5%), Illinois (8.7%), and Maryland
(9.5%).34 Nationwide, 60.4% of uninsured children come from
low-income families.>*Although sites represent varied demo-
graphic and geographic populations, findings were comparable
across sites. Poverty assessment methods applied may have
underestimated patients’ true poverty levels because zip codes
in urban areas could include more affluent neighborhoods. The
majority of patients were insured by Medicaid/public program
plans with almost one quarter of the children uninsured. Previous
studies have shown that a lack of insurance affects asthma out-
comes.>>%7 However, lack of insurance was not a significant fac-
tor in achieving or maintaining WCA for subjects in this study,
which may be attributed to the programs minimizing major eco-
nomic barriers associated with being uninsured.

Despite significant improvement in asthma control from pro-
gram enrollment, maintenance of WCA was highly variable and
affected by several factors.*** In our study, adherence to pre-
scribed controller therapy was the most significant factor associ-
ated with maintenance of WCA. Comparable findings have been
widely reported.“é’47 With optimal adherence, an estimated 20%
to 30% of patients who previously had WCA, regardless of base-
line severity, will not maintain WCA to their next visit. Other
inner-city asthma studies have noted this phenomenon. Gruchalla
et al*® studied 546 inner-city children with asthma receiving
NAEPP guideline-based asthma care. They found an average of
86.6% adherence with medications and guideline-based care at
follow-up visits, yet 72% of subjects had 1 or more follow-up visits
with poor asthma control during the 49-week study. Our results
may have been affected by the subjectivity of clinician assessment
of adherence and lack of pharmacy data to confirm medication ad-
herence.*® However, the primary outcome variable, asthma con-
trol, was assigned independent of provider assessment of
adherence. Strategies such as patient education, community out-
reach, and maximal use of chronic disease management principles
within the school-based mobile clinics should be optimized to im-
prove adherence in high-risk populations and identify factors af-
fecting asthma control.'""'**® Gruchalla et al*®* demonstrated
that inflammatory markers and measures of atopy were not predic-
tive of asthma control. We did not investigate the roles of atopy or
environmental exposures in relation to asthma control in this study.

We found that follow-up visit interval was a significant factor
affecting asthma control. Interval >90 days was adversely associ-
ated with maintenance of WCA for all baseline severities, indicat-
ing the need for regular care to make therapeutic adjustments and
optimize asthma control.*®>'->7 Results reinforce that adherence
and routine follow-up are critical to maintaining asthma control.

In the statistical analyses, when we examined factors contrib-
utory in the final model with specification of TIES=DISCRETE
rather than TIES=EXACT, similar levels of significance were
found across severity strata. To test potential bias caused by
interval censoring on observed influence of adherence and race on
time to achieve control, SAS macro % Interval Censoring test was
used. This produced a generalized log-rank test I1.°%%° The gen-
eralized log-rank test Il results confirmed a statistically significant
difference between the 2 adherence groups and race groups when
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examined within each baseline severity group (compared with
unadjusted score test statistic produced by PHREG procedure
where midpoint imputation applied).

It is important to note that subjects were used as their own
controls comparing baseline data reflecting the previous year with
follow-up data without availability of a randomized control
group. We acknowledge the possibility of regression to the
mean phenomenon to explain outcomes partially. However, it is
unlikely that regression accounts solely for the findings given the
reproducibility of outcomes over time and the range of morbidity
for patients entering the programs evaluated. The use of nighttime
symptoms in our assessments as opposed to the use of nighttime
awakenings in the guidelines' could overestimate worsening se-
verity and asthma control. Interference with patient activities
was defined broadly as missed school days, exercise symptoms,
and ED visits/hospitalization during the follow-up visit interval.
Asthma symptoms and [3-agonist use are based on a recall period
of 14 to 28 days, which minimizes potential recall bias. Despite
these limitations, the trends were consistent for program sites
nationwide, with a robust number of patients/follow-up visits.
Program participation was associated with profound reductions
in asthma-related morbidities. The Baltimore program has dem-
onstrated cost-effectiveness attributable to these reductions in
ED visits/hospitalizations.'*

In conclusion, the results of this study describe outcomes for
children with asthma participating in asthma disease-specific
management programs. The results describe factors associated
with the ability to achieve and maintain well controlled asthma.
Our study reinforces the importance of preventative, regularly
scheduled specialty-based care in programs like the Breath-
mobiles to achieve improved asthma control and reduced asthma-
related morbidities in high-risk children with asthma.

Clinical implications: Results highlight the importance of regu-
larly scheduled, preventative guidelines-based mobile clinic

asthma care in association with reductions of asthma-related
morbidities (ED visit/hospitalizations/missed school).
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