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Abstract
The School Based Asthma Therapy (SBAT) trial builds on a pilot study in which we found that
school-based administration of preventive asthma medications for inner-city children reduced asthma
symptoms. However, the beneficial effects of this program were seen only among children not
exposed to environmental tobacco smoke (ETS). The current study is designed to establish whether
this intervention can be enhanced by more stringent adherence to asthma guidelines through the
addition of symptom-based medication dose adjustments, and whether smoke-exposed children
benefit from the intervention when it is combined with an ETS reduction program. The intervention
consists of both administration of preventive asthma medications in school (with dose adjustments
according to NHLBI guidelines) and a home-based ETS reduction program utilizing motivational
interviewing principles. This paper describes the methodology, conceptual framework, and lessons
learned from the SBAT trial. Results of this study will help to determine whether this type of
comprehensive school-based program can serve as a model to improve care for urban children and
reduce disparities.
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Introduction
Asthma is one of the most common chronic illnesses of childhood (1–3), and hospitalization
rates are on the rise (4–6). Asthma causes morbidity from ongoing and recurrent symptoms as
well as impairment of quality of life and functional impairment, including limitation of activity,
absenteeism from school, and missed days of work for caretakers. In the United States,
impoverished children and children from minority ethnic and racial backgrounds suffer
disproportionately from asthma (7–10). There are numerous studies available that document
disparities in medication use, health care utilization, and asthma-related outcomes in minority
patients (11–15).
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Experts believe that many of the problems caused by asthma could be averted if the disease
was managed according to established guidelines (16). The NHLBI has convened several
expert panels to prepare guidelines for the diagnosis and management of asthma. One of the
key recommendations in the guidelines is that all patients with persistent asthma symptoms
(whether mild, moderate, or severe) receive daily preventive anti-inflammatory medications
(17–20). However, studies indicate that many children in the United States who should receive
preventive medications are not receiving them (11,21–23). The greatest underuse of preventive
medications occurs among poor children living in the inner city (12,13,24).

Environmental tobacco smoke (ETS) has been associated with worsening asthma symptoms
and decreased pulmonary function in young children with asthma (25–29). Children exposed
to maternal smoking have higher requirements for medications and more frequent visits to the
emergency department (30–32). This is particularly pertinent for young urban children, since
they experience greater exposure to environmental tobacco smoke compared to other children
(33–35). In addition, data suggest that cigarette smoking may reduce the anti-inflammatory
action of glucocorticoids (36), making management of symptoms more difficult (37,38). Thus,
the influence of environmental tobacco smoke exposure warrants consideration in asthma
research and management.

There currently are no practical, systemwide interventions for urban children with asthma that
assure that children take the medications they should be receiving. The School-Based Asthma
Therapy (SBAT) trial is designed to improve adherence to the guidelines for preventive asthma
care through a comprehensive school-based program. This study builds on our pilot study of
school-based administration of preventive asthma medications, including 180 urban children
from 54 schools in the Rochester City School district (39). We found that parents of children
receiving preventive asthma medications through school had a greater improvement in quality
of life compared with parents of children in the usual-care group (change score, 0.63 vs. 0.24;
p = .047); also, children in the school-based care group versus the usual-care group missed less
school because of asthma (mean total days missed, 6.8 vs. 8.8; p = .047) and experienced more
symptom-free days during the early winter months (mean days per two-week period, 9.2 vs.
7.3; p = .02). However, all of these significant findings were produced by differences among
children who were not exposed to secondhand smoke, and there was essentially no effect of
the intervention for the children exposed to smoke in the home.

The SBAT trial builds on this work by testing both administration of preventive asthma
medications in school (with dose adjustments according to NHLBI guidelines) and a home-
based ETS reduction program for smoke-exposed children. We hypothesize that children
receiving the intervention will experience less asthma-related morbidity compared to children
receiving usual care. This paper describes the methodology and conceptual framework of the
SBAT trial. Results of this study will help to determine whether this type of comprehensive
school-based program can serve as a model to improve care for urban children and reduce
disparities.

Study Population
We are currently recruiting children 3–10 years of age attending preschool or elementary school
in the Rochester City School District. This includes more than 50 sites. A total of 530 children
will be recruited into the study over three years. All children whose parents have indicated that
they have asthma on their school screening forms are identified. Parents of these children
receive a telephone survey to determine if the child meets study criteria.

In order to be eligible for the intervention, children must have physician-diagnosed asthma
(based on parent report with validation from the child’s physician) with mild persistent to
severe symptoms (based on NHLBI guidelines [18,20]). The child must attend school in the
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Rochester City School District preschools or elementary schools. In addition, the physician for
each child must sign an authorization form to enroll the child stating that they agree with the
child’s need for a daily inhaled corticosteroid. While the majority of children in the Rochester
community have a usual care provider, any child without a primary care provider (PCP) is
offered assistance in identifying a physician and may be included in the study if their new
provider authorizes their participation. We exclude families of children with other significant
medical conditions, including congenital heart disease, cystic fibrosis, or other chronic lung
disease, that could interfere with the assessment of asthma-related outcome measures.
Enrollment and randomization occur in a rolling fashion from the first day of school until the
second week of November.

We use home visits to elicit informed consent and to obtain baseline measurements. Baseline
evaluations include an assessment of asthma severity, standard demographic, family, and
health history variables, exposure to ETS by interview survey using validated tools, salivary
cotinine measurements, measurement of pulmonary function (using the PiKo-1 device from
Pulmonary Data Services, Inc. [Louisville, CO] for peak expiratory flow [PEF] and forced
expiratory volume in the first second [FEV1] of expiration), and completion of a home
environmental assessment for asthma triggers. An asthma symptom diary is given to families
for the tracking of asthma symptoms during the study.

Design
Following completion of the baseline assessment, each child is stratified based on the presence
or absence of spoke exposure in the home (by parent report) and then randomized into either
the school-based care group, where preventive asthma medications are provided by the school
nurse, or the usual care group where medications are not provided by the schools (Figure 1).
Two hundred and sixty-five subjects in both the smoke exposed and unexposed groups will be
randomized.

Families of smoke-exposed children in the school-based care group also receive an ETS
reduction program (described below). After randomization, children are followed
prospectively and systematically for the remainder of the school year (seven to eight months).
The primary outcome measure is the number of symptom-free days averaged over the peak
asthma season (November to February). This outcome measure is consistent with the symptom
monitoring suggested by the national guidelines for asthma care, has been suggested as an
appropriate surrogate marker for asthma control (40) and corresponds to the time frame when
we saw greatest benefit in the pilot program (39). Secondary outcome measures include clinical
outcomes (e.g., symptoms, health care use), functional outcomes (e.g., functional severity,
absenteeism, and caregiver quality of life), and both direct and indirect costs (e.g., productivity
costs, medical costs).

Intervention Group (School-Based)
The parent or guardian of children in the school-based care group is given a canister of
preventive medication (either fluticasone propionate or fluticasone propionate with salmeterol)
with a spacer and mask as appropriate, and shown the proper administration technique. The
family uses this inhaler for medication doses on weekend days and other days in which the
child does not attend school. A second medication canister is delivered to the child’s school
nurse for use on the days in which the child attends school. The school nurses also are shown
the proper administration technique and are instructed to deliver one dose of medication to the
child during the school day. Nurses track medication delivery on a daily medication
administration sheet. While adherence to medication administration is assured by the nurse on
the days the child attends school, adherence is encouraged but not assured on days the child
does not attend school.
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Assessment for possible medication dose adjustments occurs twice during the study period:
following the first monthly follow-up interview and following the three-month follow-up
interview. The symptom information from each of these interviews is relayed to the study team
and medication adjustments are made for children who continue to have persistent symptoms.
Figure 2 shows the protocol for initial medication choice and dose adjustments. Information
regarding changes in the child’s regimen is relayed promptly to the child’s physician by
facsimile and to the family by telephone, and both parties must agree prior to the
implementation of the adjusted dose.

Families of smoke-exposed children in the school-based care group receive an ETS reduction
program aimed at motivating smoking cessation among family members and decreasing their
child’s exposure to ETS. Previous studies suggest that face-to-face ETS reduction interventions
for parents of children with asthma can yield substantial reductions in ETS exposure (41,42).
Specifically, motivational interviewing (MI), a patient-centered counseling technique to build
intrinsic motivation for change (43), has shown promise in helping caregivers of children with
asthma quit smoking and reduce their children’s exposure to ETS (44,45). The current study
utilizes MI principles and is adapted from previous intervention programs by Borrelli and
colleagues that focus on motivating parents of children with asthma to quit smoking (45).
Patients are not confronted about the need for change; rather, the MI counselor helps the patient
explore their reasons for engaging in the risky behavior (e.g., smoking, ETS exposure) and
attempts to elicit the patient’s own concerns about the risky behavior. The MI practitioner acts
as a collaborator and consultant who provides guidance to the patient in their decision making.

The intervention focuses on reducing total household ETS exposure by using MI principles to:
(1) counsel the primary caregiver about how to reduce ETS in the home if they are ready,
willing, and able to do so, (2) motivate the caregiver to reduce ETS in the home if they are not
ready to do so, and (3) provide brief smoking cessation counseling tailored to smokers’
readiness to quit. Regarding the latter, if the primary caregiver is not a smoker, the cessation
intervention is done with the smoker who spends the most time with the child. Information on
the child’s cotinine level is given using a feedback graph and is used to enhance the caregiver’s
perception of risk to the child’s health. The intervention consists of a 30–40-minute home-
based counseling session two to three weeks after the baseline evaluation, one session given
to the primary caregiver focusing on reducing household ETS and a separate session for the
smoker in the household. A total of two follow-up phone calls (10–15 minutes each) are
provided to both the primary caregiver and the smoker one and three months after the face-to-
face counseling sessions. The intervention nurses for this program were trained in motivational
interviewing over the course of two days by clinical psychologists with extensive experience
in MI (Borrelli and colleagues), and several methods are used to assure treatment fidelity (e.g.,
routine review of audiotaped MI sessions with feedback from trainers, scoring of sessions
according to the Motivational Treatment Integrity System (MITI), and additional in-person
training to boost skills).

Usual Care Group
Families of children in the usual care group are encouraged to promptly contact their primary
care provider to discuss the child’s persistent asthma symptoms. These families are responsible
for filling prescriptions from their physicians and administering medications daily to the child.
To assure prompt care and safety for children in both groups, any child experiencing an acute
asthma exacerbation at the time of a home visit or follow-up phone call is referred immediately
to their PCP for care. In addition, we instruct school nurses to contact the parent of any child
presenting to the nurses office with acute symptoms and refer them promptly to their PCP.
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Theoretical Framework
The framework for this intervention was adapted from Wagner’s Chronic Care Model (CCM)
(46–48). This model currently is being implemented in a number of health care systems as an
organizing framework for collaborative quality-improvement efforts (49). The CCM serves as
a framework to identify the essential elements of a health care system that encourage high-
quality chronic disease care. The model is designed to apply to a variety of chronic illnesses,
health care settings, and populations (50).

Figure 3 shows an adaptation of the CCM as it relates to the SBAT trial. Three main components
of the CCM are incorporated into the intervention, including delivery system change and
decision support within the health system, and community resources to support the system.
These components together serve to coordinate an interlinking of care between the parents and
the primary care providers to improve adherence to medications and communication about
symptoms, and alter beliefs and expectations in order to improve both clinical and functional
outcomes and reduce costs.

The components of the CCM that are incorporated into the intervention include:

1. Community Resources: The CCM states that the performance of a health care system
can be improved by establishing linkages with community resources, and that this is
particularly important for vulnerable populations of patients. This school-based
asthma intervention utilizes school-based care in the community to assure adherence
to recommended medications for poor children with asthma. Such linkages have been
proven most effective when connected to primary care (51). In this intervention, the
medical home remains unchanged, the PCP directs the patient’s care, and the PCP is
informed of, and must approve of, all intervention components prior to their
implementation. Interaction between the family and the PCP is encouraged in the
context of community-based care delivery.

2. Health System–Delivery System Change: Wagner suggests that effective chronic
illness management involves changes to the existing care-delivery models. This study
tests a model of delivery of preventive asthma medications through schools. In
additional support of this model, there is evidence in other therapeutic settings that
treatment that is directly observed can be effective (52–55). This intervention tests
collaboration with the school nurses to provide directly observed administration of
preventive asthma medications.

3. Health System–Decision Support: Simply educating practitioners about guidelines
does little to change practice behavior (56). The CCM suggests that implementation
of guidelines requires collaborative support from specialists and support tools and
prompts. We are implementing care according to national guidelines by notifying
parents and physicians of the child’s symptoms and recommending medications as
supported by the national guidelines for asthma care. In addition, we incorporate a
feedback mechanism to the PCP and the family about the child’s symptoms with
appropriate recommendations for medication adjustments based on the child’s
symptoms.

All of these components serve to facilitate the delivery of primary preventive care for children
with asthma and allow for productive interactions between the parents and practice team
involved in the child’s care. The specific processes potentially influenced by this intervention
are adherence to preventive medications, communication between families and PCPs about
the child’s symptoms, and beliefs and expectations about the child’s illness and medications.
Changes in any of these processes could lead to improved clinical and functional outcomes for
the children and their families, as well as reduced costs. The model also incorporates covariates
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that may modify an individual child’s response to the intervention. These include family
demographic variables, maternal depression, medical variables and pulmonary function, and
measures of environmental allergens, particularly ETS.

Potential Limitations and Rationale for the Structure of the Two Treatment Arms and the ETS
Reduction Program

School-Based Care Group—This study focuses on preventive medication delivery as the
primary intervention to be tested. We do not incorporate education regarding asthma
management into the intervention for the school-based care group because other studies have
shown that asthma education is not sufficient to produce the magnitude of difference that we
are testing, and our pilot data suggest that medical management alone may produce substantial
results. For the children in the school-based care group, medication adherence will only be
assured on the days in which the child attends school. On other days, parents or caretakers will
be responsible for medication administration. We have avoided implementing more intensive
intervention for the parents on these days (e.g. reminder phone calls) in order to maintain the
relative simplicity of the school-based program.

Usual Care Group—We designed this study as a health services trial to evaluate the impact
of a system change rather than a single parameter change on the effectiveness of care.
Therefore, this precludes altering the system of care for the children in the usual care group to
avoid the intrinsic bias of adopting a new routine process. There are, by necessity, inherent
differences between the usual care and school-based care groups beyond the location (school
vs. home) of drug administration. In the usual care group, these include the requirement to
obtain prescriptions from the physician, fill the prescription at the pharmacy, and administer
the medication to the child at home. Since the children in the usual care group will have
persistent asthma symptoms upon enrollment into the program, we contact their PCP and
recommend that the child’s medical management be reviewed, and we encourage the family
to make an appointment with their provider.

ETS Reduction Program—Because the school-based intervention was ineffective for
children exposed to ETS in the pilot study, we have combined our original intervention with
an evidence-based ETS reduction program for families in homes where there is ETS exposure.
We plan to deliver the ETS reduction as part of the system change, with a nurse interacting
with the family as an adjunct to the school nurse system of medication delivery. Eligibility for
the ETS reduction program is based on parent-report of exposure in the home, rather than child
cotinine levels. We expect that some children whose parents report no smoke exposure will
have elevated cotinine levels. This would lead to a conservative bias in our analysis of the
nonexposed subgroup.

Outcomes Assessment and Overview of Analytic Strategy
Outcome measures are assessed by telephone interview, medical record review, and review of
school records by an independent group blinded to the subject’s group allocation. Our primary
aim is to test whether children receiving a comprehensive school-based intervention will
experience less asthma-related morbidity compared to children receiving usual care. The main
outcome variable is the number of symptom free days averaged over the peak winter season
(November to February). Parents are asked to report the number of days over the prior two
weeks that the children had no symptoms of asthma, including coughing, wheezing, or
shortness of breath. Other outcome measures are presented in Table 1.

We will use bivariate and multivariate comparisons to assess the total effect of school-based
asthma therapy (relative to usual care) on the outcomes (symptom free days, quality of life,
etc). We will adjust for pertinent covariates as depicted in the theoretical framework, including:
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demographic and background characteristics (age, race, ethnicity, insurance, caretaker’s
education), maternal depression, medical variables (prematurity, allergy/eczema), baseline
symptoms and pulmonary function measurements (FEV1 categories), presence or absence of
allergen exposures, and parent-reported smoke exposure (initial and final). We also plan to
determine whether or not certain process measures (medication adherence, parent/provider
communication, parental beliefs/expectations) act as mediators in the relationship between the
intervention and outcomes. These analyses will aid in our understanding of the pathways by
which the intervention impacts the outcomes.

Another aim of the study is to consider the subgroup of smoke-exposed children, and determine
whether those who receive school-based asthma therapy with ETS reduction will have less
asthma morbidity than those who receive usual care. Since randomization will occur within
smoke exposure groups (see Figure 1), we can estimate the intervention effect on asthma
outcomes by stratifying on the smoke exposure variable. We will, therefore, repeat the analyses
within each of the two ETS exposure groups, and in particular will assess whether smoke-
exposed children who receive the intervention have lower asthma morbidity than smoke-
exposed children who receive usual care.

We also will perform a cost-effectiveness analysis to assess health and economic benefits of
school-based asthma therapy compared to usual care (57). The benefits of this intervention will
be measured as the number of symptom-free days during the school year (58). Three main
categories of costs (Table 2) to be considered include programmatic costs, productivity costs,
and medical costs estimated at the individual child level. The main outcome for the analysis
will be an incremental cost-effectiveness ratio, which is the ratio of net program costs to the
number of symptom-free days gained.

Lessons Learned and Conclusion
In the development of this intervention, we are able to offer the following “lessons learned.”
First, our collaborations with the community, and in particular in the schools, have allowed us
to reach many high-risk children with asthma and approach innovative methods to improve
the delivery of preventive care. Since young children spend a large percentage of their time in
school, and schools already routinely provide daily medications for other conditions such as
attention deficit disorder, the provision of daily asthma preventive medications could be a
simple and logical system change to improve adherence. Second, the use of two well-defined
frameworks, the Wagner Chronic Care Model and Motivational Interviewing, allows us to
have both a community systems focus as well as a focus on individual level factors that may
be impeding change. Last, our multifaceted approach, including the school-based delivery of
preventive medications, medication dose adjustments, and an ETS reduction intervention,
allows us to determine if a change in the system of preventive care can reduce morbidity for
high-risk asthmatic children.

We have been granted permission from the school district to continue our work with more than
50 schools to test this new method of care delivery. An evaluation of this intervention is
particularly important, since it is relatively simple to administer, potentially could be widely
disseminated, and could substantially reduce disparities in morbidity between poor and
nonpoor children.
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Figure 1.
Summary of study design, N =530.
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Figure 2.
Medication schematic.
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Figure 3.
An adaptation of the chronic care model.
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Table 1
Measurement strategies.

Variable Measurement strategy Time of administration

Process measures
 Adherence Parent interview—Horne scale (60) Baseline, each monthly follow-up
 Parent/provider communication Parent interview—AIR Questionnaire (61) Baseline, final survey
 Asthma beliefs/expectations Parent interview—AIR Questionnaire (61) Baseline, final survey
Covariates
 Demographic, medical variables Parent interview Baseline
 Maternal depression Parent interview—Kessler Psychological Distress

Scale (62)
Baseline, final survey

 Pulmonary function PEF and FEV1 readings Baseline
 Environmental allergens Environmental assessment at home visit Baseline survey
 Secondhand smoke Parent interview (41,63–66) Baseline, two-month, final survey

Cotinine measurements Baseline, two-month visit, final survey
Clinical outcomes
 Symptom severity Parent report of symptoms, based on NHLBI

guidelines
Baseline, each monthly follow-up

 Health care utilization Parent interview regarding: Health care contacts,
chart review

Baseline, each monthly follow-up

Functional outcomes
 Functional severity Parent interview—Child Health Survey for Asthma Baseline, each monthly follow-up
 School absenteeism Parent interview and school record review Baseline, each monthly follow-up
 Quality of life Parent interview—Juniper Scale (67) Baseline, two-month follow-up, final
Cost measures
 Programmatic costs Program review Final review
 Productivity and medical costs Parent interview—Work days missed/health care

utilization
Baseline, each monthly follow-up

PEF, peak expiratory flow; FEV1, forced expiratory volume in one second.
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Table 2
Types of cost included in analysis.

Included in analysis from:

Type of cost Societal perspective Medicaid perspectivea

Programmatic costs
 Start-up costs (nurse training, developing protocols, parents
training)

Yes No

 Program delivery costs (nurse and coordinator time) Yes No
 Cost of medication Yes Yes
Parent productivity/opportunity costs Yes No
Medical costs Yes Yes

a
For subpopulation of children who are covered by Medicaid.
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