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A B S T R A C T

Asthma is the most common chronic condition among children, with low-income families living in urban areas
experiencing significantly higher rates. Evidence based interventions for asthma are routinely implemented in ei-
ther the home, school, or primary care setting. However, even when caregivers of poor children are engaged in
asthma interventions in one setting, they often have to navigate challenges in another setting, such as an under-
resourced home, non-supportive school, or disengaged health care provider. The West Philadelphia Asthma Care
Implementation Plan aims to compare the effectiveness of a primary care-based intervention, school-based inter-
vention, and combined primary care and school intervention to usual care for improving asthma control in
school-age children to explore if the synergistic effect of Community Health Worker (CHW) support in the home,
school, and health care environments will result in improved asthma control. Children ages 5–13 with uncon-
trolled asthma from four West Philadelphia recruitment sites will be eligible for enrollment. The families of
school age children interested in participating will be randomized to receive a primary care CHW or usual care.
Those identified as attending a participating school will have a CHW-led school intervention or usual care in
school. If proven effective, this care coordination program will assist caregivers in assessing resources, improving
self-management skills, and ultimately reducing asthma-related ED visits and hospitalizations as well as provide
additional information for healthcare systems and policy makers to inform their decisions about how and where
to focus additional resources and investments in childhood asthma care to improve health outcomes.

1. Introduction

Childhood asthma is characterized by prominent, persistent, and
pervasive disparities. For instance, in addition to often cited disparities
in specific health outcomes and global quality of life [1–4], students
with asthma miss three times more school days than students without
asthma, with the highest proportion of missed school days in low-
income communities [5]. To address asthma disparities in a patient-
centered, sustainable manner, and consistent with an ecological frame-
work, one must intervene in all environmental contexts (i.e., home,
school, healthcare system, community) of children with asthma. Previ-

ous studies demonstrate that community health workers (CHWs) can ef-
fectively deliver evidence-based care coordination, environmental miti-
gation, and asthma education interventions in specific settings [6–8]
and that school-based asthma programs support the reduction in ab-
sence in an urban setting [9–11]. However, prior CHW interventions for
childhood asthma have not been delivered in an integrative manner to
connect settings. Utilization of CHWs in a comprehensive community-
based intervention to connect home, school, healthcare system, and
community for school-aged asthmatic children and their caregivers
may be an important step in eliminating asthma outcome disparities.
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Asthma Management Program; ACQ, Asthma Control Questionnaire; EHR, electronic health record
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The potential synergistic strength of integrating interventions across
multiple sectors (home, school, community, healthcare system) has not
been fully leveraged despite knowledge that multi-level interventions
are most effective [12]. Currently evidence-based interventions (EBI)
for asthma are routinely implemented in either the home, school, or pri-
mary care setting. Prior studies have shown that the school environ-
ment is an effective place to deliver self-management interventions for
children with asthma leading to reduced healthcare utilizations
[13,14].

Even when caregivers of poor children are engaged in asthma inter-
ventions in one setting, they often have to navigate challenges in an-
other setting, such as an under-resourced home, non-supportive school,
or disengaged health care provider. In one study a comprehensive
school management program to promote care coordination and better
asthma management conducted by school nurses did not succeed be-
cause it placed additional responsibilities on the school nurse and there
was no buy-in from the primary care practice [15]. CHWs providing the
connection between the home, school, and primary care practice may
reduce the burden on providers and caregivers and facilitate asthma
management for school-aged children. Further, CHWs, as community
residents, are knowledgeable about the public school system and can
help parents connect to local resources. CHWs may provide the missing
link to coordinate between multiple sectors to optimize interventions
[16].

The Community Asthma Prevention Program (CAPP) has a two
decade history of utilizing CHWs to improve asthma outcomes of chil-
dren in Philadelphia [17,18]. Residents of inner-city Philadelphia have
been trained and employed as CHWs to effectively provide home
asthma education and environmental mitigation for children who have
asthma-related ED or hospital visits. Building on this foundation, we es-
tablished a network of stakeholders, the West Philadelphia Asthma
Care Collaborative (WEPACC), with representation from public hous-
ing, healthcare (providers and payers), community (organizations and
caregivers), and schools. As a result of a local needs assessment, re-
source mapping, and months of planning, we designed an asthma care
implementation program with the broad objective of integrating home,
school, healthcare system, and community for school-aged asthmatic
children in West Philadelphia using CHWs to deliver sustainable pa-
tient-centered evidence-based interventions. The evidence-based inter-
ventions include (1) a primary care-based Yes We Can™ Children's
Asthma Program with home visitation, (2) a comprehensive and rigor-
ously evaluated school-based intervention, Open Airways For
Schools®, and (3) School Based Asthma Therapy [19–21]. CHWs will
function as the hub of each intervention, serving either as primary care
CHWs or school CHWs to provide a network of education, care coordi-
nation support, and to facilitate communication for families of children
with asthma between the four sectors.

1.1. Objectives and hypothesis

The primary aim of the West Philadelphia Asthma Care Implementa-
tion Plan is to compare effectiveness of a primary care-based interven-
tion, school-based intervention, and combined primary care and school
intervention to usual care for improving asthma control in school-age
children. Interventions in the home, school and primary care environ-
ments will utilize the community health worker (CHW) model. The sec-
ondary aim of this study is to explore the moderators and mechanisms
of effectiveness of the interventions. Our hypothesis is that the synergis-
tic effect of CHW support in the home, school, and health care environ-
ments will result in improved asthma control.

2. Methods

2.1. Study setting/participants

Philadelphia is often cited as the poorest big city in America [22].
With currently 23.3% of residents living beneath the poverty line,
Philadelphia easily ranks in the top three largest U.S. cities with the
highest rate of poverty. The West Philadelphia Asthma Care Implemen-
tation Plan serves residents of West Philadelphia where poverty rate is
even greater, at thirty to forty-five percent in some areas [22]. The pop-
ulation of West Philadelphia is primary African American.

The West Philadelphia Asthma Care Collaborative (WEPACC) along
with the investigators informed the design of this study [59]. WEPACC
is a multi-stakeholder group which includes representatives from the
community, school districts, parents, managed care organizations, pub-
lic health department and primary care providers. The investigator
group includes a parent co-investigator who resides in West Philadel-
phia and participated in all investigator activities. The West Philadel-
phia Asthma Care Collaborative continues to meet bimonthly to review
progress, troubleshoot implementation issues and plan for sustainment.
Our stakeholders provide insight regarding their needs to support this
project long term and if our outcomes are favorable, we believe that we
have the important stakeholders at the table to sustain this interven-
tion.

Children with asthma are recruited from three Children's Hospital of
Philadelphia (CHOP) primary care sites located in and around West
Philadelphia neighborhoods, as well as at CHOP's emergency depart-
ment and the West Philadelphia office of the Pediatric and Adolescent
Medicine Centers of Philadelphia (see Fig. 1).

For the school intervention, School District of Philadelphia public
elementary schools in West Philadelphia will be invited to participate in
the study. Several public charter elementary schools in West Philadel-
phia will also be invited to participate, some of which are served by
school-based health centers. In total no more than 36 elementary
schools will be invited to participate as a school partner in the West
Philadelphia Asthma Care Implementation Plan. This study was ap-
proved by the Children's Hospital of Philadelphia Research Institute.
The study started recruitment in May 2018 and completed enrollment
in June 2021 (Fig. 2).

2.2. Study design

A factorial design will be implemented to evaluate the effectiveness
of the following primary care and school evidence-based interventions
(EBIs): (1) Yes We Can™ Children's Asthma Program in primary care
and home settings, (2) Open Airways For Schools® and (3) school-
based asthma therapy (SBAT) in the school environment. The families
of school age children living in West Philadelphia with uncontrolled
asthma will be recruited and those interested in participating will be
randomized to receive a primary care CHW (P+) or usual care (P-
).Those identified as attending a participating school will have a CHW-
led school intervention (S+) or usual care in school (S-). All study part-
ner schools will be randomized to receive a school CHW or to continue
with usual asthma care in school. Children who do not attend a partici-
pating school (S0) will be randomized to receive a primary care CHW
(P+) or usual care (P-) and no school data is expected for these partici-
pants (Fig. 1).

Table 1 describes the proposed 2-by-2 factorial design, which is
partly clustered (by school) and results in six treatment groups. The
cells A, B, C, D will permit comparison of any of the 3 combinations of
school and child intervention (A, B, C) against the group that has nei-
ther (D). At the same time, it will permit marginal analysis of the effect
of the school intervention (A + B vs C + D), and the marginal effect
of the navigator intervention (A + C + E vs B + D + F). For each of
the cells of interest, we collect baseline data on children and then fol-
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Fig. 1. Wepacc study design.

Fig. 2. Intervention timeline.

Table 1
Factorial design by child and school level interactions

Child-Level Intervention

P+ P−

School-Level
Intervention

S+ A B
S− C D

Non-Participating Schools S0 E F

low schools and children over time. This design avoids contamination
and interference through cluster randomization at the clinic-level, but
benefits from added power of a longitudinal analysis. The factorial lay-
out permits estimation (and testing) of interaction between the school
and individual interventions. It also allows for use of data from chil-
dren who are from nonparticipating schools (groups E and F).

2.3. Randomization

The overall design has stratified participating schools into at least
five groups to enhance balance at baseline in school characteristics
(size, location, charter status). Randomization of schools to the school-
level intervention (S+) or none (S-) will be stratified by these pre-
defined groups. Asthma patients and their families will be recruited in
primary care and after consenting to participation will be randomized

to receive a primary care CHW (child-level intervention) (P+) or usual
care (P-), and these randomizations will be stratified by school and
clinic of recruitment. Allocation concealment will be preserved by ran-
domly permuted block, and this approach will also preserve balance of
intervention arms within schools over time. Randomization at the child
level will proceed using randomly permuted blocks with varying block
sizes. Details about the implementation of the randomization are pro-
vided in Appendix A.

2.4. Eligibility criteria

Children ages 5–13 years old who reside in West Philadelphia (zip
codes 19104, 19131, 19139, 19142, 19143, 19151, or 19153) who
have been diagnosed with asthma and have had at least one systemic
steroid course administered for an asthma flare in primary care, the ED,
or an inpatient setting within the previous 12 months will be eligible for
enrollment. Children must also receive primary care at one of the four
study recruitment sites to meet study eligibility criteria.

2.5. Screening and recruitment

We will screen electronic health records to enroll 600 children who
are residents of West Philadelphia with uncontrolled asthma. Addition-
ally, the CHOP Emergency Department (ED) will screen and refer eligi-
ble children for enrollment.
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Participants that meet eligibility criteria will be provided informa-
tion about the study and invited to participate. Caregivers will complete
an informed consent document that has been reviewed and approved
by the CHOP IRB prior to study participation. Caregivers will be given
sufficient time to review the informed consent document, ask questions
and decide whether to consent to participation in the study.

2.6. Primary care-based intervention

Children who are randomized to the child-level intervention (P+,
Groups A, C and E) will be assigned a primary care community health
worker (pCHW). We will implement the Yes We Can™ Children's
Asthma Program [20] intervention which is a medical-social model
based on a chronic care approach, including risk stratification, clinical
care management, social care coordination by a community health
worker, and primary care provider asthma champions. This interven-
tion includes asthma education and trigger reduction home visits and
care coordination. There will be four home visits over 12 months imple-
mented by the pCHW, integrated into the primary care practice.

The pCHW will accompany the caregiver to the child's primary care
appointments and conduct in-office asthma teaching on asthma med-
ications, devices and updates to the asthma care plan as needed. The
pCHW will also assist caregivers in voicing questions or concerns to the
primary care provider regarding the child's asthma medications or
treatment plan. The family's assigned primary care CHW will schedule
patients for follow-up visits with the primary care provider and coordi-
nate specialist visits as needed. Study visits at 3, 6, and 9 months may
be scheduled during routine asthma follow-up primary care visits. A
member of the research team other than the assigned pCHW will ad-
minister study questionnaires at these visits. We will hire four pCHWs
for this intervention.

Home Visits 1, 2 and 3: Three home visits will occur within the first
two months after enrollment. The pCHW will assist the caregiver in
choosing up to three care coordination goals such as keeping child's
asthma care appointments, reducing secondhand smoke exposure and
administering asthma medications properly. These goals will be as-
sessed with the caregiver throughout the year. At the first visit the
pCHW will conduct a detailed environmental assessment of the living
area and child's bedroom for common asthma triggers. Based on those
findings the pCHW will educate caregivers regarding asthma trigger
avoidance and provide supplies to reduce asthma triggers. These sup-
plies include a mattress and pillow cover, roach bait, mousetraps,
HEPA-filter vacuum cleaner, adhesive floor tiles (after removal of car-
pet), and other trigger reduction supplies. At subsequent visits the
pCHW will conduct a brief environmental assessment of the living area
and child's bedroom. The pCHW will also note medications and dose
counter number for each asthma medication prescribed to the enrolled
child. The pCHW will review with the caregiver the proper medication
administration techniques for use of asthma medications and devices.

For home visits that cannot be conducted in person due to health or
safety concerns, video conferencing through a HIPAA-compliant appli-
cation licensed by CHOP will be utilized. In this event, asthma trigger
reduction supplies will be provided to families via U.S. postal mail or by
home drop-off with caregivers providing confirmation of receipt.

Home Visit 4 will take place at 12 months post-randomization, the
pCHW will conduct an environmental assessment to document trigger
reduction techniques utilized in the home.

2.7. School-based intervention

Twenty-eight elementary schools in targeted zip codes were identi-
fied by the School District of Philadelphia to participate in this study. In
addition, eight public charter schools committed to participate. Half of
the schools (S+) are randomized to receive Open Airways for Schools
Plus designed by Clark et al. an asthma education and care coordination

EBI for schools and School Based Asthma Therapy (directly observed
controller medication use) [19]. In years 5 and 6 of the project the re-
maining schools (S-) will receive training on how to implement the evi-
dence-based programs.

West Philadelphia elementary schools who have agreed to partici-
pate will be randomized to either receive the school intervention facili-
tated by a school CHW (sCHW) or usual school care. The school inter-
vention will include: (1) Open Airways for Schools® curriculum for all
children with asthma, (2) Orientation to asthma and control strategies
for principals and school personnel at the start of each school year led
by the study team along with the sCHW, (3) For School District of
Philadelphia public schools, walk-throughs for custodial personnel to
address potential environmental asthma triggers. This will be managed
and conducted by school district personnel, and (4) Assistance with ob-
taining asthma care plans and medication administration forms for stu-
dents randomized to receive a primary care community health worker
(pCHW). This will be facilitated by the sCHW. Open Airways for
Schools (OAS) Plus designed by Clark [14] et al. seeks to improve the
disease management skills of children with asthma and enhance control
of asthma in school [14]. This EBI contains four “essential components”
of the recently published School-based Asthma Management Program
(SAMPRO) summit guidelines and has been found to decrease both
asthma symptom days and school absences [23–25]. One OAS class se-
ries will be conducted by the sCHW each semester. We will hire four
SCHWs for the school interventions.

For participants assigned to both interventions (P+S+ or Group A),
the sCHWs and pCHWs will coordinate care across the school nurse and
primary care offices. In addition to the primary care and school inter-
ventions above, this treatment group will receive enhanced care coordi-
nation with School-Based Asthma Therapy (SBAT) for prescribed daily
controller medication [26]. The pCHW will obtain a copy of the current
asthma care plan, school medication administration form, a rescue in-
haler prescription for school, and an asthma controller medication pre-
scription to conduct school-based asthma therapy. For many partici-
pants, asthma medications and devices for use at school will be deliv-
ered to the school nurse by a local pharmacy. Primary Care CHWs will
obtain a current asthma care plan and medication administration form
for each participating student and transfer these documents directly to
sCHWs at weekly study team meetings. The school CHW will then hand
deliver these items to the school nurse office to include with the studen-
t's school health records. The school nurse and sCHW will coordinate
with teachers to schedule an SBAT intake appointment for students eli-
gible to participate in school-based asthma therapy and also schedule a
time for the child to return to the office for daily medication adminis-
tration. During the intake appointment the school nurse will assess the
ability of the student to self-administer. For students not cleared to self-
administer, the school nurse or his/her designee will administer the
daily asthma controller medication. Asthma medication use (both res-
cue and controller) will be documented by the school nurse and sCHW
[26]. If nurse is not present, as per school protocol, the principal will be
responsible for assigning oversight of this task. Students eligible for
SBAT have been randomized to receive a primary care CHW, therefore
asthma management skills will be reinforced at home, school and in the
primary care office for these participants.

2.8. Non-intervention schools (usual school asthma care)

Participating schools randomized to continue usual school asthma
care (S− or Groups C and D) will be offered training after the study's
data collection period has ended and during the last year of grant fund-
ing in how to implement the school asthma interventions. Schools will
also be provided with information on how to sustain the program
through managed healthcare organization reimbursement for sCHW
services.
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2.9. Usual care or control group

Families of children randomized to receive usual primary care man-
agement for asthma, and whose children do not attend a school ran-
domized to receive the school intervention (Groups D and F), will be of-
fered Community Asthma Prevention Program (CAPP) asthma classes
conducted at community sites. Registration is free for CAPP asthma
classes and the course series, when offered, is available to all in the
community.

2.10. Study visits

After study enrollment baseline study data (questionnaires) will be
collected and pulmonary function testing will be administered. Study
data will also be collected at 3, 6, and 9 months after enrollment. At 12
months a primary care office visit will be scheduled, pulmonary func-
tion testing (spirometry) administered and end-of-study data collected.

For families randomized to receive a primary care CHW, a caregiver
survey evaluating satisfaction with the assigned primary care commu-
nity health worker will be administered via telephone between 13 and
24 months post-randomization and after all outstanding primary care
and school interventions have been completed. Families randomized to
receive usual primary care will have the opportunity to receive one
home visit by a pCHW for an asthma trigger home assessment and to re-
ceive asthma trigger reduction supplies.

2.11. Subject withdrawal

Participants may withdraw from the study at any time without prej-
udice to their care. They may also be discontinued from the study at the
discretion of the Investigator for lack of adherence to study procedures.
It will be documented whether or not each subject completes the clini-
cal study. If the Investigator becomes aware of any serious, related ad-
verse events after the subject has completed or withdrawn from the
study, these events will be recorded in the source documents and on the
CRF. The IRB and the study sponsor will also be notified immediately. If
a participant withdraws prior to completing the study, all previously
collected data will be stored and used for analysis.

2.12. Outcomes

The primary outcome, asthma control, will be measured using Ju-
niper's Asthma Control Questionnaire (ACQ), a validated instrument for
children and adults [27]. The ACQ will be administered to the caregiver
at baseline, 3 months, 6 months, 9 months, and 12 months post-
enrollment.

Secondary outcomes include symptom-free days, school absences,
and healthcare utilization. Symptom-free days will be collected by care-
giver recall of the previous two weeks, consistent with previous studies
[28,29]. School absences will be collected directly from the school and
by caregiver report. Asthma-related emergency department and inpa-
tient visits at CHOP will be obtained through CHOP's electronic health
record (EHR), and Cost-savings will be analyzed through a cost analysis
survey administered to caregivers at baseline and 3, 6, 9 and 12 months
post-enrollment (Table 1b).

Table B1 in Online Appendix B describes the study outcomes and
planned timing of measurements.

Table 1b
Study outcomes.
Primary Secondary Implementation

Asthma Control (ACQ) Inpatient Visits Fidelity
Emergency Visits Adoption
School Absenteeism Sustainability
Cost Savings

Data will be collected for all individually randomized participants at
baseline, 3, 6, 9 and 12 months by a member of the research team. Par-
ticipants will receive $25 for a completed baseline, 3, 6, and 9 month
data collection study visit and $45 for the end of study data collection
visit at 12 months.

2.13. Additional individual participant measures

• Enrolled children will be measured for height and weight using
standard scales and stadiometers at baseline, and 3, 6, 9, and 12
months following enrollment. If not completed at a study visit, this
data will be collected from the EHR.

• Pulmonary function testing (spirometry) will be collected from
the EHR. Trained study staff will conduct pulmonary function
testing for participants at baseline, 3, 6, 9, and 12 months post-
enrollment if not completed as part of routine clinical care. If
possible, spirometry results will be printed and stored in the
child's research study chart. Pulmonary function testing completed
for clinical purposes within one month before or after a study visit
will be collected from the EHR if testing is not completed at the
time of a study visit.

• For participants receiving the primary care intervention, CAPP's
asthma knowledge survey will be administered at select home
visits to assess caregiver knowledge before, during and after the
primary care intervention.

• The Caregiver Needs Assessment will be administered to the
parent/caregiver at the baseline visit. The needs assessment is a
validated instrument that focuses on the caregiver's knowledge
about asthma avoidance measures and their comfort level with
managing their child's asthma. For participants receiving the
primary care intervention, this tool will assist the primary care
community health worker with tailoring the educational
component of the program to fit the needs of the individual
family.

• Tracking forms will be utilized to document time, date, and dose
of controller medication administered for eligible School-Based
Asthma Therapy participants.

• A classroom environmental assessment for each student enrolled
in the study and attending an intervention school will be
conducted by the school CHW at baseline and at the end of the
school semester for enrolled students.

2.14. Group level school measure

• As part of the Open Airways for Schools Curriculum, a pre- and
post-test will be administered.

Moderator variables will be measured using the Child Asthma Risk
Assessment Tool (CARAT) designed to help clinicians, asthma coun-
selors and parents determine potential risks for children with asthma
[30,31].

Fidelity to the school EBI's will be monitored via observation by
study staff utilizing yes/no completion checklists of core components of
each intervention. It is expected that 90% of the core components will
be implemented for maintenance of fidelity to the intervention.

2.15. Statistical considerations and power

2.15.1. Overview of statistical approach
The primary analysis will be based on an intention to treat ap-

proach, so that all subjects will be analyzed according to the group to
which they were randomized at Study Visit 1. Reporting will follow the
CONSORT guidelines for randomized studies and cluster randomized
designs.
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2.15.2. Baseline data
Baseline and demographic characteristics will be summarized by

standard descriptive summaries (e.g. means and standard deviations for
continuous variables such as age and percentages for categorical vari-
ables such as gender). We shall first examine balance across the 4 treat-
ment groups in the child-level characteristics (Table C1 of Online
Appendix C). To that end, we shall use conventional balancing diagnos-
tics, such as comparisons of percentages of patients by categorical fac-
tors and by standardized differences for continuous factors, and/or
comparisons of distributions. All will be supplemented by graphical dis-
play. These diagnostics are programmed and explained in the R pro-
gram “cobalt” [32].

Covariates that do not demonstrate balance, as well as covariates
that will then be included in an initial multinomial logit model (with
the 4 treatments as outcomes). Then using generalized propensity
scores, we will develop inverse probability of treatment assignment
weights. This approach will then result in estimates of average treat-
ment effects in the response model.

2.15.3. Efficacy analysis
The primary efficacy endpoint will be the change in asthma control

between Study Visit 1 and Study Visit 5 (See Online Table B1 in Online
Appendix B for a description of study outcomes.). Secondary efficacy
endpoints will include the change in asthma symptom days and school
absences between Study Visit 1 and Study Visit 5. Although the protocol
calls for regular measurement times, study outcomes will most likely
have the following characteristics. (1) They will not all be administered
at the planned 3,6, 9 and 12 months. For some the schedule will lag. (2)
Measurements will be missed for children who skip a visit. We shall
model the time of each measurement as the number of months (includ-
ing factional amounts) from date of randomization. We will model time
flexibly with splines, with cubic splines as needed. Knots for the spline
will be assumed at time 3, 6 and 9 months, the intended dates of mea-
surements. With time measured flexibly, and with a statistical model
that includes time by treatment (4 level) interactions, the spline model
will allow for estimate of differences (or ratios) of outcomes at any
point along the time (x) axis by treatment group.

2.15.4. Response model—to estimate expected values over time
The response model will be a weight longitudinal model using

splines for time and time by treatment interaction terms. This model
will result in the estimation of expected values at any given time post
randomization for any of the four treatment categories.

2.15.5. Patient-level analysis – mixed effects models
First, linear mixed effects models with random intercepts and slopes

for school, and fixed effects for the school-level intervention, time, and
time-by-intervention interaction (the estimate of interest) will be ap-
plied. Likewise, the main effect for the child-level intervention and a
time*intervention interaction term will be included in the model, and
variation across multiple measurements on a child within a school will
be accounted for by child-level random effects. This approach then be-
comes a three-level model with explicitly modeled random effects at
the school and child levels. Synergy of the effect of the two interven-
tions will be estimated by the 3-way interaction between time, the
school-level intervention, and the child-level intervention along with
all corresponding two-way interactions. Models will use numerical
quadrature with least 12 quadrature points. Models with 16 quadrature
points will be used to check sensitivity of results to numerical integra-
tion. This and other individual-patient-level methods can be more effi-
cient (smaller confidence bounds) than cluster (school)-level models
[33]. However, mixed effects models rely on numerical integration.

We shall exploit mixed effects models to estimate the degree of vari-
ation of effects across the 36 schools, both the 18 intervention schools
and the 18 control schools by estimating the random slope component

of variance and asking whether the observed variation across schools is
greater than that expected at random.

2.15.6. Patient-level analysis – marginal models
Second, marginal models using generalized estimating equations

[34] will produce robust estimates that adjust for clustering at the
school level. These methods tend to be robust for non-continuous out-
comes (non-identify link models) and those outcomes will likely apply
to our outcomes of asthma control (possibly a log gamma model) and
number of symptom days (possible a log link Poisson or negative bino-
mial model). Marginal models do not rely on numerical integration.

Marginal models tend to work poorly for designs with small numbers
of clusters. In our case, the number of clusters (36) is relatively
large. Nevertheless, we shall implement at least one method for
adjusting for non-large numbers of clusters, as implemented in
Stata's program xtgeebcv program [29] (Gallis 2019) and R's
program “saws” [36] (Fay and Graubard 2001).

School-level analysis -- randomization-test-based methods. Third, we
will implement assumption-free, randomization-test-based (permuta-
tion test) methods that do not rely on assumptions of parametric mod-
els [31–35,37].

We will use conventional levels of statistical significance (p = 0.05)
for all pre-specified comparisons for these aims. We shall not apply Bon-
ferroni corrections for estimates from different modeling methods that
use the same specification. We shall report all results to confirm consis-
tency of findings and their robustness to model specifications. Variabil-
ity of the intervention effect across schools will reflect consistency of in-
tervention effects and thus generalizability in new settings. Both mixed
effects models and permutation-test methods [42] (Lee 2012) will esti-
mate variance components to support generalizability. This approach
will also be used to account for change over time across schools, and to
assess sustainability of the proposed interventions.

All contrasts noted in specific Aims 1a through 1d are handled with
the same modeling specifications. This approach will also be used to ac-
count for change over time across schools, and to assess sustainability
of the proposed interventions.

2.15.7. Subgroup analysis
Mediator and Moderator Variables. Baseline variables including

asthma control, BMI, school type (public/charter) and demographic
characteristics which may serve as moderators of intervention effective-
ness will be evaluated through subgroup analyses. These variables will
be used to identify subgroups of children that may be more likely to
benefit from the study interventions. Mediator variables such as com-
munication between school and primary care and level of participation
in school-based asthma therapy will be evaluated to better understand
the mechanism of effect of the intervention on the study's primary out-
comes. The mediation analyses explores potential mediating variables
(M) on the effect of the intervention (A = navigator; S=School) on stu-
dent/patient outcomes (Y) with a goal of understanding which compo-
nents of the intervention, and one or more dimensions of the interven-
tion, proves to be ineffective, then the mediation can help to identify
the reasons. Mediation analysis requires many and much stronger as-
sumptions. We shall follow the counterfactual approach [43] to media-
tion to take advantage of recent statistical developments in causal infer-
ence [44–50,57]. Because children are not randomized to levels of M,
and to avoid the resulting potential bias, we will adopt two approaches:
(1) Marginal structural models, in which mediator variables are mod-
eled as functions of baseline covariates, have been developed for para-
metric estimation of direct and indirect effects without the severe as-
sumptions of prior methods [51–54]; (2) Simulation-based methods
[42] offer practical alternatives. These methods apply to clustered de-
signs as well as traditional randomized designs [55,56]. Using the
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nomenclature of recent reviews, the school intervention of our factorial
design is 2-1-1, in which the intervention applies at level 2 (schools)
and mediators and outcomes are measured at level 157. Using these
methods, we can decompose total intervention effect into the two com-
ponents: natural direct effect (NDE = the effect of the intervention on
child outcomes not mediated), and the natural indirect effect
(NIE = the component of the intervention that seems to proceed
through the measured mechanisms). As such, Total ef-
fect = NDE + NIE [52,54]. Within this framework, we can also esti-
mate effects of multiple correlated mediators [58].

Specific Aim 4. Examine the costs, savings, and cost effectiveness asso-
ciated with the intervention. These analyses will take a health care ser-
vice perspective, which is of particular interest to policy makers and
includes hospital, community and school-based health services. Cost-
effectiveness analysis (CEA) requires the assessment of all resource use
corresponding to each cost category during the study period including
costs attributable to intervention implementation.

Measuring Resource Use and Costing Procedures. Relevant resources
to be measured are: clinic CHW time, asthma management supplies
provided to participants (bed/pillow covers, roach bait, tiles, etc.),
school CHW time, and hospital, community and school-based health
services utilized by children with asthma.

To measure resources related to intervention implementation, we
will document intervention implementation activities of clinic and
school CHWs. Intervention times will be derived from administrative
records of intervention session times, and diaries completed by clinic
and school CHWs during four, 1-week periods throughout the trial. In-
tervention activities include: For clinic CHW: asthma education, care
coordination, and follow-up scheduling. For school CHW: asthma edu-
cation, care coordination, and environmental assessment. The study
participants will have detailed data on their utilization of intervention
services over the study period as logged by the clinic and school CHWs.

Data on non-intervention health care (hospital, community and
school-based health services) utilization of children with asthma will
come from each of the 3 clinics participating in the study. Since chil-
dren can utilize services outside of 3 participating clinics, we will col-
lect data on all service use and other resource use from the caregivers.
Caregivers will be given event diaries to record each health care visit of
their child; these diaries will be collected at the end of each month. A
baseline interview with caregivers covering the service use in the past
six months will also be conducted.

For each component, cost of physical materials used for interven-
tions and costs associated with time spent for intervention implementa-
tion will be calculated. Costs will be categorized as: (1) fixed fees, (2)
variable fees, (3) travel/lodging, and (4) personnel. Costs will also be
broken into the temporally related study periods: intervention (12
months), and sustainment (9 months). To derive costs, we will use the
resource costing, which involves determining for each unit a price that
reflects the real opportunity cost of the service 108.This price weight is
then multiplied by the number of units at that price and then summed
over all services.

The costs of CHW time will be estimated using data on average
salary and benefits for those in job categories matching the staff provid-
ing these services. For materials we will use acquisition costs. Travel
costs to home visits will be included. Other unit costs (i.e. outpatient
visit) will be obtained as needed from published resources and national
surveys. Finally, total direct costs will be calculated for each child and
then averaged across children within each study arm to determine aver-
age costs per study condition.

Intervention Cost Analysis. Cost analysis aims to estimate total costs
of implementing clinic and school interventions during a typical oper-
ating year; and assumes a health care service sector perspective. Aver-
age aggregate costs and range in aggregate costs across intervention
arms will be examined. Cost distribution between administrative and
direct services, how specific activities within a treatment modality af-

fect costs, and variation in costs by site (school, clinic) will be ex-
plored.

Cost Offset Analysis. We predict that intervention will reduce med-
ical costs, thereby contributing to a cost offset. We will compare cost
data from pre, during and post-intervention to investigate potential cost
reductions resulting from the intervention. We will estimate potential
savings in medical costs resulting from changes in outcomes in each
study arm. We expect most savings to occur due to reductions in emer-
gency and inpatient hospital visits.

Cost Effectiveness Analysis. The outcomes of different study arms will
be combined with their respective costs to provide a measure of relative
cost-effectiveness that can be compared across study groups. The pre-
sumed effects will be improvements in child (reduction in emergency
visits and hospitalizations and improvements in the asthma control
measures (symptom free days)) and parent outcomes (missed work
days due to child's condition). Using the estimated mean cost and mean
effect per patient by intervention group, an incremental cost-
effectiveness ratio (ICER) will be constructed for each outcome for
which the specific intervention is shown to have a significant effect. In-
cremental cost-effectiveness will be computed as the ratio of the differ-
ence in mean costs (incremental cost) to the difference in mean effects
(incremental effect), and will represent the additional cost per addi-
tional improvement in the outcome measure (e.g. one unit decline in
ER visits), of one intervention arm compared to another. A joint distrib-
ution of incremental mean costs and effects for the intervention arms
being compared will be generated using non-parametric bootstrapping
113.These data will be used to explore the probability that each treat-
ment is optimal choice, subject to a range of possible maximum values
(ceiling ratio) that a decision maker might be willing to pay for an addi-
tional improvement in child or parent outcome score. Cost-
effectiveness acceptability curves (CEAC) will be generated by plotting
these probabilities for a range of possible values of ceiling ratios
114,115.

2.15.8. Sample size and power
The factorial design has enhanced statistical power and can handle

cluster randomization of schools. All power estimates are based on cus-
tom programmed simulations to detect power for pre-specified con-
trasts for each Specific Aim. Details of the simulations are presented in
Online Appendix D.

2.16. Interim efficacy or safety analyses is not expected

2.16.1. Missing data
Height is not done at each encounter. For that reason, height must

be carried forward from the last available measurement time. This prac-
tice, though common, can result in a bias toward higher than actual
BMI over time. Adjustments (e.g., interpolation) of height for measure-
ment times between height measures is possible. If any interpolation of
height, we shall do so without regard to measures of outcome.

Missing data on other covariates will be handled using formal multi-
ple imputation as needed. The proposed mixed effects models make
limited assumptions of “missing at random” (MAR). To the extent that
children are lost to follow-up, we shall include in our models covariates
that are associated with the probability of dropout to limit confounding
by dropout. We anticipate no school withdrawals, but in case of loss, we
will use all data collected until time of dropout.

2.16.2. Proposed update to data analysis plan: impact of pandemic
restrictions

The original statistical analysis plan (SAP) includes the fitting of
longitudinal models to evaluate the impact of study interventions on
primary and secondary outcomes in models that model time as months
from randomization, with splines (knots at 0, 3, 6, 9 and 12 months)
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and time by treatment interaction terms. Mixed-effects and population-
averaged (GEE) models will be fitted.

The initial analyses will be conducted as planned. Sensitivity analy-
ses will then be performed to evaluate the impact of pandemic restric-
tions (pre and post).

Longitudinal models for the main analyses will be modified to in-
clude an indicator variable for post COVID-19 phase with time by post
Covid-19 interaction and time by post COVID-19 by intervention inter-
action terms. In these models, post Covid-19 phase will be included as a
time varying covariate within individuals. The post COVID-19 time pe-
riod is any data past March 14, 2020.

Interpretation of Longitudinal Models in Sensitivity Analyses The terms
below will be evaluated in the following order:

A term will be removed from the model if not significant, only then
will it be meaningful to evaluate the subsequent term(s).

Post pandemic restrictions by time by intervention interaction
terms: If significant, the impact of an intervention at a particular time
point (e.g. at 3 months post-randomization) depends on post pandemic
status (relative to pre).

Post pandemic restrictions by time terms: If significant, the expected
value of the outcome at a particular time point depends on post pan-
demic status (relative to pre).

Post pandemic restrictions indicator variable: If significant, the ex-
pected value of the outcome variables depends on post pandemic status
(relative to pre).

3. Results

This study has completed recruitment and enrollment of partici-
pants. Enrollment is at 627 and concluded on June 30, 2021.

4. Discussion

Through this research, we aim to determine whether the evidence-
based interventions are effective in this inner-city cohort for improving
asthma control. While prior studies have demonstrated the value of
CHWs in improving asthma control and care of children, this will be the
first study to assess the potential effectiveness of CHWs in the school-
based setting and potential added value of having CHWs coordinate
across different settings where children receive care and spend their
time. We also plan to analyze whether there are specific participant
characteristics which enhance the likelihood of improvement of asthma
control and whether there is a specific school climate that predisposes
the school intervention to be more successful.

If proven effective, this care coordination program will assist care-
givers in assessing resources, improving self-management skills, and ul-
timately reducing asthma-related ED visits and hospitalizations. Based
on the findings of our secondary outcomes, healthcare systems, payers,
and policy makers will have additional comparative data to inform de-
cisions about how and where to focus additional resources and invest-
ments in childhood asthma care to improve outcomes for inner-city
children. This design promotes a holistic approach of connecting care-
givers around the patient enabling us to address clinical and social
needs. Primary Care Community Health Workers are residents of the
community we serve and provide not only clinical care coordination
but a thorough needs assessment at baseline are able to identify unmet
social needs and connect families to those resources. Through the inter-
action between Primary Care and School Community Health Workers
we thus close the loop connecting schools, caregivers and clinicians
around the patient and caregivers asthma management needs reducing
fragmentation of care and ultimately improving asthma control. Limita-
tions include the possibility of contamination among the four main in-
tervention groups. For example, although the patients are assigned to a
specific group because these patients will also encounter usual care in
the practices (which includes a primary care CHW), they may also re-

ceive services that are not assigned to their group outside of the re-
search project. We have attempted to limit this contamination by
clearly identifying in the chart when the child is enrolled in this project
although the clinical team will not know the randomization assign-
ment. There is also potential contamination for caregivers of children
who are assigned to receive the Primary Care CHW services, to desire to
please the CHW during data collection visits. We have attempted to
limit contamination by requiring a different study team member to
complete data collection study visits than the assigned Primary Care
CHW. We understand from the experiences of other studies that where
there are highly motivated caregivers or school personnel, a group not
randomized to receive an intervention may seek to implement some as-
pects of the asthma intervention. We will track any changes in asthma
initiatives or programs in all partner schools and changes in caregiver
behavior for asthma management through quantitative and qualitative
methods. Another limitation of this study is that the results may not be
generalizable to more rural communities. In addition, members of the
West Philadelphia Asthma Care Collaborative (WEPACC) who have
provided the framework and guidance for this study have been actively
involved with the Community Asthma Prevention Program (CAPP) at
CHOP for over a decade. Newly established community asthma pro-
grams may face greater challenges in reproducing this or a similarly de-
signed comprehensive asthma program.
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