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Artic{e history: o Background: Asthma morbidity is high in low-income children living in rural US regions, yet few interven-
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G0 Objective: To examine the effect of a school-based asthma education program delivered by telemedicine in
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children living in an impoverished rural region.
Methods: We conducted a cluster randomized trial with rural children 7 to 14 years old by comparing a school-
based telemedicine asthma education intervention with usual care. The intervention provided comprehensive
asthma education by telemedicine to participants and provided evidence-based treatment recommenda-
tions to primary care providers.
Results: Of the 393 enrolled children, median age was 9.6 years, 81% were African American, and 47% lived
in households with an annual income less than $14,999. At enrollment, 88% of children reported uncon-
trolled asthma symptoms. At the end of the intervention, there were no statistically significant differences
in reported symptom-free days (primary outcome) for the intervention or usual-care group. Participants in
the intervention group reported significantly higher use of peak flow meters to monitor asthma and re-
ported taking their asthma medications as prescribed more frequently compared with the usual-care group.
There were no changes in other outcome measures, including quality of life, self-efficacy, asthma knowl-
edge, or lung function, between groups.
Conclusion: Although there was some evidence of behavior change among intervention participants, these
changes were inadequate to overcome the significant morbidity experienced by this highly symptomatic rural
impoverished population. Future interventions should be designed with a multifaceted approach that con-
siders caregiver engagement, distance barriers, and inadequate access to asthma providers in rural regions.
Trial Registration: ClinicalTrials.gov Identifier: NCT01167855.

© 2018 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction with many studies reporting significant morbidity in rural chil-
dren. Despite these findings, comprehensive asthma initiatives
addressing asthma morbidity in rural pediatric populations are
lacking. Nationwide, data have consistently shown that children from
minority and low-income families are at increased risk for poor
asthma outcomes? and are less likely to receive adequate medical
therapy for asthma.®° These disparate findings are even more com-
pelling when one considers high-risk populations living in rural
regions have significant travel and transportation needs that present
I additional barriers to care. We and others have shown that low-
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Asthma, a major public health concern, is the leading chronic
illness of childhood and a major cause of childhood morbidity.'
Although asthma is a significant cause of childhood disability in all
regions of the United States, large-scale interventions to decrease
the asthma burden have largely focused on children living in urban
settings. Previous reports by our team and others*” suggest that
asthma prevalence is similar between rural and urban populations,
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Telemedicine is defined as the use of medical information ex-
changed from one site to another through electronic communications
to improve a patient’s clinical health status. Telemedicine has the
potential to improve health care access in rural and medically un-
derserved regions and offers opportunities for advancing the care
of pediatric patients with asthma through clinical services, remote
monitoring, and medical education.’*'> Technology-based health
care solutions such as telemedicine are particularly appealing in
regions such as the Arkansas Delta, one of the most medically un-
derserved, impoverished US regions with significant disparities in
health outcomes.'®'® Because our prior work found significant mor-
bidity among school-age children in the region, we implemented
a school-based telemedicine asthma education program with the
aim of alleviating asthma symptoms and improving caregiver knowl-
edge, parental and child self-efficacy, and other health outcomes.

Methods
Study Population

The study population included children with current asthma who
were enrolled in public schools in Arkansas’ Delta region. Partici-
pating school districts had at least 51% minority enrollment and/
or at least 51% of students were eligible for free or reduced lunch.
Inclusion criteria were (1) age 7 to 14 years, (2) current asthma ac-
cording to national guidelines,'® and (3) use of prescribed
medications for asthma symptoms (rescue or controller) in the 6
months before enrollment. Exclusion criteria were (1) significant
respiratory disease other than asthma, (2) comorbid conditions pre-
cluding participation in an education-based intervention, (3) inability
to speak or understand English, (4) no telephone access (needed
for follow-up surveys), and (5) exercise-induced asthma only. The
study was approved by the institutional review board of the Uni-
versity of Arkansas for Medical Sciences, and all participants gave
written informed consent or assent.

Study Procedures

We conducted a cluster randomized trial with 393 children and
their caregivers. Before the enrollment period, 19 school districts
in the Delta region of Arkansas were randomized to an interven-
tion arm or a usual care (UC) arm. Because rural individuals
frequently travel to neighboring towns or counties to seek medical
care, we used randomization rules to districts located within a 50-
mile radius of each other. These measures were used to decrease
the risk of experimental contamination by shared rural primary care
providers (PCPs).

Enrolled children, parents or caregivers, and school nurses were
assigned by randomized cluster (school district) to receive the in-
tervention or UC. All components of the intervention were completed
during 1 school year. The school-based telemedicine intervention
included (1) comprehensive asthma education by telemedicine for
the child, the child’s parent(s) or caregiver(s), and school nurse; (2)
prospective monitoring over a 6-month period for asthma symp-
toms and lung function; and (3) dissemination of asthma
management prompts to the PCP. Children in the UC arm received
medical care from their PCP as usual. UC participants completed
follow-up surveys at the same intervals as the intervention group.

Asthma Education by Telemedicine

Each student participated in 5 30- to 45-minute age-appropriate
asthma education sessions by telemedicine (live interactive video).
Each session was led remotely by a board-certified allergist, respi-
ratory therapist, or trained asthma educator at Arkansas Children’s
Hospital in Little Rock. Sessions were conducted weekly or biweek-

ly over a 5- to 9-week period depending on school needs or
preferences. To ensure accuracy and consistency in delivery of the
intervention, education was delivered by trained personnel using
a standardized script and a structured format. Education included
lung anatomy, common asthma symptoms, proper use of rescue and
controller asthma medications, how to follow a personalized asthma
action plan, asthma triggers, and proper use of asthma medica-
tion devices including inhalers, peak flow meters, and spacer devices.

Telemedicine sessions also were conducted for intervention
parents or caregivers and school nurses. Each 60- to 90-minute
session was conducted at the school (or local community center on
weekends or nights). Caregivers participated in 2 sessions and school
nurses participated in 1 session. Topics were the same as those con-
ducted for students and included an interactive question-and-
answer session. To accommodate working caregivers, sessions were
offered on weekdays, weekends, late evening, and early morning.
After at least 3 missed appointments, caregivers were asked to com-
plete educational sessions by telephone with educational materials
mailed to the caregiver before the session. To minimize transpor-
tation burden because of study participation, caregivers were
provided transportation vouchers through a local medical trans-
portation service to attend telemedicine sessions if needed. Further,
to minimize barriers related to lack of phone service, we also pro-
vided caregivers with mobile minutes through their mobile service
provider to complete interviews (both groups) and/or telephone ed-
ucation sessions (intervention group) if needed.

Prospective Telemonitoring

Each intervention participant was assessed by remote
telemonitoring at the school site. Telemonitoring sessions were com-
pleted before the first child education session and at 3 months.
During the session, intervention participants described symp-
toms for the preceding 2 weeks and completed the PedsQL 3.0
survey.?’ Lung function also was obtained using the Collins Eaglet
System (Ferraris Respiratory, Louisville, Colorado) with values com-
pared with age-matched normal data. Forced expiratory volume in
1 second, forced vital capacity, and forced expiratory flow were mea-
sured and the best of 3 maneuvers was used for analysis.

Caregiver-reported asthma medications were assessed by struc-
tured interviews at baseline and at 3 and 6 months. In addition to
reporting prescribed medications, caregivers reported whether their
child took medications as prescribed all of the time, most of the
time, some of the time, little of the time, or none of the time. Pre-
scription refill data were used to calculate the asthma medication
ratio (AMR) before enrollment and during the study period. The AMR
is a measure defined by (units of controllers dispensed)/(units of
controllers + rescue inhalers dispensed). In prior studies, an AMR
of at least 0.5 has been associated with improved outcomes in-
cluding asthma severity and control and health care use.?!

PCP Prompts

The PCP of each intervention participant received a prompt with
guidelines-based asthma management'? at baseline and 3 months.
Caregivers and school nurses received copies of the prompt to re-
inforce recommendations. The prompt included (1) a summary of
education sessions, (2) a blank asthma action plan with comple-
tion instructions, (3) a synopsis of caregiver-reported symptoms and
medications, and (4) treatment recommendations according to
guidelines.'® For example, if a participant’s caregiver reported un-
controlled asthma, recommendations for initiation or step-up of
controller therapy were given.'® PCPs received a 7-question survey
to confirm receipt of the prompt and verify the accuracy of asthma
severity and control assessment. We provided a self-addressed
stamped envelope to return the survey and phone, fax, and mailing
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contacts for the research team to answer any questions or to receive
additional feedback.

Survey and Outcome Measures

Telephone interviews were conducted to examine caregiver-
reported outcomes including the change in number of symptom-
free days (SFDs) compared to baseline at 3 months (primary
outcome) and 6 months. This outcome measure is consistent with
the symptom monitoring suggested by asthma guidelines and has
been suggested as an appropriate surrogate marker for asthma
control.?? Caregivers reported the number of days their child ex-
perienced no symptoms of asthma (defined as a 24-hour period with
no coughing, wheezing, chest tightness, or shortness of breath and
no need for rescue medications) during the prior 2 weeks. Addi-
tional asthma outcomes included the Children’s Health Survey for
Asthma (CHSA), a 48-item validated questionnaire divided into 5
scales: (1) physical health, (2) child activity, (3) family activity, (4)
child emotional health, and (5) family emotional health. The survey
distinguishes levels of disease severity and has internal consisten-
cy reliability (Cronbach o =0.81-0.92).2324 For intervention
participants, the PedsQL 3.0 was used to measure health-related
quality of life at baseline and 3 months. The PedsQL 3.0 is a 22-
question survey with reliable internal consistency (Cronbach o.> 0.70)
that has been validated in 9- to 17-year-old African American low-
income populations.?®?* For the 2 groups, we assessed the mini-
Pediatric Asthma Quality of Life Questionnaire (PAQLQ) by structured
interview at baseline and at 6 months.?>?® The mini-PAQLQ is a 13-
item validated survey using 3 domains: (1) symptoms, (2) activity
limitations, and (3) emotional function. The PAQLQ has strong in-
ternal consistency reliability (Cronbach o =0.88).

Caregiver asthma knowledge survey was administered at base-
line and 6 months. This 20-item questionnaire measures asthma
symptoms identification, appropriate use of controller vs rescue
medications, and knowledge of asthma triggers. This survey was
based on National Heart, Lung, and Blood Institute guidelines and
showed high content validity against expert panel assessment in
a previous study of asthma knowledge in rural caregivers.?” We also
measured caregiver and child self-efficacy at baseline and 6 months.
The caregiver self-efficacy questionnaire is an 18-item validated tool
measuring caregiver self-efficacy in 3 subscales: (1) asthma attack
prevention, (2) treatment efficacy, and (3) attack management. All
subscales require caregivers to select 1 of 5 responses ranging from
“not at all” (1 point) to “completely sure” (5 points). Cronbach o
reliability was equal to 0.77 for asthma attack prevention, 0.76 for
treatment efficacy, and 0.82 for attack management.?® The Child Self-
Efficacy Survey is a 9-item questionnaire designed to measure the
child’s self-efficacy with regard to attack prevention and attack man-
agement. The child was required to select 1 of 4 responses ranging
from “none of the time” (0 point) to “all of the time” (3 points). The
Child Self-Efficacy Survey range is 0 to 27 points. The Cronbach o
reliability is equal to 0.75.%

Statistical Methods

Sample size

The sample size for this study was calculated to detect a clini-
cally meaningful difference in mean number of SFDs between the
2 groups. Because the design of the study was a cluster-randomized
trial, the sample size to detect a desired treatment effect depends
on the number of school districts (units of randomization) and on
the number of participants per school district.>® We estimated an
overall sample size of 288 subjects with 9 school districts in each
treatment arm and 16 participants per school district would yield
at least 80% power to detect a 1-day difference in mean SFDs
between groups, assuming an SD of 2.8. This calculation assumed

an intracluster correlation of 0.01. After adjusting for a 20% attri-
tion rate, we calculated an average of 20 participants in each school
district with up to 10 school districts in each arm for a total of 180
participants in each arm or 360 participants overall.

Statistical analysis

All data were summarized using appropriate summary statis-
tics such as median and quartiles for continuous variables and
number and percentage for categorical variables. We compared the
2 groups to ensure that they were appropriately balanced with
respect to all baseline characteristics such as age, child sex, child
race, child ethnicity, insurance (private, state issued, or self-pay),
income groups, and maternal education. Continuous variables were
compared between groups using a Wilcoxon rank sum test and cat-
egorical variables were compared using a x? test for association. We
compared the number of SFDs and other outcomes at 3 and 6
months using linear or generalized linear mixed models after ad-
justing for baseline values as covariates. The number of SFDs was
compared between groups using a linear mixed model. Binomial
distribution with a logit link function was used for binary out-
comes and a negative binomial distribution with a log link was used
to compare over-dispersed count data. Because of the clustered
nature of the data, all models comparing outcomes used random
effects to account for clustering of individuals within school dis-
tricts and the nesting of school districts within the intervention
group. We performed analyses comparing outcomes in the UC group
and intervention group vs completed outcomes. We also per-
formed a sensitivity analysis by comparing outcomes in the UC vs
intervention participants who completed the protocol (per-protocol
group). The per-protocol group was defined as participants who com-
pleted each of the 5 education sessions and their parents who
completed their 2 education sessions. Because family income was
significantly different between groups at baseline, we performed
a sensitivity analysis comparing primary and secondary out-
comes after adjusting for family income. We further compared
outcomes by stratifying participants based on smoking status
(whether or not the participant lived in a home with a smoker). All
tests conducted were 2-sided and all P values less than or equal to
.05 were considered statistically significant. Statistical analysis was
performed using SAS/STAT 9.4 software (2002-2012, SAS Insti-
tute, Cary, North Carolina) and R software (R Core Team, Vienna,
Austria).

Results

In total, 30,792 potentially eligible participants attending 19 rural
Delta school districts were included in the screening process (9 in-
tervention schools and 10 UC schools; Fig 1). Through convenience
sampling at each school, 194 child-caregiver dyads were enrolled
in intervention schools and 199 were enrolled in UC schools. After
enrollment, 14 dyads in the intervention group and 16 in the UC
group were dropped because they failed to complete the baseline
interview. The demographics of the study population are pre-
sented in Table 1 and included 180 dyads in the intervention group
and 183 dyads in the UC group. The median child age was 9.6 years,
81% were African American, and 83% had state-issued or no insur-
ance. Forty-seven percent were from households with an annual
income no higher than $14,999 and 35% of maternal caregivers had
a high school education or less. More children in the intervention
group were from families with a household income lower than
$14,999 (54%) compared with the UC group (39%; P=.029); oth-
erwise there were no statistically significant differences between
groups at baseline. Participants in the 2 groups were highly symp-
tomatic. Based on symptoms, health care use, activity limits, and
prescribed controller medication requirements, 90% of partici-
pants were classified as having mild to severe persistent asthma
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Figure 1. Enrollment and retention. Children from 19 rural school districts were
screened. Screeners were distributed at the beginning of each school year and at
school events by the school nurse.

(Table 2 and Fig 2).' Further, only 22% reported well-controlled
symptoms at baseline when guidelines-based criteria were applied.'®
A median of 2.5 outpatient asthma sick visits was reported at base-
line for the 363 enrolled participants; however, reported emergency
health care use was low, with no reported overnight hospitaliza-
tions and a median of 0 emergency room visits (range 0-2) in the
previous 12 months.

Of the enrolled intervention participants, 88% of children com-
pleted all 5 education sessions and 61% of caregivers completed all
parent education sessions (8% completed by telephone, n = 14). Forty-
nine caregivers (27%) did not complete either parent session. Follow-
up survey completion rates for the intervention group were 75% at

Table 1
Demographics of Enrolled Child Participants

3 months and 55% at 6 months. For the UC group, follow-up rates
were 78% and 48% at 3 and 6 months, respectively. PCP prompts
with recommendations to initiate or step up therapy because of
poorly controlled asthma were sent for 141 of 180 intervention par-
ticipants. We received feedback from only 1 PCP.

The primary outcome measure, SFDs in the prior 2 weeks, im-
proved for the 2 groups with no statistically significant difference
between groups (Table 3). UC participants reported on average 7.4
SFDs every 2 weeks at baseline and 8.4 SFDs at the end of the in-
tervention. Intervention participants reported on average 7.2 SFDs
at baseline and 8.0 at the end of the intervention (P=.51). After ad-
justing for baseline SFDs, there was no significant difference in SFDs
between groups at 3 months, even when the analysis included only
the per-protocol population. According to national guidelines stan-
dards, participants’ asthma in the 2 groups remained uncontrolled
at the end of the intervention period as indicated by fewer than 10
SFDs every 2 weeks. The family activity domain of the CHSA im-
proved for the UC group but not for the intervention group (P=.02).
There were no changes in other CHSA domain scores for either group.

After the intervention, more intervention caregivers reported that
their child used peak flow meters to monitor asthma compared with
the UC group (45% of UC group vs 79% of intervention group,
P<.0001). More intervention caregivers reported that their child
took asthma medications as prescribed “most of the time” or “all
of the time” compared with the UC group (78% vs 63%, P=.03). At
the end of the study period, intervention caregivers also reported
higher rates of being prescribed controller asthma medications com-
pared with baseline and compared with the control group but the
change was not statistically significant (Table 4). Further, there was
no change in the AMR for either group, with the 2 groups report-
ing an AMR of 0.5 before and after the intervention. There were no
significant differences in the AMR between groups when partici-
pants categorized as having intermittent asthma at baseline were
excluded from the analysis.

PedsQL 3.0 scores showed a trend in improvement for interven-
tion participants at the 3-month assessment compared with
baseline; however, this improvement did not reach statistical sig-
nificance (P=.06). There was no change from baseline in mini-
PAQLQ scores at 6 months for either group. There was no change
from baseline in caregiver or child self-efficacy, lung function, or

Demographic information n? Usual care (n=183) Intervention (n = 180) Overall (N=363)
Age (years), median (Q1, Q3) 359 9.6(8.1,11.4) 9.6 (8.6,11.6) 9.6(8.4,11.6)
Child sex, n (%) 363

Boys 107 (58) 98 (54) 205 (56)
Child race, n (%) 363

African American 152 (83) 143 (79) 295(81)

White 24 (13) 29 (16) 53 (15)

>1 race 7 (4) 8 (4) 15 (4)
Ethnicity, n (%) 362

Hispanic or Latino 8 (4) 3(2) 11(3)
Insurance, n (%) 346

Private 35(20) 24(14) 59(17)

State issued 136 (79) 144 (83) 280(81)

Self-pay 2(1) 5(3) 7(2)
Income, n (%) 345

<$14,999 67 (39) 94 (54) 161 (47)

$15,000-$29,999 50(29) 45 (26) 95 (28)

$30,000-$60,000 40 (23) 27(16) 67 (19)

> $60,000 14(8) 8(5) 22 (6)
Maternal education, n (%) 360

HS graduate or less 59(32) 68 (38) 127 (35)

Some college or college graduate 105 (58) 100 (56) 205 (57)

Postgraduate 18 (10) 10(6) 28(8)

Abbreviations: HS, high school; Q1, quartile 1; Q3, quartile 3.
aData missing for some participants.
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Table 2
Characteristics of Study Population at Enrollment. Findings Are Based on Parental Report of Symptoms, Medication Use, and Health Care Usage
Symptoms and medication use n Usual care (n=183) Intervention (n=180) Total (N=363) Pvalue
How many days symptom free in past 2 wk? 363 8(2,12) 7(2,12) 8(2,12) .843
How many times admitted overnight in hospital in past 12 months? 363 0(0,0) 0(0,0) 0(0,0) .865
How many times seen in ED ever? 361 3(1,7) 2(0,6) 3(0,6) .060
How many times seen in ED in past 12 months? 363 0(0,2) 0(0,1) 0(0,2) 415
How many times seen in physician’s office or clinic for sick visit in past 12 months? 362 2(1,4) 3(1,5) 2.5(1,5) .088
How many courses of systemic steroids (by mouth or shot) in past 12 months? 363 1(0,2) 1(0,2) 1(0,2) 991
Asthma severity 360 185
Intermittent asthma 22 (12%) 14 (8%) 36 (10%)
Mild persistent asthma 38(21%) 31 (17%) 69 (19%)
Moderate to severe persistent asthma 120 (67%) 135 (75%) 255 (71%)
Asthma control 360 .842
Well controlled 40 (22%) 39 (22%) 79 (22%)
Not well controlled 40 (22%) 36 (20%) 76 (21%)
Very poorly controlled 100 (56%) 105 (58%) 205 (57%)
Prescribed controller? 363 80 (44%) 86 (48%) 166 (46%) 44

Abbreviation: ED, emergency department.

aController medications include inhaled corticosteroids with or without a long-acting B-agonist, leukotriene modifiers, mast cell stabilizers, theophylline, or systemic ste-

roids.

caregiver asthma knowledge in the intervention or UC group. Seventy
children (30 in UC group and 40 in intervention group) were exposed
to a smoker in the home. There were no significant differences in
results after analyzing participants with and without exposure to
environmental tobacco smoke in the home (data not shown).

Discussion

Asthma in the rural setting is an important public health issue
and previous studies have confirmed significant asthma morbidi-
ty in these areas.'®*%3! Rural asthma is confounded by a shortage
of medical providers and inadequate access to subspecialty pro-
viders. Because our prior studies in rural Arkansas found high asthma
prevalence and morbidity, we examined the impact of a compre-
hensive school-based telemedicine asthma education program on
asthma outcomes in this rural cohort. At the completion of the in-
tervention, we found no significant differences between groups in
SFDs, our primary outcome. Although there was some evidence of
behavior change among intervention participants as evidenced by
an increase in peak flow monitoring and improvement in caregiv-
ers’ report of taking medications as prescribed, we did not find
evidence that these behaviors related to improved asthma out-
comes. Our school-based telemedicine asthma education program
was not sufficient to overcome the significant morbidity experi-
enced by the population. Importantly, the 2 groups were very
symptomatic at baseline and remained symptomatic with contin-
ued evidence of uncontrolled asthma at the end of the study period.

Several factors likely played a role in study outcomes. Enrolled
participants reported significant baseline morbidity with no more
than 8 SFDs in the 2 weeks before enrollment. In addition to the
calculation of SFDs, we conducted a structured interview to query
controller and rescue medication use, health care use, frequency
of daytime symptoms, and nocturnal awakenings, and the vast ma-
jority of participants (88%) fit guidelines'® criteria for uncontrolled
and|/or persistent asthma.'® Although our survey measure could have
overestimated rates of uncontrolled asthma, this high level of poorly
controlled asthma is consistent with our previous reports on chil-
dren in the Delta region.'®*° Despite reports of significant morbidity,
fewer than 50% were prescribed a controller (Table 4) and these find-
ings suggest a major gap in implementation of guidelines-based
asthma care for this rural population. Consistent with our previ-
ous reports,'%'"3 findings of high morbidity and low rates of
controller medication use suggest that a more targeted approach
that includes provider education and interventions to ensure im-
plementation of guidelines-based care is needed to improve

outcomes. An intervention to engage the PCP in the educational or
decision-making components, a mechanism to ensure that con-
troller medications were prescribed or adjusted as part of the
intervention, and asthma education delivered by telemedicine likely
would have been more effective. Simply providing a treatment
prompt to PCPs with medication recommendations proved inef-
fective. Although prompts were sent to all participants’ PCPs, we
did not require compliance with our recommendations for contin-
ued enrollment in the study. Although more intervention participants
were prescribed a controller at the end of the follow-up period and
intervention participants reported better compliance with pre-
scribed medications, these changes were insufficient to improve
asthma outcomes. PCPs could have been reluctant to change or ini-
tiate asthma medications based on our recommendations without
a formal referral to a subspecialty clinical setting. Further, fami-
lies might not have been able to connect with PCPs because of
difficulty accessing care within the 3-month timeframe when the
primary outcome was measured. Although we asked for feedback
from PCPs of enrolled participants, we received correspondence from
only 1 provider, and better provider engagement might have re-
sulted in more robust controller medication prescription rates for
participants. Further, the AMR did not improve for intervention par-
ticipants, thus indicating that our intervention did not change
prescription possession rates for participants.

Other limiting factors were likely related to the relatively low
participation of caregivers in the educational sessions and survey
response rates. Most child participants (88%) completed all 5 ed-
ucation sessions. However, only 61% of caregivers completed the
2 educational sessions, despite sessions being offered on multiple
attempts, with free transportation and weekend and night oppor-
tunities. Although caregivers reported high asthma burden in their
children, participation in an asthma education program might not
have been engaging or families might have had other priorities (ie,
work) or barriers that made it difficult to attend sessions. Further,
survey completion rates were not ideal, with no higher than 78%
survey completion at 3 months and no higher than 55% at 6 months
despite caregivers receiving free mobile minutes to complete tele-
phone interviews when needed. These retention rates coupled with
27% of caregivers not completing either caregiver education session
likely affected measured outcomes and could have contributed to
our inability to find differences between groups at the end of the
intervention. The poor attendance and dropout rates of caregivers
also could reflect an inherent characteristic of this population, sug-
gesting a failure by these caregivers to adequately monitor and
intervene in their child’s disease process. These findings also suggest
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Abbreviations

LM — Leukotriene Modifier
MCS — Mast Cell Stabilizer
LABA — Long-Acting Beta Agonist

SABA — Short-Acting Beta Agonist
THPY — Theophylline

Y

6 items into severity
categories

e Overnight hospital admission in the past 12
months: Intermittent (< 1), Mild (> 1)

e Steroid bursts in the past 12 months: Intermittent
(1), Mild (> 1)

e Episodes of coughing, wheezing, or shortness of
breath in the past 2 weeks: Intermittent (0-2), Mild
(3-6), Moderate (once daily), Severe (More than
once daily)

e  Frequency of extra medication use for asthma
attack per week: Intermittent (0-2), Mild (3-6),
Moderate {(once daily), Severe (More than once
daily)

e Frequency of nocturnal symptoms: Intermittent {0-
2 days per month), Mild (3-6 days per month),
Moderate (more than once per week), Severe (7
days a week)

e Limitations in performing mild, moderate, or
strenuous activities: Intermittent (not limited),
Mild (limited a little), Moderate (limited some),
Severe (very limited or totally limited)

A 4

Asthma severity is defined as the most severe category
obtained in Step 1 or Step 2

Figure 2. Asthma severity algorithm. Step 1 determined asthma severity based on reported prescribed controller medication requirements. Because fewer than 50% of par-
ticipants reported being prescribed a controller asthma medication, step 2 determined asthma severity based on reported symptoms, rescue medication use, activity limits,
and health care usage. Asthma severity was defined as the most severe category in step 1 or 2.

to this study team that more emphasis on caregiver engagement
and innovative teaching strategies need to be used to address these
issues in the future.

As evidenced by the high symptom burden described in the
present report, our previous investigations,'®° and as reported by
others,®*?-3* asthma is a significant public health concern for rural
low-income populations. Interventions to address the significant
gap in implementation of guidelines-based asthma care are needed.
Potential comorbid conditions that could have affected outcomes
and precluded adoption of an education-based intervention, such

as psychological stress,*>3® maternal depression,>” and caregiver
literacy,*® should be explored in future interventions. Interven-
tions specifically aiming to ensure access to appropriate, effective
medical therapy, improve medication adherence, and the ability to
define and remediate specific barriers to care also should be ex-
plored. School-based interventions that include supervised
administration of controller asthma medications***° and school-
based clinical programs such as the Breathmobile Program have
successfully improved asthma outcomes and decreased annual costs
associated with asthma morbidity in other high-risk populations.*'?
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Table 3
Asthma Outcomes at Baseline, 3 Months (End of Intervention), and 6 Months
Outcome Baseline 3 months 6 months
n Usual care  Intervention n Usual care  Intervention Pvalue* n Usual care  Intervention P value®
(n=183) (n=180) (n=143) (n=136) (n=87) (n=100)

Symptom-free days 363 74 (5.3) 7.2(5.3) 279 8.4(5.3) 8.0(5.6) 51 186 9.4(5.1) 8.8(5.1) .55
Asthma knowledge 361 15.4(2.8) 15.2(2.3) — — - — 184 15.3(2.5) 153 (2.3) .62
CHSA physical health 361 781(15.9) 74.3(16.7) 277 79.7(16.6) 81.6(15.8) 16 185 83.6(14.5) 77.5(17.3) 19
CHSA activity child 356 83.7(16.9) 80.9(17.9) 275 85.5(15.7) 85.2(175) .61 179 86.6(14.6) 83.8(18.5) .83
CHSA activity family 362 91.5(12.8) 89.8(11.5) — — — — 186 94.6(8.7) 89.2 (14.4) .02
CHSA emotion health child 363 76.2(25) 73.9(25.9) 279 80.1(23.6) 80.1(23.8) .46 186 81.7(23.5) 74.4(25.2) 31
CHSA emotion health family 362 77.3(13.2) 77.3(13) — - - - 185 819(11.3) 78.2(12) 12
Peak flow meter use (yes), n (%) 363 60 (33) 45 (25) 278 51 (36) 104 (76) <.01 187 39 (45) 79 (79) <.01
Takes medication as prescribed 363  133(73) 124 (69) 279 107 (75) 97 (71) 77 187 55(63) 78(78) .03

all the time or almost all the time, n (%)
Child self-efficacy, mean (SD) 309 50.3(9.7) 49(10.4) — — — - 145 51.8(9.1) 52.1(11.0) .66
Caregiver self-efficacy (SD) 357 46 (5.4) 46 (5.4) — — — — 186 46.9(5.4) 47.2 (5) .38
Asthma control, n (%) 360 273 184 37

Well controlled 40 (22) 39(22) 28 (20) 31(23) 33 15(18) 19(19)

Not well controlled 40 (22) 36(20) 33(24) 28 (21) 25(30) 22(22)

Very poorly controlled 100 (56) 105 (58) 77 (56) 76 (56) 44 (52) 59 (59)

Abbreviation: CHSA, Children’s Health Survey for Asthma.
ap value for the change from baseline at 3 months.
bp value for the change from baseline at 6 months.

Table 4
Caregiver Report of Any Prescribed Controller Medication at 3 and 6 Months After
Adjusting for Baseline

Prescribed All (N=363)" Usual care Intervention Pvalue
controller? (n=183) (n=180)

Baseline 46% 44% 48% -

3 months 48% 45% 52% A1

6 months 49% 44% 53% 77

aController medications include inhaled corticosteroids with or without a long-
acting B-agonist, leukotriene modifiers, mast cell stabilizers, theophylline, or systemic
steroids.

bData missing for some participants.

The success of these school-based programs coupled with the high
child participant retention rates noted in the present study suggest
that a school-based model, with improved provider and caregiver
engagement, might be ideal for this rural region given the lower
population densities that would make implementation of case man-
agement intervention difficult. Other interventions such as
subspecialty referral could be tailored for rural populations, but
limited access to subspecialty providers or other community re-
sources and efforts to overcome these barriers have to be carefully
considered. Using technology such as telemedicine or mobile clinics
to reach these traditionally underserved populations hold promise,
but a multifaceted approach such as the recently created School-
based Asthma Management Program (SAMPRO),** appears to be
necessary to overcome the many barriers to care.
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