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Abstract
Purpose—Asthma interventions targeting urban adolescents are rare, despite a great need.
Motivating adolescents to achieve better self-management of asthma is challenging, and the
literature suggests that certain subgroups are more resistant than others. We conducted a school-
based, randomized controlled trial to evaluate Puff City, a web-based, tailored asthma
intervention, which included a referral coordinator, and incorporated theory-based strategies to
target urban teens with characteristics previously found to be associated with lack of behavior
change.

Methods—To identify eligible teens, questionnaires on asthma diagnoses and symptoms were
administered to 9–12th graders of participating schools during a scheduled English class. Eligible,
consenting students were randomized to Puff City (treatment) or generic asthma education
(control).

Results—422 students were randomized (98% African-American, mean age=15.6 years). At 12
month follow-up, adjusted Odds Ratios (95% Confidence Intervals) indicated intervention benefit
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for treatment teens for symptom-days and restricted activity days (analyzed as categorical
variables) aOR=0.49 (0.24–0.79), p=0.006 and 0.53 (0.32–0.86), p=0.010, respectively. Among
teens meeting baseline criteria for rebelliousness, treatment teens reported fewer symptom-days,
symptom-nights, school absences and restricted activity days, aOR=0.30 (0.11–0.80), 0.29 (0.14–
0.64), 0.40 (0.20–0.78), and 0.23 (0.10–0.55); all p<0.05. Among teens reporting low perceived
emotional support, treatment students reported only fewer symptom-days than controls, aOR=0.23
(0.06 – 0.88), p=0.031. Statistically significant differences in medical care use were not observed.

Conclusions—Results suggest a theory-based, tailored approach, with a referral coordinator,
can improve asthma management in urban teens. Puff City represents a viable strategy for
disseminating an effective intervention to high risk and hard-to-reach populations.

INTRODUCTION
The personal, social, and medical costs of asthma are largely borne by racial and ethnic
groups disproportionately represented among the poor in the US.1;2 Racial disparities in
asthma are also reflected in statistics describing asthma morbidity and mortality among US
adolescents.1 Compared to White adolescents and children aged 0–14 years, African-
American adolescents aged 15–19 years have lower rates of preventive care, such as primary
care visits, but higher rates of acute care, such as hospitalizations and Emergency
Department visits.1 Non-white teens also have higher asthma mortality rates.1 The literature
suggests that these trends are most likely due to uncontrolled and under-managed disease,
indicating the need for better clinical and patient self-management.3;4 Effective asthma
interventions targeting this age group could help to improve patient self-management and
encourage teens to partner with physicians toward the ultimate goal of better asthma control.

Few trials of asthma management programs have been conducted among high school
students. In 2007, our group published on a web-based, computer-tailored intervention
called Puff City.5 We developed a revised Puff City program that included new submodules
designed to target teens with characteristics shown to be associated with lack of behavior
change in the previous trial.6 The objective of this paper is to present the results of a
randomized controlled trial (RCT) conducted to evaluate the new version of Puff City and to
examine subgroups targeted by the added submodules. We hypothesized that urban, African-
American high school students with asthma randomized to receive Puff City would report
fewer symptom-days than teens randomized to a control group.

METHODS
Development of Puff City

Development and content of Puff City, with the exception of the submodules and booster, is
also described in earlier publications.5;6 Briefly, Puff City focuses on three behaviors:
controller medication adherence, keeping an inhaler nearby, and smoking reduction/
cessation. Health messages and information based on theoretical models and approaches to
behavior change relevant to asthma control (e.g., Health Belief Model, Attribution Theory,
Motivational Interviewing) are presented for these three behaviors, allowing the delivery of
information both central and peripheral to the behavior.7–10 The program also includes
information on trigger avoidance, device usage (e.g., how to use a diskus, terbuhaler, spacer,
etc.), and basic asthma physiology. A radio DJ delivers the scientifically sound advice that is
tailored to each teen. All Puff City surveys are voiced-over to accommodate literacy
limitations. A medication module with visual aids helps teens identify current asthma
medications.

Puff City uses tailoring to apply behavioral theory. Tailoring is the “assessment and
provision of feedback based on information that is known or hypothesized to be most
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relevant for each individual participant of a program”11;12 During sessions, computer
algorithms use teen responses to questions on attitudes and beliefs to select the appropriate
information from a message library and assemble pre-programmed tailored feedback,
creating an extensive array of message permutations. The message library was created by
medical experts and behavioral scientists.

Referral coordinator
As was done in the original Puff City, a risk assessment report, generated by the data
management system, collated student responses to selected questions and was used by a
referral coordinator to proactively contact students in the treatment group, referring them to
community agencies and resources as needed. Flags for the referral coordinator included
severe/persistent asthma symptoms, sharing asthma medication with a friend or relative, lack
of a physician or health insurance, lack of any asthma medication, and a positive response to
5 of 7 questions about depressive symptoms from the Diagnosis Interview Schedule for
Children Predictive Scales.13 Referral coordinators did not provide education.

Submodules
Based on previous analyses, we created submodules to address low perceived emotional
support, low motivation, and potential resistance to change.

Low perceived emotional support—This characteristic was determined using
questions adapted from the Multidimensional Scale of Perceived Social Support14 and was
defined as < 2 on a scale of 1–5, where 5 = high support, in response to “How much support
do you feel you have when it comes to controlling your asthma?” Students answered the
question for family, friends, and others. Messages helped teens brainstorm on how they
might capitalize on support within existing networks or how they might identify new sources
of support.

Low motivation—Students with low motivation were defined as selecting a response of <
5 on a scale of 1–10, where 10 = high motivation in response to the question, “How
motivated are you to change [core behavior]…?” Messages and exercises in this module
borrowed from Motivational Interviewing concepts and used a values-based exercise to
reveal dissonance between the behaviors and values reported by students.15;16

Resistant to change—This submodule targeted students who exhibited no change after
one or more sessions. The submodule uses values-linkage to promote greater autonomous
(or intrinsically-derived) self-regulation.17;18

Rebelliousness—The above submodules also addressed rebelliousness. Criteria for
rebelliousness at baseline was a score >2.5 on a 5 point rebelliousness scale19, where 5 =
high rebellion). These students also received messages from an edgier character using a tone
designed to show empathy with the user.

During online sessions, the appropriate submodule was delivered to students meeting the
above criteria. Afterward, students were returned to the original flow of the program.

A booster addressed resistance and attempted to correct early stages of relapse (defined as a
return to negative behavior after showing positive behavior). The booster borrowed concepts
from attribution, or relapse prevention, theories9;20 and Motivational Interviewing.15 During
the 6 month follow-up survey, the computer retrieved information from previous sessions to
detect relapse or resistance, and delivered booster messages accordingly.
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Randomized trial
Study methods were approved by the Institutional Review Boards of Henry Ford Health
System, Detroit Public Schools Office of Research, Evaluation, and Assessment, University
of Michigan, and Georgia Health Sciences University. To identify students eligible for the
RCT, caregivers of all 9th–12th graders of six public high schools were informed by mail of
a screening questionnaire (Lung Health Survey) to be administered during a scheduled
English class.5;21 Caregivers could opt out of having their student participate in the Lung
Health Survey by signing and returning the letter to the school. The recruitment period was
from fall of 2007 – fall of 2008.

Items on the Lung Health Survey requested information on asthma diagnosis, respiratory
symptoms (including items from the International Survey of Asthma and Allergies in
Childhood (ISAAC) questionnaire),22 and health care utilization. Students were eligible if
they met study criteria for current asthma, defined as report of ever having a physician/
health care provider diagnosis of asthma accompanied by day or nighttime symptoms, use of
medication for asthma symptoms in the past 30 days, medical care use for asthma in the past
year, and >1 refill(s) of beta agonists in the past year.5;21 Students were also eligible if they
did not report a physician diagnosis, but answered positively to items on the ISAAC and
reported symptom frequencies similar to those used in the EPR 2 and 3 for classification of
mild, intermittent asthma.

Eligible students providing written assent and parental consent were invited to enroll in the
RCT.5 Packets with study information and assent/consent/forms were mailed to the homes
of eligible students by a District-affiliated contractor, in order to maintain student
confidentiality.5;21

Using computers at school, participating students completed an online baseline survey
followed by four online asthma management sessions (15–30 minutes in length) to be
completed in ≤ 180 days, with ≥ 1 week between sessions. Follow-up surveys occurred at 6
and 12 months post-baseline. Caregivers completed phone surveys at baseline and at 12
month follow-up.

Control websites
Controls received 4 sessions of generic asthma education to match the experience of
students in the treatment group. After log-in, control students were provided with a link to
four generic asthma websites using a combination of Windows (tm) system policies and the
school district’s proxy server. To regulate dosage, control teens received a “time expired”
message after 30 minutes of browsing, which corresponded to the maximum time needed to
complete a tailored session. Control websites were selected from recognized US and
Canadian organizations with a history of providing evidence-based information on asthma
management. 23

Asthma severity
Classification of asthma severity was adapted from the Expert Panel Report 3: Guidelines
for Diagnosis and Treatment of Asthma, “Figure 14. Classification of Asthma Severity ≥ 12
months of age”, using nighttime symptoms.24 As done in previous studies, investigators
interpreted and assigned numeric values when terms such as “frequent” and “continual”
were used in the EP3 criteria. Classification of asthma control was adapted from “Figure 15.
Classification of Asthma Control (≥ 12 years of age)”, from the EPR3, with the addition of
school days missed and days had to change plans.24
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Statistical analysis
A random number generator was used within each unique stratum (school, grade, gender,
and asthma severity) to assign individuals to the treatment or control group. The balance
between treatment and control groups was set to occur at random accrual points within each
stratum. Because the intervention was delivered by the computer, research staff was blinded
to group assignment, as were statisticians and investigators. All surveys were identical for
treatment and control students.

Our original sample size approach was designed to apply globally across a variety of
variables including ED visits, hospitalizations, days of restricted activity, and school
absenteeism. With 80% power for a projected sample size of 150 per group, we could detect
a relative risk (RR) between treatment and control groups for ED visits and hospitalizations
of 0.47 and 0.32, respectively, or a difference in proportions of ≥ 15 percentage points. For
continuous variables, with 80% power and 150/group, an effect size of 0.35 (e.g., ≥ 1.1 days
for school days missed) could be detected.

Statistical significance was defined as a p value < 0.05 and we used an intention-to-treat
approach. Comparisons by participation and by randomization arm were conducted using
chi-square tests for categorical variables accompanied by pairwise comparisons when
appropriate. Wilcoxon rank sum test was used for continuous and ordinal variables.
Unbiased estimates of mean time to completion from session 1 to session 4 were obtained
using the Kaplan-Meier method. For this analysis, if teen baseline had “don’t know” for
physician diagnosis of asthma, caregiver’s baseline report for teen asthma diagnosis was
used.

Treatment/control comparisons of outcomes at 12 month follow up were analyzed using
negative binomial regression. Adjusted risk ratios (aRR) were calculated with corresponding
95% Confidence Intervals (95%CI). A base model consisted of school, sex and asthma
severity. Baseline values for the outcome variable were included in the model when
assessing treatment effect for specific outcomes. Potential confounding was assessed by
including in the final model any variable found to change the risk estimate for the
association of randomization group to study outcome by ≥ 20%. Potential confounders
included age, physician diagnosis of asthma, Medicaid enrollment, caregiver education
(SES), home environmental tobacco smoke (ETS), student smoking, and number of sessions
completed. Comparisons of indicators of uncontrolled asthma (all dichotomous variables)
were approached in similar fashion, with adjusted odds ratios (aOR) from logistic regression
models calculated with 95% Confidence Intervals. Subgroup analyses were conducted by
restricting the study sample to students meeting selected criteria (e.g., rebelliousness,
moderate-severe asthma, etc.) and then applying the approach described above.

RESULTS
Across the six schools, 98% of students were African-American and 74% qualified for free/
reduced price lunch.25 Of the 9125 students enrolled in an English class and present on the
day of questionnaire administration, 7878 students (86.3%) completed the screening form,
and 1668/7878 (21.2%) were eligible for the RCT. A total of 439 students (26.3% of
eligible) provided assent and consent, of which 422 (96.1% of those consenting) completed
a baseline and were randomized (Figure 1).

Using data from the screening Lung Health Survey for comparison, participating eligible
students were significantly more likely than nonparticipating eligible students to have a
physician diagnosis of asthma and report > 4 days of restricted activity in the past 30 days.
Nonparticipants were similar to participants with respect to age, gender, exposure to
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environmental tobacco smoke, teen smoking, indicators of uncontrolled asthma (with
exception of days of restricted activity noted above) and reported medical care use at
screening (data not shown). After randomization, no significant differences were observed
between treatment and control students (Table 1). Compared to controls, fewer treatment
students had a rescue inhaler at baseline.

Overall, 88.4% of students completed all four computer sessions and 90% completed the 12
month follow up survey (Table 1). Students could access the program from school
computers, but could also use non-school computers to access Puff City. Of the 240 sessions
due over the summer of 2008 for enrolled students, 108 (45%) were completed during dates
when schools were closed (data not shown). Also, 90.7% (88/97) of students without a home
computer completed ≥ 3 of the 4 online sessions (data not shown).

For the outcome of symptom days, treatment students reported significantly fewer days than
controls (Table 2). Among students meeting criteria for moderate-severe asthma, adjusted
risk ratios were significant for symptom days, school days missed, school days missed due
to asthma, and days of restricted activity (Table 2).

We evaluated self-report of emergency department (ED) visits and hospitalizations at 12
months (Table 2). One student reporting > 20 ED visits and one student reporting 22
hospitalizations were excluded from this analysis as outliers. No significant differences were
observed at 12 months overall, or when restricting the analysis to students with moderate-
severe asthma.

Presented in Table 3 are categorical variables corresponding to the cut offs used in the EPR
3 to represent indicators of uncontrolled asthma. Treatment/control comparisons were
significant for the ooutcome of >8 symptom-days in the last 30 days (or ≥2 symptom days/
week in the last 30 days), and >4 days of restricted activity in the last 30 days.

In analyses restricted to students meeting criteria for one or more submodules, compared to
controls, treatment students meeting criteria for high rebellion reported fewer symptom-
days, symptom-nights, school days missed, and days of restricted activity. These effects
were not observed in data for low rebellion teens (Table 4). Among students meeting criteria
for low perceived emotional support, fewer treatment students than controls had ≥ 2
symptom-days/week in a 30 day period. For students with mid – high perceived emotional
support, treatment students were significantly less likely than controls to report > 2 school
days missed/30 days and > 4 days of restricted activity/30 days (Table 4).

Finally, as an exploratory analysis (and with knowledge of inherent limitations) we
restricted the analysis to students in the treatment group who did not have contact with the
referral coordinator (n=33 out of 204) with all 218 students in the control group. In this
restricted analysis, significant inverse odds ratios were observed for symptom-days, days of
restricted activity, and school days missed, aOR=0.28, 0.46, and 0.57, respectively; all p ≤
0.05. (Data not shown)

DISCUSSION
Evaluations of web-based asthma management interventions are few. In 2007, Bussey-Smith
conducted a Cochrane Review of publications on the evaluation of interactive and web-
based asthma interventions published since 1995.26 Of the 9 studies reviewed, four included
youth 12 and older, of which two were in urban populations.27;28 Of the two urban studies,
one study among 6–17 year old children showed significant reductions in hospitalizations
(no difference in ED visits) with computer-assisted asthma management.27 One other
qualitative assessment of an internet-based self-management tool in adolescents conducted
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in the Netherlands reported positive changes in asthma control as measured by the Asthma
Control Questionnaire.29 We are not aware of other tailored, school- and web-based
interventions, such as Puff City, that specifically target urban high school students.

The intervention had a positive effect on the most study outcomes, especially among teens
meeting criteria for moderate-severe asthma. We might expect that students meeting criteria
for moderate-severe asthma (more frequent symptoms) would be more likely to report
benefit from the intervention. Alternatively, these teens may be the most difficult to help.
Results were similar using indicators of uncontrolled asthma as the outcome, which may be
more meaningful to patients and physicians than mean number of symptom-days.30

Results were also positive for students with high rebellion and emotional support levels. For
the latter, aOR were generally < 1 (indicating intervention benefit), perhaps not reaching
statistical significance due to sample size. The exceptions were school days missed overall
and for asthma. At least one study has shown an association between emotional support and
school attendance.31 The importance of emotional support for asthma management has been
previously supported in the literature, and has been shown to be important for other chronic
diseases and disease management behaviors, such as adherence.32 Online support, for
example, through email or a chat room might be a reasonable format for Puff City, and an
important addition to the program.

We did not observe a significant intervention effect for ED visits and results for students
with moderate-severe asthma only suggested a trend in the hypothesized direction for
hospitalizations. Krishna et al was able to show reductions in self-report of ED visits using
an interactive multimedia asthma intervention among patients aged 0–17 years.33 In the
Krishna study, only 8% of participants were African-American and the percentage of teens
is not clear. Moreover, retention for the final visit in the Krishna study appears to be < 50%
compared to almost 90% for our study. We were unable to find other comparable studies of
multimedia interventions targeting urban teens with asthma. It is possible that our analyses
may underestimate an intervention benefit as the control group received generic, web-based
asthma education and not “usual care”. The intervention may have had a greater impact on
emergency department and hospital use if it were initiated in a provider’s office or the,
emergency department, or if referral coordinators had interacted more closely with the
student’s primary care provider.

A limitation of our study is that the definitions of asthma severity and uncontrolled asthma
used, although adapted from the EPR 3, are both based on symptom frequency and do not
incorporate spirometry or clinician observation over a series of medical visits. Severity and
control are distinct, but related, concepts that are not easily differentiated without objective
measures and a medical history. Self-report, however, is routinely used by health care
providers to determine level of control and severity, and is used in national surveys such as
the National Health and Nutrition Examination Surveys (NHANES), Behavioral Risk Factor
Surveillance System (BRFSS), and the National Asthma Survey, all of which use recall
periods similar to those in our study.34–36 A second limitation is that our study design did
not include randomization within the treatment group for receipt of submodules. As an
integral part of the program, the submodules cannot be evaluated as a separate entity.
Moreover, because the referral coordinator saw only treatment students, this aspect of the
intervention cannot be evaluated separately from other aspects of the intervention. However,
in a restricted analysis of treatment students who had not seen the referral coordinator,
compared to controls, we did see similar effects, lending some support to the effectiveness
of tailored content. Third, recruitment for this school-based study was relatively low
(roughly 25% of those eligible), despite an ambitious recruitment campaign that included a
variety of activities to encourage enrollment (e.g., mailings, contests, giveaways,
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presentations and school incentives). We note that in the present analysis (1) participants
were similar to non-participants for most outcomes; and (2) baseline variables that differed
significantly between treatment and control groups suggested slightly higher baseline
morbidity for treatment students, which could bias our results toward the null. Finally, as
Puff City was specifically designed for African American high school students, our results
may be generalizable only to urban high school students with asthma symptoms and
characteristics similar to that of our study participants.37 However, our research, and that of
others, suggests there is value in the identification and engagement of high risk groups in the
promotion of behavior change.11

The dissemination potential for web-based applications is great and tailoring allows delivery
of personalized intervention content with high fidelity. The schools participating in Puff City
were found to have ample computer resources to support Puff City prior to being
approached about the study. Students also accessed the intervention from non-school
computers. Mobile applications are another very feasible option yet to be explored.
According to published reports, Non-Hispanic Black and Hispanic youth use web-based
applications frequently for social networking.38

CONCLUSION
Ethnic minorities and underserved communities often are the last exposed to innovative
interventions, despite having the greatest need.39;40 Puff City represents a viable strategy for
improving disease self-management among urban adolescents with asthma. Our results
highlight the unique needs of adolescents who struggle with self-identity. Even with a
burgeoning sense of independence, teens still require support when managing a chronic
disease. The means of integrating behavioral interventions such as Puff City into existing
health care delivery systems as a clinical tool is an important next step for improving asthma
control in hard-to-reach populations.
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Figure 1.
Flow of study participants through each stage of a school-based randomized trial to evaluate
Puff City
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