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Abstract 

Urban adolescents with asthma often have inadequate preventive care. We tested the effectiveness of the School-Based 

Asthma Care for Teens (SB-ACT) program on asthma morbidity and preventive medication adherence. Methods: 

Subjects/Setting- 12-16yr olds with persistent asthma in Rochester, NY schools. Design- 3-group randomized trial (2014-

2019). SB-ACT Intervention- Two core components: 1) Directly observed therapy (DOT) of preventive asthma 

medications, provided in school for at least 6-8 weeks for the teen to learn proper technique and experience the benefits 

of daily preventive therapy; 2) 4-6 weeks later, 3 sessions of motivational interviewing (MI) to discuss potential benefits 

from DOT and enhance motivation to take medication independently. We included 2 comparison groups: 1) DOT-only 

for 6-8wks, and 2) asthma education (AE) attention control. Masked follow-up assessments were conducted at 3, 5, and 

7mos. Outcomes- Mean number of symptom-free days (SFDs)/2 weeks and medication adherence. Analyses- Modified 

intention-to-treat repeated measures analysis. Results: We enrolled 430 teens (56% Black, 32% Hispanic, 85% 

Medicaid). There were no group differences at baseline. We found no difference in SFDs at any follow-up timepoint. 

More teens in the SB-ACT and DOT-only reported having a preventive asthma medication at each follow-up (p<.001), 

and almost daily adherence at 3 and 5-months (p<.001, p=.003) compared to AE. By 7 months there were no significant 

differences between groups in adherence (p=.49). Conclusion: SB-ACT improved preventive medication availability and 

short-term adherence but did not impact asthma symptoms. Further work is needed to develop developmentally 

appropriate and effective interventions for this group. 

Key Words: adherence, adolescents, motivational interviewing, symptoms, schools, urban, directly 

observed therapy, motivational interviewing 

Introduction: 

Low-income, minority adolescents have disproportionately high rates of morbidity and 

mortality from asthma compared to white adolescents.
1-3

 In fact, death rates for 11-17 year olds with 

asthma are twice those of younger children, and Black children are six times more likely than white 

children to die from asthma.
4
 More than 1 in 10 children in Rochester, New York have asthma, 

making it the most common chronic physical disease in the community. 
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While inhaled anti-inflammatory medications are the most effective long-term therapy for 

patients with persistent asthma
5
 and are recommended by national guidelines,

6
 adherence to these 

guidelines is poor
7-9

 and adolescents have even poorer adherence than younger children or adults.
10,11

 

Early adolescence is a developmental period marked by cognitive, social, and biological change and 

increased independence and responsibility. While parents often transition much of the responsibility 

for chronic illness management to the child by age 15 years,
12

 this transition is often marked by 

decreased medication adherence.
10

 Not surprisingly, poor adherence is associated with worse 

disease-related outcomes. 

Over the past 15 years, we have had an established partnership with the Rochester City 

School District to implement novel programs for urban, high risk children with asthma. Our studies 

in elementary schools (including children ages 3-10 years) have shown that directly observed 

administration of preventive asthma medications in school reduces morbidity, decreases absenteeism, 

and results in fewer exacerbations.
13,14

 By delivering daily preventive medications through schools, 

adherence is assured on the days the child attends school. There are ample data to support the 

feasibility of schools providing DOT for asthma.
13-18

 

We aimed to adapt our successful school-based asthma care model in a manner that was 

developmentally appropriate for urban teens who are assuming increasing independence for asthma 

self-management. Based on a prior pilot study,
15

 the School Based Asthma Care for Teens (SB-

ACT) program included two core components: 1) directly observed therapy (DOT) of preventive 

medications at school to allow the teen to experience the potential benefits from adhering to 

guideline-based asthma treatment, and 2) a developmentally appropriate motivational interviewing 

(MI) counseling intervention that included asthma education and support for the teen to transition to 

independent long-term medication adherence. MI was chosen because it can build intrinsic 

motivation and autonomy, and can promote adherence.
19-21

 Our primary hypothesis was that teens 

receiving the SB-ACT intervention would have more symptom-free days compared to teens in an 

asthma education (AE) comparison group.
 
We also hypothesized that teens in SB-ACT would have 

improved medication adherence compared to AE, and would have sustained improvement in 

adherence compared to a third group receiving only DOT. 

Materials and Methods: 

Settings and participants 

We recruited 430 teens from 69 secondary schools in urban Rochester, NY over 5 

consecutive school years. Teen/caregiver dyads were eligible if the teen was between the ages of 12-

16 years and had physician-diagnosed asthma with persistent severity or poor control according to 

National Heart, Lung, and Blood Institute (NHLBI) asthma guideline criteria.
6
 Exclusion criteria 

included an inability to speak and understand English, a lack of access to a working phone for 

follow-up surveys, the presence of significant medical conditions (cystic fibrosis, congenital heart 

disease, chronic lung disease, a developmental or intellectual disability), or living situations in which 

consent could not be obtained from a legal guardian. 

Procedures 

Study team members used school ‘medical alert’ forms to identify teens with asthma and 

called caregivers for eligibility screening. Screening procedures included a telephone survey with the 

caregivers, verbal consent to contact the primary care provider, and scheduling a baseline home visit. 

Home visits were used to explain the study, elicit informed consent from the parent and 

assent from the teen, and obtain baseline measurements. Baseline evaluations included confirmation 

of inclusion/exclusion criteria, assessment of baseline severity, collection of demographic and health 
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history variables, measurement of exhaled nitric oxide (FeNO), and salivary cotinine. We also 

provided a diary to the teen and caregiver for symptom tracking. 

 Following the baseline assessment, each teen was randomly assigned to one of 3 groups: 1) 

the SB-ACT group (DOT plus MI counseling); 2) DOT only; or 3) an asthma education (AE) 

comparison group (see below). Randomization was stratified by school and use of a preventive 

medication at baseline (Y/N). Because enrollment occurred over a period of several months at the 

start of each school year, a permuted block design was used to assure approximately equal allocation 

of teens in each group over time. The randomization scheme was independently developed by a 

programmer in the Biostatistics Center. After baseline, the study coordinator assigned the subject’s 

ID number and treatment group. Primary Care Providers (PCPs) were notified about the teen’s 

asthma status and group assignment. 

 Teens and caregivers were not masked to group allocation; they were told they were 

randomly assigned to different methods of approaching asthma management. The University of 

Rochester institutional review board approved the study protocol, written informed consent was 

obtained from all caregivers, and assent was obtained from all teens. 

SB-ACT Intervention: 

Teens assigned to the SB-ACT group received a trial of DOT of preventive asthma 

medication at school combined with up to 3 school-based MI counseling sessions. At the start of the 

school year, we contacted the PCPs by facsimile or email to ensure that each teen had an inhaler of 

preventive medication. Prescriptions authorized by the PCP were sent to pharmacies for parent pick-

up or home delivery with instructions indicating one canister of preventive medication to be 

dispensed for the home and a second canister for the teen’s school. The school nurse and teen met at 

the beginning of the program to develop an individualized plan for the timing of DOT in the school, 

to avoid disruption of classes and allow the teen choice in this process. 

 For the first 6-8 weeks after enrollment the teen visited the school nurse once a day to receive 

a dose of preventive asthma medication. The purpose of this intervention component was for teens to 

establish a relationship with the school nurse, learn proper medication technique, and experience 

potential benefits of consistent preventive therapy. If more frequent medication dosing was needed, 

the teen was responsible for taking additional doses at home. The teen also used his/her home inhaler 

for doses on weekend days and other days in which he/she did not attend school. School nurses 

instructed teens to rinse their mouth with water after each medication dose, and a medication 

dispensing log was used for tracking purposes. Guideline-based medication adjustments (‘step-ups’) 

were recommended to the PCP after the first follow-up survey if persistent symptoms continued. 

Since the goal of SB-ACT was to ultimately support the teen’s transition to independent, 

sustained use of preventive medications, MI counseling, the second component of the intervention, 

started 4-6 weeks after the commencement of DOT (see below). A brief survey was administered by 

the school nurse following the first 6 weeks of DOT, to help determine collaboratively with teens if 

they were ready to transition to independent medication use.
15,20

 The teen reported their motivation 

to use preventive medications independently,
 15 

their confidence in adhering to the treatment plan, 

and whether they had obtained needed refill medications for ongoing use. While the goal of the 

counseling sessions was to help the teen move towards autonomy with medications, some teens 

requested to continue DOT for a longer time period. We deliberately provided this choice to support 

teens’ autonomy in decision-making, which is appropriate for this developmental stage. 

The Motivational Interviewing component was developed based on prior studies
21-23

 and 

consisted of an evidence-based self-management program to help the teen transition to independence 

with preventive medication use. A trained staff member (nurse or psychologist) conducted up to 
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three in-person MI sessions with the teen at school to enhance the teen’s motivation to adhere to their 

guideline-based asthma treatment plan (developed during the DOT phase). All sessions took place in 

a quiet location at a mutually agreed upon time that limited interference with classes and activities. 

The three sessions consisted of an initial 30-40 minute counseling session (4-6 weeks after the start 

of DOT), and two 20-30 minute follow-up sessions 2 and 6 weeks later. 

a) Initial MI visit 

 The focus of the first visit was to address ambivalence about and build motivation for asthma 

medication adherence. Within the context of MI counseling delivery, asthma education was provided 

in a non-prescriptive and collaborative manner using the MI technique of “elicit-provide-elicit”.
21

 

Topics included lung physiology and asthma basics, symptoms and warning signs, medications, and 

triggers. The MI counselor elicited the teen’s knowledge about the importance of proper medication 

adherence and offered recommendations in a non-confrontational manner that supported autonomous 

decision-making. Teen-endorsed goal setting and problem-solving strategies were utilized. The 

counselor used open-ended questions and reflections to explore the teen’s ambivalence towards 

taking medications (e.g., pros and cons). The teen was encouraged to reflect on his/her experience 

with DOT in school, and the benefits gained from taking medicine consistently. The counselor 

inquired about things the teen felt was important (values, goals, interests), and where appropriate 

addressed discrepancies between the teen’s current behaviors (e.g., not taking medicine) and goals 

(e.g., being on basketball team). 

 Follow-up sessions occurred approximately 2 and 6 weeks following the initial session. 

These sessions focused on building motivation and confidence for adherence in general and for 

independent adherence, and included assessing the teen’s perspectives and choices regarding asthma 

management, offering continued support for autonomous decision making regarding medication 

adherence, and identifying any benefits associated with ongoing preventive asthma care. The teens 

were asked about any anticipated obstacles (e.g., getting medication refills, making a follow-up visit 

with the provider). If the teen was not using medications, additional motivational enhancement was 

provided. 

The MI sessions were targeted towards the adolescent, however the counselor also called the 

caregiver following each session to reinforce the strategies discussed with the teen, as well as 

potential barriers to adherence such as obtaining mediations from the pharmacy. Using MI-

compatible strategies, the counselor assessed asthma control from the caregiver perspective, and the 

caregiver’s role in supporting or hindering the teen’s asthma self-management. 

 Dr. Borrelli trained 4 staff members over 2 days in techniques of MI and on the study and the 

manualized intervention. All counselors had prior counseling experience with teens. Achievement of 

training goals was assessed using the MITI (Motivational Interviewing Treatment Integrity Coding 

3.1.1). Prior to implementing the intervention with study participants, counselors had to demonstrate 

proficiency in MI and in the study protocol with 3 ‘mock’ participants and 3 pilot participants. For 

ongoing supervision, Dr. Borrelli listened to 20% of the audiotaped counseling sessions and provided 

feedback during weekly meetings with counselors on adherence to the protocol and motivational 

interviewing skills.
24,25

 

DOT-Only Group: As with the teens in the SB-ACT group, we contacted the PCP of those in the 

DOT-only group at the start of the school year to ensure each teen had preventive medications at 

home and school. Teens in the DOT-only group received 6-8 weeks of directly observed 

administration of preventive asthma medications from the school nurse (with medication adjustments 

as needed), but did not receive MI counseling. The school nurse used the same survey as for the SB-

ACT group to help determine with the teen if they were ready to transition to independent 
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medication use. As in the SB-ACT group, teens could ask the nurse to continue DOT beyond the 

initial trial period. 

Asthma Education (AE) Comparison Condition: We notified PCPs that teens in the AE group had 

persistent asthma symptoms that warranted use of effective guideline-based preventive medications. 

We also provided an in-school asthma education program, based on an established curriculum 

designed for this age group (Kickin’ Asthma).
26

 The program included similar content and matched 

the time and attention of the MI counseling portion of SB-ACT. Sessions were delivered at school by 

trained staff members (different from the MI counselors) using a developed protocol, in a similar 

structure and time-schedule to the MI intervention (each teen received three 1-on-1 educational 

sessions at school). As in SB-ACT, caregivers were called after each session to reinforce key points 

and answer questions. Teens in the AE group did not receive DOT in school. 

Outcomes Assessment and Measures: 

Outcomes were assessed 3-, 5-, and 7-months after baseline by research assistants masked to 

treatment allocation. We used structured telephone interviews separately with the teen and caregiver 

for follow-ups. We also collected FeNO and cotinine measurements at home visits at specific time-

points (see below). Teens and caregivers each received a $20 gift card following baseline, $10 after 

each telephone follow-up, and $50 at the 7-month (end of school-year) home visit assessment. 

The primary outcome measure was the mean number of symptom-free days (SFDs) at the 3, 

5, and 7 month follow-ups. This outcome measure is consistent with national guidelines
6
 and was 

used in our prior studies.
13,14 

At each follow-up, caregivers and teens reported the number of days the 

teen experienced no symptoms of asthma (defined as 24 hours with no coughing, wheezing, 

shortness of breath, and no need for rescue medicine) in the past 2 weeks. We referred them to 

symptom diaries to assist with recollection. Secondary measures included ED visits, hospitalizations, 

and urgent care visits for asthma. We also measured the number of nights with asthma symptoms, 

days needing rescue medications, and days with limited activity. 

 To measure adherence teens were asked to answer the following statement: “In the past 2 

weeks, I took my controller medicine: Not at all, A few days (1-3 days), Several days (4-7 days), 

Most days (8-11 days), Almost every single day (12-13 days), and Every single day (14 days).” We 

dichotomized responses to ‘Almost every single day and Every single day’ versus all other 

responses. We also used a 10-point rating scale to assess teen’s sense of confidence, importance, and 

motivation to take preventive medications consistently.
20

 We measured teen and caregiver quality of 

life using the Pediatric Asthma Quality-of-Life Questionnaire
27

 and the Pediatric Asthma Caregiver's 

Quality of Life Questionnaire.
28

 School absenteeism was assessed by teen and caregiver report. 

 We obtained FeNO measurements at baseline and the 7-month assessment. We used a NIOX 

AERO Airway Inflammation Monitor; a portable device that measures FeNO using the 

electrochemistry method (range 5-300ppb). FeNO is elevated with airway inflammation and 

decreases with inhaled steroid treatment.
29

 

 We collected caregiver-reported measures of demographic, personal, and community factors 

known to be associated with asthma morbidity in high risk children or to influence response to 

interventions. These included demographics (age,
9,30

 race/ethnicity,
7,31,32

 sex, insurance,
7,9,33

 

caregiver’s education
9
), and caregiver and teen-reported depressed mood,

34,35
 using the Center for 

Epidemiologic Studies-Depression Scale
36

 and the Center for Epidemiological Studies Depression 

Scale for Children.
37,38

 Since smoke exposure is associated with asthma morbidity,
39,40

 we also 

collected teens’ salivary cotinine levels.
41,42

 

Analysis: 
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This study was designed to have adequate power to test the primary hypothesis that teens 

receiving SB-ACT will have more symptom-free days at 3, 5, and 7-months compared to AE. Based 

on our prior data, we estimated a pooled standard deviation (SD) of SFD to be 2.6 and within-subject 

correlation (ICC) of 0.3-0.4. We calculated power for the intervention effect on SFD while justifying 

repeated assessments for outcomes.
43,44

 A sample size of 123 subjects per group would obtain 94-

96% power to detect a difference of 0.9 in SFD at a two-sided 5% significance level. We anticipated 

<15% attrition, and therefore planned to enroll 430 teens. 

Analyses were carried out under the modified intention-to-treat principle, including all 

subjects with post-intervention data. We compared demographic characteristics, baseline symptoms, 

healthcare utilization, medications and adherence between the three study groups. Categorical 

variables were compared using Chi-Square or Fisher’s exact test and continuous variables were 

compared using Kruskal–Wallis one-way analysis of variance test. Repeated measure analyses 

testing the overall treatment effect were performed by fitting the Generalized Estimating Equation 

(GEE) with SFD at the three follow-up time points (3, 5, 7 months) as the dependent variable and 

treatment as independent variable. Normal error and identity link was specified and standard error 

was calculated using Sandwich estimator. Baseline SFDs, poverty level, and the presence of smokers 

in the home were controlled in the regression model. We also tested the interaction effect between 

treatment and time. Stratified analyses by preventive medication and baseline symptom severity were 

carried out to test whether the treatment effects in each stratum were different. The analyses for other 

continuous outcome variables were performed in a similar manner. Binary outcome variables such as 

hospitalization/ED visits, medications and adherence were analyzed by fitting Generalized 

Estimating Equation models with a logit link function and a Binomial error specified. We also 

examined all missing data and performed a sensitivity analysis based on multiple imputation and 

weighted GEE to assess whether the treatment effect was affected, implementing the inverse 

probability-weighted method to account for dropouts under MAR assumption.
45,46

 

Results: 

We screened 3,312 teens and 545 were eligible (Figure 1). We enrolled 430 teens (149 SB-

ACT, 142 DOT-only, 139 AE) from 69 schools for a participation rate of 79%. 

Intervention Implementation: 

For the teens in the SB-ACT group, 141 of the 149 subjects initiated directly observed 

therapy (DOT) of preventive asthma medications in school, and 81% continued DOT for at least 6 

weeks. Fifty-seven teens were prescribed a new preventive medication, 44 continued a previous 

prescription of preventive medication as DOT at school, 40 restarted a previously prescribed 

preventive medication through DOT (that they hadn’t been taking at home). In the DOT-only group, 

132/142 initiated DOT; 58 teens were prescribed a new preventive medication, 39 continued a 

previous prescription as DOT at school, and 35 restarted a previously prescribed preventive 

medication as DOT. Teens in the SB-ACT group and DOT-only groups received preventive 

medications at school on 72% of all possible school days and 89% of the days they attended school, 

with no difference between groups. In both the SB-ACT and DOT-only groups, half (51%) chose to 

continue DOT until the end of the school year. 

Motivational Interviewing (MI) counseling sessions completion rates for teens in SB-ACT 

were as follows: Session 1 – 89%; Session 2 – 86%; Session 3 – 72%. Completion rates for the AE 

counseling sessions were as follows: Session 1 – 95%; Session 2 – 88%; Session 3 – 89%. 

Outcomes: 
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Data were available for more than 80% of participants at each follow-up assessment; almost 

all (98%) had at least 1 follow-up for the primary outcome. Twelve teen/caregiver dyads withdrew 

from the study after randomization (4 from SB-ACT, 7 from DOT-only, 1 from AE). 

Table 1 shows the demographic characteristics of teens in the study. Among the teens 

enrolled, 56% were male, 56% Black, and 32% were Hispanic. The mean age was 13.4 years. The 

majority (85%) had public health insurance, 28% had depressive symptoms, and more than half lived 

in a home with one or more smokers. There were no differences in any of the demographic 

characteristics or exposure to smoke among teens in the three treatment groups. 

At the time of the baseline assessment, teens had an average of 7.7 symptom-free days over 

two weeks (sd=4.8), and >25% reported an emergency department visit, urgent care visit, or 

hospitalization in the prior year. Approximately 2/3 (69%) reported having a preventive medication 

prescription. There were no differences between groups at baseline in asthma symptoms, FeNO 

levels, healthcare utilization, or preventive medication prescription. 

Table 2 shows the main study outcomes by group. For the primary outcome of mean 

symptom-free days averaged over 3, 5, and 7 months, we found no differences between teens 

assigned to SB-ACT (11.5, sd= 2.9) compared to DOT (11.4, sd=2.9) or AE (11.6, sd=2.8) based on 

the GEE analyses. The analysis stratified by preventive medication prescription and symptom 

severity at baseline showed similar results (data not shown), as did the weighted GEE analysis to 

account for missing data. There were no differences between groups in days absent from school, 

emergency visits or hospitalizations, or quality of life. Change in FeNO was not different between 

groups (SB-ACT -2.1 ppb, DOT-only -6.3 ppb, AE 1.7 ppb, p=.201). 

Table 3 shows teen ratings of confidence, motivation, and sense of importance for using 

preventive medications over the follow-up time periods. There was a significant difference in 

motivation and importance scores among the three groups, with teens in SB-ACT having an overall 

higher motivation scores (overall p<.001) as well as a higher sense of importance (overall p=.042) to 

adhere to daily medications compared to AE. The confidence scores were higher for teens in SB-

ACT vs. DOT-only at 5-months with no significant overall differences between groups across the 

follow-ups. 

Figure 2a shows a longitudinal analysis of symptom-free days. Teens in all three groups 

improved significantly over time (p<.001), from a baseline average of 7.7 symptom-free days over 

two weeks to a peak of 12.0 at the time of the 7-month survey; there were no differences between 

groups for this outcome at any time point. Teens in all three groups also had improved days with 

symptoms and nights with symptoms over time (data not shown). Figures 2b and 2c show preventive 

medication prescription as well as ‘daily or almost daily’ adherence over time for the teens in the 

three groups. For teens in the SB-ACT and DOT-only groups, almost all teens reported a preventive 

medication prescription by the three-month survey, and this persisted over time. For teens in the AE 

group, preventive medication prescription did not change over time from the baseline value of 69% 

and was significantly lower than the SB-ACT and DOT-only groups at 3, 5, and 7 months (p<.001). 

Importantly, while adherence increased for the SB-ACT and DOT-only groups around the time that 

teens were receiving school-based DOT (from 22% and 29% at baseline to 69% and 71% at 3 

months, and 70% and 63% at 5 months), the increase did not persist for any of the groups beyond the 

5-month time period when almost ½ had chosen to discontinue DOT. By the 7-month assessment, 

adherence was close to baseline levels (30-40%) for all 3 groups. 

Satisfaction with the program was high for all groups of teens and caregivers, with the 

majority stating that the program was helpful (98% teens, 98% caregivers), and that they would be 

happy to participate again in a similar study (84% teens, 94% caregivers). There were no significant 

adverse events for any of the teens. 
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Discussion: 

The goal of this intervention was to reduce asthma morbidity by fostering sustained use of 

preventive medications by teens, using motivational interviewing (MI) as the vehicle to counsel teens 

through the transition from DOT to independence. Our prior studies have consistently shown that 

school-based therapy can improve outcomes for elementary age children with persistent asthma.
13,14

 

For the adolescent group, we felt it was appropriate to support their transition to independence 

regarding taking their medication, and we therefore incorporated a counseling program into the 

intervention.
15

 MI was chosen because it can help build intrinsic motivation,
47,48

 and includes 

promotion of autonomy as one if its core components, which is critical for teens. We hypothesized 

that teens in the SB-ACT group would have sustained improvement in symptom-free days compared 

to the other two groups. However, we found no difference between groups in our primary outcome. 

There also were no differences in other asthma morbidity outcomes including emergency visits and 

hospitalizations, as well as quality of life. For both groups of teens receiving preventive medications 

at school (SB-ACT and DOT-only), we were able to successfully achieve high rates of reported 

preventive medication prescriptions that lasted throughout the duration of the study. However, 

adherence dropped off around the time that DOT at school was discontinued for many teens. 

The MI intervention was designed to capitalize on the teens’ experience with DOT through 

school, and the benefits they experienced from consistently taking their asthma medication. MI is a 

person-centered approach applied to health behavior change that helps individuals resolve their 

ambivalence about change and enhance their intrinsic motivation for change.
49

 Teens who report 

high levels of motivation to follow the treatment plan also report better medication adherence.
11 

Thus, enhancing motivation is a critical component of adherence promoting interventions. The lack 

of a difference in primary outcomes for this intervention may be related to insufficient intensity with 

a population of very high-risk teens. There were several factors that may have mitigated the impact 

of the treatment, including varying levels of teen engagement with school, and alternative living 

arrangements and school absences that interfered with the ability to provide consistent school-based 

DOT as well as focused counseling. In fact, while the SB-ACT intervention was associated with 

improved motivation and a greater sense of importance for using daily medications in the short term, 

we did not see sustained improvement in these constructs over time. It is possible that the substantial 

competing priorities for many of these teens interfered with their ability to reflect on their asthma 

control and how it might relate longer-term to their own asthma self-management behaviors.
50

 

We also note that teens’ reported adherence to preventive medications continued to be high 

during the time of their receipt of directly observed therapy at school, but seem to drop once DOT 

was discontinued for many teens. It is possible that more intensive and prolonged counseling is 

necessary for this group to help them continue to self-manage over time. Further, since the DOT 

component was well received by the majority of teens (i.e.; 91% agreed that they were comfortable 

with the nurse giving them medications and 85% agreed that is was easy to go to the school health 

office to take their medication each day), it is also possible that maintaining DOT throughout the 

school year (and/or adding twice daily dosing) may be beneficial for teens while also recognizing 

that many in this age group are looking for increased independence. 

Interestingly, all three groups of teens improved significantly over time. While it’s not 

completely clear why this is the case, it is possible that the attention given to the teens either through 

school-based directly observed therapy and the connection with the school nurse or with asthma 

education that was delivered to the teens in the AE group, helped them better manage their asthma 

and led to improved outcomes. In addition, we and others have found both regression to the mean as 

well as improvement in symptom-free days over time directly related to participation in asthma 

studies (regardless of intervention status).
51,52

 Regardless of the reason, it is encouraging that many 

of these teens had improved by the end of the study, and the majority endorsed the value of 

participation in the study. 
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This study has several limitations. It was conducted in a single city among disadvantaged 

teens and may not be generalizable to other age groups or settings. Second, we utilized an intention-

to-treat analysis and not all teens and caregivers participated fully in all intervention components. 

There were many circumstances among this high-risk group that created challenges to intervention 

implementation. Third, by design there was heterogeneity in the study groups and the intervention 

components that were received. Lastly, our main focus was on one core component of asthma care, 

medication use, and we did not provide specific resources to address other factors such as 

environmental triggers that can influence asthma outcomes. 

In conclusion, we found that a school-based program combining DOT and motivational 

interviewing can be implemented in an urban school setting. While teens receiving DOT as part of 

the program were more likely to report using a preventive medication, we did not find differences in 

symptoms between groups. While we believe school-based programs have promise in improving the 

delivery of guideline-based care, further research is needed to identify the components of care that 

are most useful and developmentally appropriate for this population of adolescent patients. 
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Figure 1: Consort Diagram 
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Figure 2:  Symptom Free Days, Preventive Medication Prescription, and Adherence Over Time  

 

Figure 2a: Symptom Free Days 
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Figure 2b. Preventive Medication Prescription 
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Figure 2c. Medication Adherence  
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Table 1: Population Demographic Information and Baseline Asthma Symptom Variables  

Characteristic 

Mean (SD), N (%) 

Overall 

N=430 

SB-ACT 

N=149 

DOT-Only 

N=142 

AE 

N=139 

P-value  

TEEN      

Age, mean (SD), years 13.4 (1.2) 13.4 (1.2) 13.4 (1.2) 13.5 (1.2) .723 

Male 240 (56%) 79 (53%) 87 (61%) 74 (53%) .278 

Race: 

     White 

     Black 

     Other 

 

22 (5%) 

239 (56%) 

169 (39%) 

 

5 (3%) 

82 (55%) 

62 (42%) 

 

7 (5%) 

78 (55%) 

57 (40%) 

 

10 (7%) 

79 (57%) 

50 (36%) 

 

.598 

Hispanic Ethnicity 139 (32%) 47 (32%) 50 (35%) 42 (30%)  .649 

Public Insurance 363 (85%) 121 (81%) 121 (86%) 121 (87%) .347 

Depressive Symptoms 121 (28%) 41 (28%) 37 (26%) 43 (31%) .612 

≥1 Smoker in Home 228 (53%) 72 (49%) 73 (51%) 83 (60%) .130 

Salivary Cotinine Level, mean (SD), 

ng/ml 

9.4 (39.5) 9.9 (34.8) 11.0 (40.0) 7.2 (43.6) .318 

Asthma Severity over 14 days, mean 

(SD): 

     

     Symptom-free days 7.7 (4.8) 7.3 (5.0) 7.9 (4.6) 7.9 (5.0) .627 

     Days with daytime symptoms  4.8 (4.4) 5.2 (4.7) 4.6 (4.0) 4.6 (4.5) .663 

     Nights with nighttime symptoms 2.5 (3.5) 2.8 (3.7) 2.1 (3.1) 2.5 (3.8)  .293 

     Days with limited activity 2.8 (3.8) 3.0 (3.7) 2.5 (3.4) 3.0 (4.2) .385  

     Days with rescue medication use  3.3 (4.0) 3.4 (3.2) 3.2 (3.9) 3.4 (4.2) .927 

FeNO (ppb) 38.3 (38.4) 38.6 (39.8) 39.3 (37.9) 36.8 (38.4) .631 

Persistent Asthma Symptoms 303 (71%) 107 (73%) 102 (72%) 94 (68%) .597 

Preventive medication prescription 295 (69%) 100 (68%) 99 (71%) 96 (69%) .884 

≥1 ED, Urgent Care or Hospitalization 

in prior year 

113 (26%) 40 (27%) 39 (28%) 34 (24%) .833 

CAREGIVER      
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Education: <High School 158 (37%) 61 (41%) 47 (33%) 50 (36%) .372 

Marital Status: Single 304 (71%) 95 (64%) 106 (75%) 103 (74%) .070 

Income: <Federal Poverty Level  263 (62%) 87 (59%) 86 (61%) 90 (65%) .617 

Depressive Symptoms 132 (31%) 43 (30%) 45 (32%) 44 (32%) .891 
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Table 2: Main Study Outcomes (3, 5, and 7 months) 

Outcome 

Mean (SD); N (%) 

Overall SB-ACT DOT-Only AE P-

value 

 

Symptom-free days, mean (SD)  11.5 (2.9) 11.5 (2.9) 11.4 (2.9) 11.6 (2.8) .757 

Secondary outcomes, mean (SD):      

     Days with daytime symptoms 1.8 (2.3) 1.8 (2.4) 2.0 (2.3) 1.7 (2.0) .804 

     Nights with nighttime symptoms 1.0 (1.8) 1.0 (2.0) 1.0 (2.0) 0.9 (1.5) .496 

     Days with limited activity 1.2 (2.0) 1.3 (2.2) 1.3 (1.9) 1.2 (1.8)  .583 

     Days with rescue medication use 1.8 (2.5) 1.9 (2.7) 1.7 (2.3) 1.2 (1.8)  .450 

≥1 Day absent from school due to asthma 

(baseline to 7 mos) 

155 (37%) 51 (35%) 58 (43%) 46 (33%) .528 

≥1 ED, urgent care or hospitalization 

(baseline to 7 mos) 

54 (13%) 17 (12%) 22 (16%) 15 (11%) .672 

Change in FeNO level (baseline to 7 mos) -2.4 (31.5) -2.1 (23.2) -6.3 (32.2) 1.7 (38.0) .201 

Change in Teen Quality of Life (baseline 

to 7 mos) 

0.81 (1.2) 0.82 (1.3) 0.80 (1.1) 0.83 (1.3) .662 

Repeated Measures, GEE statistics including: Baseline SFD, Smokers in home, Income level <FPL  
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Table 3: Teen’s Confidence, Importance and Motivation regarding Preventive Medication Adherence over 

Time 

Outcome 

Mean (SD) 

SB-ACT DOT-Only AE P-value  

 

Confidence in Medication Adherence     

     Baseline 

     3 Month 

     5 Month 

     7 Month 

     Mean Score at 3, 5, and 7 Months  

5.9 (2.0) 

7.2 (2.0) 

7.6 (2.0) 

7.0 (2.2) 

7.2 (1.8) 

6.2 (2.0) 

7.0 (2.0) 

6.9 (2.3) 

6.7 (2.4) 

6.9 (2.0) 

6.1 (2.1) 

7.0 (1.8) 

7.0 (2.2) 

6.8 (2.3) 

6.9 (2.0) 

.476 

.472 

.017a 

.763 

.188* 

Motivation in Medication Adherence      

     Baseline 

     3 Month 

     5 Month 

     7 Month 

     Mean Score at 3, 5, and 7 Months 

5.8 (1.9) 

7.6 (2.1) 

7.9 (2.0) 

6.9 (2.4) 

7.4 (1.8) 

6.2 (2.1) 

7.2 (2.2) 

7.3 (2.3) 

6.7 (2.4) 

7.1 (2.0) 

5.8 (2.3) 

6.4 (2.3) 

6.9 (2.4) 

6.6 (2.2) 

6.6 (1.9) 

.185 

<.001b,c 

.002b 

.563 

<.001* 

Importance in Medication Adherence     

     Baseline 

     3 Month 

     5 Month 

     7 Month 

     Mean Score at 3, 5, and 7 Months 

7.1 (1.7) 

8.5 (1.7) 

8.8 (1.5) 

8.0 (2.2) 

8.4 (1.6) 

7.2 (2.0) 

8.1 (1.9) 

8.4 (1.8) 

8.0 (2.0) 

8.1 (1.6) 

7.0 (2.1) 

7.9 (2.1) 

8.3 (2.0) 

7.9 (1.9) 

8.0 (1.7) 

.683 

.043b 

.028b 

.985 

.042* 

Scales range 1-10, higher scores indicating better outcome 

Individual time point comparisons based on ANOVA.  

a
 SB-ACT vs DOT-Only significantly different 

b 
SB-ACT vs AE significantly different 

c 
DOT-Only vs AE significantly different 

*GEE analyses accounting for repeated measures at 3, 5, and 7 month after adjusting for Baseline SFD, Smokers in home and income 
level 
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