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ackground: Adolescents with asthma are at risk of poor outcomes and are traditionally difficult to reach.
bjective: To examine adolescents’ use of and asthma outcomes associated with smartphone- vs paper-
ased asthma action plans (AAPs).
ethods: We conducted a 6-month randomized clinical trial with adolescents (12e17 years old) with
ersistent asthma. Participants used their respective smartphone or paper AAPs for medication instructions

and peak flow or asthma symptoms logging. AAP use was measured electronically for smartphone users and
via mail-in diaries for the paper group. Changes in Asthma Control Test (ACT) and self-efficacy scores were
examined.
Results: Thirty-four adolescents participated in this study (median age, 15.4 years). Participants were mostly
African American (62%) with state-issued insurance (71%). Adolescents in the smartphone group accessed
the AAP a median of 12.17 times per week or 4.36 days per week but only recorded medications or
symptoms and peak flow data in the electronic diary a median of 10 days per month during the 6-month
period. Participants in the paper group recorded data a median of 23.5 days per month on their paper di-
aries. Overall, there were no changes in ACT and self-efficacy scores between groups. Adolescents with
uncontrolled asthma (baseline ACT score �19) had an improvement in ACT for the smartphone group
(before, 11; after, 20) ([P ¼ .04) compared with no change in the paper group (before, 17; after, 17) (P ¼ .64).
Adolescent satisfaction with the application was high, with 100% stating they would recommend the
smartphone AAP to a friend.
Conclusion: Adolescents were frequent and highly satisfied users of the smartphone AAP with a subset of
participants with uncontrolled asthma demonstrating possible clinical benefit. Findings suggest a need for
larger-scale studies to determine the effectiveness of smartphone-based AAPs among high-risk patients with
asthma.
Trial Registration: clinicaltrials.gov Identifier: NCT02091869.
� 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction when follow-up visits are conducted according to national guide-
Asthma is a chronic relapsing respiratory disease that is
responsible for significant childhoodmorbidity. For the past several
decades, it has been recognized as an important public health issue
frequently associated with pediatric acute health care use.1 Even
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lines,2 day-to-day symptoms and exacerbations can go undocu-
mented between regularly scheduled visits for children with
asthma. To improve asthma self-management, asthma action plans
(AAPs) are recommended for patients with asthma2; however,
studies indicate that 50% of children do not receive AAPs as rec-
ommended by guidelines.3 Furthermore, real-time tracking of
traditional AAP use is impossible because of their paper-based
nature, and paper diaries are potentially inaccurate because of
patients’ ability to backfill or falsify data. A smartphone-based so-
lution with electronic, real-time data tracking capabilities and
time-stamped logging could potentially serve to eliminate
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inaccuracies and errors in data logging. This solution can also lessen
the burden for patients who are expected to keep up with paper-
based AAPs and diaries.

Because of high morbidity and mortality rates, clinicians and
researchers are compelled to continue to search for innovative and
engaging methods to decrease risks for high-risk populations, such
as adolescents. Adolescents are at particularly high risk for adverse
asthma outcomes because of poor medication adherence, increased
forgetfulness, increased risk-taking behavior, and poor self-
management skills.4,5 Adolescents also often deal with competing
priorities, such as school, friends, and work, that may interfere with
optimal asthma management.6 Despite these risks and competing
priorities, adolescents are expected to accept more responsibility
for health care decision making as they transition to adulthood.
Mobile technology use is ubiquitous among US adolescents7 and
has the potential to bridge the gap in chronic disease self-
management because it can be incorporated into the adolescent’s
daily life. Although a recent study revealed that 209 mobile appli-
cations for asthma were commercially available, most patient-
directed applications offered general training and teaching or
consisted of generic tracking capabilities for patients without
personalization.8 We hypothesized that at-risk groups such as ad-
olescents may benefit from a personalized smartphone-based AAP
aimed to improve asthma self-management and health outcomes
by providing individualized real-time feedback, providing asthma
medication reminders, and allowing for electronic asthma diary
use.
Methods

We conducted a 6-month randomized pilot study comparing
AAP use rates and asthma outcomes for adolescents using smart-
phone- vs paper-based AAPs. Informed consent and assent were
obtained from all participating caregivers and participants,
respectively. All study procedures were approved by the University
of Arkansas for Medical Sciences Institutional Review Board. Ado-
lescents were recruited from outpatient clinics at Arkansas Chil-
dren’s Hospital by convenience sampling. Potential participants
received information about the research study and contact infor-
mation for the research team via recruitment flyers posted in
outpatient clinics or direct contact with clinic staff at the time of a
scheduled appointment. Interested participants contacted the
study team or gave permission to clinic staff to be contacted by
study personnel. Before enrollment, potential participants were
screened to ensure that inclusion criteria were met. Inclusion
criteria were (1) adolescents 12 to 17 years old with physician-
diagnosed persistent asthma who had been prescribed an asthma
controller within the previous 6 months and (2) access to a
smartphone compatible with the application (at least iOS v8 or
Android v4.1) with a data plan. Participants were enrolled in the
study during the months of April to October 2014 and participated
in the study for 6 consecutive months.

Each participant’s current asthma medications were confirmed
by medical record review and parental interview. All participants
received asthma education on symptoms-based and peak
flowebased asthma monitoring and proper use of AAPs. All par-
ticipants received a valved holding chamber device (Aerochamber,
MonaghanMedical Corporation, Plattsburgh, New York) and a peak
flow meter (TruZone, Monaghan Medical Corporation, Plattsburgh,
New York). Training was provided, and each participant demon-
strated proper technique with both devices. Participants were then
randomized to receive either the smartphone- or paper-based AAP
as his/her primary self-management tool. Participants were
instructed to use their respective AAP daily for routine use and as
needed for managing worsening symptoms for 6 months.
The smartphone application was developed by the study team
and previously pilot tested among adolescents with persistent
asthma.9 The study team was composed of a board-certified aller-
gist, board-certified pediatric pulmonologist, certified respiratory
therapist, a health behaviorist, application developers, and
community-based researchers. To ensure that the application was
patient centered and tailored to fit the preferences of the target
population, the smartphone application was enhanced to include
colorful and teen-friendly graphics based on suggestions of com-
munity stakeholders (teens with asthma and their parents) and
updated to meet requirements for current Android and iOS sys-
tems. To provide real-time tracking of use, we integrated the
Piwik10 open analytics platform into the AAP smartphone appli-
cation. Each critical user activity on the AAP application, such as
logging in, entering peak flow, and logging out, was registered as a
separate event in Piwik along with its timestamp. The smartphone
application automatically timed out after 5 minutes of inactivity.

After enrollment, the application was downloaded to the
smartphone of each participant randomized to the smartphone
group. Features of the application included (1) personalized AAP for
routine and worsening asthma symptoms; (2) daily medication
reminders; (3) monthly prescription refill reminders; (4) self-
management tips, such as trigger avoidance; and (5) electronic
peak flow and/or symptoms diary. Smartphone participants were
instructed to monitor and log peak flow and/or symptoms along
with medication doses on the application both daily and as needed
(during worsening symptoms). Peak flow or symptoms based
monitoring was based on the preferences of the adolescent and his/
her health care practitioner; participants were not required to
monitor both symptoms and peak flow. Once data were entered by
the participant (either peak flow or symptoms), the application
automatically navigated to the participant’s personalized treatment
zone screen to provide instructions for medication dosing. If rescue
medication dosing was recommended per the participant’s yellow
or red zone instructions, the participant was prompted to reassess
symptoms or peak flow 20 minutes after the recommended rescue
dose. Participants were prompted to contact their regular health
care practitioner or seek emergency care for symptoms that failed
to improve or worsened despite rescue medication dosing (Fig 1). If
the participant entered severe symptoms, such as lips turning blue,
trouble talking, or throat tight, the application screen immediately
and automatically navigated to a shortcut prompting the partici-
pant to “Call 911/EMS” for emergency assistance. In addition to
these interactive features, daily push notifications were automati-
cally sent to remind participants to record peak flow or asthma
symptoms and to take controller medications per the adolescent’s
personalized AAP. Delivery time of the messages and reminders
were customized based on the participant’s preferences (ie, before
school). Educational messages were sent via push notifications
twice weekly at varying times.

Certain features of the application required mobile connectivity
or Wi-Fi connection, such as the initial downloading of the appli-
cation; however, clinically important features of the application
were accessible 24 hours per day 7 days per week without mobile
connectivity or Wi-Fi connection. For example, participants were
able to access their personalized AAP, enter peak flow or symptoms
data, and receive real-time feedback at any time regardless of
mobile connectivity. These features were programed as part of the
password-protected native application on the participant’s phone
and required no exchange of data with the remote server to oper-
ate. For data compilation and monitoring by research personnel,
participant-entered data (peak flow or symptoms) were uploaded
to a secure server automatically if the participant was connected to
Wi-Fi or mobile network or temporarily stored on the participant’s
device until the next time the participant was connected to the
mobile network or Wi-Fi.



Asthma 
Zones Peak flow or Symptoms Treatment

Green Zone

Peak flow reading ≥80% of 
personal best OR asthma 
symptoms are absent and no 
limitation of activities 

No extra medications recommended. The 
participant was instructed to continue daily 
controller asthma medications.

Yellow Zone

Peak flow reading 51-79% of 
the participant’s personal 
best OR mild-moderate 
coughing, wheezing, 
shortness of breath or other 
symptoms that interfere with 
the ability to perform his/her 
usual activities. Symptoms 
are not severe, but the 
participant may have to stop 
his/her activities to rest.

The participant received instructions on 
name/dose/frequency of rescue medication 
and prompted to re-check peak flow and/or 
symptoms 20 minutes after rescue 
medication dose. If the participant recorded 
≥2 consecutive readings in the Yellow Zone 
in ≤48 hours, the participant was instructed to 
contact his/her healthcare provider.**

Red Zone

Peak flow reading ≤50% of 
participant’s personal best 
OR asthma symptoms are 
severe, and the participant is 
unable to perform his/her 
usual activities. Symptoms of 
abdominal breathing, inability
to complete sentences, and 
extreme fatigue may be 
present.

The participant received instructions on 
name/dose/frequency of rescue medication. 
The participant was instructed to seek 
emergency medical attention immediately if 
symptoms worsen or fail to improve with 
treatment. The participant was prompted to 
re-check peak flow and/or symptoms 20 
minutes after rescue medication dose. If the 
participant initially improved but subsequently 
entered another (consecutive) Red Zone 
reading, the participant was instructed to 
contact his/her healthcare provider. If the 
participant entered severe symptoms such as 
“lips turning blue,” “trouble talking” or “throat 
tight,” the application screen immediately and 
automatically navigated to a shortcut link 
prompting the participant to “Call 911/EMS” 
for emergency assistance.**

** At enrollment, all participants were instructed that the AAP was not a substitute for emergency or routine 
medical care and they were instructed to keep regularly scheduled medical appointments and to seek 
urgent medical attention in case of emergency. Research staff and the parent/caregiver received email 
notification if the participant entered data that triggered an alert to notify/call the doctor, seek emergency 
medical care or “call 911.” These notification measures were for added patient safety to ensure that 
appropriate medical care was sought.

Figure 1. Personalized asthma action plan instructions for each zone. The application automatically navigated the participant’s personalized treatment zone based on the data
(peak flow or symptoms) entered by the adolescent on his/her smartphone device.
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Paper-based AAP participants were instructed to use their AAP
for daily care and worsening symptoms. At enrollment, they were
provided a monthly paper diary to record daily peak flow and/or
symptoms. To reduce the risk of lost diaries, blank paper diaries
were mailed to participants each month, and they were asked to
return completed diaries to the study team monthly via a self-
addressed envelope.

Every participant completed the Asthma Control Test (ACT)11

and the child self-efficacy questionnaire12 at baseline and at the
end of the 6-month intervention. The ACT is a 5-item validated,
self-report questionnaire designed to assess asthma control in the
past 4 weeks. Responses yield a total score (range, 5e25), with
scores of 19 or less indicating uncontrolled asthma. The child
asthma self-efficacy questionnaire is a 14-item validated ques-
tionnaire (total score range, 14e70 points) designed to measure
child self-efficacy with regard to attack prevention and attack
management.12 The Cronbach a reliability was 0.75.12

We estimated a sample size of 17 in each group to have at least
80% power to detect a median difference of 4 in change from
baseline ACT between the 2 groups assuming an SD of 3.75. Sample
size calculation was performed using the software PASS 11 (NCSS,
LLC, Kaysville, Utah) assuming a 2-sided significance level of 5%.We
summarized baseline characteristics and outcomes using descrip-
tive statistics, such as frequency and percentages for categorical
variables and medians and quartiles for continuous outcomes.
Baseline characteristics were compared between the smartphone-
and paper-based groups using the Fisher exact test and Wilcoxon
rank sum test as appropriate. Changes from baseline to 6 months in
asthma self-efficacy and ACT scores were compared usingWilcoxon
rank sum test. We also compared self-efficacy and ACT scores



Table 1
Demographic Characteristics of the Study Participantsa

Characteristic All (N ¼ 34) Smartphone AAP group (n ¼ 17) Paper AAP group (n ¼ 17) P value

Age, y 15.4 (14.3e16.3) 15.3 (14.4e16.8) 15.4 (13.4e16.1) .36
Male sex 13 (38) 5 (29) 8 (47) .48
Race .72
African- American 21 (62) 11 (65) 10 (59)
White 12 (35) 5 (29) 7 (41)
American Indian/Alaska Native 1 (3) 1 (6) 0

Insurance .68
Private 9 (26.5) 4 (23.5) 5 (29.4)
Medicaid 12 (35.3) 5 (29.4) 7 (41.2)
ARKids 13 (38.2) 8 (47.1) 5 (29.4)

Annual household income, $b .36
�14,999 5 (17.8) 3 (21.4) 2 (14.2)
15,000e29,999 14 (50.0) 8 (57.1) 6 (42.9)
30,000e60,000 8 (28.6) 2 (14.3) 6 (42.9)
>60,000 1 (3.6) 1 (7.2) 0

Baseline Asthma Control Test score 21 (17e24) 21 (18e24) 20 (17e24) .86

Abbreviation: ARKids, Arkansas’ State Child Health Insurance Plan.
aFor continuous variables, data are presented as median (interquartile range) andWilcoxon rank sum test P values are reported; for categorical variables, data are presented as
number (percentage) of patients and Fisher exact test P values are reported.
bData were missing for some participants.

Figure 2. Asthma action plan (AAP) use over time. AAP use decreased by 0.04 days
per week during the 6-month intervention (P ¼ .14).
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between the 2 groups after stratifying patients based on the level of
asthma control at baseline (�19 or >19). Six of the 34 participants
(18%) did not complete the survey at the end of the 6-month
intervention period and did not log use in diaries or in the app.
These participants were considered lost to follow-up. A per-
protocol analysis was conducted, and the comparison of AAP use,
ACT scores, and self-efficacy scores was analyzed among those who
completed the study to avoid imputation of missing outcomes.
Two-sided P � .05 was considered statistically significant. All ana-
lyses were conducted using the statistical software package R.13

Results

Of the 34 enrolled participants, median age was 15.4 years and
62% were African American (Table 1). Most participants (70%) had
state-issued health insurance (either Medicaid [41%] or Arkansas’
State Child Health Insurance Plan [29%]). Participants represented a
mix of urban (68%) and rural (32%) adolescents. Of the 17 inter-
vention participants, 15 (88%) had a monthly data package, and 2
(12%) had pay as you gominutes. Themedian baseline ACT score for
the overall study population was 21; however, 15 adolescents (7 in
the smartphone group in 8 in the paper group) had baseline ACT
scores of 19 or less, indicating uncontrolled asthma. Participants
were experienced with smartphone use and mobile applications,
with 97% of adolescents stating that they had downloaded and used
an app on a smartphone before enrollment. Similarly, 97% adoles-
cents stated that they had used a smartphone to access the internet
before enrollment.

AAP Use

During the 6-month study period, adolescents in the smart-
phone group accessed the smartphone AAP a median of 4.36 days
perweek. Furthermore, adolescents accessed the smartphone AAP a
median of 12.17 times per week, indicating that some participants
accessed the application multiple times per day on some days. We
examined use of the smartphone AAP over time. There was a
downward trend of AAP use, with a decrease of 0.04 days per week
during the 6-month study; however, this trend was not statistically
significant (P ¼ .14) (Fig 2). Although participants accessed the
smartphone application frequently, use of the electronic diary to
record medications, peak flow, and symptoms was low. Three par-
ticipants failed to log anymedications, peak flow, or symptoms data
during the 6-month period, and only 1 participant logged at least
once per week for the entire study period. Even though they
accessed the AAP frequently throughout theweek, smartphone AAP
participants completed the electronic diary amedian of only 10 days
per month. Diary use rates were better for the paper AAP group,
with 6 participants (35.3%) returning all 6 diaries and 3 participants
returning 0 diaries during the 6-month study period. Overall, paper
AAP participants completed the paper diary amedian of 23 days per
month, which was a significantly higher diary completion rate
compared with the smartphone AAP group (P ¼ .03).

Patient Outcomes

For the overall population, there were no statistically significant
changes in ACT scores between groups after the 6-month inter-
vention. The median ACT score for the smartphone group was 21
before and 22 after the intervention; for the paper group, the me-
dian ACT score was 20 before and 21 after the intervention. During
analysis, participants were stratified based on the level of asthma
control at baseline. In the uncontrolled smartphone group, the
median ACT score improved from 11 before to 20 after the inter-
vention (P ¼ .04). There was no change in median ACT score among
participants in the paper group with uncontrolled asthma, with
median scores of 17 before and 17 after the intervention (P ¼ .64)
(Fig 3). Asthma self-efficacy scores did not significantly change for
either group, with the smartphone group having a median self-



Figure 3. Distribution of Asthma Control Test (ACT) scores before and after the
intervention for the paper AAP and the smartphone AAP groups among patients
with uncontrolled asthma at baseline. There was a significant change in ACT score
for the smartphone group (P ¼ .04) but not the paper group (P ¼ .64). Solid hori-
zontal lines inside the boxes represents the median.

Table 2
Postparticipation Satisfaction Survey (Smartphone Group Only)

Survey response No. of patients who agree
or strongly agree/total
no. of patients (%)

1. Would like to keep using the mobile app 11/12 (92)
2. Would recommend app to a friend with
asthma

12/12 (100)

3. Mobile app helpedme keepmy asthma under
better control

9/12 (75)

4. Like using technology to help manage my
health

11/12 (92)

5. Reminders helped me remember to take my
medications

10/12 (83)

6. Mobile app had too many reminders 4/12 (33)
7. Liked receiving asthma tips and messages 10/12 (83)
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efficacy score of 61 before and 62 after the invention and the paper
group having a median self-efficacy score of 62 before and 60 after
the intervention. Therewas no significant change in self-efficacy for
either group when stratified by baseline asthma control.

Patient Satisfaction

We assessed participant satisfaction among the smartphone
group only at the end of the 6-month intervention (Table 2). Twelve
of the 17 smartphone AAP participants completed the post-
intervention satisfaction survey; 92% stated they would like to
continue using the application, and 100% stated they would
recommend the application to a friend with asthma. When ques-
tioned about specific features of the application, most thought the
application helped them better control asthma (75%), thought re-
minders helped them remember to take their medications (83%),
and liked receiving the asthma tips and education via push notifi-
cation (83%). Thirty-three percent thought the application had too
many reminders.

Discussion

Mobile health (mHealth) technology integrates into today’s so-
cietal trends of frequent and daily smartphone use by adolescents.
In national studies, most US adolescents report frequent smart-
phone use, with 73% having smartphone access and 91% stating
they access the internet using a mobile device.7 Similar to these
national trends, our study population, representing both rural and
urban adolescents, reported high smartphone use rates. Eighty-
eight percent had data packages vs pay as you go minutes, and
97% reported they used smartphones to download mobile appli-
cations and to access the internet before enrollment. The fact that
smartphone technology is so ubiquitous in the lives of adolescents
makes it a potentially feasible and acceptable technology-based
solution that can be integrated into adolescents’ daily routines.
Furthermore, because adolescents are traditionally difficult to
engage and at high risk for poor asthma outcomes,4e6 clinicians
and researchers should continue to seek innovative techniques to
engage them in an effort to improve self-management skills and
health outcomes.

Similar to prior results,9 adolescents with uncontrolled asthma
had improved ACT scores after using the smartphone AAP during
the 6-month study period. Although these results were not statis-
tically significant, they may indicate a specific target population for
future larger studies. Schatz et al14 describe a minimally important
difference of 3 points on the ACT as clinically relevant. A larger
study would be better powered to observe these differences in
patients with uncontrolled asthma. The negative results of this pilot
study further support the current literature8,9,15,16 that a one-size-
fits-all approach is unlikely to be effective given the large hetero-
geneity in patient and disease characteristics among asthma pop-
ulations. Researchers and clinicians should consider tailored and
personalized mobile-based solutions designed to address certain
patient characteristics, such as the patient’s underlying level of
asthma control. More investigation needs to be conducted
regarding the effect of social determinants, such as geographic
location (rural vs urban), access to subspecialty care, and socio-
economic status, to ensure that these factors are considered in the
design of technology-based solutions.

Overall, use of the daily diaries did not appear to be effective in
either group. Smartphone AAP users logged in the electronic diary
10 days per month compared with the paper group, who logged 23
days per month in the paper diary. Unlike the electronic diaries that
are time stamped and impossible to backfill, paper diaries can be
backfilled by patients, so there is noway to distinguish whether the
diaries were completed in real time. Regardless of whether ado-
lescents in the paper group logged in their diaries in real-time or
backfilled diaries, more frequent logging did not result in better
outcomes for the paper AAP group. This finding, coupled with the
fact that the smartphone AAP group only logged 10 days permonth,
suggests that neither paper nor electronic diaries are likely to be
effective stand-alone self-management tool for adolescents.

Although we initially hypothesized that the smartphone group
would have improved asthma control because of improved self-
efficacy, our hypothesis was not supported by the findings. Self-
efficacy is the belief in one’s ability to perform a behavior.
Improvement in asthma control without improvement in self-
efficacy may have occurred because adolescents were simply
reacting to the prompts or cues to action (ie,medication reminders).
They may not have been confident in their ability to act without the
aid of the application. More studies are needed to delineate which
specific features of the application are most effective in improving
both clinical and behavioral outcomes for adolescents.

Our study adds to the increasing asthma mHealth literature
because it is one of the few randomized studies conducted during a
6-month period. Most currently published asthma mHealth trials
describe short-term studies and nonrandomized trials.8,16e19 The
application’s design was tailored based on input and feedback of
adolescents with asthma and their caregivers. The importance of
the contribution of adolescents in the overall design of smartphone
applications has been recognized by others20 and likely contributed
to the frequent and sustained use of the application (median, 4.36
days per week). Another strength of our study includes the baseline
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training and education received before randomization. This edu-
cation served to ensure that each participant knew the purpose of
his/her AAP, how to use it, and how to report symptoms and use
common asthma devices, peak flow meters, and metered-dose in-
halers before randomization.

One limitation includes the small number of participants. This
investigation was designed to be a pilot study to examine AAP use
rates and outcomes during a 6-month period. Participants were
randomized into treatment groups without consideration of base-
line characteristics, such as ACT scores; thus, subgroup analysis
should be interpreted with caution. A larger sample size would
have allowed for stratification of participants based on ACT scores
before randomization and could have potentially helped in deter-
mining the effect of the intervention on asthma outcomes among
adolescents with varying degrees of baseline asthma control. On
the basis of these pilot findings, we will plan future studies to
include larger study populations to allow for stratification of par-
ticipants by baseline and other disease-specific characteristics.
Despite this limitation, we were able to examine the minimally
important difference in ACT scores based on the study by Schatz
et al14 to assess for clinically relevant changes in ACT scores among
the 2 treatment groups. Our findings, although not statistically
significant, suggest an association between use of the smartphone
AAP and potentially clinically relevant improvements in ACT score
(change �3 points) over time compared with use of a paper AAP.
Another potential limitation of our study is that the analysis was
performed on a per-protocol population inwhich we only analyzed
patients who completed the study, which has a potential for biased
results of unknown magnitude and direction.

Another limitation included lack of medication adherence
monitoring. Several application features were designed to improve
medication adherence, including access 24 hours per day 7 days per
week to prescribed medications, with real-time medication dosing
feedback, daily medication reminders, and asthma education
delivered directly to the adolescent’s smartphone. Although there
was no trend to suggest significant “app fatigue” over time (Fig 2),
we did not examine the effect of the use of specific application
features on medication adherence because it was beyond the scope
of this small pilot study. Bluetooth-enabled medication devices
allow for electronic capture ofmedication dosing and do not require
the patient to take extra steps to record medication doses. This
technology would preclude the need for electronic or paper diaries
to record medication doses; however, several devices exist,21e23

and none are compatible with every available preventive or
rescue medication. Because we did not provide medications for
study participants, participants taking controller medications
incompatible with a specific monitoring device would have been
excluded, and thus the small population would have been skewed
to include only one particular type or brand of preventive medica-
tion (ie, meter-dose inhaler vs dry powder inhaler vs pill). A larger-
scale study will allow for more flexibility to include Bluetooth-
enabled monitoring devices to measure medication adherence.

While continuing to examine mHealth technology use among
adolescents, future investigations should explore the effect of
disease-specific characteristics, such as underlying asthma control
and asthma severity, patient characteristics, and social de-
terminants of health. Incorporation of health behavior theory to
better understand adherence and corresponding mHealth tech-
nology use will inform future studies. Using a theoretical frame-
work, such as the Health Belief Model, a commonly used
explanatory theory of health behavior that has been applied to
adolescents24 and specifically to beliefs about medication adher-
ence and asthma management among those with asthma,25 can
guide this exploration. Understanding these behaviors can help
clinicians develop effective and tailored mHealth treatment in-
terventions that integrate with adolescents’ preferences and tech-
nology use.7
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