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ABSTRACT

Objective Personal health applications have the potential to help patients with chronic disease by improving medication adherence, self-efficacy,
and quality of life. The goal of this study was to assess the impact of MyMediHealth (MIMH) — a website and a short messaging service (SMS)-
based reminder system — on medication adherence and perceived self-efficacy in adolescents with asthma.

Methods We conducted a block-randomized controlled study in academic pediatric outpatient settings. There were 98 adolescents enrolled.
Subjects who were randomized to use MMH were asked to create a medication schedule and receive SMS reminders at designated medication ad-
ministration times for 3 weeks. Control subjects received action lists as a part of their usual care. Primary outcome measures included MMH usage
patterns and self-reports of system usability, medication adherence, asthma control, self-efficacy, and quality of life.

Results Eighty-nine subjects completed the study, of whom 46 were randomized to the intervention arm. Compared to controls, we found im-
provements in self-reported medication adherence (P=.011), quality of life (P=.037), and self-efficacy (P=.016). Subjects reported high satis-

faction with MMH; however, the level of system usage varied widely, with lower use among African American patients.
Conclusions MMH was associated with improved medication adherence, perceived quality of life, and self-efficacy.
Trial Registration This project was registered under http://clinicaltrials.gov/ identifier NCT01730235.

Keywords: adherence, biomedical informatics, adolescent, clinical trial, asthma, mHealth, mobile technology, personal health records.

INTRODUCTION
Treatment of chronic illnesses is a major healthcare expense in the
United States, accounting for 75% of the $2.7 trillion spent on health
care." Poor adherence, defined as the extent to which behavior op-
poses medical advice,” is a significant cause of this cost. It especially
affects children and adolescents, who are challenged by routine com-
pletion of self-care tasks,* and is known to affect health outcomes.®~

Various projects have used technology to address adherence in pedi-
atric chronic illness. For example, home Internet education and asyn-
chronous video evaluation of inhaler use have demonstrated improved
outcomes in young families®® including those with asthma.’”
Researchers also have examined applications that monitor asthma
symptoms at home or school,®'" enhance self-management skills, teach
about asthma and its management,'2™' promote collaborative decision-
making between providers and families,'® and support health behaviors,
including medication adherence, all with encouraging results.'”2°

Text messaging or short-message service (SMS) has been lever-
aged to address previous limitations in behavior change technologies
and reduce barriers to medication adherence.’”2° Mobile phones pro-
vide near-ubiquitous access to patients; text messaging is a core fea-
ture of these devices. Because text messaging does not require a
smart phone, it has good potential for use in studies serving low-
income and underserved populations.>'~2® Text messaging now plays
an important role in translating behavior change theory and empirical
findings into feasible patient support systems. Efficacious short com-
munications have been scheduled to address forgetting in adult popu-
lations, a common barrier to medication adherence.?* Individually
tailored communications also may address beliefs related to taking a
medication, knowledge associated with outcomes, or problem-solving
related to reducing side-effects of medications.'”:2+"

The primary goal of this study was to examine the impact of a
text-message-based reminder system on adherence rates of adoles-
cents with asthma, a chronic disease affecting 12% of high school
students®® with an overall prevalence of 9.5% in children.?® Patients
with asthma are reported to have adherence rates as low as 40% for
medications that prevent symptoms.*® Low adherence is strongly as-
sociated with unnecessary visits to emergency departments® and
contributes to preventable admissions annually.®’

We hypothesized that compared with patients who did not receive
text-message-based medication reminders, patients who received
these reminders would have higher rates of reported medication ad-
ministration adherence, a higher reported self-efficacy, and a higher
rate of reported asthma control and disease-related quality of life.

METHODS

We compared medication adherence when using text-message re-
minders vs usual treatment, between April and November 2012. Our
study utilized a personal health application called MyMediHealth
(MMH).32 MMH is a system to help manage medications and dosing
reminders.

Appendix 1 provides some screen snapshots of MMH. MMH is a
web application designed to run on a tablet or desktop computer. It
contains tools for patients to create and print a structured medication
list, to attach a dosing schedule to each medication, to request a text-
message reminder for each dose, and to visualize medication adher-
ence performance for each medication in the system. It also provides
features such as a “vacation” feature that uses prescription informa-
tion (dose count) entered by the patient to determine if a refill will be
needed before a particular date. To use MMH, a patient creates a
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secure, password-protected profile including a cell phone number.
The system automatically sends a text message to the number re-
questing a verification response. Upon verification, the patient can log
in and create a medication list and schedule. All medication names
are coded using the RxNorm standard.>® Next, MMH generates dosing
reminders based on the requested time of administration. Multiple
medication reminders can be combined into one message. Users may
reply to a reminder by typing a letter: (T)aking, (S)kipping, or (H)olding
a dose one time. MMH also records natural language responses and
user assertions about medication use.>* This approach allows a user
to record the use of a listed medication that is not prescheduled (e.g.,
an as-needed bronchodilator.) When a dose is taken or skipped, MMH
creates a note in a medication administration log. When a dose is
held, MMH asks the user when s/he expects to take the drug (in hours
from time of response) and automatically generates a reminder for
that time. The hold duration is designed not to overlap with the time/
day of the next scheduled dose.

MMH is a product of significant user-centered design as described
elsewhere, consisting initially of focus groups that informed the fea-
ture set, followed by user testing of the scheduling application and
web site. Before conducting this study, the final MMH web site and
application was reviewed by eight families of adolescents who had
asthma, who suggested refinements in the text messaging compo-
nents (specifically, a method to combine notifications into one mes-
sage, as well as the feature of “holding” a dose and repeating the
notification at a specified interval). All features were tested by the proj-
ect team before enrolling patients.

Study Design

This randomized, controlled study took place in pediatric outpatient
settings at an academic medical center. Figure 1 summarizes the
study design. Participants were recruited with flyers, interest card
boxes, an advertisement, and letters of invitation. Participants from a
previous related study®®> who had indicated interest in future studies
also were contacted. A research assistant assessed all respondents
for eligibility over the phone. Eligible participants were English speak-
ing, aged 1217 years, prescribed an asthma medication, able to ac-
cess the Internet, and in possession of a cell phone with an SMS plan.
Verbal consent was obtained from parents or guardians and assent
was obtained from adolescents. The parent and adolescent then com-
pleted baseline online surveys. Completing the survey over the phone
was also possible. Participation in the trial lasted for 3 weeks; a fol-
low-up survey containing some of the same measures collected at
baseline was completed at study’s end. Three weeks was the duration
of participation estimated to allow an adolescent to interact with the
scheduling system, determine if the timing or messaging was appro-
priate, modify the scheduling of reminders if needed, and then ascer-
tain if there was benefit. Participants were block-randomized
automatically®® to the intervention or control group after completion of
the baseline survey, to ensure equivalent randomization during the en-
tire recruitment period.

We followed a protocol for supporting participants that would be
feasible to implement for population-scale availability of MMH.
Participants in the intervention group were instructed to create a MMH
account. Instructions were sent via email, which included a phone
number for 24-h support, a demonstration video, and detailed direc-
tions for testing the text message reminder system. A research coordi-
nator staffed a “help desk” and monitored participant activity for the
first week, contacting inactive participants to troubleshoot and docu-
ment problems. Participants who actively chose not to continue were
dropped from the study. In addition, if a participant was not accessible
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after 1 week, the coordinator made approximately three attempts at
contact, after which the participant was dropped. Intervention partici-
pants were responsible for any text message costs. Participants in the
control group did not receive additional medication management sup-
port beyond usual care, but did receive online educational materials
about asthma medication management. Parents were compensated
at the rate of $20 at enroliment and at completion of the trial.
Adolescents were compensated at the rate of $20 at enroliment and
$40 at completion of the trial. Parents were instructed not to use the
application on behalf of their child, although they were allowed to an-
swer questions posed by their child about the use of the application.

Data Sources/Collection and Measures

Adolescents and parents completed questions about family demo-
graphics, medication regimen, asthma control test (ACT*’ plus one
question about compliance with their asthma controller in the last
week). They were also asked about Perceptions of Asthma Medication
using a 5-point scale ranging from 1 to 5, with 5 being the most nega-
tive (DePaola et al.*%; Cronbach’s o 0.70 for both measures). These
surveys items were administered to both child (C-PAM) and parent (A-
PAM). In addition, at baseline, adolescents completed questions about
asthma management self-efficacy using the Child Asthma Self-
Efficacy Scale (5-point scale ranging from 1= “Not at all sure” to
5 = “Completely sure”)>® with Cronbach’s o reliability at 0.87; quality
of life (mini PAQLQ, 13 items, 7-point scale scored from least to high-
est quality,”® with Cronbach’s o 0.80). The liiness Management
Survey was used to measure barriers to adherence and has a
Cronbach’s o of 0.87 (Logan et al.*' five items on a scale of 1-5, with
5 being the most impairment) and completed items related to their
use of mobile phones and the Internet.

At the end of the trial, we collected usage information, including
activity on the MMH website (e.g., medications entered, number of re-
minders established) and text message reminders/ responses for the
last 3 weeks of the trial. We excluded the first week’s data to allow for
variation in participants’ time to set up the system. In addition, adoles-
cents completed a usability survey.

All study methods were approved by the Vanderbilt University
Institutional Review Board.

Data Analysis

The study analysis followed an intention-to-treat approach.
Intervention and control characteristics collected at baseline were
summarized with descriptive statistics (mean = SD or frequency). We
used a Wilcoxon test for continuous variables, Pearson’s chi-squared
test for categorical variables, and the proportional odds model for ordi-
nal variables between groups. We used the Wilcoxon test for signifi-
cance to assess the change from the baseline survey to the follow-up
survey results, and to assess MMH impact on asthma control, medica-
tion adherence asthma self-efficacy, and quality-of-life. MMH usage
patterns were examined and categorized qualitatively by K.B.J. and
Y.X.H. Differences in usage and responses to the usability scale items
were examined and compared between subgroups in the intervention
group using Wilcoxon and Pearson tests. Comments were reviewed
and described qualitatively.

RESULTS

Figure 1 summarizes enroliment. A total of 98 adolescents and parents
were randomized. Table 1 summarizes demographic and other informa-
tion for control and intervention groups. There were no statistically sig-
nificant differences between groups. Notably, both groups had similar
scores of self-reported asthma control and medication adherence.
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Figure 1: MyMediHealth study eligibility and enrollment

overview.

CONSORT 2010 Flow Diagram

Assessed for eligibility (n=159)

Randomized (n=98)

l Allocation l
Allocated to intervention (n=53) Allocated to control (n=45) ‘

Lost to follow-up (n=7)

+ Child/Guardian did not complete Time 2
survey (n=6) survey (n=2)

+ Child/Guardian withdrew (n=1)

Table 1: Summary of control and intervention group baseline

} }

Total Analyzed (n=46)

+ Completed Baseline + T2 Surveys (n=46)
+ Signed into MMH (n=40)

+ Showed MMH activity (n=24)

Overall Use of MyMediHealth

Fifty-two patients were randomized to the MMH user group (53 allo-
cated to intervention with one withdrawal). We included 46 MMH users
and parents who completed follow-up in our analysis. Of this group, 6
(13%) never signed into MMH. One adolescent’s mobile carrier
(T-Mobile) did not support our text messaging service. Fifteen (38%)
MMH users did not enter any medications, 11 could not be contacted,
3 (parents) stated that they were too busy to use the system, and 1
(adolescent) was unable to set up a reminder successfully. Six (15%)
patients who entered medications did not create reminders. Two of
these did not believe they needed the reminders to help them take
medications, while the other four did not provide an explanation.

MMH users logged into the site an average of 2.5 times (range:
1-6) over the study period. Twenty MMH users added controller medi-
cations to their medication lists, 18 added rescue inhalers, and 8
added allergy medications. MMH users added a median of 2
(SD = 1.4) medications to their medication lists (range: 0-5).

A total of 24/46 MMH users participated in at least one text message
exchange. Participating users were similar to users who did not log into
MMH with regard to age, gender, family income, education, cell phone
plan, child’s need to earn cell phone, or inhaler type. However, 77%
(17) of MMH users who did not log in were African American, compared
to 25% (6) of African Americans who actively used the system
(P=.001). Over the trial period, three usage patterns emerged. One
group of eight users had no problems receiving or responding to alerts.
A second group of three had challenges that resolved over the first
week. A third group of eight users had persistent problems responding
to alerts, but no challenges receiving them. Five users managed
as-needed medications only and had no problems doing so.

0f 21 (46%) MMH users who set up medication reminders, 17
successfully adopted this feature. Participants received an average of
12 initial reminders (with subsequent SMS dialog as shown in the
Appendix) during the 2-week trial period. Based on responses to med-
ication reminders accepted by the system, users took their daily medi-
cations an average of 10 times over 2 weeks.

MMH was set up by 18 (39%) patients to support rescue medica-
tion use. Five users attempted to log their use of a rescue inhaler dur-
ing the study period, and all succeeded.

characteristics
N | Control Intervention | P-value
(N=43) (N=46)
Exctuded (noo) Age 89 [ 13.93 + 154 | 1417 +1.83 | 0.644%
+ Not meeting inclusion criteria (n=11)
 Brvolment ot comletod (ve12) Gender 89
+ Other reasons (n=19)
Male 53% (23) 48% (22)
Female 47% (20) 52% (24)
Race 89 0.162°
White 47% (20) 46% (21)
Lost to follow-up (give reasons) (n=2) African American 47% (20) 50% (23)
+ Child/Guardian did not complete Time 2
Hispanic 0% (0) 4%(2)
Other® 7% (3) 0% (0)
T Completod Baseing + T2 Surveys (n=4c) Family Income 74 0.389°
<$20000 33% (11) 37% (15)
$20001-$40 000 21% (7) 32% (13)
$40001-$70 000 24% (8) 17% (7)
>$70000 21% (7) 15% (6)
Parent/Guardian 89 0.422°
Education
Some high school 33% (14) 48% (22)
High school degree 9% (4) 11% (5)
Some college, no 28% (12) 24% (11)
degree
College degree 21% (9) 15% (7)
Graduate degree 9% (4) 2% (1)
Adolescent needs to 89 0.083°
earn cell phone
Yes 19% (8) 7% (3)
No 81% (35) 93% (43)
Type of asthma inhaler | 89 0.250°
Rescue 33% (14) 22% (10)
Rescue -+ Control 67% (29) 78% (36)
Asthma control Test 89 | 19.37 +3.75 | 19.13 +3.96 | 0.951%
Adherence last 7 days | 65 | 517 £2.22 | 4.25+2.06 0.0582
Self-efficacy 89 431045 | 4.04+0.66 0.089%
Perceptions about 89 | 213051 |230+059 | 0.1612
Medication
Quality of Life 89 | 5.90 =090 5.36 = 1.36 0.107°
liness management 89 | 237 =1.01 | 2.66 = 0.91 0.200?

Xx*s: Mean =1 SD

N: number of patients answering each question. Medication adherence
was assessed only for patients who self-identified as taking a controller
(daily) medication.

3\\ilcoxon test; "Pearson test

‘Other include: Native American, Asian, and Pagific Islander
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Table 2: Summary of MyMediHealth use (Intervention) impact

Measure Control Intervention

N T1 T2 Change N T1 T2 Change | P
Asthma Control Test 43 19.37 21.12 1.74 46 | 19.13 20.78 1.65 0.728
Adherence in last 7 Days — Adolescent on Controller 29 517 3.83 —1.345 36 4.25 4.86 0.611 0.011
Self Efficacy 43 4.305 4.276 0.0291 46 4.038 4.321 0.2826 0.016
Quality of Life 43 5.902 6.053 0.0957 | 44 5.355 5.885 0.5301 0.037

Figure 2: Control versus Intervention group perceptions of medication agdherence, self-efficacy, and quality of life.

Seven-day Controller Adherence Self-Efficacy Quality of Life
P=0.011 P=0.016 P=0.037
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Impact on Asthma Management

Table 2 provides a summary of the trial results. Compared with control
patients, intervention patients had a significant improvement in self-
reported 7-day adherence (Figure 2), with an average gain of 1 day of
adherence, and a median change from 4 to 6 days, compared with no
median change in the control group (P=.011; median data not
shown). These numbers were consistent with observed behaviors doc-
umented through MMH for the intervention group. Parent and adoles-
cent responses showed good agreement with measures of adherence
(Cohen’s k=0.52) and a positive correlation for ACT change
(p=0.69.)

Adolescent perceptions of self-efficacy rose from a median of 4.1—
4.4 (between “quite sure” and “completely sure” of self-efficacy in
asthma management; P=.016). Quality of life increased from a me-
dian of 5.7-6.3 (on a 7 point scale) in the intervention group, com-
pared with the control group (P=.037). Patients who never received
reminders from MMH had unchanged measures of change in 7-day
self-reported adherence and perception of self-efficacy.

Usability of the MyMediHealth website

Attitudes towards the system ranged from neutral to positive, depend-
ing on the aspect of the system. Table 3 shows that usability scores
were the same among active and less active users, with the exception
of frequent users being less able to tell when they used the website
incorrectly (P=.048). One nonuser said that MMH “didn’t work on my
phone.” Two subjects found the medication selection process confus-
ing. A third user had problems responding to reminders for medica-
tions scheduled at the same time. After several attempts, she gave up
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on simultaneously scheduling the medications. However, the subject
was still able to receive and respond to reminder messages for medi-
cations that were scheduled individually. A total of 78% (18) of users
and 86% (18) of nonusers expressed interest in continuing to use
MMH.

DISCUSSION

Different studies have addressed the potential benefits of mobile
phone applications for patients with chronic illness.'”*? Though this
study is small, it is one of the first to demonstrate even a short-term
impact on pediatric medication adherence and perceptions of self-
efficacy in a randomized, controlled fashion. In particular, this study is
the first to involve adolescents, and the first to report changes related
to perceived quality of life and self-efficacy — both of which are more
predictive of larger downstream impact and behavior change.

The use of SMS-based reminders for medication management
holds promise, given the pervasive nature of mobile phones and
computer literacy among young adults and children.*® Recent
studies** provide theoretical support for this technology as a behav-
ior-changing mechanism, and are good starting points for identifying
patient beliefs and barriers to self-care Mulvaney, 2012 #4563}.2%4°
Still, few randomized trials have focused on pediatric-aged patients
with asthma.*®%” Pediatric intervention research in this area is in
early stages but promising larger randomized studies have been
initiated.

As with any effectiveness study, there were a number of results
that should inform other attempts to manage medication adherence
using SMS reminders. First, despite performing task analysis with
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Table 3: MyMediHealth web site usability assessment

Active Users Non-Users P-value

(N=23) (N=21)

Mean (SD) Mean (SD)
| felt comfortable interacting with the MyMediHealth website 81.2 (24.7) 79.2 (22.9) 0.801
MyMediHealth is easy to learn. 83.7 (20.9) 81.5(23.2) 0.900
| was able to create my medication schedule easily. 72.2 (32.0) 71.9 (29.5) 0.795
| found the medication summary report to be useful. 73.7 (26.8) 78.0 (19.9) 0.704
When using the MyMediHealth website, | was able to tell when | made an error or mistake. 56.7 (30.1) 72.7 (25.3) 0.048
The website effectively alerts me to any potential errors or problems. 67.5 (27.6) 68.1(29.2) 0.768
If I noticed an error or was alerted by the website that there was an error or problem, | was able to 56.0 (36.4) 69.1(30.8) 0.194
make the changes needed to fix the problem.
MyMediHealth allows me to do what | need to do with this website. 75.4 (29.0) 73.7 (24.6) 0.515
MyMediHealth provides me with all of the information | need in order to use the website effectively. 73.0 (29.2) 79.6 (24.1) 0.391
MyMediHealth is easy to start up (e.qg., setting up my medication schedule) and begin using. 76.3 (31.3) 75.0 (28.2) 0.711
MyMediHealth allows me to work quickly when | am busy or do not have much time. 72.3 (27.6) 74.8 (26.0) 0.867
The website has a pleasing and appropriate appearance. 85.5(20.2) 82.9 (24.2) 0.803

All values reported on a 0—100 scale from strongly disagree to strongly agree.

P-values are based on Wilcoxon test.

adolescents early in the project® and pilot testing this intervention be-

fore conducting this study, and iteratively improving the design based
on these results, a few patients struggled to identify the right medica-
tion from the graphical depiction of inhalers or the search tool. We be-
lieve that searching will always be a challenge, and that multiple
methods will need to be considered and possibly implemented based
on literacy, numeracy, and language/cultural differences. Second, a
few adolescents had difficulty setting up and addressing reminders.
We struggled with the optimal way to present a reminder for multiple
medications scheduled for administration at the same time. Additional
work is clearly needed to accomplish the goal of engaging a person in
dialog related to sets of medications (e.g., “Hold this but not that” or
“I took this but not that.”)

Our findings need to be considered in light of the study’s limita-
tions. First, as mentioned above, usability problems were identified
during the usability assessment. It is likely that other users had initial
challenges using MMH that might be easily remedied with more test-
ing and feedback.

Second, although we used an intention-to-treat approach, a subset
of participants in the intervention arm never used MMH. This subset
was disproportionately African American, with no other distinguishing
characteristic (other than a slight increase in the need for adolescents
to earn the right to use their cell phones.) Although text messaging is
considered a useful technology to address healthcare disparities, the
integration of the web-based component may have limited access for
some families. Other studies*® have reported similar issues; this is an
area in which further research is indicated.

Pilot testing of earlier MMH versions disclosed that like many new
technologies, there is a period when text messaging was eagerly
accepted, followed by a decrease in the willingness of some users to
interact with it, even when there is benefit. This drop-off has been
well-described by Thaler and Sunstein®® and others, and, in fact, it is
a core motivation for the field of behavioral economics. Studies sug-
gest that the choice of sustaining a beneficial intervention requires

additional motivation beyond the scope of this study.*®>* We elected
to stop data collection at 3 weeks to avoid the drop-off of use unre-
lated to its value. This short duration study demonstrated that a sub-
population exists who derives value from text messaging. A larger,
longitudinal study should be conducted to better understand how to
sustain use over long periods of time in subjects who are seen to de-
rive value from an intervention. Coaching, the provision of rewards for
sustaining, or penalties for quitting are common motivators that should
be included in longitudinal studies addressing longer-term
outcomes.!

Adherence measurement is notoriously difficult to accomplish.
Mechanisms such as direct observation, medication possession ratio,
and even technology to measure doses augments self-report and im-
proves its reliability. In our own work we have shown that interactive
response systems provide a similar level of reliability. In our pilot
s’[udy,35 we attempted a number of methods for data collection, but
none proved as reliable as Asthma Control Test (ACT) or using mobile
phones. For that reason, this study relied on only one measure of ad-
herence. However, the control group could have reported an improve-
ment in adherence with standard therapy and education, but it did not.
This, in addition to the improved assessment of quality of life and self-
efficacy, added some strength to the association of MMH use with the
self-reported measure of adherence.

In addition to these methodological or design limitations, it is impor-
tant to recall that participants were required to have a cell phone with
SMS, as well as Internet access in some form. While access to this sort
of technology is common, it is not universal. Additionally, some patients
have access to the technology but are not facile with its use. Although
we provided video tutorials, we did not determine if they were sufficient.

Our earliest prototypes for MMH included features not studied
here. For example, we did not include tools for medication reconcilia-
tion, links to MEDLINE Plus, or intelligent scheduling interfaces (ensur-
ing that medication timing would not affect bioavailability or increase
the risk of adverse events). Given the results here, we believe that a
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more comprehensive mobile system will be viewed favorably by some
patients. However, our results also suggest that a more complex inter-
face will require support from the healthcare system.

Behavior change is a critical subject in health care. We designed
the initial version of MMH to address a specific population of patients
whose problem with adherence is forgetting to take a routine medica-
tion. However, adherence behavior is associated with other barriers,
as specified by the Information-motivation and behavioral skills
model,>? among others. MMH users might benefit from information
about their medications and the importance of dosing regimens, how
to schedule medications, and about side effects. They also may benefit
from tools or system designs that increase motivation, self-efficacy,
and social support, and skill training. We clearly have only begun to
explore many of these determinants of consistent health behavior per-
formance with this version of MMH.

CONCLUSION

The MMH intervention was associated with improvement in self-
reported controller medication adherence, quality of life, and self-
efficacy. Interestingly, we also found a significant racial disparity in
the rate of MMH adoption. Our results suggest that a text mes-
sage medication reminder system such as MMH can potentially
promote better asthma management in the adolescent population,
though further research is needed to identify and address barriers to
adoption.
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