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Introduction: Poor asthma control in adolescents is partly attributed to inadequate asthma education for self-management. This study
is set to determine the effectiveness of the “KmAsthma” self-management app in improving the control of asthma among adolescents
in a low-resource setting.

Methods: The two-arm 6-month cluster randomized controlled trial, will aim at enrolling 120 day scholars aged 12-19 years in
secondary schools with a clinician’s diagnosis and self-reported uncontrolled asthma in Kampala City Uganda. The primary endpoint
of asthma control will be measured as a change in mean Asthma Control Test (ACT) scores. Asthma quality of life, adherence to
medications, and self-efficacy will also be assessed. The iMproving the ContROI of aSthma (MICROS) study will employ the
“KmAsthma” app for self-management education. The intervention group will receive the app on their smartphones and training on its
eight sections: the profile, asthma history, goals, inspirations, reminders, connect, information about asthma, and emergency support.
Participants will navigate these sections to set asthma control goals, schedule medication reminders, log daily symptoms, and receive
guidance for attacks. All participants will be encouraged to seek routine care. A study nurse will follow up with each participant via
the phone six weeks post-intervention. The MICROS study was approved by the Makerere University School of Medicine Research
and Ethics Committee and the Uganda National Council of Science and Technology. This protocol is registered on Clinicaltrials.gov
(NCT05850806).

Conclusion: The MICROS study will provide comprehensive insights into how effective a mHealth intervention can be an aid for
adolescents in a low-resource setting in managing their asthma. The findings of this study will contribute to filling the gap leading to
unsatisfactory asthma control in adolescents.

Keywords: asthma control, uncontrolled asthma, smartphone app, adolescents, school, low-resource setting, adherence, self-efficacy

Introduction

Asthma remains a global health challenge, impacting an estimated 339 million individuals of all ages.'” In Africa,
approximately 119.3 million people grapple with asthma.®> In Uganda, asthma prevalence varies from 6.8% to 20.43%
with higher rates in urban areas (12.99%) compared to rural regions (8.86%).* Despite advances in asthma care in

countries like Finland and Brazil,””’

adolescents in low-resource settings face distinct obstacles to controlling the
condition. The burden of asthma among school-going adolescents in these settings is significant, with consequences
extending beyond physical symptoms.' Effective asthma management is possible,® yet a substantial proportion (45-46%)
of school children with asthma experience uncontrolled or partially controlled asthma.’'

In low-resource settings, adolescents with asthma often encounter a multifaceted challenge.!' Limited access to

healthcare services, medication, and asthma education, compounds the difficulties of managing this chronic condition.
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Consequently, adolescents with uncontrolled asthma experience frequent exacerbations'? leading to missed school days,
compromised academic performance, and in some cases death.'>!'

The intersection of adolescence, a phase marked by increased independence, and asthma management can be
particularly challenging as adolescents may struggle with medication adherence and self-management.'>"”

In recent years, mobile health (mHealth) interventions have emerged as promising tools to address healthcare
disparities and improve disease management, even in resource—constrained environments.'® The ubiquity of smartphones
and the ease of access they offer to health-related information and tools makes them an attractive avenue for supporting
adolescents in managing their asthma.'® Health interventions delivered on smartphones can facilitate remote access to
health education, and patient monitoring and positively motivate and influence attitudes towards change.?**'

This protocol outlines a cluster randomized controlled trial (RCT) that seeks to evaluate the effectiveness of the
KmAsthma self-management app in improving the control of asthma among day scholars aged 12-19 years in secondary
schools in Kampala City Uganda. A review”> found the KmAsthma app to have a high-quality rating with the potential to
facilitate asthma self-management.”> We hypothesize that the use of this app will empower adolescents to take a more
active role in their asthma management, ultimately leading to improved asthma control, enhanced medication adherence,
self-efficacy, and a better quality of life.

The findings of this study are anticipated to bridge the gap in asthma care for adolescents in low-resource settings by
leveraging the potential of mobile technology. The findings will not only contribute to the growing body of evidence on
mHealth interventions for chronic diseases but also hold the potential to revolutionize asthma care for a vulnerable and
underserved population. By addressing the unique challenges faced by adolescents with asthma in resource-constrained
environments, we aspire to pave the way for a more equitable and effective approach to managing this chronic condition,
ultimately enhancing the well-being and academic prospects of these adolescents.

Methods and Design
Study Design and Setting

The MICROS study will utilize a two-arm cluster-randomized, single-blinded, pragmatic parallel trial design to
investigate how the KmAsthma smartphone app can enhance asthma control among day scholars in secondary schools
in a resource-limited setting. Participants will be encouraged to continue attending their regular hospital appointments
and follow prescribed medication guidance from their healthcare team. The intervention arm will download and receive
training on the use of the app while the control arm will have no intervention. The primary endpoint is to enhance asthma
control measured through the Asthma Control Test (ACT) scores®* during a 6-month self-management intervention. The
study will select secondary schools in Kampala City and cluster randomization will be performed after collecting
baseline data. The allocation ratio is 1:1, and 30 schools will participate. This study is designed as a single-blinded
trial since schools and teachers cannot be blinded. Data collectors will not know group allocations and the statistician
performing data analysis will use treatment numerical codes without knowing the groups. Assessments will occur at
baseline, 3 months, and 6 months using the ACT. Ethical approval and permissions were obtained from Makerere
University College of Health Sciences School of Medicine Research and Ethics Committee (SOMREC) under reference
number Mak-SOMREC-2021-67, as well as by the Uganda National Council of Science and Technology under reference
number HS2791ES. The study protocol is registered on ClinicalTrials.gov under reference number NCT05850806.
Informed consent will be obtained from participants and their guardians, and the study will follow CONSORT?® and
SPIRIT guidelines.”*?” All the study experiments will be performed in accordance with relevant guidelines and
regulations (such as the Declaration of Helsinki).?®*’ Figure 1 shows the study flow plan.

Study Participants

The selection criteria for secondary schools in Kampala City for the randomized controlled trial include being listed in
the Ministry of Education and Sports Placement guide,*® enrolling students aged 12 and above, not participating in other
asthma trials, and having a history of presenting candidates for at least five years between 2011-2016.%® A total of 30
schools will be sampled using cluster sampling, with participants drawn from various types of secondary schools in the
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Figure | Study flow plan of the cluster randomized controlled trial on the effectiveness of the self-management app.

city. Eligible participants will include day secondary school adolescents aged 12—19 years with a clinician’s diagnosis
and self-reported uncontrolled asthma (ACT score < 19),* owning and regularly using a smartphone, and providing
assent and informed consent. Participants in another asthma trial and those with a severe illness preventing smartphone

use will be excluded.

Recruitment, Screening, and Consent

Recruitment will occur in Uganda’s first term to account for school transfers. With permission from the Directorate of
Education and Training of Kampala City, the research team will seek school approval and collaboration with the school
nurse or health teacher. The study’s purpose will be explained to all students during a general assembly. Eligible students
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will complete a case detection survey using the adapted ISAAC questionnaire®’ to identify asthma symptoms and their
parents will receive letters offering the option to opt-out through passive consent. Students will also complete a survey
about their asthma history, and those scoring 19 or lower on the Asthma Control Test** will qualify for enrollment.
Eligible students will be enrolled and randomized in the first three months of Uganda’s secondary school calendar.

Trial Size Estimates
The study posits that among day scholar secondary school adolescents aged 12—19 years with uncontrolled asthma in
Kampala City, Uganda, utilizing the KmAsthma self-management app for six months on their mobile phones, compared
to having no mHealth app, will lead to a 9% increase in individual total Asthma Control Test scores from baseline.

To calculate the sample size, we employ a formula comparing means®? and refer to a similar study® involving early
adolescents (ages 12—15) with an Asthma Control Test score of 20.44 (+2.30). Considering the 9% increase in the ACT

score, the sample size is determined using the formula:

(Zapp+Zp)? (26%) [1+(n — D)p][1/(1 — ar)] <DE 5 (196 + 0.84) (2x2.32) [1++(4 — 1)0.04][1/(1 — 0.15)] i
B A B (20.44 — 22.2796)*

With a two-sided significance level (a) of 0.05, (Z4,=1.96), 80% power (Z=0.84), a treatment effect (A) of 9% increase
in the ACT score, a variance in the control group 8> of 5.29, an estimated intra-cluster correlation (p) of 0.04 (due to
differences in socio-economic backgrounds), a cluster size (n) of 4 students with uncontrolled asthma per school, an
assumed 15% attrition rate (ar) and loss to follow-up, and a design effect (DE) of 2, the required sample size is 120

34,35

students (60 per arm). To distribute the sample proportionally, publicly available data, is used. However, since

a cluster size of four is needed, fifteen schools will be selected per arm.

Randomization, Concealment, and Blinding

In this study, cluster randomization will be employed at the school level to prevent treatment “contamination” between
intervention and control participants.*® While schools are randomized as clusters to minimize contamination, the primary
unit of inference will remain the individual, enabling the assessment of differences between comparable individuals in
the intervention and control groups. Secondary schools in Kampala City, representing diverse socio-economic back-
grounds, will be categorized into five types based on publicly available data.** Schools will then be randomly allocated to
either the intervention or control arm in a 1:1 ratio, using a computer-generated random sequence with a predetermined
seed value of 400, considering 30 schools (clusters) with block sizes of even number 6. An independent statistician from
Makerere University will ensure that the allocation remains concealed from the study team in sequentially numbered,
opaque, sealed envelopes. Researchers delivering the intervention, school staff, parents, and students will not be
completely masked to group allocation. The study will be conducted as a single-blinded trial, with data collectors
unaware of group assignments. However, full blinding may not be guaranteed if disclosed by school staff or students. The

statistician analyzing the data will remain blinded to the study group by using treatment numerical codes exclusively.

The KmAsthma Self-Management Smartphone App Intervention

The KmAsthma self-management smartphone app, previously described in detail,®” offers asthma tracking, action plans,
education, and goal setting. It covers various aspects of asthma management and is available in English, the official
language in Ugandan schools. Participants in the intervention group will receive a download link for the KmAsthma app
on their Android or iPhone and undergo training. The training will encompass all app sections, including profile, asthma
history, goal setting, reminders, external resources, and emergency support. Participants will be encouraged to set asthma
control goals, log daily symptoms, and contact healthcare providers if necessary. A follow-up call will be conducted six

weeks post-intervention by a study team nurse interventionist.
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Control Arm

Participants in the control group will not receive the KmAsthma self-management smartphone app during the interven-
tion period. They will only take part in baseline, end-line, and follow-up assessments. All participants will be encouraged
to receive usual asthma care from their healthcare provider(s). However, at the study’s conclusion,*® all participants,
including those in the control group, will be provided with links to access the KmAsthma app, which is freely available

and easy to download.

Measures

Participant Characteristics

A researcher-designed questionnaire will be used to collect data on the participant characteristics (age, sex, region of
origin, use of controller medicines before study, Basal Metabolic Index, and use of asthma-related mobile apps on phone
before the study). Data on asthma history will also be collected, summarizing the age at asthma diagnosis, the frequency
of asthma attacks in the previous year, the use of steroid prescriptions in the past year, and any prior occurrences of
asthma-related emergency department visits, hospitalizations, or intensive care admissions.

Primary Outcome measures

The study will assess outcomes at baseline, 3 months, and 6 months based on patient-centered priorities. The primary
outcome is the mean asthma control score, measured using the validated five-item Asthma Control Test (ACT).** The
ACT comprises five questions, each rated on a scale from 1 to 5, with a total score range of 5 to 25. An ACT score of 19

or higher indicates well-controlled asthma.

Secondary Outcome Measures
Adherence

Medication adherence will be gauged using the 10-item Medication Adherence Report Scale for Asthma (MARS).*
MARS employs a scoring system ranging from 0 to 5, where higher mean scores (4.5 or above) signify strong adherence.

Asthma Quality of Life
The quality of life assessment will utilize the validated 32-item Asthma Quality of Life Questionnaire with Standardized Activities
(AQLQ-S).** AQLQ-S employs a scale from 1 (lowest) to 7 (highest), indicating improved quality of life with higher scores.

Self-Efficacy

Self-efficacy for asthma management will be assessed through the validated 27-item Adolescent Asthma Self-Efficacy
Questionnaire (AASEQ).*' AASEQ scores range from 0 to 100, with the total mean score (0—100), reflecting higher self-
efficacy levels. Subscale scores will be computed by summing and dividing by the respective subscale item count.

Data Collection and Management

Data collection will be done using self-administered paper-based questionnaires or via telephone in both arms at baseline (after
recruitment), at 3 and 6 months. Completed questionnaires will be checked for completeness, coded, and entered using
Kobotoolbox, and a copy frozen for future reference while the other copy will be imported into STATA version 14 for analysis.

Loss to Follow-Up

In case any trial participant becomes unreachable during the study, attempts to reestablish contact will be made through
the school nurse, the teacher overseeing students’ health, and the principal investigator. If these efforts prove unsuccess-
ful, the research team will document and note the reasons for the loss to follow-up. This data will then be summarized

and included in the study’s report, alongside the count of participants who could not be reached for follow-up.
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Data and Safety Monitoring

An independent Data and Safety Monitoring Board (DSMB) with a detailed charter will oversee participant safety, data
quality, and trial continuation. All adverse events will be documented and assessed for seriousness and intervention-
relatedness. Serious, unexpected events will be reported to SOMREC within five working days. Any protocol modifications
will be reported promptly to investigators, SOMREC, participants, trial registries, and regulators within five working days.

Statistical Analysis

Data distribution and missing data proportions will be assessed using descriptive statistics. Multiple imputations will address
missing data.** Baseline characteristics will be summarized by the study arm. Continuous variables will be presented as means
(+Standard Deviations) or medians (interquartile range), while categorical variables will be reported as frequencies and
percentages. To detect imbalances of clinical importance between the study arms, standard methods for comparisons of
proportions (chi-square tests) and means (paired t-tests) will be used. The primary analysis will assess how ACT scores change
over 6 months using repeated measures ANCOVA, accounting for baseline scores and study groups. Proportions of
participants with >9% ACT score improvement and those with uncontrolled asthma will be reported. The intention-to-treat
principle will guide the analysis. The significance level will be 0=0.05. For secondary outcomes, adherence (MARS), quality
of life (AQLQ (8)), and self-efficacy (AASEQ), scores will be analyzed similarly, with secondary analyses assessing
improvement in proportions. Odds ratios and 95% confidence intervals will be presented. In case interim analyses are
requested by the DSMB, O’Brien-Fleming alpha-spending functions will be used.*’ Decisions regarding study termination
or adaptation will be guided by the predefined criteria and conducted confidentially by an independent statistician.
A CONSORT flow diagram®* will illustrate eligibility assessment, dropout rates, randomization, withdrawals, and loss-to-
follow-up. These comprehensive analyses will provide insights into asthma control, adherence, quality of life, and self-
efficacy outcomes on the use of the KmAsthma app among study participants.

The randomized controlled trial will follow the schedule indicated in Table 1.

Quality Control
To enhance data accuracy, research assistants will receive training, participants will be briefed on the study’s importance
and accuracy, and user-friendly validated tools will be used, checked daily by the principal investigator. Data backups

Table | Schedule of Procedures During the Study Period of the Randomized Controlled Trial

Study Period
Enrolment | Allocation | Post-Allocation Close-Out
Time points 1Month 0 | Week | 6 Weeks | 3 Months | 6 Months
ENROLMENT:
a. Eligibility screening X
b. Informed consent X
c. Allocation X
INTERVENTIONS:
a. Self-management smartphone app intervention —| Arm X X X
b. Follow-up call for both arms X
ASSESSMENT
a. Baseline Characteristics X
b. Asthma Control Test (ACT) X X X X
c. Medication Adherence Report Scale for Asthma (MARS) X X X
d. Quality of Life Questionnaires Administered AQLQ (S) X X X
e. Self-efficacy using the Adolescent Asthma Self-Efficacy X X X
Questionnaire (AASEQ)
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will be stored in multiple locations to prevent loss. Tools not validated in Uganda will undergo validity and reliability
assessments through statistical analyses such as the STATA validscale command.

Dissemination of Results

The study’s findings will be disseminated through various channels, including submitting the report to Makerere University
School of Graduate Studies and sharing results at local, national, and international conferences. Additionally, the research will
be communicated to the Ugandan Ministry of Education and Sports and the Ministry of Health. The results will also be
published in both local and international peer-reviewed journals with broad and specialized readership.

Study Limitations

The study’s findings will be specific to adolescents with uncontrolled asthma in the urban area of Kampala City, Uganda,
and may not apply to the entire country. Data collected through questionnaires may be affected by recall bias, especially
for past events and medication usage. Students without smartphone access will be excluded from the trial. Single-
blinding and a universally accessible mobile app may lead to potential contamination or confounding as teachers,
students, and data collectors interact and become aware of the study’s details. Another limitation of this study is the
absence of spirometry for assessing asthma control, stemming from limited access to equipment and trained personnel,
especially in resource-constrained regions like Uganda. The complexity of spirometry interpretation, requiring specia-
lized knowledge, hinders its widespread use for asthma control assessment, particularly in pediatric patients.*>*¢

Additionally, concerns about Covid-19 safety in the school community further impeded spirometry use.

Data Sharing Statement

Statistical codes and the dataset will be available from the corresponding author on request.

Ethics Approval and Consent to Participate

This study obtained ethical approval from Makerere University (Mak-SOMREC-2021-67) and the Uganda National
Council for Science and Technology (HS2791ES). Administrative clearance was also secured from Kampala City
(DPHE/KCCA/1301), and additional permissions will be sought from participating schools. The study protocol is
registered on ClinicalTrials.gov and will be fully disclosed in a published report. Participants 18 and older will provide
written consent, while children aged 12-17 will require written assent and parental/guardian consent. Children newly
diagnosed with asthma or with uncontrolled asthma will receive counseling from the study clinician and referrals to
Mulago National Referral Hospital Chest Clinic for further management. Research records will be stored securely, with
data coded for confidentiality.
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