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Abstract

Background: Asthma is one of the most common pediatric conditions affecting millions of US children. Digital health apps
may provide children and their caregivers (parents or legal guardians) with ways to manage asthma and improve health and
educational outcomes.

Objective: As digital health technology becomes more prevalent to help manage chronic conditions, like asthma, this study
examined the reported benefits and barriers of caregiver interactions with an asthma-specific app. The app, created by
physicians and digital health development professionals, was designed to educate, inform, and help caregivers manage the
health of their child. We evaluated app logins and feature use (collectively defined as “app engagement”) for caregivers of
children with asthma aged 5-11 years. We examined whether (1) app engagement differed due to children’s demographic and
asthma health characteristics, (2) themes about app engagement emerged from caregiver-reported app experiences, (3) these
themes correlated with demographic and asthma health characteristics, and (4) engagement with the app was associated with
reduced school absences.

Methods: Eighty caregivers and their children with asthma participated between September 2019 and November 2020.
Pretest (Time 1) and posttest (Time 2) data were collected over 6 months on caregiver and child demographic and health
characteristics, health care usage, app engagement, and app experiences. Additionally, caregiver app engagement data and
child health care data were collected retrospectively, 2 years prior to the start of the study. We used a mixed methods design,
which included correlation, regression, chi-square, and content analysis to examine caregiver app engagement.

Results: Most caregivers were mothers (76/80, 95%) and had a college degree (45/80, 56%). Children’s mean age was 8.76
(SD 1.79), and all were English speakers (80/80, 100%). About half of the participants were White children (43/80, 54%),
and 26% (21/80) of them had uncontrolled asthma. Logistic regression revealed that caregivers of White children (OR [odds
ratio] 8.57, 95% CI 1.68-43.65) with uncontrolled asthma (OR 17.81, 95% CI 2.36-134.24) who earned a college degree (OR
6.94, 95% CI 1.38-34.87) were statistically significantly more likely to use the app than caregivers of children of other races
with controlled asthma without a college degree (P<.001). Qualitative findings support and expand on the logistic regression
results. Five themes regarding app engagement emerged, including relevancy, acceptability and understandability, technology
limitations, educational barriers, and information and communication benefits. Caregivers also identified specific app features
that may promote child health and education.

Conclusions: Understanding caregiver and child experiences in using digital health technologies for managing asthma may
inform ways to support app engagement among caregivers and their children in the effort to improve patient health outcomes.
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Introduction

Current Knowledge of Asthma and
Digital Health

Childhood asthma is a chronic lung disease that affects 4.7
million children in the United States [1]. Uncontrolled asthma
can be disruptive and costly to families and payors. Approxi-
mately 60% of children with asthma between 5 and 11 years
of age have an asthma exacerbation each year, resulting
in school absences (52%), emergency department visits
(19%), and hospitalizations (5%) [2]. Uncontrolled asthma
also contributes to an annual economic burden on families
and health care systems. In 2013, the estimated total direct
costs of pediatric asthma in the United States approached 6
billion dollars, averaging between US $3076 and US $13,612
per child [3]. These health and economic burdens dispropor-
tionately affect children who are Black, Latinx, and from
lower-income families, due in part to systemic racism and
unequal access to quality health care, housing, and education
[4.5].

Compounding the health and economic issues, children
with asthma are at higher risk for educational difficulties
stemming from chronic absenteeism [6]; asthma exacerba-
tions contribute to about 10.5 million school absences each
year [7]. As chronic absenteeism contributes to lower math
and reading abilities compared to children who are not
repeatedly absent [8], there is a need to develop tools to
improve children’s asthma to keep them healthy and in the
classroom. One worthwhile approach to support improved
asthma management may be to use digital health apps [9].
However, because a digital divide in usage exists based
on race, ethnicity, income, and geographic location [10-14],
the question remains as to whether digital health tools are
appropriate for use across a diverse population of caregivers
(parents or legal guardians) and their children.

Digital Health Apps: How to Support
Asthma Management?

Leveraging digital health apps to improve pediatric asthma
management may contribute to improved asthma health
for children from underserved populations and those with
uncontrolled asthma. Recent indications show digital health
technologies may aid in addressing health equity concerns
among marginalized patient populations as they frequently
engage with specific app features [14]. Moreover, digital
health tools are more likely to be used when children have
uncontrolled asthma [9,10], as they often require frequent
health care usage and engage with several digital health
tools [14]. These tools may help improve children’s health
outcomes [15], as studies reveal these devices support
medication adherence [16] and caregiver asthma knowledge
[17], contributing to improved pediatric asthma health within
6 months [15,18]. As these patient populations have recently
increased usage of mobile devices [19], including engagement
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with digital health apps [20], there is an opportunity to
increase their access to health care and improve their health
outcomes. Moreover, improved asthma health may reduce
school absenteeism, thereby improving educational outcomes
[21].

However, the reasons for app engagement are unclear,
with studies highlighting potential barriers to app engage-
ment; thus, further study is warranted. Access issues may
include a lack of broadband internet or smartphone devices
[22]. However, many individuals who have access to these
technologies have suboptimal engagement due to a lack of
knowledge, understanding, or guidance on how or why to
use them for managing health needs [12]. Further, specific
features may be more relevant for certain populations. For
example, one study found that families receiving Medicaid —
US government-funded health care services for low-income
patients—accessed digital health educational resources more
often than non-Medicaid recipients [14]. The authors posited
that the frequent use of educational features among Medicaid
recipients was due to a lack of access to health care informa-
tion elsewhere. Further research is needed to understand these
apparent contradictions in app use across patient populations.

Benefits and barriers of app engagement include whether
patients consider the app relevant, understandable, and
acceptable to use [23-25]. Moreover, as certain features
may be considered more beneficial for certain populations
[14], benefits and barriers may differ across diverse patient
populations. As digital health tools become more widely
implemented in pediatric health care institutions, it is vital
to examine whether these technologies may yield equitable
benefits for children. Consequently, it would be valuable
to learn whether and why caregivers choose to use health
apps for managing their child’s health care. In addition to
supporting health outcomes, this information could assist app
developers in targeting users’ needs, interests, and preferen-
ces, potentially motivating increased app engagement.

Purpose

The purpose of this study was to examine the benefits and
barriers of digital health app engagement among caregivers
of school-aged children with asthma. As such, we focused on
children aged 5-11 years because after the age of 11 years,
many children take responsibility for most of their asthma
care [26]. Understanding factors that contribute to caregiver
app engagement may help to uncover whether app engage-
ment correlates with improved child health and education,
including for those at risk for these poor outcomes. We
explored four research questions:
1. Does app engagement differ based on demographic and

asthma health characteristics? We hypothesized that

(1) caregivers of White children and caregivers with

higher socioeconomic status would be more likely to

engage with the app than caregivers of children of other

races and lower socioeconomic status [11,14], and (2)
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caregivers of children with uncontrolled asthma would
be more likely to engage with the app than caregivers of
children with controlled asthma [9,10,14,15].

2. Do app engagement themes emerge from caregiver-
reported experiences about the app? We hypothesized
that caregiver-reported experiences about app engage-
ment would yield themes around relevancy, acceptabil-
ity, and understandability [23-25].

3. Do app engagement themes correlate with demographic
and asthma health characteristics? We wanted to
understand whether identified themes related to benefits
and barriers of app engagement vary across diverse
children with asthma. We hypothesized that (1) families
with higher educational attainment would endorse more
benefits of app engagement than less educated families
[11,12] and (2) those of children with uncontrolled
asthma would endorse more benefits of app engagement
than families of children with controlled asthma [9,10,
14,15].

4. Is app engagement related to reduced school absences?
We hypothesized app engagement would help improve
asthma management [15,18], thereby reducing chronic
absenteeism.

Methods
Study Design and Procedure

This mixed methods, multisite, observational retrospective
and prospective study included 6 months of active data
collection and 2 years of retrospective data collection.
Retrospective asthma health data were collected to avoid
potential underreporting, as seasonality contributes to asthma
management [27]. Moreover, obtaining 2 years of retrospec-
tive asthma control scores increased the likelihood of their
collection, which are provided by caregivers and entered
into the electronic health record (EHR) at scheduled patient
care visits. Retrospective app engagement data, commensu-
rate with asthma health data, and prospective data were
recorded in the app. Prospective data were collected at study
start (Time 1) and 6 months later (Time 2), consistent with
previous digital health and asthma research [15,18].

Participants

Caregivers of children who were patients of Nemours
Children’s Health (NCH) and who had an asthma diagnosis
were emailed recruitment notifications with access to a secure
REDCap (Research Electronic Data Capture; Vanderbilt
University) link to learn more about the study. Of the 154
caregivers who accessed the link, 148 (96%) were interested,
and 126 (85%) of those interested were eligible for enroll-
ment. Children were eligible if they were aged 5-11 years,
had a diagnosis of asthma, and had a visit with a provider
in the Nemours allergy or pulmonology departments within
a year prior to consent. Caregivers were required to be a
parent or legal guardian fluent in conversational English to
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match the language of the app. Families across Nemours
US locations (Northeast and Southeast) were eligible whether
they had the app or not. Per consent, we limited enrollment
to 1 child per family. Almost two-thirds of eligible partici-
pants (64%, 80/126) consented to participate, 100% (80/80)
completed all pretest study activities, and 80% (64/80)
completed both pretest and posttest study activities.

Measures and Data Collection

Demographic Questionnaire

The Parent Research Questionnaire was a 28-item researcher-
developed questionnaire about demographic characteristics
(eg, income, race, ethnicity, and education level) and health
characteristics (eg, family history of asthma). The question-
naire took about 10 minutes to complete. It has been used
in previously published work [9], and it has asthma-specific
items that were developed for study purposes, such as age
of asthma diagnosis, family history of asthma, and asthma
triggers. Data were collected at Time 1.

App Experience Survey

The App Experience survey was a 36-item researcher-devel-
oped questionnaire about caregiver app engagement (Section
A in Multimedia Appendix 1) to understand caregiver
engagement of a novel digital health app, which has been
used in previously published work [9]. The survey took
about 15 minutes to complete and included multiple-choice
and open-ended items about feature engagement and app
experiences (eg, reasons for using or not using the app,
frequency of features used, and benefits and barriers of app
use) and school absences due to asthma. Data were collected
at Time 1 and Time 2.

Nemours App

Physicians and digital health development professionals at
NCH developed a caregiver-facing digital health app, the
“Nemours app,” with features designed to support patients
at NCH with asthma and their caregivers. Caregivers log
in to the app via mobile devices or desktops and are
logged out after 30 minutes of inactivity. The app has
been in use since February 2018 and includes traditional
portal mainstays, such as telehealth and messages, which
can be used as frequently as desired, as well as asthma-
specific features (Table 1). As this was an observational
study, only resources provided by NCH were available,
including contact information for technical support, an app
demonstration video, and medication reminders (if selected
by caregivers). Participants reported hearing about the app
via emails, providers, family, friends, searches for digital
health apps, and this study.

We defined “app engagement” as logging into the app at
least once and using at least 1 identified app feature (Table 1).
We defined a caregiver who did not log in or use any features
during the study as a “nonapp engager” [28].
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Table 1. App features.
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Feature Type

Description

Reminders Asthma-specific

Medication images Asthma-specific
Medication videos Asthma-specific
Asthma educational resource Asthma-specific

Asthma symptom tracker Asthma-specific

Asthma action plan Asthma-specific

Set medication reminder notifications to support asthma medication adherence.
View images to identify controller versus quick relief medications.

Watch videos demonstrating proper asthma medication usage.

Read articles and terminology word banks to learn about asthma.

Track asthma control levels, symptoms, limitations, and the air quality index. The data are
linked to the electronic health care record so that providers may access patients’ tracker entries
between office visits.

Access individualized, provider-created, asthma action plans. Download and share it as a PDF

or use it interactively to receive real-time feedback on actions that may help to resolve an

exacerbation.

Air quality alerts Asthma-specific

medication.

Telehealth General

Messages General

Receive alerts for dangerous levels of air quality to remind children to carry quick relief

Participate in video visits with health care providers.

Communicate with health care providers.

Health Care Records

Data were obtained for asthma diagnosis and severity (as
specified by the child’s provider), asthma control, and health
care usage (eg, asthma-related emergency department visits,
urgent care visits, and hospitalizations) from the EHR.
Asthma control was obtained from childhood asthma control
test (C-ACT) scores in the EHR. Available C-ACT scores
ranged from O to 9. Mean scores provided an average asthma
control level per child. Scores above 19 were defined as
“controlled,” and scores of 19 or below were defined as
“uncontrolled” [29].

Power Analysis

This study was part of a larger project for which we conduc-
ted an a priori power analysis to determine the sample size
[9]. Sufficient power was estimated with n=40. To account
for the 50% attrition typical in digital health research [30], we
enrolled 80 caregivers and their children.

Data Analysis

We used a mixed methods approach to examine caregiver
app engagement. We first conducted a preliminary correlation
analysis to identify statistically significant (P<.05) demo-
graphic (eg, child age, government public assistance, parent
learning problems, and transportation difficulties) and health
characteristics (eg, family asthma history, asthma triggers,
and health care usage) to include as predictors in the analysis
for research question 1.

To address the first research question, we conduc-
ted logistic regression to evaluate the relation between
the identified demographic and health characteristics and
caregiver app engagement. Child race, maternal education
level, and asthma control level were statistically significantly
related to app engagement and were used as predictors in
the regression model. The variables were dummy coded for
the analysis: maternal education level (O=high school degree
or less, l=associate’s, bachelor’s degree or higher), child
race (0=Other races, 1=White child), and asthma control
level (O=controlled, 1=uncontrolled). Logistic regression was
used because the outcome variable, app engagement, was
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dichotomous (O=nonapp engagement, l=app engagement)
[31]. Listwise deletion was used to address missing values
for asthma control level in the analysis. As a result, 14
nonapp engagers and 13 app engagers were removed from
the final regression analysis (n=53). For research question
1, missing data ranged between 0% and 34% (asthma
control level missing at 27/80, 34%) and were missing
completely at random per Little Missing Completely at
Random test (y?3=3.5; P=.33). Multiple imputation analy-
ses were similar to the nonmultiply imputed analyses; thus,
nonmultiply imputed findings are presented. For transpar-
ency, we included the multiply imputed findings (Section B in
Multimedia Appendix 1).

We also conducted post hoc analyses because although all
participants completed the Time 1 app experiences survey,
19% (15/80) of the data were missing for the Time 2 survey.
Thus, we examined whether there was a difference between
app engagers and nonapp engagers who completed the Time 2
survey. We also examined the relation between key demo-
graphic and health characteristics and completion of the Time
2 survey. Further, we examined whether frequency of app use
was correlated with caregiver-child demographic and health
characteristics.

For the second research question, content analysis was
conducted to identify app engagement themes about caregiver
app experiences. Caregiver responses were organized and
coded in Excel (Microsoft) by the first author. Analysis
of codes and themes was conducted in SPSS (IBM Corp).
We used a combined approach. First, we used a deductive
approach to examine a priori codes that were created to
uncover themes regarding app benefits and barriers, includ-
ing relevancy, understandability, and acceptability [23-25].
After that, we used an emergent approach because of the
novelty of the Nemours app by using open coding in which
additional codes could be added after initially reviewing the
data [32]. We also used axial coding to combine related
codes [33]. Coding was considered complete when only a
few uncoded data remained [34,35]. Finally, the first and
third authors double-coded 31% (5/16) of randomly selected
caregiver open-ended response sections, which demonstrated
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strong percent agreement (0.92) and high interrater reliability
(»=0.87). For the third research question, we used nonpara-
metric correlation analyses (Spearman) due to nonnormality
to examine the extent to which themes about app relevancy,
understandability, acceptability, benefits, and barriers were
related to demographic and asthma health characteristics.

To address the fourth research question, we used chi-
square analysis because both variables, app engagement
(O=nonapp engagement, l=app engagement), and school
absences (O=none, 1=1-5, 2=6-10, 3=more than 10), were
categorical. We examined whether app engagement was
related to decreased school absences between Time 1 and
Time 2. We calculated the difference score between school
absences at Time 1 and Time 2. Initially, listwise deletion
was used, resulting in 13 nonapp engagers and 3 app engagers
being removed from the analysis (n=64). Overall, missing
data ranged between 0% and 20% (school absences missing at
16/80, 20%). Data were missing not completely at random
per Little Missing Completely at Random test (32;=15.;
P<001), as nonapp engagers had more missing school
absence data (13/31, 42%) than app engagers (3/49, 6%).
As multiple imputation typically leads to less biased results
than listwise deletion [36,37], we conducted these analyses
and included predictor and covariate variables to help account
for missingness [36]. The multiply imputed analyses yielded
significant results, whereas the nonmultiply imputed analyses
did not. As such, we present the nonmultiply imputed
findings because it is likely a more conservative estimate.
For transparency, we also included the multiply imputed
findings (Section C in Multimedia Appendix 1). Additionally,
we conducted post hoc analyses because, given that maternal
education, race, and asthma control are associated with school
absences [38], we examined whether these characteristics,
plus app engagement, were related to a decline in school
absences.

Ethical Considerations

The study was conducted between September 2019 and
November 2020 and was approved by the Nemours Institu-
tional Review Board (approval number 1422315). REDCap,
a web-based app for secure data capture and storage [39,

Table 2. Child and caregiver demographic statistics by app use.

Lewis et al

40], was used for study recruitment (via a rolling admission
process), parental or legal guardian consent, data collection,
and participant communication. Survey data were collec-
ted securely online via REDCap and items appeared in a
consistent order. Page numbers varied from 4 to 7 because
an adaptive format was used, and items ranged between
8 and 14 per page because of the variation in item for-
mat. Participants were informed of the study investigators,
purpose, approximate time to complete surveys, security
of data storage on password-protected files or servers, and
the voluntary nature of participation. Quantitative data were
obtained from multiple-choice survey items and qualitative
data were obtained from open-ended survey items. A US
$50 gift card was provided to incentivize participation. For
additional information, see Lewis et al [9].

Results

Participant Characteristics

Participating children’s race and ethnicity largely reflec-
ted that of pediatric patients with asthma in the US
population, including a slight overrepresentation of White
children and a slight underrepresentation of Latinx chil-
dren [1]. The child sample, as identified by caregiv-
ers, and the US population, respectively, was 54%
(43/80) and 44% (2,074,381/4,675,475) White, 24% (19/80)
and 23% (1,058,310/4,675,475) Black, 12% (10/80) and
5% (221,110/4,675475) multiracial, 1% (1/80) and 2%
(108,819/4,675,475) Asian, and 9% (7/80) unreported; 12%
of the child sample (10/80) and 24% (1,102,471/4,675475)
of the US population were Latinx. The 49 caregivers who
engaged with the app logged in at least 3 times, exceeding our
engagement criteria (at least one log in), and engaged with
at least one of these features, including reminder notification
(n=1, 2%), medication images (n=17, 35%), asthma symptom
tracker (n=32, 65%), asthma action plan (n=11, 22%), air
quality index (n=9, 18%), telehealth video visits (n=9, 18%),
and messages (n=28, 57%). Child and caregiver demographic
statistics are presented in Table 2. For additional information
about participants, see Lewis et al [9].

Characteristic All (N=80) Engage (n=49) Nonengage (n=31)
Child age, mean (SD) 8.76 (1.79) 8.57 (1.79) 9.07 (1.77)
Mean C-ACT? score? , mean (SD) 20.84 (3.81) 20.18 (4.27) 2224 (2.10)
English is primary language, n (%) 80 (100) 49 (100) 31 (100)
Child race, n (%)
White 43 (54) 32 (69) 11 (41)
Black 19 (24) 9 (20) 10 (37)
Multiracial 10 (12) 49 6 (22)
Asian 1(D) 1(2) 0(0)
Child ethnicity (Hispanic or Latinx), n (%) 10 (12) 4(8) 6 (19)
Grade at Time 1, n (%)
Daycare—Kindergarten 23 (29) 13 (27) 10 (32)
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Characteristic All (N=80) Engage (n=49) Nonengage (n=31)
First-second 24 (30) 16 (33) 8 (26)
Third—fourth 22 (27) 11 (22) 11 (35)
Fifth-sixth 11 (14) 9 (18) 2 (6)

Asthma control, n (%)

Uncontrolled® 21 (26) 19 (39) 2 (6)
Controlled® 32 (40) 17 (35) 15 (48)

Asthma severity, n (%)

Intermittent 14 (18) 12 (24) 2 (6)
Persistent 66 (82) 37 (76) 29 (94)

Allergies 62 (78) 39 (80) 23 (74)

Asthma-related absences Time 1, n (%)

None 28 (35) 20 (41) 8 (26)
1-5 days 36 (45) 20 (41) 16 (51)
More than 6 days 16 (20) 9 (18) 7 (23)

Asthma-related absences Time 2, n (%)

None® 33 (41) 24 (49) 9 (29)
1-5 days®© 23 (29) 17 (35) 6 (19)
More than 6 days® 8 (10) 5(10) 3 (10)

Caregiver relationship to child, n (%)

Mother 76 (95) 46 (94) 30 (97)
Father 2(3) 1(2) 1(3)
Other (eg, grandparent) 23 24 00
Maternal highest degree, n (%)
High school diploma or GEDY 14 (18) 5(10) 9(29)
Some college or trade school 21 (26) 11 (22) 10 (32)
Associate’s or bachelor’s degree 24 (30) 19 (39) 5(16)
Graduate or professional school 21 (26) 14 (29) 7(23)

4C-ACT: childhood asthma control test.
bData for 27 children unreported.

“Data for 16 children unreported.

dGED: General Education Development.

Predicting App Engagement From
Demographic Survey and Health Care
Records

The full logistic regression model was statistically signifi-
cant, (x23=24.5; P<.001), and well specified, as the Hosmer-
Lemeshow Test was not statistically significant (P=.84). The
model explained approximately 52% of the variance for app
engagement (Nagelkerke R?=0.52) and correctly classified
83% of the cases. Caregivers of White children were about
8.5 times more likely to engage with the app than caregiv-
ers of children of other races when controlling for maternal
education and child asthma control level (OR [odds ratio]
8.57, 95% CI 1.68-43.65; P=.01). Caregivers with a college
degree were nearly 7 times more likely to engage with the app
than caregivers with a high school diploma when controlling
for child race and asthma control level (OR 6.94, 95% CI
1.38-34.87; P=.02). Caregivers of children with uncontrolled
asthma were almost 18 times more likely to engage with the
app than caregivers of children with controlled asthma when
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controlling for maternal education and child race (OR 17.81,
95% CI 2.36-134.24; P=.01).

Post Hoc Analyses to Examine Survey
Completion and Frequency of App Use

Responses about app engagement were skewed to those who
engaged with the app, as they were statistically significantly
more likely to complete the Time 2 survey than those who
did not engage with the app (¥*;=17.9; P<.001). However,
logistic regression and crosstabulations revealed no statis-
tically significant relation between key participant charac-
teristics and Time 2 app experience survey completion.
Moreover, frequent app engagement (logged in =24 times)
was not significantly correlated with (1) child and caregiver
demographic characteristics including age, race, ethnicity,
education, receiving public assistance, and transportation
issues and (2) child health, including age diagnosed with
asthma, family asthma history, asthma triggers, health care
usage, and asthma control.
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Themes That Emerged via the App
Experience Survey

Nearly all caregivers (75/80, 94%) responded to at least
one of the 16 open-ended response sections in the survey
with an average of 28.31 (SD 17.58) responses per sec-
tion. Five themes (2 a priori—relevancy and acceptability
or understandability—and 3 emergent—technology limita-
tions, educational barriers, and information and communica-
tion benefits—themes) from 408 coded comments resulted
from the content analysis about caregiver app experiences
(Table 3). One theme was whether the app was relevant
for family use to manage asthma, with more caregivers
stating the app was not relevant (eg, child’s asthma was
controlled; 12/80, 15%) than relevant (1/80, 1%). Another

Table 3. App engagement themes.

Lewis et al

theme identified the “acceptability” and “understandability”
of the app. More caregivers noted the app was easy to use
and understand (56/80, 70%) relative to those who noted
it was difficult to use and understand (23/80, 29%). Two
themes were specifically related to barriers. First, caregivers
noted technology limitations (17/80, 21%), such as difficul-
ties with internet connection and technical issues (eg, during
telehealth). Educational barriers (29/80, 36%) included being
(1) unaware of the app or its features, (2) unclear about
the app’s potential benefits or purpose, and (3) unsure of
how to use the app. The final theme pertained to the app’s
information and communication benefits (51/80, 64%), such
as gaining information about child health and being able to
communicate with a child’s care team.

Category (n=80) Themes and examples

Caregivers,n  Total comments, n

Relevancy
Benefits ¢ App Engager: “I don’t think I was aware there was a newer app. [Her] asthma triggers 1 1
have been a mystery so tracking her symptoms, good/bad days will be helpful.”
Barriers * App Engager: “Not sure how [the app] will help us. My daughter seems to be doing 12 14
well.”

¢ Nonapp Engager: “She is inside more due to [COVID-19].”

¢ Nonapp Engager: “I don’t generally use the app. My providers haven’t really made it into

a tool we need...”
Acceptability or understandability (ease of use or clarity)

Benefits .
convenient.”

¢ App Engager: “On my phone and convenient.”

App Engager: “I think this is very user friendly and everything in one place is very 56 118

¢ App Engager: “It’s easy to navigate and very comprehensive.”

Barriers » App Engager: “Difficult to understand and use.” 23 43
¢ Nonapp Engager: “Difficult to find things quickly.”
Technology limitations
Barriers « App Engager: “Lack of a strong internet connection.” 17 34
* Nonapp Engager: “Having to pay for internet services.”
¢ Nonapp Engager: “It has technical issue with video appointments.”
Educational
Barriers ¢ App Engager: “I have no idea what I am supposed to use the app for in regards to my 29 35
child’s asthma.”
¢ App Engager: “Should be more education to parents about what we should be using the
app for.”
¢ Nonapp Engager: “I wasn’t aware of the videos and fun facts about learning more about
asthma.”
Information and communication
Benefits 51 163

* App Engager: “Love the ability to message providers directly.”

* App Engager: “A good way to get data and communicate with your provider.”

* App Engager: “Easily shows doctor current health.”

Content analysis also revealed specific app features caregiv-
ers identified as a benefit to app engagement based on their
experience with the app or based on app feature information
shared via the study survey (Table 4). The most frequently
reported beneficial app features were messages (25/80, 31%),
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access to health care records (24/80, 30%), and the asthma
symptom tracker (19/80, 24%). These app features were
often noted as beneficial for communication purposes and
for gathering and sharing information about children’s asthma
health.
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Table 4. Caregiver-reported beneficial app features.

Lewis et al

Features (n=80)

Examples

Caregivers, n

Total comments, n

Air quality index
Asthma action plan

Telehealth video visits

Medication reminders,
refills, and education

Asthma symptom
tracker

Health care records

Messages

App Engager: “To check air Quality”

Nonapp Engager: “To print action plan for schools and camp”

App Engager: “Having the option to stay home and still have a follow up visit
with the doctor”

App Engager: “I use it for action plans and prescription renewals.”

App Engager: “I like the asthma tracker so that I can see if there is a pattern to
when his asthma flares up.”

App Engager: “I can see details from all past appointments. I find it easier to use

than [our] pediatricians so I use it if I have a question about her growth, asthma
and medication history”

App Engager: “I like that I can refer back to this app after an appointment in case

I forgot something the doctor said.”
App Engager: “Love the ability to message providers directly.”

5
6
8

19

25

5
6
10

11

25

32

39

Correlation Between App Engagement
Themes and Demographic and Health
Characteristics

Statistically significant correlations were found between
demographic and health characteristics and app engagement
themes, specifically themes around relevancy, acceptability
or understandability, educational barriers, and information
and communication benefits (Table 5). Regarding relevancy,
caregivers of children with dust allergies reported more
benefits to understanding how the app could be helpful
(0=0.23; P=.04), whereas caregivers with learning problems
noted more barriers (0=0.27; P=.02). Regarding acceptability
or understandability, caregivers of Asian children noted more
benefits regarding the ease of use and clarity of the app
(0=0.23; P=.04), whereas caregivers of children with pollen
allergies (0=0.30; P=.01) and controlled asthma (0=-0.30;
P=.03) shared more barriers. Caregivers of Asian children
(0=0.28; P=.01) and of children with pollen allergies (0=0.24;
P=.03) reported more app educational barriers. Finally,
caregivers of White children (0=0.30; P=.01) and caregiv-
ers who did not receive public assistance (9=—0.37; P<.001)
reported more access to asthma-related health information
and provider communication benefits because of their app

engagement.
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Relation Between App Engagement and
Caregiver-Reported School Absences

Chi-square analysis revealed that app engagement was
not statistically significantly related to the school absence
difference score (0=no change in absences, l=absences
reduced by 1 category, 2=absences reduced by 2 categories,
3=absences reduced by 3 categories) between Time 1 and
Time 2 (y%>3=2.6; P=46). As we did not find a statistically
significant relation with this analysis, we also conducted a
chi-square test to evaluate the difference in school absen-
ces for all children, regardless of app engagement. When
examining this difference, we found a statistically signifi-
cant decline in absences for all children between Time 1
and Time 2 (X29=99~9§ P<.001). Further, we found that
more caregivers reported “no absences” at Time 2 (33/80,
41%) than at Time 1 (28/80, 35%). We would expect fewer
caregivers reporting “no absences” later in the year at Time
2, as we asked about cumulative school absences over the
past year. These discrepancies suggest the results may be
uninterpretable, warranting further research. We present this
data, despite the limitations, because this was a planned
study analysis. Additionally, as findings differed between
nonmultiply imputed and multiply imputed data (Section C in
Multimedia Appendix 1), the results must be interpreted with
caution. Despite the discrepancies with the absentee data, for
transparency, we included post hoc findings indicating child
race and asthma control are statistically significantly related
to school absences (Section D in Multimedia Appendix 1).

Discussion

Principal Findings

Understanding facilitators and challenges from caregivers and
children who use digital health technology is key to uncover-
ing ways to improve app engagement to potentially improve
child health and educational outcomes. Using a mixed
methods approach, this study demonstrated key demographic
and health characteristics related to app engagement and
revealed themes that further supported these findings. These
themes may uncover factors that improve engagement among
caregivers and children with diverse demographic and health
characteristics. Three important findings were gleaned from
this work, contributing to the nascent field of digital health
research. First, quantitative and qualitative findings revealed
racial, educational, and health-related differences in app
engagement. Second, the app may have the potential to
help improve communication between caregivers, children,
and health care providers. Finally, caregivers identified app
features that may help support child health and education.

Gaps in App Engagement

Caregivers of White children with uncontrolled asthma who
earned a college degree were more likely to engage with the
app than caregivers of children of other races with controlled
asthma without a college degree. This suggests there may be
an educational and racial gap in app engagement, consistent
with previous research [12-14]. As a digital divide persists
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[9-14], care must be taken to understand potential reasons
for this gap in app engagement. In this study, caregiver-repor-
ted app experiences supported the quantitative results and
provided potential reasons for a divide between families of
different racial and educational backgrounds.

Regarding educational and racial gaps, caregivers with
a history of learning problems in school and caregivers of
Asian children reported more educational barriers to app
engagement. These caregivers reported receiving limited
information about how to use the app to help manage
their child’s asthma or about the potential benefits of app
engagement. This lack of education about the purpose and
potential benefits of the app was well captured by this
app engager’s response: “I have no idea what I am sup-
posed to use the app for in regards to my child’s asthma.”
Video tutorials may be useful in addressing this educational
barrier by facilitating app engagement among caregivers and
children [23], whereby potential benefits of app engagement
are highlighted, and app feature use is demonstrated. Video
tutorials could also identify available features, such as access
to health care educational resources, which may enhance
interest among families who may perceive or experience a
lack of access to these resources [14]. Additionally, creating
digital health video tutorials may be particularly beneficial
for families from low educational backgrounds because video
tutorials are supportive of families with low literacy skills,
thus reducing educational and literacy-related barriers to
understanding how and why to use digital health apps [17 41].
Thus, integration of more educational supports, such as video
tutorials, may improve engagement by making app engage-
ment easier, potentially narrowing health disparities among
racially, ethnically, and educationally diverse populations
[12].

Findings from this study, consistent with our previous
study [9], revealed that caregivers of children with uncontrol-
led asthma were more likely to use the app than caregivers of
children whose asthma was controlled. Caregivers of children
with controlled asthma shared more barriers, with understand-
ing and using the app with comments such as, “Not sure how
[the app] will help us. My daughter seems to be doing well,”
noting that the app is “Difficult to understand and use...”
and “Difficult to find things quickly.” These caregivers may
be unsure why they should use it (“Not sure how [the app]
will help us...”). Perhaps video tutorials could also be used
to inform families of the potential benefits of continued
monitoring of asthma symptoms, even when asthma appears
under control, given that asthma can be unpredictable and
seasonal [27]. Additionally, caregivers of children whose
asthma is controlled may be less familiar with navigating
the app because they do not engage with the app, or they
engage with it less frequently than caregivers of children
whose asthma is uncontrolled. This suggests a barrier to app
use may be due to a lack of instruction, further suggesting an
app video tutorial may be beneficial. Others have found that
asthma interventions appear to be more effective for children
with uncontrolled asthma, as these children are most at risk
for poor health outcomes [15]. As such, a 2-pronged approach
may be a worthwhile solution, in which informational video
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tutorials provide potential benefits of app engagement for all
children with asthma and also highlight features that may best
serve children with uncontrolled asthma, including enhanced
communication opportunities with their child’s asthma health
care team.

App-Facilitated Communication

Pediatric asthma management may be facilitated by improved
communication between health care providers and families.
When providers and families engage in effective commu-
nication strategies, clinical decisions can be made jointly,
thereby assisting treatment plan adherence [42]. Notably,
using digital health technology is associated with improved
communication between families and providers [9.43]. A
randomized controlled trial found that children who received
remote patient monitoring and health care provider feed-
back demonstrated statistically significantly higher asthma
treatment adherence than children who only received remote
patient monitoring [44]. Consequently, communication with
the health care team in conjunction with digital health
technology may be key for effectively improving treatment
plan adherence. Similarly, results from our previous study
indicated that 67% (33/49) of caregivers who used a digital
health app reported that using the app led to improved
communication with their child’s health care team [9].
The qualitative results from this study further support this
previous finding, as the most frequently reported app theme
that emerged was about communication benefits. Specifically,
40% (163/408) of the comments referred to communication
and information sharing as a benefit of app engagement.
One app engager captured their experience with app-related
communication by reporting it is, “A good way to get data
and communicate with your provider.” As such, this study
highlights that app-facilitated communication may serve to
strengthen provider-family communication, which could help
improve children’s asthma health.

Two app features frequently reported as helpful and that
could promote communication were the message system and
the asthma symptom tracker. When reporting about messages,
an app engager shared they “Love the ability to message
providers directly.” Another app engager noted the tracker
is beneficial because they “...can see if there is a pattern
to when [their child’s] asthma flares up.” These reports
about app-facilitated communication features highlight tools
that may support treatment adherence and improve asthma
outcomes.

Potential Benefits of the App for Health
Care and Education

In addition to app-facilitated communication features,
messages, and asthma symptom tracker, caregivers identi-
fied several other app features as potentially beneficial.
Unsurprisingly, the 3 most frequently reported beneficial
app features, messages, health care records, and the asthma
symptom tracker, aligned with the most prominent theme
about app information and communication benefits. As noted,
caregivers shared that engaging with messages and the
asthma symptom tracker supported communication between
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themselves and their child’s health care team. Caregivers also
reported that having access to their child’s health care records
was informative. For instance, one app engager noted, “I like
that I can refer back to this app after an appointment in
case I forgot something the doctor said.” Other features were
also identified as informative, as caregivers reported that the
air quality index helped them check the air quality, and app
medication features could help with medication adherence.
These features may help support asthma management and
lead to improved health outcomes.

Despite the ambiguous school absence findings, many
caregivers identified potential benefits of app features for
school purposes, namely asthma-specific app features. For
example, one non-app engager shared that they would “print
action plan for schools and camp.” Sharing asthma treat-
ment plans, particularly asthma action plans, with schools
is recommended by the National Heart, Lung, and Blood
Institute to inform school personnel of child-related asthma
needs and keep children safe in schools and may help reduce
school absences or time away from the classroom [6]. We
also found an overall reduction in school absences from Time
1 to Time 2. However, future research is necessary to explain
the overall reduction in school absences. This study took
place during the early period of the COVID-19 pandemic,
during which childhood asthma morbidity was significantly
reduced [45], as children were inside more frequently and
perhaps exposed to fewer triggers. This explanation was
supported by findings from this study, as one caregiver
shared that the reason they were not engaging with the
app was because “She is inside more due to [COVID-19].”
Despite the historical and school absentee data limitations,
most caregivers reported the benefits of app engagement and
highlighted asthma-specific features that may be beneficial
for their child’s asthma-related health and education. As such,
it is worthwhile for health care systems to consider that app
engagement, particularly engagement with disease-specific
app features, may be beneficial for the children and caregivers
they serve.

Limitations and Future Research

As many people were using virtual technologies for health
care and for schooling during the study time frame (from
September 2019 to November 2020) due to the COVID-19
pandemic, this may have influenced caregivers’ perspectives
about engaging with digital health technology. Missing data
were another limitation, as 20% (16/80) of school absen-
tee data were missing at Time 2 and these data were not
missing at random, likely because statistically significantly
fewer nonapp engagers than app engagers completed the
Time 2 survey. Post hoc analyses are consistent with previous
research indicating that other characteristics, such as race
and asthma control, are related to school absences [38].
However, we caution that the main and post hoc findings
about school absences may be uninterpretable due to the
history-related artifacts in the absentee data. Despite this
limitation, we presented the data because assessing school
absences was an important hypothesis to examine and part of
the planned study analysis. Future digital health research is
needed to examine the relationship among app engagement,
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absenteeism, and family characteristics to identify approaches
that may help improve school attendance. A future study
should also collect absentee data from school systems instead
of relying on caregiver-reported data, which may help to
limit any misreporting of the number of school days missed.
For this observational study, we relied on existing data,
using C-ACT data available in the EHR. Consequently, only
a subsample of C-ACT scores was included in the analy-
ses (53/80, 66%). Future research should collect these data
directly for study purposes to limit the amount of missing
data. Several biases must also be considered, as our findings
may not generalize to a broader population. Although this
study took place across the northeastern and southeastern
United States, we examined a digital health app designed to
support pediatric patients at a specific health care institu-
tion and developed a specific survey to obtain data about
caregivers’ app experience. As such, institutional biases may
be present, and future research is warranted. However, many
of the features examined, including the messages, tracker, and
air quality index, are used in other pediatric digital health
apps [18]. Thus, we expect findings from this study may
be informative and relevant to other institutions, caregivers,
and children. Despite a diverse racial, ethnic, and socioeco-
nomic sample, most app engagers were White families and
well-educated; thus, selection bias may be present. Sampling
bias also may exist, even though most eligible participants
consented.

Overall, findings from this study show initial relations
between family characteristics and app engagement; however,
a larger, more diverse study sample is needed to better
understand the reasons underlying app engagement. Although
we did not find significant correlations between frequent
app engagement and participant characteristics, correlational
results between app themes and these characteristics suggest
they should be considered in future research. Future research
should also consider using partial correlations to further
examine the relation between app engagement themes and
participant characteristics. Other caregiver characteristics,
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such as being a health care professional and having previ-
ously engaged with digital health tools, should be consid-
ered, as this may indicate that these caregivers have greater
knowledge of asthma and experience with digital health apps
and may be more likely to engage with the app. Finally, post
hoc analysis revealed responses about app engagement were
skewed toward app engagers, as they were more likely to
complete the Time 2 survey than nonapp engagers. Despite
this skew, most participants completed the Time 2 survey
(n=65). Furthermore, post hoc analysis revealed that race and
maternal education were not statistically significantly related
to completion of the Time 2 survey. Importantly, future
digital health studies must work to engage a large, diverse
patient population to ensure collecting a representative view
of app engagement.

Conclusions

App engagement continues to demonstrate a digital divide
in which children and their caregivers from lower educa-
tional and marginalized racial and ethnic backgrounds appear
less likely to engage with these tools. Caregiver-reported
reasons for not engaging with the app revealed gaps that
health care systems need to address to improve the experi-
ence and potentially increase engagement of more diverse
patient populations. A key finding from this study revealed
technological and educational barriers to app engagement.
These barriers may be reduced by use of video informa-
tional technologies to help better inform caregivers and their
children about potential benefits of app engagement and to
explain how to use the app. As apps become more ubiquitous
in pediatric health care systems, these institutions must strive
to ensure that the digital divide does not further exacerbate
long-standing equity concerns. This study uncovers some
barriers to app engagement and provides some recommenda-
tions to assist with reducing gaps in access to and use of
digital health technology, which may potentially help improve
health and educational outcomes for children.

Acknowledgments

The authors acknowledge the support of the Nemours Foundation, Nemours Virtual Health and Informatics, the research study
team, and the caregivers and children who participated, without whom this research would not be possible.

Funding

The work was supported by the Nemours Foundation. Publication made possible in part by support from the Nemours
Children’s Health Grants for Open Access from Library Services (GOALS).

Data Availability

Datasets generated during this study may be available from the corresponding author on reasonable request.

Authors’ Contributions

KL contributed to conceptualization, methodology, investigation, formal analysis, writing—original draft. CMZ-G and KVB
handled conceptualization, methodology, writing—review, and editing. AM was involved in validation, investigation, writ-

ing-review, and editing.

Conflicts of Interest

The authors are employees of the health care institution that created and markets the freely available app described in this

manuscript. Despite this, there is no competing financial interest.

https://pediatrics.jmir.org/2025/1/e69755

JMIR Pediatr Parent2025 | vol. 8 | 69755 | p. 12
(page number not for citation purposes)


https://pediatrics.jmir.org/2025/1/e69755

JMIR PEDIATRICS AND PARENTING Lewis et al

Multimedia Appendix 1

App experience survey and supplementary analyses—multiply imputed and post hoc analyses.
[DOCX File (Microsoft Word File), 34 KB-Multimedia Appendix 1]

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Most recent national asthma data. Centers for Disease Control and Prevention. 2021. URL: https://www.cdc.gov/asthma/
most_recent national asthma data.htm [Accessed 2024-08-13]

Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital signs: asthma in children--United States, 2001-2016.
MMWR Morb Mortal Wkly Rep. Feb 9,2018;67(5):149-155. [doi: 10.15585/mmwr.mm6705e1] [Medline: 29420459]
Perry R, Braileanu G, Palmer T, Stevens P. The economic burden of pediatric asthma in the United States: literature
review of current evidence. Pharmacoeconomics. Feb 2019;37(2):155-167. [doi: 10.1007/s40273-018-0726-2] [Medline:
30315512]

Forno E, Celed6n JC. Health disparities in asthma. Am J Respir Crit Care Med. May 15, 2012;185(10):1033-1035. [doi:
10.1164/rccm.201202-0350ED] [Medline: 22589306]

Washington DM, Curtis LM, Waite K, Wolf MS, Paasche-Orlow MK. Sociodemographic factors mediate race and
ethnicity-associated childhood asthma health disparities: a longitudinal analysis. J Racial Ethn Health Disparities. Oct
2018;5(5):928-938. [doi: 10.1007/s40615-017-0441-2] [Medline: 29188553]

Lim E, Davis J, Choi SY, Chen JJ. Effect of Sociodemographics, health-related problems, and family structure on
chronic absenteeism among children. J Sch Health. Apr 2019;89(4):308-318. [doi: 10.1111/josh.12736] [Medline:
30843228]

Akinbami LJ, Moorman JE, Liu X. Asthma prevalence, health care use, and mortality: United States, 2005-2009. Natl
Health Stat Report. Jan 12, 2011;32(32):1-14. [Medline: 21355352]

London RA, Sanchez M, Castrechini S. The dynamics of chronic absence and student achievement. Educ Policy Anal
Arch. 2016;24(112):112. [doi: 10.14507/epaa.24.2471]

Lewis K, Zettler-Greeley CM, Blake KV, Milkes A. A digital health application for managing pediatric asthma: use and
benefits. Inform Health Soc Care. Oct 2, 2023;48(4):370-386. [doi: 10.1080/17538157.2023.2250435] [Medline:
37661853]

Lewis K, Zettler-Greeley CM. An mHealth app to support diverse school-age children with asthma. Presented at:
National Association of School Psychologists Annual Convention; Feb 7-10, 2023; Denver, CO.

Nelson LA, Mulvaney SA, Gebretsadik T, Ho YX, Johnson KB, Osborn CY. Disparities in the use of a mHealth
medication adherence promotion intervention for low-income adults with type 2 diabetes. J Am Med Inform Assoc. Jan
2016;23(1):12-18. [doi: 10.1093/jamia/ocv082] [Medline: 26186935]

Smith B, Magnani JW. New technologies, new disparities: the intersection of electronic health and digital health literacy.
Int J Cardiol. Oct 1,2019;292:280-282. [doi: 10.1016/].ijcard.2019.05.066] [Medline: 31171391]

Walker DM, Hefner JL, Fareed N, Huerta TR, McAlearney AS. Exploring the digital divide: age and race disparities in
use of an inpatient portal. Telemed J E Health. May 2020;26(5):603-613. [doi: 10.1089/tmj.2019.0065] [Medline:
31313977]

Tuan WJ, Mellott M, Arndt BG, Jones J, Simpson AN. Disparities in use of patient portals among adults in family
medicine. J Am Board Fam Med. 2022;35(3):559-569. [doi: 10.3122/jabfm.2022.03.210486] [Medline: 35641056]
Kosse RC, Bouvy ML, de Vries TW, Koster ES. Effect of a mHealth intervention on adherence in adolescents with
asthma: a randomized controlled trial. Respir Med. Mar 2019;149:45-51. [doi: 10.1016/j.rmed.2019.02.009] [Medline:
30803885]

Foster JM, Usherwood T, Smith L, et al. Inhaler reminders improve adherence with controller treatment in primary care
patients with asthma. J Allergy Clin Immunol. Dec 2014;134(6):1260-1268. [doi: 10.1016/j.jaci.2014.05.041] [Medline:
25062783]

Macy ML, Davis MM, Clark SJ, Stanley RM. Parental health literacy and asthma education delivery during a visit to a
community-based pediatric emergency department: a pilot study. Pediatr Emerg Care. Jun 2011;27(6):469-474. [doi: 10.
1097/PEC.0b013e31821¢98a8] [Medline: 21629152]

Khusial RJ, Honkoop PJ, Usmani O, et al. Effectiveness of myAirCoach: a mHealth self-management system in asthma.
J Allergy Clin Immunol Pract. Jun 2020;8(6):1972-1979. [doi: 10.1016/j.jaip.2020.02.018] [Medline: 32142961]
Anderson-Lewis C, Darville G, Mercado RE, Howell S, Di Maggio S. mHealth technology use and implications in
historically underserved and minority populations in the United States: systematic literature review. JMIR Mhealth
Uhealth. Jun 18, 2018;6(6):¢128. [doi: 10.2196/mhealth.8383] [Medline: 29914860]

https://pediatrics.jmir.org/2025/1/e69755 JMIR Pediatr Parent2025 | vol. 8 1 €69755 | p. 13

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=pediatrics_v8i1e69755_app1.docx
https://jmir.org/api/download?alt_name=pediatrics_v8i1e69755_app1.docx
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://doi.org/10.15585/mmwr.mm6705e1
http://www.ncbi.nlm.nih.gov/pubmed/29420459
https://doi.org/10.1007/s40273-018-0726-2
http://www.ncbi.nlm.nih.gov/pubmed/30315512
https://doi.org/10.1164/rccm.201202-0350ED
http://www.ncbi.nlm.nih.gov/pubmed/22589306
https://doi.org/10.1007/s40615-017-0441-2
http://www.ncbi.nlm.nih.gov/pubmed/29188553
https://doi.org/10.1111/josh.12736
http://www.ncbi.nlm.nih.gov/pubmed/30843228
http://www.ncbi.nlm.nih.gov/pubmed/21355352
https://doi.org/10.14507/epaa.24.2471
https://doi.org/10.1080/17538157.2023.2250435
http://www.ncbi.nlm.nih.gov/pubmed/37661853
https://doi.org/10.1093/jamia/ocv082
http://www.ncbi.nlm.nih.gov/pubmed/26186935
https://doi.org/10.1016/j.ijcard.2019.05.066
http://www.ncbi.nlm.nih.gov/pubmed/31171391
https://doi.org/10.1089/tmj.2019.0065
http://www.ncbi.nlm.nih.gov/pubmed/31313977
https://doi.org/10.3122/jabfm.2022.03.210486
http://www.ncbi.nlm.nih.gov/pubmed/35641056
https://doi.org/10.1016/j.rmed.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/30803885
https://doi.org/10.1016/j.jaci.2014.05.041
http://www.ncbi.nlm.nih.gov/pubmed/25062783
https://doi.org/10.1097/PEC.0b013e31821c98a8
https://doi.org/10.1097/PEC.0b013e31821c98a8
http://www.ncbi.nlm.nih.gov/pubmed/21629152
https://doi.org/10.1016/j.jaip.2020.02.018
http://www.ncbi.nlm.nih.gov/pubmed/32142961
https://doi.org/10.2196/mhealth.8383
http://www.ncbi.nlm.nih.gov/pubmed/29914860
https://pediatrics.jmir.org/2025/1/e69755

JMIR PEDIATRICS AND PARENTING Lewis et al

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.
36.

37.

38.

39.

40.

41.

Broffman L, Harrison S, Zhao M, Goldman A, Patnaik I, Zhou M. The relationship between broadband speeds, device
type, demographic characteristics, and care-seeking via telehealth. Telemed J E Health. Mar 2023;29(3):425-431. [doi:
10.1089/tmj.2022.0058] [Medline: 35867048]

Joseph CLM, Peterson E, Havstad S, et al. A web-based, tailored asthma management program for urban African-
American high school students. Am J Respir Crit Care Med. May 1, 2007;175(9):888-895. [doi: 10.1164/rccm.200608-
12440C] [Medline: 17290041]

Kumar D, Hemmige V, Kallen MA, Giordano TP, Arya M. Mobile phones may not bridge the digital divide: a look at
mobile phone literacy in an underserved patient population. Cureus. Feb 20,2019;11(2):e4104. [doi: 10.7759/cureus.
4104] [Medline: 31057998]

Radparvar I, Ross MK. Barriers and facilitators of electronic patient portal uptake for asthma management. J Asthma.
Apr 2023;60(4):635-646. [doi: 10.1080/02770903.2022.2087190] [Medline: 35726134]

Merchant RK, Inamdar R, Quade RC. Effectiveness of population health management using the Propeller Health asthma
platform: a randomized clinical trial. J Allergy Clin Immunol Pract. 2016;4(3):455-463. [doi: 10.1016/].jaip.2015.11.
022] [Medline: 26778246]

Zijp A, Versluis A, Joosse L, et al. Exploring the feasibility, acceptability, usability and safety of a digitally supported
self-management intervention for uncontrolled asthma: a pre-post pilot study in secondary care. Digit Health.
2024;10:20552076241292391. [doi: 10.1177/20552076241292391] [Medline: 39507014]

Orrell-Valente JK, Jarlsberg LG, Hill LG, Cabana MD. At what age do children start taking daily asthma medicines on
their own? Pediatrics. Dec 2008;122(6):e1186-92. [doi: 10.1542/peds.2008-0292] [Medline: 19047221]

Akinbami LJ, Sullivan SD, Campbell JD, et al. Asthma outcomes: healthcare utilization and costs. J Allergy Clin
Immunol. Mar 2012;129(3 Suppl):S49-S64. [doi: 10.1016/].jaci.2011.12.984] [Medline: 22386509]

Angrist JD, Imbens GW, Rubin DB. Identification of causal effects using instrumental variables. ] Am Stat Assoc. Jun
1996;91(434):444-455. [doi: 10.1080/01621459.1996.10476902]

Liu AH, Zeiger R, Sorkness C, et al. Development and cross-sectional validation of the Childhood Asthma Control Test.
J Allergy Clin Immunol. Apr 2007;119(4):817-825. [doi: 10.1016/].jaci.2006.12.662] [Medline: 17353040]

Hui CY, Walton R, McKinstry B, Jackson T, Parker R, Pinnock H. The use of mobile applications to support self-
management for people with asthma: a systematic review of controlled studies to identify features associated with
clinical effectiveness and adherence. J Am Med Inform Assoc. May 1, 2017;24(3):619-632. [doi: 10.1093/jamia/
ocw143] [Medline: 27694279]

Ngo FT, Govindu R, Agarwal A. Assessing the predictive utility of logistic regression, classification and regression tree,
chi-squared automatic interaction detection, and neural network models in predicting inmate misconduct. Am J Crim
Just. Mar 2015;40(1):47-74. [doi: 10.1007/s12103-014-9246-6]

Raskind IG, Shelton RC, Comeau DL, Cooper HLF, Griffith DM, Kegler MC. A review of qualitative data analysis
practices in health education and health behavior research. Health Educ Behav. Feb 2019;46(1):32-39. [doi: 10.1177/
1090198118795019] [Medline: 30227078]

BurnafordG. Teacher’s work: methods for researching teaching. In: BurnafordG, FischerJ, HobsonD, editors. Teachers
Doing Research: The Power of Action through Inquiry. Lawrence Erlbaum; 2001:49-82. [doi: 10.4324/9781410605641]
Merriam SB. Qualitative Research and Case Study Applications in Education. Jossey-Bass; 1998. ISBN: 0787910090
Lincoln YS, Guba EA. Naturalistic Inquiry. Sage; 1985.

Woods AD, Davis-Kean P, Halvorson MA, et al. Missing data and multiple imputation decision tree. PsyArXiv. Preprint
posted online on Jan 8, 2025. [doi: 10.31234/0sf.io/mdwS5r]

Stavseth MR, Clausen T, Rgislien J. How handling missing data may impact conclusions: a comparison of six different
imputation methods for categorical questionnaire data. SAGE Open Med. 2019;7:2050312118822912. [doi: 10.1177/
2050312118822912] [Medline: 30671242]

Akinbami LJ, Parker JD, Merkle S. Factors associated with school absence among children with symptomatic asthma,
United States, 2002—2003. Pediatr Allergy Immunol Pulmonol. Sep 2010;23(3):191-200. [doi: 10.1089/ped.2010.0013]
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform. Apr 2009;42(2):377-381. [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an international community of software
platform partners. J Biomed Inform. Jul 2019;95:103208. [doi: 10.1016/7.jbi.2019.103208] [Medline: 31078660]
Sheridan SL, Halpern DJ, Viera AJ, Berkman ND, Donahue KE, Crotty K. Interventions for individuals with low health
literacy: a systematic review. J Health Commun. 2011:30-54. [doi: 10.1080/10810730.2011.604391] [Medline:
21951242]

https://pediatrics.jmir.org/2025/1/e69755 JMIR Pediatr Parent2025 | vol. 8 | 69755 | p. 14

(page number not for citation purposes)


https://doi.org/10.1089/tmj.2022.0058
http://www.ncbi.nlm.nih.gov/pubmed/35867048
https://doi.org/10.1164/rccm.200608-1244OC
https://doi.org/10.1164/rccm.200608-1244OC
http://www.ncbi.nlm.nih.gov/pubmed/17290041
https://doi.org/10.7759/cureus.4104
https://doi.org/10.7759/cureus.4104
http://www.ncbi.nlm.nih.gov/pubmed/31057998
https://doi.org/10.1080/02770903.2022.2087190
http://www.ncbi.nlm.nih.gov/pubmed/35726134
https://doi.org/10.1016/j.jaip.2015.11.022
https://doi.org/10.1016/j.jaip.2015.11.022
http://www.ncbi.nlm.nih.gov/pubmed/26778246
https://doi.org/10.1177/20552076241292391
http://www.ncbi.nlm.nih.gov/pubmed/39507014
https://doi.org/10.1542/peds.2008-0292
http://www.ncbi.nlm.nih.gov/pubmed/19047221
https://doi.org/10.1016/j.jaci.2011.12.984
http://www.ncbi.nlm.nih.gov/pubmed/22386509
https://doi.org/10.1080/01621459.1996.10476902
https://doi.org/10.1016/j.jaci.2006.12.662
http://www.ncbi.nlm.nih.gov/pubmed/17353040
https://doi.org/10.1093/jamia/ocw143
https://doi.org/10.1093/jamia/ocw143
http://www.ncbi.nlm.nih.gov/pubmed/27694279
https://doi.org/10.1007/s12103-014-9246-6
https://doi.org/10.1177/1090198118795019
https://doi.org/10.1177/1090198118795019
http://www.ncbi.nlm.nih.gov/pubmed/30227078
https://doi.org/10.4324/9781410605641
https://doi.org/10.31234/osf.io/mdw5r
https://doi.org/10.1177/2050312118822912
https://doi.org/10.1177/2050312118822912
http://www.ncbi.nlm.nih.gov/pubmed/30671242
https://doi.org/10.1089/ped.2010.0013
https://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
https://doi.org/10.1016/j.jbi.2019.103208
http://www.ncbi.nlm.nih.gov/pubmed/31078660
https://doi.org/10.1080/10810730.2011.604391
http://www.ncbi.nlm.nih.gov/pubmed/21951242
https://pediatrics.jmir.org/2025/1/e69755

JMIR PEDIATRICS AND PARENTING Lewis et al

42.

43.

44,

45.

Street RL, Makoul G, Arora NK, Epstein RM. How does communication heal? Pathways linking clinician—patient
communication to health outcomes. Patient Educ Couns. Mar 2009;74(3):295-301. [doi: 10.1016/j.pec.2008.11.015]
Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on
treatment adherence and patient outcomes: a systematic review. J Med Internet Res. Feb 24, 2015;17(2):1-15. [doi: 10.
2196/jmir.3951] [Medline: 25803266]

Chen J, Xu J, Zhao L, Zhang J, Yin Y, Zhang F. The effect of electronic monitoring combined with weekly feedback and
reminders on adherence to inhaled corticosteroids in infants and younger children with asthma: a randomized controlled
trial. Allergy Asthma Clin Immunol. 2020;16(1):1-8. [doi: 10.1186/s13223-020-00466-6] [Medline: 32922454]

Ulrich L, Macias C, George A, Bai S, Allen E. Unexpected decline in pediatric asthma morbidity during the coronavirus
pandemic. Pediatr Pulmonol. Jul 2021;56(7):1951-1956. [doi: 10.1002/ppul.25406] [Medline: 33848402]

Abbreviations

C-ACT: childhood asthma control test
EHR: electronic health care record

NCH: Nemours Children’s Health

OR: odds ratio

REDCap: Research Electronic Data Capture

Edited by Sherif Badawy; peer-reviewed by Jessica Thompson, Masahiko Sakamoto, Nurul Hayati Mohamad Zainal;
submitted 09.Jan.2025; accepted 14.0ct.2025; published 04.Dec.2025

Please cite as:

Lewis K, Zettler-Greeley CM, Milkes A, Blake KV

Benefits and Barriers of Caregiver App Engagement for Supporting Diverse Children With Asthma: Mixed Methods Study
JMIR Pediatr Parent2025,;8:¢69755

URL: hitps://pediatrics. jmir.org/2025/1/e69755

doi: 10.2196/69755

© Kandia Lewis, Cynthia M Zettler-Greeley, Amy Milkes, Kathryn V Blake. Originally published in JMIR Pediatrics and
Parenting (https://pediatrics.jmir.org), 04.Dec.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR Pediatrics and Parenting, is properly
cited. The complete bibliographic information, a link to the original publication on https://pediatrics.jmir.org, as well as this
copyright and license information must be included.

https://pediatrics.jmir.org/2025/1/e69755 JMIR Pediatr Parent2025 | vol. 8 1 €69755 | p. 15

(page number not for citation purposes)


https://doi.org/10.1016/j.pec.2008.11.015
https://doi.org/10.2196/jmir.3951
https://doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/pubmed/25803266
https://doi.org/10.1186/s13223-020-00466-6
http://www.ncbi.nlm.nih.gov/pubmed/32922454
https://doi.org/10.1002/ppul.25406
http://www.ncbi.nlm.nih.gov/pubmed/33848402
https://pediatrics.jmir.org/2025/1/e69755
https://doi.org/10.2196/69755
https://pediatrics.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://pediatrics.jmir.org
https://pediatrics.jmir.org/2025/1/e69755

	Benefits and Barriers of Caregiver App Engagement for Supporting Diverse Children With Asthma: Mixed Methods Study
	Introduction
	Current Knowledge of Asthma and Digital Health
	Digital Health Apps: How to Support Asthma Management?
	Purpose

	Methods
	Study Design and Procedure
	Participants
	Measures and Data Collection
	Power Analysis
	Data Analysis
	Ethical Considerations

	Results
	Participant Characteristics
	Predicting App Engagement From Demographic Survey and Health Care Records
	Post Hoc Analyses to Examine Survey Completion and Frequency of App Use
	Themes That Emerged via the App Experience Survey
	Correlation Between App Engagement Themes and Demographic and Health Characteristics
	Relation Between App Engagement and Caregiver-Reported School Absences

	Discussion
	Principal Findings
	Gaps in App Engagement
	App-Facilitated Communication
	Potential Benefits of the App for Health Care and Education
	Limitations and Future Research
	Conclusions



