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Abstract

Background: With advances in medical technologies, more children with chronic diseases are now living on into adulthood.
The development of proficient self-management skillsis essential for adolescents and young adults to transition from pediatric
to adult health care services. An innovative way to improve the current care model and foster self-management skills could be
through eHealth or mHealth (mobile health) interventions, in particular, when considering the rising ownership of digital technology
by adolescents and young adullts.

Objective: This systematic review aimed to evaluate the features, acceptability, usability, engagement, and intervention efficacy
of eHealth and mHealth interventions that support self-management and health care transition in adolescents and young adults
with chronic disease.

Methods: Thisreview followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) reporting
guidelines (registration number CRD42023378355). We systematically searched the MEDLINE complete, Embase, Cochrane
Library, CINAHL complete, and ProQuest Health & Medical complete. We considered only articles published in or since 2019,
aswe aimed to extend the data collected by 2 previous systematic reviews.

Results: A total of 16,752 studies were screened. After removing duplicates, 14,507 studies were excluded based on the title
and abstract. Ultimately, 22 studieswere included. Theinterventions ranged from simple text messages to complex interventions
involving web-based games and engagement of health care providers, which were summarized into 6 themes: medi cation monitoring
and reminders, symptom tracking and monitoring, management goal setting, knowledge education and self-management skills
training, incentives and reinforcement, and communication. Most adolescents and young adults felt the eHealth and mHealth
interventions were feasible, as they were convenient, easy to use, and accessible in the context of helping manage their health.
However, user engagement was variable and presented agradual decline in youth engagement with these apps over time. Barriers
that prevent user engagement are diverse, such as time-consuming video uploads, noncontinuous access to a phone, reading
literacy levels, language, and fal seimpressions. Moreover, adolescents and young adults had different preferred styles of message
delivery and functions, especially the engaging elements, disease-specific information, and opportunities to communicate with
peers, health care providers, and app teams.

Conclusions:  There remains limited data about the effectiveness of eHealth and mHealth interventions facilitating the

salf-management and health care transition of adolescents and young adults with chronic diseases. Based on the available evidence,
they were receptive to and interested in receiving information and managing their health using mobile apps or websites. Considering
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adolescents and young adults had different preferred styles of message delivery and features, to improve user engagement and
provide focused interventions, it would be better to involve them early in the design process to identify their specific needs, as
well as collaborate with health care providers and app teams to obtain suggestions.

(J Med Internet Res 2024;26:€56556) doi: 10.2196/56556
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Introduction

Background

Chronic diseasesin childhood refer to children aged 0-18 years
who endure incurable diseases diagnosed by reproducible and
valid methods according to professional standards, with a
duration of longer than three months or a frequency of more
than three times during the past year and will probably reoccur
[1]. Inrecent years, theincidence of chronic diseasesin children
has significantly increased, which has become a major global
public health issue affecting children’s physical and mental
health [2,3]. Research showed that approximately 10% to 20%
of children currently endure chronic diseases, including asthma,
epilepsy, diabetes, chronic kidney disease, etc [4]. Due to
development of the advanced medical technologiesthat support
disease management and longer life spans, more children with
chronic diseases are now living into adolescence and young
adulthood [5]. To receive age-appropriate care, adolescentsand
young adults need to transition from pediatric to adult health
care, which involves a significant shift in the care model from
chronic disease supervison and management to
self-management [6,7]. Pediatric providers tend to prefer a
family-centered model of care, with parental involvement in
disease management and daily care for children; while adult
care, is patient-centered, emphasizing patient independence and
personalized care [5,8]. Therefore, the hedlth care transition
from child-centered to adult-oriented health care systemsis a
period of increased risk and vulnerability.

Transition readiness, as akey element of health care transition,
refers to the abilities to prepare, enter, continue, and complete
thetransition. Such preparation mainly reflects self-management
ability, including the knowledge, skills, and experience required
for disease management [9]. Self-management is an important
skill for adolescent chronic disease patients to take over
responsibility for their own health care and ensure good disease
control [10,11]. Research has shown that inadequate
self-management can lead to reduced adherence to treatment,
decreased follow-up, and increased risk of mortality among
adolescents and young adults with chronic diseases, thus placing
aheavy economic burden on adol escents and young adullts, their
families, and even society [12-14]. Therefore, it is crucia to
encourage and promote the improvement of adolescents’ and
young adults self-management behaviors to ensure the
continuity of their health management. However, changes in
self-management behavior entail dynamic, continuous, and
complex processes that are influenced by multiple factors, and
these changes are often difficult to maintain [15]. Therefore, it
is very important to find suitable methods to use in adolescent
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development to encourage and promote the improvement of
self-management behavior among young people.

Aninnovative way toimprovethe current care model and foster
self-management skills could take the form of digital health
interventions, especialy in light of the changing landscape of
internet use and increasing ownership rates of digital technology
among young people. Digital health intervention refers to the
use of theinternet, smartphones, social media, and maobile apps
to provide health care information support and treatment to a
target population [16]. Such interventions have come to
represent an emerging mode of chronic disease health
management due to the advantages of convenience, interactivity,
accessibility, and low cost, which can effectively provide
personalized and continuous web-based medical assurance[17].
Digital media have come to represent an indispensable aspect
of young people's lives, as young people rely on digital media
to seek different forms of mental health support, relaxation, and
distraction [18-20]. The use of eHealth or mHealth (mobile
heslth) interventionsto promote s&l f-di sease management among
adolescents and young adultsis an emerging field that isworthy
of exploration, and this approach represents an innovative way
to develop adolescents and young adults self-management
skills and prepare them for the health care transition process
[21,22].

To date, there has been little evidence produced about the
effectiveness and usability of eHealth and mHedlth interventions
aimed at supporting self-management and health care transition
in adolescents and young adults with chronic diseases. A
systematic review conducted by Pérez et al [23] examined the
literature published from 2015 to 2018 with the goal of
evaluating the utility and effectiveness of mobile and web-based
health appsthat support self-management and transition among
young people with chronic diseases, and 6 studies were
ultimately included in that review. However, only a limited
number of studies on this topic have been published, and it is
difficult to draw comprehensive conclusions concerning the
effectiveness and usage of mobile and web-based apps. Low
and Manias [24] examined the usability of technology-based
toolsfor supporting adol escents and young adults with chronic
diseases by searching for data published between 1967 and 2019
in 3 electronic databases. However, among theincluded studies,
most were published before 2015. Dueto the rapid devel opment
of mobile medical technology and theincreasingly matureforms
of chronic disease management devel oped for adolescents and
young adults, new interventions that are more suitable for
self-management skill development may have emerged. In
addition, although a meta-analysis was conducted in this study,
the quantitative data was insufficient as it focused on the

JMed Internet Res 2024 | vol. 26 | €56556 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/56556
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

experiences and perspectives of adolescents and young adults
[24].

Objective

In summary, the effectiveness and usability of eHealth and
mHealth interventions among adolescents and young adults
with chronic diseases remain unclear. The aims of this
systematic review are to provide more up-to-date evidence for
the features and effectiveness of eHealth and mHealth
interventions that support self-management and health care
transition in adolescents and young adults with chronic diseases.
In addition, to understand and optimize the users' experience,
we attempted to evaluate the acceptability, perceived level of
usefulness, and user engagement of mHealth and eHealth
interventions.

Methods

Study Design

The protocol for this systematic review was registered on
PROSPERO (International Prospective Register of Systematic
Review; registration number CRD42023378355). This study
was reported per the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) reporting guidelines
[25].

Search Strategy

We searched five electronic databases, namely MEDLINE
complete, Embase, CochraneLibrary, CINAHL complete, Web

Textbox 1. Eligibility criteria.

Lietd

of Science, and ProQuest Health & Medical complete. Theend
date for article searching was January 2024. We identified
studies published in or since 2019 in these databases. In addition
to the mentioned search strategies, we aso manually searched
reference lists of included studies to identify any additional
studies that fit the inclusion criteria. The search strategy
(Multimedia Appendix 1) was developed in consultation with
an information scientist and used standardized indexed search
terms and free-text terms about the foll owing four key concepts:
(1) adolescents or young adults, (2) chronic conditions, (3)
transition or disease management, and (4) technology.

Inclusion and Exclusion Criteria

The studies included in this review met the inclusion criteria
outlined in Textbox 1. The year of publication was limited
between 2019 and 2024, as this review aims to update the 2
previous systematic reviews cited in the introductory section.
The language restriction was attributed to the reviewers
proficiency in English. Exclusion criteriaincluded (1) eHealth
and mHealth interventions about the management of mental
health, pain, acute cancer, or health risk behaviors; (2)
interventions used only for testing equipment, such as a
Bluetooth spirometer and blood glucose monitors, or
interventions focused on remote health monitoring, such as
patient portals and symptom reporting platforms; and (3) less
than 50% of the sample involved adolescents or young adults
aged 10 to 24 years.

or had already transitioned to adult health care services.

Year of publication: Studies published in or since 2019.

Population: Adolescents and young adults aged 10-24 years [26] who had been diagnosed with chronic conditions and who were either transitioning

Interventions. Any eHealth or mobile health interventions, such as digital tools, devices, systems, and resources, delivered through a web-based
device to support the health care transition and aid adolescents and young adults in self-management.

Comparisons: Intervention versus ordinary care, pre-post or no comparator.
Outcomes: Any physiological, psychological, behavioral, attitudinal, or knowledge outcomes.
Study Design: Original quantitative or qualitative studies or mixed methods studies published in peer-reviewed journals in English.

Study Selection

A PRISMA diagram illustrating the detailed study selection
process is shown in the Results section (PRISMA checklist is
provided in Multimedia Appendix 2). The search results were
collated using Endnote X9 (Clarivate) software and filtered to
eliminate duplicates. One reviewer (ZL) was responsible for
thefirst stage of screening, which focused on titles and abstracts
inlight of the research questions and theinclusion and exclusion
criteria. Then, 2 reviewers (JW and Y R) screened abstracts for
possible inclusion in the full-text screening. In al cases, the
decision to include or exclude a single study was approved by
both reviewers. If these 2 reviewers could not agree on the
decision, afinal decision was made by the third reviewer (FL).

Data Extraction

A standardized table was used to extract the following datafrom
each study: author information (name of the first author, year,
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and country), participant information (age, gender, and chronic
condition), study characteristics (study design, sample size,
duration, intervention media, intervention components, and
quality assessment), and study outcomes. If any discrepancies
between the reviewers emerged, they were resolved through
discussion with the wider research team.

Quality Assessment

The Downs and Black checklist for randomized and
nonrandomized studies was used to appraise the quality of the
intervention efficacy trials[27]. Thischecklist takesinto account
5 main assessment areas, namely, reporting, external validity,
internal validity based on bias, internal validity based on
cofounding and selection bias, and power, and it assignstrials
an overall score, with the highest possible score being 28. A
score of 24 to 28 was graded excellent, 19 to 23 was graded
good, 14 to 18 was graded fair, and <14 was graded poor.
Additionally, we assessed the explicitness of reporting of each
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gualitative or quantitative questionnaire study to provide
contextual detailsfor readersto assessthetransferability of this
study’s findings to their own settings. The 21-item standards
for reporting qualitative research (SRQR) checklist was used
for qualitative research [28], with atotal score of 0-21 (yes=1,
partially=0.5, and no=0), and a higher score indicates higher
quality. A 16-item tool developed by Tong et a [29] was used
for questionnaire research, with the highest possible score being
16, and a higher score indicates higher quality. Two reviewers
(RB and YY) assessed the quality of the included studies
independently. Any disagreements between these two authors
were resolved through discussion among the research group
and re-examination of the studies.

Data Synthesisand Analysis

Due to the heterogeneity exhibited by different studies and the
different stages of intervention devel opment, meta-analysiswas
deemed unsuitable for this systematic review. Instead, we used
a narrative synthesis methodology to organize, explore, and
present potential similarities and differences, associations, and
patterns of data across different studies. For qualitative research,

Figure 1. Study flow diagram.
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including exploratory and feasibility studies, mixed methods
studies, and studies that involved interviews on focus groups,
NVivo software (version 11; QSR International Pty Ltd) was
used to extract and organize the data. The 3-stage thematic
synthesis outlined by Thomas and Harden [30] was applied to
the data synthesis and thematic analysis by one reviewer.

Results

Overview

Among a total of 16,758 studies identified based on the
aforementioned search strategy, 1855 were removed due to
duplication. Titlesand abstracts of theremaining 14,903 articles
were screened based on the inclusion criteria. Consequently,
14,507 articleswere excluded, leaving 396 full-text papers that
were reviewed for dligibility. Among them, 374 studies were
excluded dueto wrong research content (n=233), wrong research
population (n=56), ineligible study designs (n=28), lack of
full-text (n=15), protocol (n=36), and published in another
language (n=6). Ultimately, 22 studies were included in the
review [31-52] (Figure 1).
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Participants

This review included 1272 participants. Asthma was the most
frequently investigated type of chronic disease (n=6)
[31,35,36,39,43,51], followed by organ transplantation (n=4)
[40,42,44,47], sickle cell disease (n=3) [33,34,37], type 1
diabetes (n=3) [38,41,50], inflammatory bowel disease (n=2)

https://www.jmir.org/2024/1/e56556
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[45,48], cancer (n=1) [32], heart disease (n=1) [52], and HIV
(n=1) [49]; 1 study included children with diabetes, those with
asthma, those with cerebral palsy, and those with congenital
cardiac conditions [46]. Study sample sizes ranged from 4 to
234 participants, who varied in terms of age (range 9-25 years)
and gender (female: 562/1214, 46.3%). The characteristics of
theincluded studies are shown in Table 1.
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Table 1. Characteristics of the included studies (N=22).

Author Country Chroniccon- Study design Age (years) Number of Outcome mea- Quality as-
(year) dition participants  sures sessment
(scoring rate,
%)
Range Mean n (%)
Kosseeta  Nether- Asthma RCT? « 1218 151 . Mde . 234 « Medication « pgpg®
(2019) [31]  lands 1474 adherence” 714
o  Diseasecon-
trol®
e Quality of
life

Schwartzet  United Survivorsof Multiphase « Phase « Phase « Phase . Phase . Usddility « Phase

a (2019) States Childhood iterative de- 2: 15- 2:19 2: 2:10 and accept- 2:
[32] Cancer sign and de- 21 o Phase male; o Phase ability D&B:
velopmentof «  Phase 3:18 4(40) 3:8 50
an interven- 3: 15 o« Phase o Phase
tion 29 3 3
male; SRQRf:
1(12) 571
Crosby eta  United Sickle cell RCT « 1321 16 « Mde .« 53 o Sef-effica o D&B:
(2020) [33] Kingdom  disease 25(47.1) cy9 75
o Sdf-manage-
ment skills"
o  SCD knowl-
edgé
o  Hedthmoti-
vatior?
e Quality of
lifek
Saulsberry et United Sickle cell Aretrospec- o 12-25 14 . Mde . 183 o Disease . Tong:
al (2020) States disease tive cohort 113(62) knowledge' 42.9
[34] study o  Sdf-manage
ment confi-
dence™

Nicholseta United Asthma A qudlitative n e Phase ¢ Phase .« Phase « Chalenges . SROR:

(2020) [35] ~ States study 1: 1 1:14 and benefits 83.3
10.9 male: o Phase associated
« Phase 5(36) 2:8 with SAMS
2:12 « Phase o Feasihility,
2: acceptabili-
male; ty, and pref-
6(75) erences
Schneider et United Asthma A quditative o 12-17 144 « Mde .« 20 o Usahility « SROR:
al (2020) States study 9(45) 78.6
[36]
Hood et al United Sickle cell RCT « 1321 167 « Mde .« 52 e Usyengge . D&B:
(2021) [37] Kingdom  disease 24(46) ment® 53.6
o« Sdf-manage
ment skills?
o Sef-effica
cy skills”
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Author Country Chroniccon- Study design Age (years) Number of  Outcome mea- Quality as-
(year) dition participants  sures sessment
(scoring rate,
%)
Range Mean n (%)
Holtz et al United Typeldia Pilotstudy « 10-15 123 Made .« 25 *  Adherence? + D&B:
(2021) [38]  States betes (apreclinica 13(52) ades ,  Quality of 60.7
or postclini- cents lite"
cal trial) and F'e |
5 . amily con-
par- flicts
ents *  Satisfaction'
0 U%U
« HbAlclev-
els’
Daviset a Australia  Asthma Anpilotstudy « 1524 197 Mde .« 12 e Aghmacon- « SROR:
(2021) [39] 7(58) trolW 452
« Asthma - Tong:
quality of 50
life*
o Usefulness,
satisfaction,
and accept-
abilityY
o Sdf-manage-
ment*
Brookshire-  United Hematopoiet- Quantitative «  11-24  18.1 Mae .« 30 . Use® . Tong:
Gay et a States iccel trans-  feasibility pi- 20(67) . Globa dis 429
(2021) [40] plantation lot study us- tres®
ing question- ress’
naires o Hospita
readmission
rates
Butaiaeta Canada Typeldiaa Nonrandom- . 17-18 18 Mde . 203 . Routine . D&B:
(2021) [41] betes ized trial 102502 clinic visits 71.4
o HbA.
o  Albumin
and creati-
nine level
ratio
. Emergency
department
visitsand
hospitaliza-
tion rates
Mehtaetal  United Livertranss A quaditative » 12-18 « — Mde « 4 « — « SROR:
(2021) [42] States plant recipi-  study 3(75) 80.9
ents
Fedeleetal  United Asthma ApilotRCT . 12-15 132 Mde . 33 . D&B:
(2021) [43]  States 18(545) 60.7
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Author
(year)

Country

Chronic con-
dition

Study design  Age (years)

Range

Mean

n (%)

Number of
participants

Outcome mea-
sures

Quality as-
sessment

(scoring rate,

%)

Sayegheta United
(2022) [44]  States

Daraiseh et
a (2022)
[49]

United
States

Miller
(2022) [46]

United
States

Kindemeta Norway
(2023) [47]

United
States

Hommel et
a (2023)
[48]

Liver trans-
plants

Inflammato-
ry bowel dis-
ease

Diabetes,
asthma, cere-
bral palsy,
and congeni-
tal cardiac
disease

Solid organ
transplanta-
tion

Inflammato-
ry bowel dis-
ease

ApilotRCT » 13-21

Multiphase,
participatory
user research
study using
individual ty test-
interviews, ing: 14-
and user 20
evauation

Design
phase:
14-25
Usabili-

Anpilotstudy « 12-21

Apreclinicd « 14-25
or postclini-

cal tria

« 918

141

16

145

Male:
16(45.7)

Male:
9(27.3)

Male:
8(40)

Male:
13(62)

« 35

« De
sign
phase:
14

ability
test-

ing:
11

« 22

. Feasihility
and accept-
ability

« Asthma
manage-
ment®

«  Asthmacon-

trol™

e Quality of
lifed

o Sef-effica

ae

cy
o Family com-
munica-

tion®

. Medication .

adherence®
o Adherence
motiva-

tion®

e Immunosup-
pressant lev-
| a

o Feasihility
and accept-
ability

* Usilityd  *

. System us-
ability .
scale®

« Knowledge -
of medical
conditions,
health care
system navi-
gation, and
identified
health care
provider and
section

o Feasibility

« Medication
adherenceal

o  Graft func-
tion

D&B:
82.1

SRQR:
59.5
Tong:
57.1

SRQR:
52.4
Tong:
28.6

D&B:
67.9

D&B:
429

https://www.jmir.org/2024/1/e56556 JMed Internet Res 2024 | vol. 26 | 56556 | p. 8

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Lietd

Author Country Chroniccon- Study design Age (years) Number of  Outcome mea- Quality as-
(year) dition participants  sures sessment
(scoring rate,
%)
Range Mean n (%)
Multiphase, o Adher-
iterative de- ence®™
sign, and de- o Feasihility
velopment of and accept-
an interven- ability
tion «  Quality of
life
o Pedtient-re-
ported
symptoms™
Fomo et a United HIV A quditative « 14-19 16.2 « Mde .« 15 o  Perceived « SROR:
(2023) [49]  States study 9(60) usefulness 80.9
. Facilitating
conditions
Chiangeta China Typeldiaa Multiphase « 1625 .« — . — . 35 e Userengage « SROR:
(2023) [50] betes mixed meth- ment satis- 50
ods design faction® « Tong:
«  Heuristic 64.3
evaluation™
«  Think-aoud
evaluation®
Ghozali eta Indonesia  Asthma Apreclinicdl o 1822 .« — e« Made .« 140 .+ Adghmacon- « D&B:
(2023) [51] or postclini- 65(46.4) trol® 53.6
cal trial
Hanetd Canada Heart dis- RCT e 1618 . — e« Mde . 68 e« Transition =« D&B:
(2023) [52] ease 40(59) readiness® 78.6
«  Frequency
of use
. Perceived
usefulness

8RCT: randomized controlled trial.
bSelf-reported medication adherence was measured using Medication Adherence Report Scale.

‘Disease control was assessed with the Control of Allergic Rhinitis and Asthma Test, which contains ten questions on asthma and allergic rhinitis
symptoms.

dAsthma rel ated quality of life was assessed with the Pediatric Asthma Quality of Life Questionnaire.
D& B: Downs and Black checklist.

fSRQR: standards for reporting qualitative research.

9self-efficacy was assessed using the Patient Activation Measure.

hSelf—managernent sKkills were assessed using the Transition Readiness Assessment Questionnaire and the University of North Carolina (UNC)
TRXANSITION Scale.

Sickle cell disease knowledge was assessed using a 25-item disease-specific knowledge questionnaire.

IHealth motivation was assessed usi ng the Treatment Self-Regulation Questionnaire.

KHedlth-related quality of life was assessed using the PedsQL (Pediatric Quality of Life Inventory Sickle Cell Disease Module).
IKnowledge assessment is paper-based and comprises 12 multiple-choice questions of the adolescent sickle cell disease-specific knowledge.
MSelf-management confidence was assessed with the Self-Management Skills Checklist.

"Not available.

%Engagement in the mobile app was measured by (1) dividing the number of log-ins by the number of days with access to the app (eg, log-ins or access
days) and (2) the calculating number of completed self-management goals.

PSelf-efficacy skillswas measured by the Patient Activation Measure.
9Adherence was measured by the Diabetes Behavior Rating Scale.
"Quality of life was self-reported by the adolescent using the PedsQL (Pediatric Quality of Life Inventory Sickle Cell Disease Module) generic scale.
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SFamily conflict was measured using the Revised Diabetes Family Conflict Scale.
'Satisfaction with the app was measured by using 8 questions from the Post-Study System Usability Questionnaire.
YUsage was measured by the number of days used, aday of usage was counted if the child entered the app, and the number of blood glucose entries per

day and the number of messages sent per day were also considered.

VA repeat venipuncture for HbA 1 levels was performed at alaboratory after the intervention.

WAsthma control was measured by the Asthma Control Questionnaire.

XAsthma quality of life was measured using the Mini Asthma Quality of Life Questionnaire.

YUsefulness, satisfaction, and acceptability of the app were measured by the self-made questionnaire.

“The contribution of the app to asthma self-management was measured by the self-made questionnaire.

#®se of roadmap was calculated by ratio variables to account for the differential length of access to Roadmap (version 1.0; Pi Network) across

participants.

®Global distress was measured us ng Profile of Mood States Second Edition, a 65-item measure.
&Family asthma management was measured with the Family Asthma Management System Scale.

A sthma control was assessed usi ng the asthma control test.

%A sthma management self-efficacy was assessed with the Asthma Management Efficacy Questionnaire.
3 ami ly communication was measured using the joint decision-making subscale of the Decision-Making Involvement Scale.

%M edication adherence was measured by a 3-item visual analog scale.
A dherence motivation was measured by the Rollnick Readiness Ruler.

aiImmunosuppressant level was measured by laboratory blood draws to measure trough levels of immunosuppressant medications.

ajUsabiIity testing using a research protocol.

ak&/stem usability scale was measured by a system usability scale that isasimple, reliable, 10-item scale.

dMedication adherence was assessed by app-monitored registrations of Tac dose and time of dosing, measurement of trough Tac variability before,
during, and after the study period, and patient self-report (BAASIS[Basel Assessment of Adherenceto Immunosuppressive Medication Scal €]-questionnaire

and interview).

8MA dherence was assessed by pill counts, pill counts of all inflammatory bowel disease medication prescribed to the patient were completed by patients

or caregivers viathe portal at assessment time points.

ANQuality of life was assessed by PedsQL (Pediatric Quality of Life Inventory 4.0).
patient-reported symptoms was assessed by the partial Harvey Bradshaw Index.
#Yser interaction satisfaction was assessed by Questionnaire for User Interaction Satisfaction after engaging with the app for 4 weeks.

#Heuristic eval uation included a display of system status; degree of correspondence with the real world; user control freedom; consistency; fool-proof
and error-proof mechanisms; app problem resolution using cognition instead of memory; flexibility and efficiency of use; design aesthetics; error
detection, debugging, and recovery from errors; and appropriate assistance and instructions.

aThink-aloud evaluation included asking the users to speak loudly about (1) how to operate the app, (2) why the operation is completed this way, and

(3) how they feel about it.

Asthma Control Test questionnaire, each answer to a question is scored between 1 and 5, with the total score ranging from 5 to 25.

@ Transition readiness was assessed by the Transition-Questionnaire.

Study Design

Among the included studies, 12 involved an intervention
efficacy trial. A randomized controlled trial was the most
commonly used design (n=4) [31,33,37,52], followed by apilot
randomized controlled tria (n=3) [32,43,44] and a
pretest-posttest design (n=3) [38,47,51]. The remaining
intervention efficacy trials used a single-arm open-label study
design [48] or a nonrandomized controlled study design [41].

A total of 9 studies used a qualitative approach: 1 multiphase
study that involved the iterative design and development of an
intervention [32], 1 feasibility study [49], 1 usability study
involving an intervention [35], 2 evaluations of user experiences
[36,42], and 4 mixed methods studies[39,45,46,50]. In addition,
6 studies included a questionnaire component in the study
design: 1 feasihility study [40], 1 evaluation of user engagement
[34], and 4 mixed methods studies [39,45,46,50].

Quality Assessment

An evaluation of the comprehensiveness of reporting was also
conducted for all studies. All mixed methods studies were
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assessed using 2 separate checklists [39,45,46,50]. One study,
which was identified by the authors as using a mixed methods
approach, involved multiple methods, including a participatory
workshop, individual interviews, and user evaluations [45].
Overdll, the reporting of questionnaires received considerably
lower ratings (n=6; scores were derived using the questionnaire
developed by Tong et al [29]: 4/14-9/14, with a scoring rate of
28.6%-64.3%) than the intervention efficacy trials (n=12; Downs
and Black scores: 12/28-23/28, with a scoring rate of
42.9%-82.1%) or qualitative studies (n=9; SROQR scores:
9.5/21-17.5/21, with a scoring rate of 45.2%-83.3%).

Among the 12 studiesthat reported an intervention efficacy trial
[31-33,37,38,41,43,44,47,48,51,52], 91.7% (11/12) were
fair-to-good-quality studies [31-33,37,38,41,43,44,47,51,52]
(Multimedia Appendix 3). Among the 9 qualitative research
papers [32,35,36,39,42,45,46,49,50], 4 were missing at least
40% of theitemsthat wereidentified asimportant on the SRQR
checklist (Multimedia Appendix 4). All 6 studies that included
aquestionnaire were missing at least 40% of theitemsthat were
identified as important with the 16-item checklist of Tong et &
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[29] for reporting questionnaire studies [34,39,40,45,46,50]
(Multimedia Appendix 5).

Summary of Interventions

Among the 22 studies that described the intervention
(Multimedia Appendix 6), 12 were evaluated in the context of
an efficacy trial. All 12 evaluations focused on web-based
interventions. Most interventions were delivered via a mobile
app (n=18) [31-33,35-40,42,43,45-47,49-52]. Other modes of
delivery included websites (n=2) [34,48] and telephones (n=2)
[41,44]. Inaddition, only 27.3% (6/22) of theinterventionswere
based upon extant theories [32,35,39,42,46,50], such as
goal-setting theory [53], self-determination theory [54], social
cognitive theory [55], and transition theory [56]. The
interventions were summarized into 6 themes: medication
monitoring and reminders, symptom tracking and monitoring,
management goa setting, knowledge education and
self-management skills training, incentives and reinforcement,
and communication.

Theme 1: Medication Monitoring and Reminders

A total of 12 interventions focused on medication monitoring
and reminders that targeted multiple aspects of nonadherent
behavior, such as medication reminder or aarm
[31,32,36,39,42,46], medication usage tracking [ 35,42,45,47,52],
evaluations of medication adherence [31,43,47,48], positive
feedback messages [42]. Two good-quality studies described
the intervention designed to improve medication adherence.
The “ADAPT” (Adolescent Adherence Patient Tool) app was
securely connected to a desktop app connected to the patient’s
own community pharmacist, which provided functions of
medication reminder alarms, chats with the pharmacist, and two
guestions that were answered once every two weeks to monitor
nonadherence [31]. TusenTac (University of Oslo) isamobile
app that features a tailored design for solid organ transplant
recipients. In addition to serving as an immunosuppressive
medication monitor, it offers the functions of medication
reminder alerts and evaluations of medication adherence [47].

Theme 2: Symptom Tracking and Monitoring

The 9 interventions in this review involved symptom tracking
and monitoring [31,33,35-37,43,45,50,52]. Specificaly, the
functions include asthma symptoms assessment and tracking
[31,35,36,43,45,52], asthma status feedback [ 36], blood glucose
levels tracking and reminders [50], and daily pain and mood
symptoms assessment [33,37]. One of the good-quality
interventions focused on tracking and monitoring symptoms
based on areal time ecological momentary assessment of asthma
symptoms[35]. In another fair-quality study, iManage was used
to record progress per the daily pain and mood symptoms
exhibited by adolescents with sickle cell disease [37].

Theme 3: Management Goal Setting

The 4 apps included in this review featured self-management
goa setting [33,37,39,43]. Two studies focused on asthma
patients [33,37], while the other two focused on sickle cell
disease patients [39,43]. Two fair-quality studies described the
interventions to promote self-management goal setting.
AIM2ACT hel ped adolescents and caregiversidentify an asthma
management goal after a 1-week period focusing on the
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assessment of needs. Dyads were then guided through the
process of behaviora contracting to outline the specific steps
that each person would take to achieve the goal, how long the
goal would take to complete, and the reward for accomplishing
the goal [43]. iManage is a mobile app that users can cresate,
monitor, and compl ete self-management goals (eg, exercising,
taking medications, or sleeping). They could also link sickle
cell disease symptoms to their goals in a visual calendar and
see the progress of other users (eg, goals complete or not
completed) [37].

Theme4: Knowledge Education and Self-M anagement
Skills Training

Ten of the interventions provided knowledge education and
skills training [31-35,39,43,46,50,51]. The content of
information and skills training includes disease-related
information [31-33,39,46,50,51], information concerning
specific topics of interest to adolescents (such as career
development, sex, or pregnancy) [50], transition knowledge and
skills [34], asynchronous inhaler use technique [35], and
communication trainingswith caregivers on asthmamanagement
needs [43]. The modes of delivery include movies[31], videos
[34,35,43,51], e-books [39,50], phone cals [33], text
information [32,51], and websites[46]. One good-quality study
described short educational and motivational movies on
asthma-related topics [31]. In another fair-quality study,
AIM2ACT isadyadic mHealth intervention providing separate
and tailored skills-training videos for adol escents and caregivers
(eg, how adolescents can effectively communicate their asthma
management needs to caregivers[43].

Theme 5: I ncentives and Reinforcement

There are atotal of 6 of the interventions that provided rewards
to encourage and reinforce self-management behaviors
[32,34,38,42,47,50]. Theformsof rewardsinclude point rewards
[32,38,50], small toys[34], and gamification features[34,42,47].
Two fair-to-good-quality studies described incentive
interventions to stimulate continuous use. Users of the
“MyT1DHero” app could redeem pointsfor accessoriesfor their
“hero” avatar on the app, including capes, boots, logos, masks,
and different hair colorsand styles[38]. The TusenTac app was
age-adapted by including different fun facts that appeared after
medication registration; furthermore, it featured a tailored
“transplant-designed” gamification system with challenges[47].
A total of 4 of the interventions used cognitive strategies to
promote behaviora activation included motivational
interviewing [35,37], cognitive behavioral strategies [37,39],
and prai setext messages[44]. One good-quality study provided
6 weekly, 90-minute group sessions guided by psychologists,
which included culturally sensitive motivational interviewing
and cognitive behavioral strategies with the goal of enhancing
behavioral activation [37]. In another good-quality study, Sayegh
et a [44] provided text messages containing praise to
adolescentswhose laboratory testsindicated immunosuppressant
medications within the expected range with the goa of
improving their medication adherence.
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Theme 6: Communication

A total of 7 mobile appsincluded the feature to facilitate social
mediainteractionswith parents, peers, and health care providers
[31,33,38,42,45,50,51]. In one good-quality study, the ADAPT
app provided functions of peer chat and pharmacist chat
functionsto facilitate contact [31]. In another fair-quality study,
the MyT1DHero app focused on parent-child interactions to
promote positive communication regarding T1D management
through 2 separate app interfaces—one for the adolescent and
one for the parent. In addition, there are also peer support
functions by providing videos of other adolescents with T1D
telling their stories and affirming messages [38].

Outcomes

Study outcomes varied based on the stage of development
(feasibility, usability, efficiency, and effectiveness) of the
intervention in question. The usability outcomes and health
outcomes of thisresearch were summarized per the aim of each
intervention (Multimedia Appendices 7-10).

Per ceived Usability or Acceptability

Perceived usability was explored in the context of 11
interventions [32,35,36,39,40,43,45,48-50,52]. Most of these
interventions (n=10) [32,35,36,39,43,45,48-50,52] were
evaluated positively by the participants. Most participants felt
that the apps were acceptable because they were convenient,
easy to use, and easy to access when they needed hel p managing
their health [32,35,36,39,43,45,49,50,52].

User Engagement

The overall levels of user engagement during the intervention
werevariable[32,35,39,40,43,48,52]. Schwartz et al [32] found
that youth engagement with the app ranged from 19.3% to
98.2% of app intervention days, with amedian of 63.9% of days
actively using the app. Davis et a [39] found that over 6 weeks,
without follow-up appointments, telephone calls, or reminders
from the research staff, 33% (4/12) of participants used the app
oneto fivetimes, 25% (3/12) participantsused it six to ten times,
and 16.7% (2/12) participantsused it more than 10 times. Some
studies indicated a gradual decline in youth engagement with
these appsover time[40,52]. Brookshire-Gay et al [40] showed
that, among users (n=22), engagement rates with Roadmap
(version 1.0) were 96% and 91% for the first 2 weeks,
respectively; however, this percentage declined to 58% (n=12)
by week 4. Han et a [52] reported that only 30%-66% of
participants either sometimes or frequently used the app at the
3-month mark. Some studiesidentified barriers preventing user
engagement, including time-consuming video uploads [35],
noncontinuous access to a phone, literacy levels, limited free
time [36], font size, language, and false impressions [49].

Preferred Delivery M ethod

Adolescents and young adults' preferred delivery method
involved visually appealing features [35,36,39,49,50]. For
example, colors, backgrounds, graphics, and fun or entertaining
elements, such as games, avatars, incentives, design elements,
and additional customization options, encouraged them to use
these apps more frequently and to be more engaged with the
apps. Schneider et a [36] found that many adolescents and
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young adults appreciated the options to change the wallpaper
color and designs on the page and to customize the “emoji”
facesthey used to expresshow they felt at thetime of dataentry.

Preferred Features

Suggestions regarding the inclusion of disease-specific
information were made by adol escents and young adults[35,39].
For example, patients with asthma mentioned information
concerning strategiesto support the self-management of asthma,
general information about asthma, and role model (celebrity or
athletes) testimonials concerning how they coped with asthma.
Communication was mentioned at several levels [35,36],
including communication with peers, health care providers,
parents, and app teams. Many adolescents and young adults
reported that they would appreciate the opportunity to connect
with their peers and share their feelings viasocial media, while
some adolescents and young adults appropriated being able to
contact or share information with their health care providers
[35,36]. Although the use of technology, whether through
messaging or video interactions, was strongly preferred by most
adol escents and young adults astheir primary means of routine
communication and interaction, none of the participants wanted
to completely replace traditional face-to-face encounters [35].

Health Outcomes

Symptom Control

Three fair-to-good-quality studies reported symptom control
assessments, which focused on adolescents and young adults
with asthma (aged 12-22 years) [31,43,51]. One fair-quality
study conducted asthma control assessments at baseline,
postintervention, and 4-month follow-up. Results showed that
participants randomized to the intervention group (AIM2ACT)
had significant improvements (P=.04) in asthma control scores
compared to the control group [43]. Another fair-quality study
revealed that there was a significant difference (P<.001) in the
pretest and posttest scores of the asthma control score from the
intervention group, while no difference was found compared to
the control group [51]. In contrast to these above results, one
good-quality study [31] found that after six months of access
to the ADAPT intervention, no effect was observed on asthma
control compared to the control group (P>.05).

Self-Reported Medication Adherence

Four fair-to-good-quality studies reported medication adherence
[31,38,44,47] through self-report questionnaires[31,38,47], the
medication level variability index [44,47], as well as
app-monitored registrations of medication dose and time of
dosing [47]. Two good-quality studies reported that
mHealth-based intervention had a positive effect on medication
adherence compared to the control group (P<.05) [31,44].
Different from the above results, two fair-to-good-quality
preclinical or postclinical trials demonstrated that there was no
significant change in medication adherence after the short-term
intervention (P>.05) [38,47]. In addition, Kindem et a [47]
found that four of eleven (36%) who were nonadherent assessed
at inclusion turned adherent during the intervention period, and
after theintervention, 70% reported improved timing-adherence
at the interview.
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Quality of Life

Among the five studies to focus on this topic, three (67%)
fair-to-good-quality studies reported on quality of life
[31,38,43]. Among these 3 studies, 2 (75%) focused on
adolescents and young adults with asthma (aged 12-18 years).
One fair-quality study [43] found participants randomized to
the AIM2ACT cohort had significant improvements in
asthma-related quality of life at postintervention (P=.002) and
at the 4-month follow-up (P=.002) compared to control that
surpassed the minimally clinicaly important difference
threshold. However, the good-quality study conducted by Kosse
et a [31] reported that compared to the control group, no
intervention effect was found on asthma-related quality of life
at baseline and at the 6-month follow-up (P>.05). In a
fair-quality preclinical or postclinical trial, significant benefits
were demonstrated in quality of life of adolescents and young
adults with type 1 diabetes (P=.001) after 12 weeks of the
MyT1DHero app intervention [38].

Disease Knowledge

Two studies reported on disease knowledge [33,34], which was
measured using questionnaires. Saulsberry et al [34] found that
there was a positive correlation between participation rate of
Sickle Cell Transition E-Learning Program (STEP) intervention
(6-module tool) and disease knowledge scores (P=.003), and
participants who completed >3 STEP modules had higher
disease knowl edge scores compared with those who compl eted
<3 STEP modules (P=.007) [34]. However, another good-quality
randomized controlled trial showed that although the knowledge
scores of participants significantly increased compared to
baseline after 6 weeks of SCThrive (sickle cell disease
self-management intervention) intervention (P<.001), there was
no statistically significant difference compared to the control
group (P>.05) [33].

Sdlf-Management Devel opment

Four studies reported on self-management development
[33,34,37,43], which was measured in terms of self-management
confidence [34], self-management skills [33,37], and
self-management  efficacy [33,37,43]. One fair-quality
randomized controlled trial [37] found that the number of logins
to the mobile app significantly predicted adolescents and young
adults-reported self-management skills (P<.05), while no
correlation was found in the retrospective cohort study [34]
between the number of modules completed and the
self-management confidence. One fair-quality study [43]
indicated that compared to the control group, no intervention
effect was found on self-efficacy at baseline and at the 4-month
follow-up (P>.05), consistent with research findings of the
good-quality study conducted by Crosby et al [33]. Moreover,
Croshy et a [33] found that although no significant change was
found in overall self-management after SCThrive intervention
(P>.05), there was statistically significant improvement in one
self-management skill (tracking health; P=.001).
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Discussion

Principal Findings

This systematic review examined 22 articlesthat were published
between 2019 and 2023 and focused on adol escents and young
adults aged 9 to 25 years. Despite the proliferation of eHealth
and mHealth interventions during the past 5 years [57], the
overall evidence regarding the efficacy, cost-effectiveness, and
long-term health benefits of these interventions is minimal, as
most of the interventionsidentified werein the usability testing
stage.

Using the qualitative data, this systematic review revealed most
adolescents and young adults felt the interventions delivered
by mobile apps or websiteswere feasible, acceptable, and useful,
asthey were convenient and easy to usein the context of helping
adolescents and young adults manage their hedth
[32,35,36,39,43,45,49,50,52]. Low and Manias[24] confirmed
that adolescents and young adults were receptive to receiving
health information electronically. In fact, multiple studies have
shown that most adolescents and young adults have access to
mobile phones that they keep with them at al times and they
areinterested in using mHealth and appsto manage their health
and facilitate the hedlth care transition [58,59]. However,
engaging adolescents and young adults in research could be
difficult. In this system review, we found that the overal levels
of engagement during the intervention were variable
[32,35,39,40,43,48,52] and tended to decrease over time[40,52].
Some adolescents and young adults could be defined as “ super
users’ who logged into the app nearly every day, while others
engaged with the app infrequently [37,39]. Previous studies
have shown that early involvement promotes better engagement
[60,61], and when making choices among many apps, users
prefer certain features tailored to their needs and preferences
[62,63]. This finding highlights the importance of stakeholder
involvement in the design process, as adol escents are undergoing
a critical period concerning the development of routines and
self-management skills, and digital interventions designed for
adults may not address the unique developmental and
psychosocial barriers faced by adolescents [64]. In addition, a
previous study indicated that increasing caregiver involvement
can effectively improve the engagement of adolescents and
young adultsin digital interventions[65]. Considering the high
risk that adolescents and young adults will not comply with the
intervention, allowing them to designate peopl e other than their
caregivers (ie, older sblings or friends) to increase
accountability may help them assert their independence from
their caregivers.

Adolescents and young adults had different preferred styles of
message delivery and functions. Specifically, adolescents and
young adults have partiality for more engaging elements (such
asvisually appealing features, customization options, or fun or
entertaining functions) [35,36,39,49,50], disease-specific
information [35,39], and opportunities to communicate with
their peers, health care providers, and app teams [35,36].
Education is an important aspect of the task of promoting the
development of self-management skills [66]. The continuous
highlighting of disease-specific educational themes via a
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web-based device using video or text can enable patients to
easily access reliable information. Interacting with peers and
health care providers via social media may promote better
outcomes [67]. Adolescents and young adults would prefer to
network with their peers, which would enable them to share
their experiences and offer each other emotiona and
informational support. Previous studies have proved that
face-to-face support groups and peer guidance were underused
but highly anticipated resources among adol escents and young
adults with chronic diseases, which should be fully exploredin
the self-management and health care transition in the future
[68]. In addition, some adolescents and young adults preferred
to share information or discusstheir concerns with their health
care providers. Dwyer-Matzky et a [69] found that 59% of
adolescents and young adults with chronic diseases would like
to establish close connections with medical teams, which has
been proven to effectively improve treatment adherence.

From the perspective of intervention effectiveness, although
digital health interventions have great potential in the context
of adolescent di sease management, some results have indicated
insufficient evidence of improvement in terms of adolescent
self-management behavior and biomedical outcomes. For
example, somefair-to-good-quality randomized controlled trials
showed that compared to the control group, there were no
significant improvementsin asthma control scores[31], quality
of life [31], disease knowledge [33], and self-efficacy [33,43]
at postintervention (P>.05). A meta-analysis conducted by
Low and Manias [24] did not reveal any differences in the
impact of interventions provided through mobile apps and
websites on quality of life, self-management, which could
mainly be attributed to the lack of high-quality randomized
controlled trials. Due to the small number and heterogeneity of
the studies, meta-analysiswas precluded in thisstudy. Therefore,
we cannot draw a conclusion about the efficacy of the eHealth
and mHealth interventions on symptom control, self-reported
medication adherence, quality of life, disease knowledge, and
self-management development from this review. Future
large-scale, high-quality randomized controlled trias and
investigations of the efficacy and sustainability of eHealth and
mHealth interventions should be conducted. In addition, among
the included studies, only one study [52] focused on the health
caretransition process and eval uated transition readiness. Inthe
systematic review conducted by Pérez et al [23], none of the
studies measured the transition process as an outcome.
Evaluating transition readiness has been widely regarded as an
important component of optimizing transition outcomes due to
its ability to identify obstacles to transition, individually plan
for treatment, and monitor progress over time [70]. More
attention should be paid to the transitional outcomes especially
transition readiness of adol escents and young adultswith chronic
diseasesto facilitate smooth health care transition and optimize
patient health outcomes.

From a cost-effectiveness perspective, eHealth and mHealth
technologies may exhibit greater cost-effectiveness than
face-to-face consultation or clinical medical care. Due to its
ability to overcome spatia limitations, this approach can greatly
reduce the time and transportation costs for both users and
professional medical personnel [71]. Nevertheless, little is
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known about the cost-effectiveness of developing and
maintaining such technology-based interventions. The World
Health Organization strongly recommends that cost analyses
of interventions should be conducted [72]. Relevant costs
include long-term direct and indirect costs, ranging from digital
health intervention devel opment to training and implementation,
as well as the ultimate benefits for patients and health care
systems, such as improving patient health outcomes and
reducing human resource costs. However, no studies included
in this review evaluated the economic characteristics and
cost-effectiveness of digital interventions, while only one study
made areference to cost in the review by Pérez et al [23]. Two
systematic reviewsindicated alack of economic datato support
eHealth and mHealth interventions among adolescents and
young adults with chronic diseases [22,73]. Butler et al [22]
suggested considering costs as early as possible during the
process of prototype development to help make strategic
decisions, while Badawy et a [73] highlighted the need for a
comprehensive economic evaluation of technology-based
interventions to facilitate more evidence-based assessments of
the scalability, sustainability, and benefits of broader investment
of such technology tools among adolescents and young adults
with chronic diseases.

Limitations

This review has several limitations. First, our search strategy
was limited to an academic context, and we focused on
electronically indexed hedth databases published in
peer-reviewed journalsrather than apps contained in commercia
stores. Second, the studies included in this review used
guantitative, qualitative, and mixed methods, which made it
difficult to compare their quality. As the heterogeneity was
observed across different studies and the different stages of
intervention development (feasibility, usability, efficiency, and
effectiveness) on which they focused, we used a descriptive
synthesis-based methodology. This form of analysis can be
subjective, and it faces the risk of reporting bias. To mitigate
thisrisk and improve transparency, al the authors reviewed all
the stages of the data analysis. Finally, some relevant studies
might have been missed because only studies published in
English were included. It was acknowledged that a search
including foreign language databases may reveal additional
studies published in languages other than English in low- and
middle-income countries. Given these limitations, the findings
of this systematic review should be interpreted with caution.

Conclusions

This systematic review revealed that adolescents and young
adults were receptive to and interested in receiving information
and managing their health using a mobile app or website. It
should be noted that adol escents and young adults had different
preferred styles of message delivery and functions. Therefore,
to provide an age-appropriate, reliable condition-specific
resource and improve patient engagement during the transition
process, the best approach would be to involve adol escents and
young adults early in the design processto identify their specific
needs and preference. This would be better to be coupled with
or followed by obtaining suggestions from health care providers
and app teams. As most of the studies remained in the early
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stages of exploration, there remain limited data about the
effectiveness of eHealth and mHealth interventions facilitating
self-management and health care transition of adolescents and
young adults with chronic diseases. Large sample, multicenter
randomized controlled trials should be conducted in the future
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