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Abstract

Background: The prevalence of chronic health conditionsin childhood isincreasing, and behavioral interventions can support
the management of these conditions. Compared with face-to-face treatment, the use of digital interventions may be more
cost-effective, appealing, and accessible, but there has been inadeguate attention to their use with younger populations (children
aged 5-12 years).

Objective: This systematic review aimsto (1) identify effective digital interventions, (2) report the characteristics of promising
interventions, and (3) describe the user’s experience of the digital intervention.

Methods: A total of 4 databases were searched (ExcerptaMedica Database [EMBASE], PsycINFO, Medical Literature Analysis
and Retrieval System Online [MEDLINE], and the Cochrane Library) between January 2014 and January 2019. The inclusion
criteriafor studieswereasfollows: (1) children aged between 5 and 12 years, (2) interventionsfor behavior change, (3) randomized
controlled trials, (4) digital interventions, and (5) chronic health conditions. Two researchers independently double reviewed
papers to assess eligibility, extract data, and assess quality.

Results: Searches run in the databases identified 2643 papers. We identified 17 eligible interventions. The most promising
interventions (having abeneficial effect and low risk of bias) were 3 targeting overweight or obesity, using exergaming or social
media, and 2 for anxiety, using web-based cognitive behavioral therapy (CBT). Characteristics of promising interventionsincluded
gaming features, therapist support, and parental involvement. Most were purely behavioral interventions (rather than CBT or
third wave), typically using the behavior change techniques (BCTs) feedback and monitoring, shaping knowledge, repetition and
substitution, and reward. Three papers included qualitative data on the user’s experience. We developed the following themes:
parental invol vement, connection with a health professional isimportant for engagement, technological affordancesand barriers,
and child-centered design.

Conclusions: Of the 17 dligible interventions, digital interventions for anxiety and overweight or obesity had the greatest
promise. Using qualitative methods during digital intervention development and eval uation may lead to more meaningful, usable,
feasible, and engaging interventions, especially for this underresearched younger population. The following characteristics could
be considered when developing digital interventions for younger children: involvement of parents, gaming features, additional
therapist support, behaviora (rather than cognitive) approaches, and particular BCTs (feedback and monitoring, shaping knowledge,
repetition and substitution, and reward). This review suggests a model for improving the conceptualization and reporting of
behavioral interventions involving children and parents.
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Introduction

Background

The prevalence of chronic health conditions in childhood is
increasing [1,2]. Chronic health conditions are defined as “any
physical, emotional, or mental condition that prevented him or
her from attending school regularly, doing regular school work,
or doing usua childhood activities or that required frequent
attention or treatment from adoctor or other health professional,
regular use of any medication, or use of special equipment”[3].

Behavioral interventions can support the treatment and
management of chronic health conditions and can be effective
in improving symptom management, reducing physical
disability, and improving mental health [4-6]. These outcomes
are particularly important in childhood because they have
implicationsfor children acrosstheir lifespan [ 7-13]. Behaviora
or behavior changeinterventions are sets of techniquesthat aim
to change health behaviors [14]. For children with long-term
health conditions, these interventions typicaly focus on
adherence to medical treatment, education about the medical
condition, and improving aspects of medical care [15]. A
specific example is the management of diabetes via behavioral
intervention; glycemic control can beimproved by encouraging
behaviors of blood glucose monitoring, selection of healthy
food choices, attendance at routine clinical appointments, and
adherence to insulin therapy or other medications [16].
Improving the management of chronic health conditions at an
early age can lead to immediate health improvements, but it
also lays the foundations for health across the lifespan of the
patient [7]. Assuch, it isimportant that younger children (and
their families) are supported to improve understanding of their
condition and devel op self-management skills[17].

Digital interventions can deliver behavior change interventions
using mobile phones, smartphones, portable computers, desktop
computers, the internet, wearable technology, and television
[18]. This is an emerging and rapidly developing field of
research, and the potential advantages include increased
cost-effectiveness, anonymity for users, appeal to younger
people, and the ability for recipients to access interventions
anywhere and at their own pace [19-22]. There is a growing
body of evidence to suggest that digital interventions are
potentially effective for adults and adolescents with chronic
health conditions; they have beneficial effects on improving
knowledge, self-management, self-care, quality of life,
medication use, symptom control, and health service utilization
[23-30]. However, there are some potential disadvantages that
may affect the uptake, attrition, and efficacy of interventions.
Some individuals may not be able to access the intervention
because of technical issues, illiteracy, or the cost involved in
obtaining the devices. Negative attitudes toward technology
may also create barriersto use, and thisincludes concerns about
data security. A lack of strong therapeutic relationships may
discourage users and reduce engagement and efficacy of
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interventions. These potential disadvantages [31,32] should be
carefully considered when planning and designing digital
interventions. Furthermore, there are limitations with the
evidence basefor digital interventions, with systematic reviews
highlighting the need for clearer reporting and higher quality
research [23-29].

Despite the increasing availability of digital interventions and
a growing body of evidence for adults and adolescents, there
has been inadequate attention to designing and delivering these
interventionsto children. Children have different developmental
characteristics and needs, and the developmental stage of
children should be considered when designing interventions
[33,34]. To the best of our knowledge, there are no systematic
reviewsthat specifically investigate digital interventionsfor the
management of chronic health conditionsin children (aged <13
years). Furthermore, reviewsinvestigating digital interventions
for young people with chronic health conditions typically do
not include children aged below 10 years [35], or, if they do,
only a minority of the interventions included in the reviews
include children aged below 13 years [15,36-38], recognizing
that there are “fewer interventions targeting...the extreme
pediatric agerangesof early childhood and emerging adulthood”
[16]. The reviews spanning childhood and adolescence note
important differences between these age groups. Three separate
reviews of internet and computer-based cognitive behavioral
therapy (CBT) for mental health problems found different
treatment effects for older and younger children. The reviews
found some positive effects for adolescents, but concluded that
treatment effects were smaller or more uncertain for younger
children [36,37,39]. Similarly, a review of electronic health
interventions for young people with long-term physical
conditions concluded that effectiveness was uncertain at this
time, especially in children aged <10 years [15]. One review
acknowledged, “we could not take the developmental stage of
the patients...into account. As evidence is mounting, thisissue
should be addressed in future trials” [17].

Therefore, this review aimed to explore digital interventions
for the management of chronic health conditions in children
aged between 5 and 12 years.

Behavior change interventions are often complex [40], which
can pose a challenge when synthesizing the effects of these
interventions [41]. Advances in behavioral science have
provided taxonomies and coding systems that help identify
specific characteristics or active ingredients associated with
effective interventions [42]. Thisincludes the behavior change
techniques (BCTs) taxonomy [43], which presents 93 discrete
BCTs, “observable, replicable and irreducible component of an
intervention designed to alter or redirect causal processes that
regulate behavior’[43]. In addition to understanding what is
being delivered (BCTs), it is important to understand how the
content is delivered; this can be categorized using the mode of
delivery taxonomy [18]. Identifying the theoretica
underpinningsis possiblewith acoding frame[44]. Using these
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BCTs, mode of delivery and theory taxonomies in systematic
reviews may result in more optimal evidence syntheses and
health care practice recommendations [41].

Objectives

Thissystematic review aimed to investigate digital interventions
for the management of chronic health conditions in children
aged between 5 and 12 years. We used an inclusive definition
of chronic health conditions that included both physical and
mental health. Conceptualy, behavioral interventions for
physical and mental health conditions are the same; they are
designed to change the child’s behavior to improve the clinical
outcome. Furthermore, there is a strong overlap between
physical and mental conditions; comorbidity of physical and
mental health conditionsis common [45], and many conditions
involve both mental and physical health issues (eg, chronic
fatigue syndrome or myalgic encephalomysdlitis, pain, and
obesity), thus devel oping integrated approaches toward mental
and physical health isincreasingly becoming apriority [46]. In
this review, we aimed to answer the following questions: (1)
Which of theseinterventions are effective in promoting behavior
changefor the management of the chronic health condition? (2)
What are the characteristics of effective interventions,
considering the following: recipients, what is being delivered
(BCTs), how this content is being delivered (the mode of
delivery), the theoretica basis, and the modality of the
intervention? and (3) What are the users' experiences of the
digital intervention?

Methods

Registration

The review was prospectively registered in the Prospective
Register of Systematic Reviews (PROSPERO) database.

Search Strategy

We carried out a systematic search of relevant databases:
Excerpta Medica Database (EMBASE), PsycINFO, Medical
Literature Analysis and Retrieval System Online (MEDLINE),
and the Cochrane Library (January 2019). The search strategy
included keywords and Medical Subject Headings (MeSH) for
(2) children aged between 5 and 12 years, (2) behavior change,
(3) randomized controlled trials (RCTS), (4) digital interventions,
and (5) chronic health conditions (we used amixture of generic
terms, ie, “Chronic disease,” and also search-specific terms,
informed by the most common chronic illness in childhood;
Multimedia Appendix 1) [47].

Screening
Tobeincluded inthisreview, studieshad to fulfill thefollowing
criteria:

1. Include children aged between 5 and 12 years (this review
aimed to examine digital interventions for children in the
developmental stages of middle childhood).
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2. Include children with achronic health condition, excluding
those with developmental delays.

3. Invedtigate a digital intervention to promote behavior
change. Digital interventions included those delivered via
internet (static or interactive websites, automated emails,
or web-based apps), personal computers (PCs; eg, PC
videogames), social media, mobile phones (automated
phone calls or short text messages), or smartphones (mobile
websites or smartphone apps). These may be stand-alone
interventions or guided (eg, therapist supported).

4. Compare the digital intervention with any comparator.

5. Have an RCT study design (RCTs are considered the gold
standard for judging the benefits of treatments [48], and
including RCTs only alowed us to focus on the
interventions most likely to be adopted into clinical care).

6. Published in peer-reviewed journals and available in
English.

7. Published between 2014 and January 2019. We chose a
5-year time frame because of the rapid pace of digital
interventions [49], indicating that older interventions were
not likely to be relevant.

Titlesand abstracts (stage 1) and full-text papers (stage 2) were
independently double screened against the inclusion and
exclusion criteria using the data management platform Rayyan
(stage 1) and Covidence (stage 2). AB screened all papers, and
CL, LS, and EB were responsible for the independent second
screening. Reasons for exclusion were recorded at stage 2.
Discrepancies at both stages were discussed and resolved in
meetings by the reviewers. Papers were tracked using the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram [50].

Data Extraction and Synthesis

For data extraction, papers were reviewed independently by 2
researchers and conflictswere resolved in regular meetings (AB
reviewed all papers, and CL, LS, and EB were responsible for
an independent second review). Two researchersindependently
coded BCTs (EA and AB, a hedth psychologist and health
psychology trainee, respectively). We extracted information
that allowed usto answer the 2 primary research questions, as
described in Table 1. If the full text did not contain the
information needed, we made 2 attempts to contact the authors
by email.

Due to the clinica and methodological heterogeneity, we
synthesized data using narrative synthesis [51,52] to answer
our research questions. We reported effectiveness based on
whether interventions were deemed as very promising, quite
promising, possibly promising, nonpromising, or unable to
assess effectiveness, determined by change in the outcomesand
the quality of the science (Table 1 defines these categories).

JMed Internet Res 2020 | vol. 22 | iss. 7| €16924 | p. 3
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Brigden et &

Table 1. Dataextraction.

Data extraction category Details extracted

Population « Age the age range of the population, at the time of entry into the study. Ages were then grouped by UK school
key stage categories [53]:
.  5-7years, corresponding to key stage 1.
o  8-11 years, corresponding to key stage 2.
« 12 years, corresponding to key stage 3.

«  Chronic health condition: the chronic health condition that the intervention was designed to target.

Overview of intervention  «  oyerview of aims: the overview of the aims of the RCT2
«  Overview of intervention: an overview of the digital component of the intervention and, if applicable, other key
components.
«  Overview of comparator: an overview of the comparator arm or arms.

Aim 1: effectiveness «  Overview of promise: promise was based on the beneficial effects of the intervention and the quality of the study
(risk of bias). To determine the beneficial effects of the intervention, we looked at the Cls of the mean difference
from baseline to follow-up between the intervention and control group, considering the behavioral outcomes and
the primary outcome (or outcomes). We developed 5 categories:

« Interventions were deemed very promising where there were beneficial effects of the intervention on both
the primary outcome and at |east one behavior change outcome, and the evidence was judged as having a
low risk of bias.

« Interventions were deemed quite promising where there were beneficial effects of the intervention on the
primary outcome or at least one behavior change outcome (but not both), and the evidence was judged as
having alow risk of bias, or some concerns.

« Interventions were deemed possibly promising where there were beneficial effects of the intervention on the
primary outcome and or behavior change outcome (or outcomes), but the study was deemed to have a high
risk of bias.

. Interventionswere deemed nonpromising where there were no beneficial effects of theinterventionson either
the primary outcome or behavior change outcomes.

. Interventions were put in the category unable to assess effectiveness where there were no effectiveness data
available for the primary outcome or behavior change outcomes, for example, if the paper was a pilot or
feasibility RCT.

« Thedirection and size of the effect [51] was extracted for behavioral and primary outcomes, and the following
was reported:

o  Summary of the effect of the intervention compared with the control.

. Statistic comparing the change in the intervention group and control group from baseline to final follow-up.
Where sufficient information was available comprising either SDs and numbers of participants, or SEs, we
calculated the net mean difference (difference in mean changes), with 95% Cl and P value. Where possible,
this was interpreted in the context of the authors' judgment of clinicaly significant effects.

. If available, we reported the adjusted mean difference (adjusted for baseline measures) asthisis the accepted
best method.

«  Outcome measure: al behavioral outcomes were extracted, as exploring the effect of the intervention on behavior
change wasthe primary aim of thisreview. The primary outcome was al so extracted asthisisthe main determinant
of whether the study is considered a success or afailure [54]. For each outcome we extracted:

« thebehavior and or primary outcome
o how this was measured
« thefina time point.

« Adverse events: health interventions carry some risk of harm. Systematic reviews should minimize bias toward
favoring an intervention by assessing adverse effects alongside beneficial effects [55]. Data on adverse events as-
sociated with the intervention were extracted.
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Data extraction category

Details extracted

Aim 2: characteristics of
promising interventions

Aim 3: The users' experi-
ence of the digital interven-
tion

The following data were extracted from very promising, quite promising, and possibly promising interventions:

«  Recipients: whether the intervention was delivered directly to the child, via a parent-proxy or both.

« Intervention techniques: intervention techniques refer to what is being delivered, the content or active ingre-
dients of an intervention. The behavior change techniques taxonomy provides a standardized method of
classifying intervention content [43]. This taxonomy consists of 93 behavior change techniques, in 16
groupings. We coded interventions using the 16 groupings.

«  Wecoded whether each BCT identified was delivered to the parent or the child and whether it featured in the
digital or human component.

Digital mode of delivery: intervention mode of delivery refersto how the content is delivered. We categorized

mode of delivery, based on elements of the mode of delivery Taxonomy [18]:

. Tailored or generic: tailored interventions change the content of the text, images, recommendation, messages,
etc based on the individual needs of the user.

«  Guided or stand-alone: guided interventions are delivered with some form of support by a professional or
coach, either with human contact or electronic means (eg, email or telephone calls).

. Interactive techniques. these include play, arts, story, and or game-based techniques.

Theoretical basis: whether anamed theory of behavior or behavior change was explicitly mentioned in the Abstract,
Introduction, or Methods section [44].

Modality: the intervention modality, coded as either afirst, second, or third wave intervention. First wave inter-
ventions are purely behavioral, based on the theory that all behaviors are learned (through classical and operant
conditioning) [56], and that mal adaptive behaviors can be changed using principles such asreinforcement, modeling,
graded tasks and habit formation [43]. Second wave refers to cognitive behavioral interventions, based on the
principle that thoughts, feelings, physical sensations and actions are interconnected; individuals are supported to
identify negative or unhelpful patternsin their cognitions, emotions, behaviors, physical sensations and supported
to adopt more adaptive patterns[57]. Third wave interventions are characterized by techniques such as metacognition,
acceptance, mindful ness, compassion and spirituality [56].

Qualitative analysis: two researchers independently reviewed all eligible papers and identified those that included
qualitative data about the users' experience of the digital intervention. Qualitative data were extracted, compared,
and summarized into themes.

3RCT: randomized controlled trial.

Quality Assessments

As dl studiesin this review were RCTS, the Cochrane risk of
biastool for randomized trials (RoB 2.0) [58] was used to assess
the scientific quality of each study. Two researchers reviewed
each paper, and the researchers then compared their quality
assessment and resolved conflicts (AB reviewed al papers, and
ML, LS, and EB were responsible for an independent second
review). Following this, each paper was given a score of either
low risk of bias, some concerns, or high risk of bias. Where
available, we reviewed trial registries and published protocols.
If needed, we also requested further information from the
authors, including statistical analysis plans.
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Results

Literature Search and Selection of Studies

After deduplication, 2643 papers were identified from the
database searches, of which 18 paperswereidentified aseligible
for inclusion. Two of these papers reported on the same
intervention; therefore, we identified 17 digital interventions
for the management of chronic health conditions in children
aged between 5 and 12 years. Figure 1 displays the PRISMA
diagram.
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Figurel. PRISMA flow diagram. RCT: randomized controlled trial.

Population Characteristics

The digital interventions targeted a range of chronic health
conditions, including overweight or obesity (n=7), anxiety and
preoperative anxiety (n=3), cereébra palsy (n=3),
attention-deficit/hyperactivity disorder (ADHD; n=1), type 1
diabetes (n=1), asthma (n=1), and social-emotional problems
(n=1). All the interventions included children of key stage 2
age (8-11 years), 13 included children of key stage 3 age (12
years), and 9 included children of key stage 1 age (5-7 years).
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Aim 1: Which Digital I nterventions Are Effectivein
Promoting Behavior Change for the M anagement of
the Chronic Health Condition?

Table 2 detail sthe characteristics of the population, intervention,
and outcome data (Multimedia Appendix 2). Thisis presented
by their potential effectiveness, based on outcomes and quality
assessment (Multimedia Appendix 3).

No interventions were identified as very promising.

A total of 5 interventions were identified as quite promising; 3
of these wereinterventions targeting overweight or obesity. An
intervention involving exergaming used Kinect and Xbox with
additional components of Fithit step count monitoring and
parent-child tel ehealth sessionswith afitness coach. Compared
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with the control group, the intervention group showed an
increase of 11.4 min of moderate-to-vigorous physical activity
(MVPA) per day (95% CI 2.25- 20.55) at 6 months. However,
there was no clear evidence of effect on the primary outcome;
the reduction in BMI Z-scores was —0.08 (95% CI —-0.16 to
0.003) at 6 months, which did not reliably meet the authors
threshold for change (-0.09). An exergaming plus a
family-based pediatric weight management program led to an
increase of 8.0 (95% CI 0.5-15.4) min of MVPA per day at 4
months, with the trial powered to detect a change of 4.0 to 4.6
min of MVPA per day (MVPA was the primary and behavior
change outcome) [54]. A further trial involved 4 training units
(2 face-to-face and 2 viaFacebook) plusweekly support through
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aparental WhatsApp group for 12 weeks. Thisled to adecrease
inBMI Z-scoresof 0.14 (95% CI —0.28 to —0.003) at 6 months,
with thetrial powered to detect a decrease of 0.24 (no behavior
change outcome was available). The third and fourth quite
promising interventions were both internet-delivered CBT for
children with anxiety disorders, both offering completely
web-based modulesfor parentsand children in conjunction with
web-based therapist contact [60,63,64]. Both led to an
improvement in anxiety as assessed by the clinician severity
rating, equating to an estimated change of —077 (95% CI -1.15
to —0.40) at 3 months [60] and -1.16 (95% Cl —1.55 to —0.77)
at 10 weeks [63].
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Table 2. Data on population, interventions, and effectiveness of behavior change outcomes and primary outcomes, grouped by intervention promise.

Categoriesandref- Condition;  Overview of intervention/recipi- Recipients Behavior change outcome  Primary outcome (if differ-
erence age ents ent)
Quite promising
Ahmad et Overweight  Digital component: 2 training Digital component: Healthy lifestyle behaviors, BMI Z-score: theinterven-
(2018) [59] or obesity; units delivered weekly viaFace- parent only; face-  children’s eating, physical  tion group had a reduced
8-1lyears  book. Weekly 1-hour sessions  to-face component:  activity, and screen time: BMI Z-score compared
using aparents WhatsAppgroup parent and child effectivenessdatanot report-  with the control. Net mean
that lasted for 12 weeks. In the ed difference®™-0.14 (95%Cl
WhatsApp group, the researchers -0.278 to -0.003; P=.05)
posted key information and
sKills, responded to parent
queries, and provided feedback
on the adiposity progress of the
children. Parents were encour-
aged to interact with the group
WhatsApp group; additional
component: 2 half-day face-to-
face training sessions
Jolstedtetal  Anxiety; 8 pjgital component: ICBT?. A Digital component: - None reported Anxiety (CSR)S: Partici-
(2018)[60] ~ 12years  \yeh-based programwith 12~ Parentand child; pants allocated to ICBT
modules delivered over 12 face-to-face compo- showed improvements on
weeks, consisting of texts, films, Nent: parent and the CSR compared with
illustrations, and exercises and child the control. Net mean dif-
focused mainly on exposure ference=0.79 (95% ClI
therapy. Limited weekly asyn- 0.42-1.16; P=.002); thees-
chronous support fromaclinician timated between-group ef-
to encourage families to engage fect size at 12-weeks post-
in the program. Twelve parent- treatment 0.77 (95% ClI
directed modules, covering 0.40-1.15)
parental behaviors, which can
maintain anxiety and how to best
support their child. Parents
helped children with the child-
directed modules
Staianoetal  Overweight Digital component: participants  Digital component: Physical activity: theinter- BMI Z-score: therewasno
(2018) [61] or obesity;  were provided aKinect and child only; face-to-  vention showed an increase  clear evidence of effect
10-12 years  Xbox 360 gaming console, 4 ex- face component: inMvPad compared with
ergames, and aFitbit Ziptowear parentand child e control group; estimated
during the 24-week period. Steps mean difference 11.4 min of
per day werewirelessly uploaded MVPA per day (95% Cl
and reviewed by the fitness 2.25-20.55); Dietary habits:
coach; additional component: there was no evidence of ef-
telehealth, consisting of the child fect
and parent meeting with afitness
coach over video chat, on a
weekly basisfor thefirst 6 weeks
and biweekly thereafter
Trost et a Overweight  Digital component: participants  Digital component:  Physical activity: theinter-  The primary outcome was
(2018) [62] or obesity;  were provided agameconsole  childonly; face-to- vention group exhibiteda  physical activity (see the
8-12years  and motion capturedevice (Xbox face component: greater increasein MVPA  behaviora outcomes col-

and Kinect; Microsoft Corpora-
tion) and 2 active sports games.
No explicit advice or goals were
given to any study participant
regarding the use of their active
gaming tool; additional compo-
nent: a comprehensive family-
based pediatric weight manage-
ment program

parent and child

compared with the control
group. Net mean differ-
ence=8 min of MVPA per
day (SE 3.8; 95% CI 0.5-
15.4; P=.04)

umn)
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Categoriesandref- Condition;
erence age

Overview of intervention/recipi-
ents

Recipients

Behavior change outcome

Primary outcome (if differ-
ent)

Vigerlandetal Anxiety; 8-

(2016) [63] 12 years
and Vigerland
et al (2017)
(64]

Possibly promis-

ing
Bul et a ADHD; 8-12
(2016) [65] years
Hsieheta Cerebral pal-
(2018) [66] sy; 5-10

years

Digital component: a treatment
platformwith 11 modules, includ-
ing reading material, films, ani-
mations, illustrations, and exercis-
es. A combined parent-child in-
tervention. Seven parent-directed
modules containing information
and instructions on how to help
their child. Four child-directed
modules. Participants had web-
based contact with an assigned
psychologist or CBT therapist
through written messages and
written feedback. Three sched-
uled telephone calls plus addition-
al telephone callsif needed (to
increase motivation or problem
solve)

Digital component: a serious
web-based adventure game
(Plan-It Commander) devel oped
by health care professionals, re-
searchers, and game expertsin
collaboration with parents and
children with ADHD. A web-
based mission-guided gameiin
which principles of behavior
therapy and game-based learning
were combined. The missions
addressed specific skillsaddress-
ing time management, planning
and organizing, and prosocial
behavior. Players could access a
closed social community (Space
Club) to stimulate prosocial be-
havior (eg, helping other players
and giving compliments); addi-
tional component: treatment as
usual

Digital component: aPc’ gaming
platform. The participants stood
in front of the platform and
viewed a monitor that displayed
1 of aseries of simulated tasks,
such as hitting ground rats. The
gaming platform handle was
loaded, 0.5t0 2.5 |b. ThisPC
gaming platform provided trunk
movementsin 3 directions: hori-
zontal, vertical, and multidirec-
tional trunk movements

Digital component:
parent and child;
face-to-face compo-
nent: parent and
child

Digital component:
child only; face-to-
face component:

N/A®

Digital component:
child only; face-to-
face component:
child only

None reported

Timemanagement: theinter-
vention arm showed greater
improvements in parent-re-
ported time management
skills compared with the
control arm. Estimated net
mean difference of parent-
reported time manage-
ment=5.98 (95% CI 1.32-
10.64) and teacher time
management=5.46 (95% Cl
1.71-9.20); planning and or-
ganizing skills, socia skills:
no clear evidence of effect

None reported

Anxiety (CSR): the inter-
vention group had alarger
improvement on the CSR.
Net mean differ-
ence=-1.16 (95%Cl -0.77
to —1.55)

The 3 primary outcomes
were: parent-reported time
management, parent-report-
ed planning and organiza-
tion, and parent-reported
socia skills (seethe behav-
ioral outcomes column)

Measures of postural bal-
ance: there was clear evi-
denceof effect of theinter-
vention for 2 of the 7 mea-
sures
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Categoriesandref- Condition;  Overview of intervention/recipi- Recipients Behavior change outcome  Primary outcome (if differ-
erence age ents ent)
Wantanakorn  Preoperative Digital component: Children- Digital component:  N/A Preoperative anxiety: anxi-
et a (2018) anxiety; 5-12  Friendly Hospital, atablet app  child only; face-to- ety was lower in the inter-
[67] years for pediatric patientswho need  face component: vention group versus the
bone marrow aspiration proce-  N/A control group. Estimated

Nonpromising

Armstrong et Overweight
a (2017) [68] or obesity;
5-12 years

Christison et
al (2016) [69]

Overweight
or obesity;
8-12 years

Sanchez et a
(2017) [70]

Social-emo-
tional prob-
lems; 7-11
years

Unableto assess
effectiveness

dures. It was used to provide
medical information: participants
started with the cartoon about the
procedure then played matching
games and practiced the breath-
ing exercise gameto reduce anx-
iety; additional component: usual
bone marrow aspiration proce-
dures

Digital component: daily mobile
text messages, based on motiva-
tional interviewing, for 12 weeks.
Initial texts encouraged parents
to set a health behavior goal. In
areply text, the investigators re-
inforced the most evidence-based
goals for BMI reduction (sugar-
sweetened beverage reduction,
increased physical activity, eat-
ing mealsat home, and increased
vegetable consumption). Subse-
quent daily texts prompted par-
entsto self-monitor adherence to
the goal. Each week for 12
weeks, parents can choose anew
goal or continue working on the
present goal; additional compo-
nent: standard care, including
monthly lifestyle counseling vis-
its by a physician and dietician

Digital component: The Exergam-
ing for Health Program isa
community-based, multifaceted
pediatric weight management
program including 1 hour of
weekly group exergaming; addi-
tional component: classroom
curriculum

Digital component: asingle-
player story-based digital game
that requires children to apply
specific social-emotional skills
to solvesocia problemsencoun-
tered in the game. For example,
approaching an individual that
appears easy to talk to, joining a
group at agamein progress, and
approaching small groups that
appear less easy to talk to. With-
in each scenario, the player had
to make behavioral choices and
individualized feedback to
choices was given

Digital component:
parent only; face-
to-face component:
parent only

Digital component:
child only; face-to-
face component:
parent and child

Digital component:
child only; face-to-
face component:
N/A

Child nutrition habits, activ-

ity habits and screen time:

no clear evidence of effect

of intervention

Activity levels, sedentary
screen time, and diet: no
clear evidence of effect of
intervention

Bullying perpetration: no
clear evidence of effect of
intervention

difference means=-7.71
(95% Cl -14.27 to —1.15)

BMI Z-score: no clear evi-
dence of effect of interven-
tion

BMI Z-score: no clear evi-
dence of effect of interven-
tion

No primary outcome spec-
ified

http://www.jmir.org/2020/7/€16924/ JMed Internet Res 2020 | vol. 22 | iss. 7 | €16924 | p. 10

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Brigden et a

Overview of intervention/recipi-
ents

Recipients Behavior change outcome

Primary outcome (if differ-
ent)

Categoriesandref- Condition;

erence age
Burckhardt et Type 1 dia
al (2018) [71] betes; 8-12

years

Fikset a Asthma; 6-
(2015) [72] 12 years
Hamilton- Overweight
Shield et a or obesity;
(2014) [73] 5-11 years

Digital component: the Dexcom
G50" Mobile continuous glu-
Cose monitoring system transmit-
ted glucose levels via Bluetooth
to amobile devicethat generated
aerts. Thisinformation could be
shared viathe cloud withupto 5
individuals who could remotely
monitor the continuous glucose
reading in real time along with
the possibility to use individual-
ized derts. Participantswere able
to seetheir sensor glucose levels
inreal time

Digital component: the features
of MyAsthmaincludeidentifica-
tion of parents' concerns and
goals for asthma treatment;
monthly tracking of symptoms,
medication side effects, and
progresstoward god's; education-
al content; and accessto the
child'sasthmacare plan. Parents
were encouraged with email re-
minders to complete monthly
portal surveys with input from
their affected child. In response
to these surveys, families and
clinicians received guideline-
based decision support that direct-
ed them to speak to one another
if asthmawas not well controlled
or if there were side effects, or
to continue current therapy

Digital component: Mandolean
teaches patients how to eat and
recognize satiety. The patient
puts a measured portion of food
determined by atherapist on the
Mandolean (scales and comput-
er), which records and displays,
in rea-time graphics, the re-
moval of food from the plate as
the patient eats. Thisiscompared
with apreset eating lineand devi-
ation from the training line by
eating too quickly or slowly
elicits a spoken request from
Mandolean to slow down or eat
faster. The patient rates their
level of satiety, which appearsas
adot on screen yielding a devel-
opment of satiety curve allowing
comparison of the development
of fullnesswith anormal fullness
curve again preset on screen.
Additional component: standard
care comprising of dietary and
activity advice by trained prac-
tice nurses

Digital component:
child only; face-to-
face component:
N/A

Pilot study (n=14)

Digital component:
parent only; face-
to-face component:
parent only

Only acceptability or feasi-
bility data

Digital component:
child only; face-to-
face component:
parent and child

None of the pilot trial’s ob-
jectives were met; thusthere
were no full trial effective-
ness results

No primary outcome spec-
ified

Only acceptability or feasi-
bility data

BMI Z-score: none of the
pilot trial’s objectiveswere
met; thus there were no
full trial results
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Condition;
age

Categoriesand ref-
erence

Overview of intervention/recipi-
ents

Recipients Behavior change outcome

Primary outcome (if differ-
ent)

Kassee et al
(2017) [74]

Cerebral pal-
sy; 7-12
years

Preston et a
(2016) [75]

Cerebral pal-
sy; 5-12
years

Digital component: a Nintendo
Wii U system, 1 Wii MotionPlus
remote controller, 1 Wii
Nunchuck, and the Wii Sports
Resort game to be played at
home. Games were designed to
promote higher upper-limb activ-
ity. Participants were instructed
to play games using their affect-
ed hand for at least 40 min each
day, 5 days aweek for 6 weeks
(30 days); additional component:
parents supervised and recorded
sessions and were asked to en-
courage the child to use their
spastic hand as much as possible

Digital component: computer-
assisted arm rehabilitation gam-
ing used at the child’'s home.
Parents were asked to encourage

Digital component:
child only; face-to-
face component:
parent and child

Pilot study (n=6)

Digital component:
child only; face-to-
face component:
parent and child

None reported

Pilot study (n=6)

Pilot study (n=15)

their children to use the gaming
technology for 30 min aday; ad-
ditional component: avisit at
week 3 to offer encouragement
and to check the gaming technol-
ogy system. Usual follow-up
treatment

Priceet al
(2015) [76]

Overweight
or obesity;
6-12 years

Digital component: text mes-
sages to parents to reinforce
telephone health behavior
coaching. Text messages to pro-
mote behavioral self-monitoring
and skills training, focused on
behaviors, including limiting fast
food and eating fruitsand vegeta-
blesin place of high-calorie
snacks. At the time of awell
child care visit, digital alerts
were sent to pediatricians de-
signed to identify children with
aBMI =95th percentile. These
contained information on how to
monitor and support the child;
additional component: Well child
visit

Digital component:
parent only; face-
to-face component:
parent only

Only acceptability or feasi-
bility data

Only acceptability or feasi-
bility data

@Net mean difference indicates the difference in mean change between the intervention and the control arms of the study.

bCBT: internet-delivered cognitive behavioral therapy.
®CSR: clinician severity rating.

dMVPA: moderate-to-vigorous physical activity.
EN/A: not applicable.

fpc: personal computer.

In al, 3 interventions were identified as possibly promising. A
PC game led to improved balance control in children with
cerebral palsy on 2 of the 7 measures of balance at 3 months
[66]. An internet-based serious game for ADHD led to an
improvement in parent- and teacher-rated time management
skills at 5 months, but no evidence of improvement on parent-
and teacher-rated planning and organization skills or social
skills. A tablet app that included an educational animated video,
along with games for distraction and to encourage relaxation

http://www.jmir.org/2020/7/€16924/

or breathing exercises for preoperative anxiety [67], led to
reduced anxiety scores on the modified Yale Preoperative
Anxiety Scale of —7.71 (95% CI -14.27 to —1.15) immediately
after theintervention. Although there was evidence of an effect,
these studieswere limited in scientific quality. Therewasalack
of transparency around randomization processes, acombination
of nonblinded participants, and the use of self-report measures,
and none of these trials were prospectively registered.
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Three interventions showed no promise; 2 of these were
targeting overweight and obesity, 1 was the exergaming plus
classroom curriculum, and the other was motivational
interviewing delivered via one-way text messaging [68,69].
Neither lead to improvements in behavioral outcomes (screen
time, physical activity, and diet) or the primary outcome (BMI
Z-scores) at 6 and 3 months, respectively. The other intervention
was a video game for social-emotional problems [70], which
did not lead to changes in bullying perpetration behavior at 9
weeks.

Six interventions were pilot studies, and they only reported
acceptability or feasibility data [72,73,76] or involved small

Table 3. Summary of adverse events.

Brigden et a

samplesizes(6, 15, and 14) that were not powered to determine
effectiveness[71,74,75]. Of these studies, 3 reported that there
were no further plans for investigation [72-74] and 1 reported
that alarger, fully powered trial was planned for the future[75].
Information on the remaining 2 studies is unknown [71,76].

Adverse events for each study are reported in Table 3. Three
studies reported adverse events; these were not severe and or
there were similar numbersin theintervention and control arms.
Four studies monitored adverse events and reported that no
adverse events occurred during the trial. Most studies (n=10)
failed to capture adverse events.

References Details of adverse events

Ahmad et a (2018) [59]
Armstrong et al (2017) [68]
Bul et al (2016) [65]

“No adverse events or unintended adverse consequences of the intervention were reported by the participants.”
“We observed no adverse events associated with participation in the text message intervention.”

“There were 10 adverse events that could be related to the intervention... All adverse events were of mild (n=5)

or moderate (n=5) severity... Examples of adverse events were pain in the fingers, irritability, and headache.

An adverse event was a reason to discontinue the study for only one known participant. This participant did not
want to play the game anymore because he could not concentrate during his school activities. Sounds reminded
him of the game and this consequently distracted and frustrated him. No serious adverse events were reported.”

Burckhardt et al (2018) [71]
Christison et al (2016) [69]

Fiks et al (2015) [72]
Hamilton-Shield et al (2014) [73]
Hsieh et al (2018) [66]

Did not capture adverse events.
Did not capture adverse events.

Did not capture adverse events.

effects were reported.
Jolstedt et a (2018) [60]

“Therewere no adverse events regarded as serious, unexpected or suspected to be related to the study treatment”

Methods: “no adverse effectswere expected in participantsin theintervention group.” No further details of adverse

“No severe adverse events were reported in either group... The number of adverse events was similar between

the groups.” Total reported adverse events: ICBT® 17 (26%), ICDP (active control) 16 (25%).

Kassee et  (2017) [74]
Preston et a (2016) [75]
Price et al (2015) [76]
Sanchez et al (2017) [70]
Staiano et al (2018) [61]

Trost et a (2018) [62]

Vigerland et al (2016) [63] and
Vigerland et al (2017) [64]

Wantanakorn et al (2018) [67]

Did not capture adverse events.
“No adverse events were reported.”
Did not capture adverse events.

Did not capture adverse events.

“Among those randomized to the intervention group, two children reported an injury during gameplay (bruise
to the ankle or wrist).” “Two adverse events (bruising) were reported in the GameSquad trial, which is similar
to prior exergaming studies reporting minor bruises, hand lacerations and back pain ...

Did not capture adverse events.

Did not capture adverse events.

Did not capture adverse events.

3 CBT: internet-delivered cognitive behavioral therapy.

Aim 2: What Arethe Characteristics (Active
Ingredients) of Effective I nterventions?

We considered the 8 interventions that were classified as
promising, quite promising, and possibly promising to represent

promising interventions.

Recipients

A total of 7 of the 8 interventions had a digital component for
the child, and all the interventions involved the child in some

http://www.jmir.org/2020/7/€16924/

capacity (either digital or human component). In all, 5 of the 8
interventionsinvolved the parent in some capacity (either digital
or human component).

What IsBeing Delivered: BCTs

Table 4 provides the definitions of the BCTs, and Table 5
provides a summary of the BCTs used in promising
interventions.

All the promising interventions used more than one BCT. Digital
components for the child typically included techniques coded
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into the following BCT categories: feedback and monitoring,
shaping knowledge, repetition and substitution, and reward and
threat (we note that none used threat, but thisisthe overarching
BCT taxonomy category label). Digital components for the
parent typically included goals and planning, social support,
and natural conseguences.

Themost promising interventionswerefor overweight or obesity
(3 studies) and anxiety (2 studies). All 3 of the promising
overweight or obesity interventions included a face-to-face
component for both the parent and the child. Two interventions
included adigital component for the child, both using the BCT
repetition and substitution. Only 1 intervention had a digital
component for the parent.

Both promising anxiety interventions included digital and
face-face elements, all of which involved both the child and the

Table 4. Definitions of behavior change techniques.

Brigden et a

parent. Both interventions used the following BCTsin the digital
component: goals and planning (child and parent components),
shaping knowledge (child and parent components), feedback
and monitoring (parent component), and associations (child
component).

We acknowledge that there may have been more BCTsincluded
in the intervention; however, we were unable to code these as
they were not explicitly reported in the paper. Furthermore, it
was often unclear as to whether the BCT was delivered to the
parent or the child and by what means it was planned to take
effect. In some cases, we believe that the BCTs were directed
at the parent, with the parent then eliciting behavior change in
the child. However, none of the papers addressed this level of
complexity; they did not describe this mechanism of change
nor did they include a parent behavior change outcome measure.

BCT? categories? Definitions

Goals and planning

Includes setting and reviewing goals defined in terms of the behavior (eg, physical activity) or the outcome (eg,

weight loss); problem-solving to overcome barriers and or increase facilitators; and detailed action planning of
the behavior, considering the context, frequency, duration, and intensity of the behavior

Feedback and monitoring

Includes observing or recording the behavior or the outcome either by the recipient (self-monitoring) or by

others; feedback on the performance of the behavior or the outcome

Shaping knowledge

Includes advising how to perform the behavior, the factors that reliably predict performance of the behavior,

aternatives to unhealthy behaviors, and how to carry out behaviora experiments

Repetition and substitution

Reward and threat

Social support

Natural consequences

Associations

Includes practicing the behavior in acontext or at atime when the performance may not be necessary to increase
habit and skill; setting easy-to-perform tasks, making them increasingly difficult, but achievable, until the be-
havior is performed

Includes using material (eg, money and vouchers) or social (eg, praise) incentives and rewards for the behavior
or outcome; informing that future punishment or removal of reward will be a consequence of performance of
an unwanted behavior

Includes advising, arranging, or providing social support (eg, from friends, relatives, colleagues, “buddies,” or
staff) for practical and or emotional reasons

Includes providing information (eg, written, verbal, visual) about the health, social, emotional, or environmental
consequences of performing the behavior; using methods to emphasi ze the consequences

Includes introducing environmental or social stimulus to prompt or cue behavior; reducing situations in which
unwanted behavior can be rewarded; systematic confrontation with a feared stimulus to reduce the response to
alater encounter; and presenting a neutral stimulus jointly with a stimulus that already elicits the behavior re-

peatedly until the neutral stimulus elicits that behavior

3BCT: behaviora change techniques.

bThe study by Michie et a [43] provides afull description of al BCTs.
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Table 5. Characteristics of promising interventions.
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Characteristics
ponent (n=7), n (%)

Child recipient—digital com-  Child recipient—human
component (n=6), n (%)

Parent or caregiver—digital
component (n=3), n (%)

Parent or caregiver—human
component (n=5), n (%)

Digital mode of delivery

Tailored 1(14) N/AZ
Guided 5(71)° N/A
Gaming features 5(71)° N/A
Behavior changetechnique
Goals and planning 3(43) 3 (50)b
Feedback and monitor- 4 (57)b 4 (67)b
ing
Saocial support 2(29) 3 (5)b
Shaping knowledge 4 (57)° 3(50)°
Natural consequences 0 (0) 0(0)
Comparison of behavior 2 (29) 2(33
Associations 2(29) 1(17)
Repeti tion and substitu- g (71)b 0(0)
tion
Comparison of out- 0(0) 1(17)
comes
Reward and threat 6 (86)° 2(33)
Regulation 1(14) 0(0)
Antecedents 1(14) 2(33)
I dentity 0(0) 0(0)
Scheduled conse- 0(0) 0(0)
quences
Self-belief 0(0) 1(17)
Covert learning 0(0) 0(0)

1(33) N/A
3(100)° N/A
2(67)° N/A
3(100)° 4(8)P°
0(0) 4(80)°
3(100)° 4(80)°
1(33) 3 (60)b
2(67)° 1(20)
1(33) 1(20)
1(33) 1(20)
0(0) 0(0)
1(33) 1(20)
1(33) 1(20)
0(0) 0(0)
1(33) 2(40)
1(33) 1(20)
0(0) 0(0)
1(33) 2 (40)
0(0) 0(0)

3N/A: not applicable.
B>5006 of interventions usi ng the characteristic.

How Isthe Content Delivered: Mode of Delivery

A total of 5of the 7 interventionswith child digital components
used gaming features. All the parent digital components and 5
of the child digital components were guided. In all, 3 digital
interventions involving parents and 1 digital intervention for
the child were tailored.

Theoretical Basis

Half of these papers reported the use of theory in the
intervention: socia cognitive (n=2) and CBT (n=2).
Modality

A total of 6 of the 8 interventions were first wave (purely
behavioral) interventions, and 2 were second wave
(cognitive-behavioral) interventions. There were no third wave
interventions.

http://www.jmir.org/2020/7/€16924/

Aim 3: What Arethe Users Experience of the Digital
I ntervention?

Only 3 of the studies included qualitative data on users
experiences and views of theintervention [68,72,73]. One study
evaluated the family experiencein apreceding pilot study [77].
A table of the raw qualitative data and themes are available
(Multimedia Appendix 4).

Themes

Parental | nvolvement

Parents talked about the interventions improving their
knowledge (“made me more aware”) and shaping their behavior,
which inturnled to the child’s behavior change (it does make
me stop him and sit him down and make him eat the breskfast”).
Some commented on the problems of parent-led interventions
and how a hesalth professional, who isexternal to the parent-child
relationship, is important to encourage the child's behavior
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change (“1 think some kidswill listen to their doctor better than
their parents’).

Connection With aHealth Professional | sI mportant for
Engagement

Digital interventions were seen to facilitate convenient
communication with a health care professional. There was a
desire to share information between parents and clinicians (“It
should go back somehow to the paediatrician”) to increase
families motivation to engage with interventions. The
involvement of a health professional was also viewed as
important in engaging the child (“I think some kids will listen
to their doctor better than their parents”).

Technological Affordances and Barriers

Parents commented on the technol ogies being quick, easy, and
possible to integrate into everyday life. However, others
commented on practical challenges such as the cost, lack of
familiarity, and difficultly to use. Users commented on the fixed
nature of the technology, which meant that it was not
personalized to their individual preferences or needs (“but |
really want to focus on these”) and did not deliver content with
ongoing relevance that would maintain engagement over time
(“1 think enthusiasm’s gone off”).

Child-Centered Design

Children commented on some of the interventions being
enjoyable (“1 likethe electronic stuff”). However, in other cases,
the material was not understood by the child (“It's realy
confusing” and “l don't know how much [child] actualy
understands’), it was not acceptable to children (“boring” and
“annoying”), and they expressed a wish for features such as
personalization in the design.

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst review to identify
effective digital interventions for younger children, report the
characteristics of promising interventions, and describe the
user’s experience of digital interventions. Of the 17 eligible
interventions, we only identified 5 that had a beneficial effect
and had a low risk of bias; 3 targeted overweight or obesity,
using exergaming or socia media with additional human
support, and 2 targeted anxiety, using web-based CBT with
therapist support.

Characteristics of promising digital interventions included
gaming features in the child digital component and having
additional therapist support (quided digital interventions). Digital
componentsfor the child typically used the BCTs[43] feedback
and monitoring, shaping knowl edge, repetition and substitution,
and reward. Most were purely behavioral interventions (first
wave), with only aquarter using CBT (second wave) and none
using third wave approaches; half of the interventions had a
theoretical basis (social cognitive theory and CBT). Over 60%
involved the parents in the intervention.

Only 3 papers used qualitative methods to explore the users
experience of digital intervention. These studies reported the

http://www.jmir.org/2020/7/€16924/
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affordances of digital interventions, including ease of use,
integration into daily life, and the ability to enhance
communication with a health professional. However, alack of
personalization, technical problems, and cost issues posed
challenges to families. The qualitative data indicated how the
content (eg, language and concepts) and design could be
improved for younger users.

Strengths and Limitations

Weincluded arange of chronic health conditions, which enabled
us to review a larger number of interventions and identify
patterns or commonalties of promising interventions. Spanning
health conditions makes these findings relevant to a wide
audience of researchers working in the field of digital
interventions. We focused on RCTs because they have the
strongest study design and are most likely to be adopted in
clinical care [78]. This review focused on the outcomes that
were most important to our research question (behavioral
outcomes) and most important for that particular study (the
primary outcome). It was outside the scope of this paper to
review al the possible outcomes, such as hedth status or
symptoms of the disease, quality of life, and knowledge.

Guidance was followed on how to report effectiveness in
narrative reviews[51]. We extracted acommon statistic to show
the size and direction of effect, and where possible, we placed
results in the context of clinically meaningful change [79].
Strengths of narrative synthesis include richer exploration of
more complex questions, exploring both effectiveness (aim 1)
and what “might explain differences in direction and size of
effect... how and why interventions have or do not have an
effect” (am 2) [51]. We increased the rigor of presenting
characteristics of interventions by using established coding
systems and taxonomies for BCTs [43], modality [56], mode
of delivery [18], ages [53], and population type [80]. We aso
considered parental and child components separately, which is
important for this younger population.

A limitation of this review is that we only included RCTs.
Although observational studiesand nonrandomized trialscould
have provided additional information on the characteristicsand
effectiveness of digital interventions for this population, we
excluded these study designs as they have a greater potential
for risk of bias [81]. Although we believe that our search
strategy (which included the terms “Randomized Controlled
Trial,” “Tria,” and “Clinical Study”) was broad enough to
identify different RCT designs, it is possible that we may not
have identified some designs specifically used in the evaluation
of digital interventions, such as micro randomized trials. We
also restricted our search to papers published after 2015. We
chose this strategy as digital health isarapidly changing field,
and recently conducted studies arelikely to be the most rel evant.
We excluded studies that included our target age group (5-12
years) but also included older and younger children (eg, 5-18
years). Although it is possible that these studies could have been
stratified by age, it was not feasible to contact authorsto request
these stratified data. As expected, the broad scope of thisreview
led to heterogeneity across studies (in terms of population,
intervention, and outcome), meaning formal meta-analysiswas
not possible; therefore, we sel ected the most appropriate method,
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narrative synthesis. Although potential limitations to narrative
synthesisinclude alack of transparency and reproducibility and
being subject to author interpretation [52], we mitigated thisby
prospectively registering our protocol, with specified outcomes,
and following narrative synthesis guidelines [51]. To identify
the characteristics of effective interventions, we reviewed both
quite promising and possibly promising interventions and
acknowledged that the possible promising interventions were
of poorer scientific quality. Due to the small number of
qualitative studies, we did not conduct full meta-ethnography
[82] to synthesize qualitative data, and we did not undertake
critical appraisal. However, to increase the transparency of our
qualitative summary, we reported the raw data from the papers
along with the themes devel oped by us.

Implications for Developing, Evaluating, and
Implementing Digital I nterventionsfor Children With
a Chronic Health Condition

Clinical Implications

Thisreview identified promising exergaming and social media
interventions for children with obesity or overweight and
web-based CBT for children with anxiety. There is potential
for these to be implemented in clinical practice with further
surveillance, monitoring, and long-term follow-up [40]. These
findings are consistent with a previous systematic review that
concluded that digital game-based interventions should be
considered as methods to promote physical activity among
children, but that there is a need for further, high - quality
research that provides more sound evidence about clinical
practice and health promotion [83]. This study extends a
previous meta-analyses investigating digital interventions for
children with anxiety, which concluded that the quality of
studies was low (lack of blinding, use of subjective outcome
measures, waiting list comparison groups, and relatively small
samples) and that the effect is uncertain for younger children
[36]. Our review updates this work, identifying 2 interventions
with promise. These trials had sample sizes of 131 and 93, and
both were prospectively registered trials with prespecified
primary outcomes; 1 trial used a blinded outcome assessor for
the primary outcome and an active control.

Implications for Developing and Evaluating
I nterventions

Thiswork highlights characteristics that may be beneficial when
developing digital interventions for younger populations. The
finding that purely behavioral interventions (first wave, not
including cognitive components) are common in promising
interventionsis consistent with developmental theory; children
tend to be limited to concrete thought [57]. There were fewer
CBT (second wave) interventions, possibly because elements
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of CBT require abstract thinking, which may be beyond the
cognitive abilities of children aged <8 years [57]. Similarly,
third wave interventions also include abstract concepts such as
metacognition. The lack of third wave approaches may also be
explained by the fact that thisis a relatively new approach for
children. Assuch, concreteinterventionsfocused on behavioral
recommendations may be more appropriate [84]. Caregivers
are commonly involved in promising interventions. Thisisalso
consistent with developmental theory, which highlights the
important role of caregivers in structuring the child’'s
environment and shaping the child’s behavior [84,85]. Gaming
features have been used in many promising interventions. Digital
games can be adapted to the developmental level and can
effectively engage younger users in medical education and
treatment, as they are typically more visualy oriented, involve
appealing exploration, and are perceived asfun[17]. Consistent
with the literature, guided interventions were common in
promising interventions and have been identified as a
moderating factor that can influence therapeutic outcomes and
engagement [86,87].

Guidelines encourage standardized reporting of interventions
to ensure transparency and reproducibility [43,88]. Onthebasis
of our findings, we have developed recommendations for
increasing the clarity of interventionswith parental involvement.
Interventions with both a child and a parent recipient have a
complex model of behavior change; it islikely that the therapist
aims to shape the behavior of the parent, with the expectation
that the parent will change the behavior of the child. Studiesin
this review failed to explicitly differentiate the BCTs used by
the therapist for parental behavior change and the behavior
techniques used by the parent for child behavior change.
Furthermore, none of the studies in this review captured a
parental behavior change outcome measure, when this may be
on the causa pathway to the child’'s behavior change. This
recommendation is consistent with guidelines on process
eval uation; outcome measures should be used to test the causal
mechanism of the intervention. Figure 2 illustrates the
relationship between therapist, parent, and child, detailing our
recommendations for how these interventions could be
conceptualized and reported.

The low number of promising interventions demonstrates the
need to better understand the perspective of those receiving
interventions. Few studies have conducted qualitative research
to explore the user’s experiences. Qualitative methods, such as
the person-based approach [89], base the development and
evaluation of digital interventions on an in-depth understanding
of the perspectives of the people who will use the intervention.
This canlead to interventionsthat are more meaningful, usable,
feasible, and engaging in improving uptake and adherence and
maximizing effectiveness [89].
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Figure 2. Conceptuaising and reporting interventions involving both the parent/caregiver and the child. BCT: behavior change techniques.

The intervention should
report the BCT that the

Y\, therapist uses with the
\ parent and the mode of

\ delivery. change.

Therapist

| For example, the
| therapist asks the parent
/ to monitor the child's \

activity (BCT) usingan app '\
(mode of delivery).

Conclusions

Of the 17 interventions, we only identified 5 with promise (those
with abeneficial effect and low risk of bias). Using qualitative
methods during digital intervention development and evaluation
may lead to more meaningful, usable, feasible, and engaging
interventions, especially for this under-researched younger
population. Promising interventions were exergaming and social
mediafor obesity or overweight and aweb-based CBT platform
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