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Abstract

Background: Mental health disordersin youth are a global issue that have important implications for the future quality of life
and morbidity of affected individuals. In the context of public health initiatives, smartphone-based interventions have been
suggested to hold the potential to be an effective strategy to reduce the symptoms of mental health disorders in youth; however,
further evaluation is needed to confirm their effectiveness. This systematic review and meta-analysis documents and synthesizes
existing research on smartphone-based interventions targeting internalizing disorders in youth populations.

Objective: This study aims to synthesize existing research on smartphone-based interventions targeting internalizing disorders
in youth populations.

Methods: PubMed and SCOPUS were searched in 2019, and 4334 potentially relevant articleswere found. A total of 12 studies
were included in the final synthesis. We used the Hedges g meta-analysis approach and a random effects model for analysis.

Results: Theresults of thisreview note that depression and anxiety are the most commonly targeted symptoms, and unlike other
similar topics, most studies reviewed were linked to a proven treatment. The overall pooled effect from the meta-analysis showed
small but significant effects (k=12; N=1370; Hedges g=0.20; 95% CI 0.02-0.38) for interventions in reducing the symptoms of
internalizing disorders. In total, 4 subgroup analyses examining specific symptoms and intervention styles found varied small
significant and nonsignificant effects.

Conclusions:  Future research should focus on developing robust evaluative frameworks and examining interventions among
more diverse populations and settings. More robust research is needed before smartphone-based interventions are scaled up and
used at the population level to address youth internalizing disorders.

(J Med I nternet Res 2021;23(1):€16490) doi: 10.2196/16490
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interventions with regard to mental health and well-being.
However, at present, the screening and support for youth mental

Globally, between 10% and 20% of children and adolescents Nedth issuesin many primary health care systems continue to
experience mental illness, with approximately half of all mental D€ inadequate, as even optimistic estimates suggest that only
ilInesses known to begin by the age of 14 years[1]. Poor mental  20% 0f ilinessesare detected by doctors|[3]. New and innovative
health during these developmental years has been linked with ~ Sirategies are needed to help address mental health issues in
unfavorable outcomes regarding employment, relationships, Youth. Smartphone-based interventions have been increasingly
family formation, and health and disability in early adulthood ~€MPloyedtotrack symptomsand provide support for individuals
[2]. Childhood and adolescence are key life stages for ©On arange of related health issues, such as concussions [4].
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Taking this potential and the relatively high digital and tech
literacy of younger populations into consideration, there has
been arecent growth in the interest of delivering mental health
interventions to youth cohorts via smartphones [5].

Internalizing disorders are those in which individuals tend to
express distress inwardly, such as anxiety disorders and mood
disorders (eg, major depressive disorder [6]). Anxiety is one of
the most common disorders in young people and is estimated
to affect 4% to 20% of children and adolescents [7], whereas
depressionissaid to affect 2% to 8% of children and adol escents
[8] and is aleading cause of disability globally [9]. Similarly,
stress is often internalized and can significantly impact an
individual’s coping abilities, self-esteem, and social relations
[10], whereas insomnia (ie, sleep problems) has a robust
relationship with depression [11] and other internalizing
symptomsincluding anxiety [12]. Disorders can begin early in
childhood and can develop into chronic conditions that
negatively impact an individual’s relationships, development,
and daily functioning in the near future [13]. These disorders
are associated with functional impairment, increased risk of
depression and suicide [14], and substance abuse issues[15] in
the long term. As a result, internalizing disorders carry the
potential for high societal burdens [16].

Recently, smartphones have become an essential tool in the
targeted support, management, and monitoring of mental health
disorders. Common mental health intervention strategies using
smartphones include text messaging services [17] and
smartphone apps[18]. Growing evidence supportsthe feasibility
and potential of smartphone-based interventions to address
mental health issues and disorders [19]. For example, positive
effects have been observed regarding memory training for older
adults[20] and for people with attention-deficit or hyperactivity
disorder [21]. Consequently, smartphones are being increasingly
used to address mental health issues of youth and adolescent
populations [22]. However, with an increase in the use of
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smartphones as an intervention delivery strategy, thereisaneed
to improve the evaluation aspect of such interventions [23].

Justification for Review and Meta-Analysis

A recent systematic review of meta-analyses that focused on
internet- and mobile phone-based interventions for mental and
somatic conditions among children found 8 relevant
meta-analyses [24]. Of the included papers, 5 focused on
web-based or computerized interventions, one was primarily
concerned with psychological-based interventions and one
searched for but did not include phone-based interventions. The
single metaanaysis that included smartphone-based
interventions only analyzed one mobile phone-based
intervention study [25]. Another recent meta-review [22] broadly
cataloged and synthesized existing reviews of all typesfocusing
on digital health interventions for young people with mental
health problems. This review did not report any other
meta-analyses (although 2 additional relevant scoping reviews
and 1 additional systematic review were reported) beyond those
documented by Domhardt et a [24]. To date, no meta-analysis
has been conducted that has sought to quantitatively, and solely,
evaluate the effectiveness of smartphone apps with regard to
mental health (specifically, internalizing disorders) of youth
populations. Thisreview and meta-analysis are thefirst to aim
to address these points and present an evaluation.

Review Question and Objective

The primary research question guiding this review and
meta-analysis is as follows: What are the study designs,
intervention features (review), and effectiveness (meta-analysis)
of smartphone-based interventions that aim to minimize or
reduce the symptoms of youth internalizing disorders? By
applying the population, intervention, comparison, outcome,
and context model of Petticrew and Roberts [26], we
operationalized our meta-analysisresearch question as presented
in Textbox 1.

Textbox 1. Population, intervention, comparison, outcome, and context review research question breakdown (criteria and description).

«  Population: youth (in general, <18 years old; however, in some articles, youth was defined as <24 years)
- Intervention: smartphone-based interventions specifically targeting an internalizing disorder in a youth population
o Comparison: control versus intervention, group 1 versus group 2, time 1 versustime 2, etc

«  Outcome of interest: effectiveness of intervention in reducing symptoms or intensity of internalizing disorder (ie, anxiety, depression, insomnia,

stress)

«  Context: any

Following this question, the principal objective of the
meta-analysis is to quantitatively evaluate the effectiveness of

smartphone-based interventions with regard to youth
internalizing disorders.

Methods

Search Strategy

Searches of electronic databases were used to identify and
document the articles presented in this review and the

http://www.jmir.org/2021/1/e16490/

meta-analysis in June 2019. Different variations of, and other
common terms used for, each focal concept (ie, smartphone,
internalizing disorder, and youth population) were discussed
and developed by the authors, whereas specific terms were
truncated as necessary (Textbox 2).
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Textbox 2. Search strategy outline.
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«  Smartphone

“smartphone”’ OR “text” AND

« Internalizing disorder

«  Youth population

“adolescent*” OR “child*” OR “teen*” OR “youth” OR “young adult”

“cell phone” OR “cellular phone” OR “mHealth” OR “mobile health” OR “mobile phone” OR “phone” OR “SMS’ OR “short message service” OR

“anxiety” OR “depression” OR “internalizing disorder*” OR “internalising disorder*” OR “insomnia’ OR “stress” AND

When deciding on which electronic databases to select for this
review, we needed to ensure that content from the fields of
behavioral science, pediatrics, psychology, and public health
are captured. Therefore, to best incorporate this diversity in
content and research areas, we conducted the search strategy in
2 interdisciplinary databases—PubMed and SCOPUS.
Eligibility Criteria

A total of 5 specific criteria were applied to the article search.
The criteria stipulated that each article must (1) be focused
primarily on the implementation and evaluation of a
smartphone-based intervention (ie, not web-based strategies,
social media focused initiatives, etc); (2) have reported some
description of the study design and sample, as well as the
intervention strategy, implementation, evaluation, and targeted
outcome of the intervention strategy; (3) have been a primary
research study (ie, not areview, feasibility or acceptability study,
proposal, technical report etc) in the design of a randomized
controlled trial (RCT), case control, cohort, or cohort analytic
design; (4) have focused on and reported the outcome for one
or moreinternalizing disorder outcomes (ie, anxiety, depression,
insomnia, stress); and (5) be written in English. There were no
geographic or publishing date restrictions placed on the search.

Study Selection and Review Process

Initial searches of PubMed (n=1726) and SCOPUS (n=2608)
returned atotal of 4334 results (Figure 1). Removal of duplicates

http://www.jmir.org/2021/1/e16490/

resulted in 1200 titles being discarded. The remaining 3134
titleswere vetted next, after which 2420 articleswere excluded.
Abstracts were then screened, resulting in 593 more records
being removed. After full-text assessments of the fina 121
articles were completed, atotal of 11 papers were deemed to
meet al of the eligibility criteria. Having included studies that
primarily examined adolescents but were mixed with young
adult popul ations, we decided to include 3 studies [27-29] with
similar sample demographics but had a mean sample age >18
years and did not explicitly refer to their participants as
adolescents or youth. The most common reasons for exclusion
inthefull-text assessment phase were feasibility studieslacking
aformal assessment, proposal articlesonly presenting concepts,
research papers not including a youth population, and primary
studies not reporting an internalizing disorder outcome. Of the
total, 1 paper [30] met all of the above conditions; however, its
reporting of the outcome of interest was not precise enough to
be included in the analysis. Reference list searches of the
included articles added 1 additional article to the review.
Eventually, 12 studies were documented and synthesized in the
systematic review and subsequently included in the
meta-analysis. Initia title and abstract vetting was conducted
by a team member (AB) with a second member (LM) spot
checking the abstract vetting to ensure the consistency of the
process. Similar protocolswere carried out for the later full-text
assessment and data extraction phases (AB and LM).
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Figure 1. Flow diagram of study selection processes.
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Systematic Review Data Extraction

Systematic review data extractions and meta-analysis coding
datafor all theincluded articles are availablein the Multimedia
Appendix 1. Thefollowing information was gathered from each
study: citation information, study design information (eg,
primary outcome evaluated), smartphone-based intervention
details (eg, supporting resources, delivery methods, length),
sample details, and internalizing disorder variable information
(eg, outcome measure used).

Variables and ConceptsIncluded in Meta-Analysis

Internalizing disorders are often defined as any depressive and
anxiety condition [31]. However, other definitions of
internalizing disorders have expanded the concept to include
panic and stress [32,33], whereas insomnia has become an
important symptom of depressive and anxiety disorders [31].
Therefore, this meta-analysis conceptualized internalizing
disorders as anxiety, depression, insomnia, or stress.
Smartphone-based interventions were defined as any app,
initiative, program, promotion, service, or tool that is based or
run primarily through a smartphone.

Meta-Analysis Coding

In addition to the data extractions for the systematic review
portion of this manuscript, identified studies pooled in the
meta-analysis were also coded to include statistical data. On
the basis of the availahility of reported results from each study,
statistics coded specifically for the meta-analysis included
intervention effect sizes (eg, available between- or within-group

http://www.jmir.org/2021/1/e16490/
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d values and their corresponding SDs), results of t tests (eg,
differencesin means) in caseswhere no d valueswere reported,
scale reliahility scores, scale anchors, data source report (eg,
self, other), and, if applicable, any information pertaining to
multiple measures being employed in the same study.

Meta-Analysis Approach and Statistical Procedures

To guide the meta-analysis, we drew from the outline for effect
size meta-analyses of Hunter and Schmidt [34] and chose to
use the Hedges g approach. In traditional d value meta-analysis
approaches, such as the bare bones method, no corrections are
made for any artifacts other than sampling error [34]; however,
given some of the small sample sizes of the included studies,
we elected to follow previous recommendations [35] which
stipulate using Hedges g as a correction for effect size—a
method that pools weighted SDs unlike Cohen d. Similar to
others [36], we €elected to use a more conservative approach
giventherelatively small number of primary articlesbeing used
to estimate the pooled intervention effects. The reported or
calculated effect size for the interventions was used to assess
the between-group or within-group effectiveness of the
interventions on reducing or minimizing internalizing disorder
symptoms. Importantly, among the 8 between-group studies, 5
were randomized. Once the d values from each study
(uncorrected effect sizes) were derived, we applied the Hedges
g formula to calculate corrected effect sizes [35]. A random
effects model was used for this meta-analysis because, unlike
fixed effects models, it alows for potential variation in
underlying parameters. As such, random effects models have

JMed Internet Res 2021 | vol. 23 | iss. 1|€16490 | p. 4
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

been argued to more accurately reflect the real-world
heterogeneity of effects[37].

As a part of our conservative approach, all intervention
follow-up values used in the meta-analysis were the last date
(eg, 2-week and 4-week follow-ups; 4-week selected) reported
in each study. Statistics calculated in the meta-analysisincluded
the mean unweighted observed effect, mean effect sizeweighted
by sample size, SD of the sample-weighted effect, corrected
weighted variance of the effect (ie, Hedges g), and percentage
of variance because of sampling error. We also calculated the
same statisticsfor 4 separate subgroups (specific symptomsand
intervention style—2 subgroups each) of the studies. In cases
where multiple outcomes of interest were reported in asingle
study, we cal cul ated the average standardized difference across
variables to ascertain the overall effect size [34]. If no effect
sizedatawere provided, wefollowed the method by Morrisand
DeShon [38] of pooling pre- and posttest means and dividing
them by the pretest SD to calculate effects. Sensitivity analyses
following the Cochrane Handbook for Systematic Reviews of
Interventions method [39] were used to calculate effect sizes
for articlesthat only reported baseline and follow-up means (ie,

Table 1. Quality assessment of the articles included in meta-analysis.
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no changes in means data) and to subsequently impute an SD
of the change for the experimental group. All analyses were
completed in Microsoft Excel.

Quality and Risk of Bias Assessments

Quality assessments (QAs) of the 12 studies reviewed and
analyzed are shown in Table 1. To conduct the assessments, we
used the Effective Public Health Practice Project (EPHPP) QA
tool [40]. Globa ratings for each study were developed
following the EPHPP dictionary guidelines; 2 reviewers (AB
and KB) first cal culated independent scoresfor each articleand
subsequently evaluations were compared [41]. Comparisons of
the evaluations were undertaken to address and resolve any
grading variability and other interpretation differences between
the 2 reviewers. Reviewers graded each article on its selection
bias, study design, confounders, blinding, data collection,
withdrawals, and dropouts. Ex-post comparisons of scores
between the 2 separately completed individual assessments
resulted in an interrater reliability for the QAsof over 90%. The
final results of the QA examination were mixed with 4 articles
possessing astrong global rating, 5 with amoderate rating, and
3 with aweak rating.

Study (reference) Selection bias Study design  Confounders Blinding Datacollection Withdrawals and Global rating®
dropouts

Clarke et d 2016 Moderate Moderate Moderate Weak Strong Weak Weak

[27]

Grassi et al 2009 Moderate Moderate Strong Weak Strong Weak Weak

(28]

Kauer et a 2012 Moderate Strong Strong Moderate Strong Strong Strong

[42)

Leeeta 2013[43] Weak Strong Strong Moderate Strong Weak Weak

Ranney etal 2016  Moderate Moderate Strong Weak Strong Strong Moderate

[44]

Ranney et a 2018  Moderate Strong Strong Moderate Strong Strong Strong

[45]

Reid et al 2011 [46] Moderate Strong Strong Moderate Strong Moderate Strong

Stallard et al 2018  Moderate Moderate Strong Weak Strong Strong Moderate

[47]

Takahashi et al 2019 Moderate Moderate Strong Weak Strong Strong Moderate

[29]

Werner-Seidler et al  Strong Moderate Strong Weak Strong Moderate Moderate

2019 [48]

Whittaker et a 2017 Moderate Strong Strong Strong Strong Strong Strong

[49]

Worthen-Chaudhari  Moderate Moderate Moderate Weak Strong Strong Moderate

et al 2017 [50]

per the global rating system, strong: no weak ratings; moderate: 1 weak rating; and weak: 2 or more weak ratings.

More comprehensive risk of bias assessments was also
completed for each study included in this review and
meta-analysis. A total of 2 separate toolswere employed inthis
regard: nonrandomized intervention papers' risk of bias was
assessed using the ROBINS-| (Risk Of BiasIn Non-randomised
Studies-of Interventions) tool for nonrandomized studies of

http://www.jmir.org/2021/1/e16490/

interventions [51], whereas randomized interventions (ie,
RCTs) risk of bias was assessed using the Cochrane
Collaboration tool for assessing risk of biasin randomized trials
[52]. Risk of bhias assessments of the nonrandomized
interventions concluded with all 7 papers being scored as at a
serious risk of bias overal, whereas evaluations of the
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randomized trials resulted in 4 of 5 papers being rated as at a
low risk of bias. Regarding the former result, this trend was
largely a consequence of the rating system stipulating that one
rating of serious risk in any category will be scored with an
overall serious risk of bias judgment for an article [51]. More
specifically, the most common source of potential bias among
nonrandomized studies was related to uncertainties regarding
the blinding of assessors with regard to the allocation or
intervention status of participants, which isnot possibleinsingle
group interventions (4 out of 7 papers in this portion of the
review). Visual illustrations of the results can be found in
Multimedia Appendices 2 and 3.

Results

General Characteristics of Included Studies

The characteristics of the 12 included studies are presented in
Multimedia Appendix 1. In total, 5 studies were conducted in
Australiaor New Zealand, 3 in the United States, 2 in Europe,
and 2 in Asia. Regarding the evaluated sample populations, 10
of the 12 studies examined between 20 and 120 participants
(mean 114), 8 studies had a mgjority of female participants, 2
had an even split, and 2 had a mgjority of male participants.
Depressive symptomswere the most common specific symptom
addressed (in 9 studies), followed by anxiety symptoms (in 6
studies). Insomnia and stress symptoms were infrequently
targeted and were only included in studies with multiple
outcomes. Among the studies, 9 explicitly provided relevant
details or numbers; no intervention had a retention rate lower
than 70%, with 7 noting rates above 90%.

Systematic Review

Several interventions reported multiple follow-ups during the
course of their evaluation. Therange of follow-up periodsvaried
from same day postoperation [43] to 12 months[49]. A number
of different scales were used across studies to measure the
internalizing disorder outcomes. In fact, the only scales used
multiple times were the Beck Depression Inventory-II,
Depression Anxiety Stress Scale, and Center for
Epidemiological Studies-Depression Child. Most studies were
conducted in areal-world setting, such as at home or in school
locations. Other contexts included emergency rooms [44,45],
medical clinics [50] or hospitals [43], and commuting settings
[28]. A variety of different program delivery methods (eg, apps,
monitoring programs, text messages, videos) were reported
among the included studies. Only 3 studies [28,43,49] did not

http://www.jmir.org/2021/1/e16490/
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examine populations particularly affected by or at risk of
internalizing disorders (eg, at risk diagnosed disorder, history
of self-harm, etc).

Furthermore, 8 of the 12 studiesreported an empirically proven
treatment or guideline on which their intervention was based.
Cognitive behavioral therapy (CBT) was the most commonly
reported treatment, with 5 studies noting its use. Other
treatments listed were attention bias modification [27],
emotional self-awareness [42], and positive psychology, social
interaction, and gameful design [50]. Among the CBT-centered
interventions, specific features included concepts such as
emotional regulation [45], thought modification [44], photo
libraries of positive memories and physical activities[47], video
diary messages [49], and psychoeducation [48]. Documented
intervention delivery strategiesin the non-CBT studiesincluded
visual relaxation narratives [28], smartphone app games [43],
stress monitoring [46], attention bias modification task
completion exercises[27], daily reporting of moods, substance
use, sleep, and activities[42], symptom frequency and severity
tracking [50], and videos and positive messaging [29].

Effectiveness of I nterventions (M eta-Analysis)

The meta-analysis examined smartphone-based interventions
as 1 total group and based on primary outcome and intervention
style. Table 2 shows the results of the overall and subgroup
meta-analyses. The pooled unweighted sample effect sizes of
al studies (k=12; N=1370) reflect a small-to-moderate effect
(d=0.40). When sample weights are added to calculate a more
credible estimate, a smaller but significant mean effect size
(d=0.20; 95% CI 0.02-0.38) was observed. The sampling error
variance explains approximately 3.5% of the variance in this
corrected estimate. The subgroup analysisof intervention studies
primarily assessing anxiety symptoms (k=6; n=322) had a
greater sample-weighted standardized effects mean compared
with the overall group and was statistically significant (d=0.42;
95% Cl 0.00-0.83). Among a larger sample, interventions
targeting depressive symptoms (k=9; n=1102) had a notably
smaller effect that was similarly significant (d=0.16; 95% CI
0.01-0.31). When analyzing the interventions based on their
predominant style and features, the sample-wei ghted mean effect
was significant and greater for the group of all other styles (eg,
monitoring, relaxation, support, not CBT) of program delivery
(k=7; n=380; d=0.42; 95% CI 0.09-0.75). Interventions using
CBT features had avery small weighted mean effect size (k=5;
n=990; d=0.11; 95% CI —0.06 to 0.28) but were nonsignificant.
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Table 2. Effectiveness of smartphone-based interventions on reducing youth internalizing disorder symptoms, overall, by primary targeted outcome,

and by intervention style.

Analysis K2 NP |E gd |§ SDng &gg Variance sam- g5y
pling” (%)
Total 12 1370 114 0.40 0.20 0.07 0.11 0.04 0.02t00.38
Symptom
Anxietyj 6 322 54 0.43 0.42 0.24 0.32 0.08 0.00t0 0.83
Depress onl 9 1102 122 0.28 0.16 0.03 0.06 0.03 0.01t00.31
Intervention style
CBT*-pased 5 990 198 0.19 0.11 0.03 0.05 0.02 -0.06t0 0.28
Other (eg, 7 380 54 0.55 0.42 0.12 0.20 0.08 0.09t00.75
monitoring,
support, relax-
ation)

8: number of studies.
BN: total sample size for studies combined.

ﬁ: average sample for studies combined.
dg: unweighted mean Hedges g.

@: sample-weighted mean effect size (ie, weighted average of Hedges g).

fSDWg: SD of the sampled-weighted effects.
gSg: corrected weighted variance of the effect (Hedges g).

hPercentage of variance sampling: percentage of variance because of sampling error (ie, average sampling error variance).

195% CI: Cls at 95% for sample-weighted mean.

Istudies with multiple outcomes were included in the subgroup analysis of both anxiety and depression.

keBT: cognitive behavioral therapy.

Discussion

Principal Findings

This meta-analysis reviewed the features and explored the
effectiveness of smartphone-based interventions aimed at
addressing youth internalizing disorders. The review findings
indicated that the majority of interventions were grounded in
proven treatments, that depressive and anxiety symptoms were
the predominant outcomes measured and evaluated, and that
all studieswere conducted in developed nations. Across the 12
studies and 1370 participants included in the meta-analyses,
and after being corrected for sample error variance, asmall but
significant pooled effect was observed with regard to reducing
internalizing disorder symptoms. When examining subgroups
based on specific symptoms and intervention styles, potentially
because of small k values, mixed results were observed among
the 4 analyses.

Findings from this review indicate that research conducted on
the effectiveness of smartphone-based interventions for youth
internalizing disorders appears to be in the nascent stages but
isgrowing. A global review assessing the overall state of mobile
health apps documented 3673 mobile phone apps but found that
only 247 corresponded with published papers [53]. However,
although evaluative studies are still being conducted, this
particular body of literature may be growing. A similar review
conducted 6 years ago documented smartphone app interventions
for depression among all populations and synthesized only 8

http://www.jmir.org/2021/1/e16490/

papers [54]; this review synthesized 12 studies for 1 specific
demographic. Given that during our full-text assessments, we
discarded over 15 potentia papersfor being inthe pre-evaluation
phase (ie, they were one of a protocol, feasihility, or
acceptability manuscript), more eval uations on thistopic appear
likely in the coming years.

Our review also documented that unlike findingsin other related
health fields, the majority of studies on this topic have been
linked to proven treatments. Researchers studying smoking
cessation, for instance, found that less than athird of web-based
interventionswere linked to proven treatment or guidelines[55].
Others examining depression apps [56], for instance, have
described similar trends. Similarly, an examination of the
National Health Service app library in the United Kingdom
revealed that only 4 of 27 apps provided any form of evidence
related to patient-reported outcomes in support of their claims
of effectiveness [57], which has subsequently raised concerns
about the reliability of thesetools as support mechanisms. This
review found that 66% (8/12) studies linked their intervention
to a proven treatment, which represents an encouraging
development in this regard and a chance to reiterate that such
research practices should be applied in all appropriate future
work.

Theresults of the meta-analysis confirm the tendency of digital
public health interventions to produce modest-to-low effect
sizes. Similar trends were reported in a systematic review and
meta-analysis of internet-based promotionsfor health behavior
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change by Webb et a [58], who concluded that such
“interventions had a statistically small but significant effect on
health-related behavior.” Typically, these outcomes are argued
to be aresult of amyriad of confounding variables (eg, genetic
predispositions, culture, seasonality); however, the mixed
effectiveness of interventions targeting youth populations has
previously been considered to derive from poor or insufficient
efforts to adapt the initiatives to children’s cognitive and
developmental needs [59]. A lack of professional support,
tailoring to individual needs, and formulation taking into account
immediate family and school contexts have been specifically
noted [60]. Given that tailoring or personalization of public
health interventions has been found to be desirable [61], it may
be worthwhile for future interventions dealing with younger
populations to incorporate such strategies, especially those
pertaining to cognitive abilities and app support. In fact, in a
study of Australian adolescents who were enrolled in a digital
intervention, participants professed to value the program’s
relatability, narrative structure, and personal choice aspects
[62]. Interestingly, however, across the reviewed studiesin this
review there were, generaly, relatively high retention
rates—unlike earlier reviews on similar topics such as
computer-tailored intervention for behavior change (74.4%)
[63]—although, this is likely because of many small-scale
evaluations. Nevertheless, an enhanced emphasis on these
aspects of program delivery going forward may help improve
the effectiveness of smartphone-based interventions addressing
youth populations.

Cross-study assessments of specific internalizing disorder
symptoms (eg, anxiety) and intervention style (eg, CBT based)
in our subgroup analyses revealed mixed significant effects.
Interestingly, studiesthat included interventionsfeaturing CBT,
whichisatherapeutic approach that has been recommended for
the treatment of mental health issues among adol escents [64],
only produced a small, nonsignificant pooled effect size. This
may possibly be aconsequence of such interventions till being
in their nascent stages and having only been tested on limited
populations. For comparison, Webb et al [58] similarly observed
small effects in their overall analyses of internet-based
interventions; they also found no significant effects for smaller
subgroup analyses (eg, smoking abstinence, model or
demonstration behavior change techniques). There are a few
other possible reasons for this outcome. First, thiswas likely a
consequence of the Whittaker et al [49] article'srelatively large
sample and correspondingly small effect exerting its influence
over the other smaller studies. Second, known barriersto CBT
include alack of training, infrastructure, and funding [65], which
may have been present in some studies. Finally, our conservative
approach, specifically the decision to use the last follow-up
reports and not the most recent postintervention reportsresulted
in the smallest calculations of Hedges g values (effect sizes)
used in the final meta-analysis.

Taking the review and meta-analysis results together, future
studies are warranted to better understand the specific impacts
of smartphone-based interventions on different internalizing
disorder symptoms as well as their effectiveness as a public
health program delivery method. Noting the suggested potential
of theory-informed interventions from the review of Webb et

http://www.jmir.org/2021/1/e16490/
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al [58] and the small but significant effectsfound in thisreview,
it would be prudent for future interventions targeting youth
mental to continue including proven treatments and pair them
with behavioral or social change theories in their delivery
methods. A similarly important areawill be devel oping robust
evaluation frameworks. As we identified varying lengths of
follow-up evaluations, a diverse range of assessment scales,
and avariety of different delivery strategies (eg, text messages,
apps, monitoring) among the included studies, developing
methodsto precisely understand and eval uate smartphone-based
interventions for sustainability, efficacy or user satisfaction,
and functionality should be a priority. On this point, Chan et al
[66] have previously recommended that apps be eval uated based
on 3 central criteria: integration or infrastructure, usability, and
usefulness. Future evaluative frameworks may also consider
criteriarelated to support in the form of self-help strategies, as
the method has the potential to relieve some of the burden on
existing health care services [67] and has provided positive
results for mental health interventions in individual research
studies [68].

Limitations

There areimportant caveatsto note when interpreting the results
of this meta-analysis. As an area of study, research on
smartphone-based interventions targeting youth and young
people’'s mental health, specifically internaizing disorders, is
still emerging when compared with other areas of public mental
health research. Many of the corrected estimates presented in
this meta-analysis were thus derived from small sample
populations and alimited number of studiesoveral. In addition,
owing to these small numbers, we did not correct for any other
potential errors such as attenuation or dichotomization in the
meta-analysis. Such analytical limitations are important to
disclose given that the effects of public health interventions are,
as previously noted, typically confounded by several variables
that may not be captured in the measurement of the primary
outcomes and additional corrections could enhancetheinsights
of a meta-analysis. Similar to other recent meta-analyses of
health behavior change interventions [69], our risk of bias
assessments varied widely across evaluated studies and their
intervention designs and should be considered in the context of
potential assessor biases being present. Finally, severa different
scales and measures were used to assessinternalizing disorders,
potentially resulting in some discrepancy in the measurements
of the outcomes used in the analysis. Although the observed
between-study variance because of sampling noted in our results
was rather modest, whichislikely because of the overpowering
impact of the Whittaker et a [49] sample and age restrictions
of this review—there is likely a high level of variation in our
findings derived from the clinica and methodological
heterogeneity (eg, varying levels of randomization, types of
interventions, controlsin analyses) of included studies. On the
basis of this, we encourage more specifically focused future
meta-anal ysesthat contain agreater number of studiesto assess
these forms of heterogeneity in their analyses.

Conclusions and Future Recommendations

Smartphone-based interventions targeting youth populations
appear to be an efficacious strategy to address symptoms of
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internalizing disorders. This systematic review and meta-analysis
found small but significant pooled effects sizes for
smartphone-based interventions in reducing the symptoms of
internalizing disorders among youth. However, the results also
clarify the need for more research in this area. More empirical
research studies conducted on awider range of populations and
settings and development of evaluative frameworks for
smartphone-based intervention are recommended for future

Buttazzoni et al

study. Furthermore, our meta-analysis confirmsthat only afew
of theidentified conference proceedings, feasibility studies, and
other reports have been comprehensively and rigorously
evaluated. By following these suggestions, it is possible to
further improve not only the understanding of the impact of
smartphone-based interventions on youth populations but also
better assess the efficacy of smartphones as a mechanism of
change for youth internalizing disorders.
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