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Abstract

Background: Mental health problems among children and adolescents increased in recent years, while mental health
services are overburdened with long waiting lists. eHealth interventions, that is, interventions delivered digitally via apps
or websites, offer a promising approach to prevent and efficiently treat emerging mental health problems in youth. Over
the past years, rapid technological progress has led to diverse eHealth interventions for youth mental health. However, a
structured overview of effective eHealth elements and mechanisms through which interventions aim to improve mental
health is lacking. The aim of this pre-registered systematic review is to identify elements of eHealth interventions that
improve mental health and well-being in children and adolescents aged 10-25 from both clinical and general populations.

Methods: This systematic review conducted in April 2023 in accordance with the Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines identified 108 studies and 103 distinct interventions between 2011-2023. The overall
sample size was 33,435 participants (30.7% male, mean age = 18.4 years, SD=2.5). Most studies (64.8%) were randomized
controlled trials (RCTs) to test the interventions. The remaining studies utilized a pre-post or group-comparison design
(non-RC(Ts).

Results: The interventions were heterogeneous in design, method of delivery, target group and outcome measures. Overall,
77.7% of the studies showed a positive significant association between eHealth intervention and mental health or well-being.
Elements that were often related to improved mental health and well-being were cognitive behavioural therapy (CBT) or
self-monitoring as therapeutic principles, blended approaches combining eHealth with traditional therapy, peer/parental
involvement and technological gamification elements, such as rewards.

Conclusions: Elements of youth eHealth interventions that appear to positively impact mental health or well-being are (a)
CBT-based, (b) self-monitoring (c) blended interventions, (d) peer or parental involvement or (e) gamification. Future direc-
tions for the development and implementation of eHealth interventions for youth are discussed.
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Introduction

Adolescence includes the life transition from childhood to
adulthood and is marked by an increased vulnerability to
mental health problems.' Currently, an estimated 13-25%
of European adolescents suffer from depression or
anxiety.” Current societal challenges, demands and major
crises such as the COVID-19 pandemic, may further
increase the risk of mental health problems.>® One of the
major challenges ahead is the overburdened healthcare
system; timely identification and treatment of mental
health problems are difficult, with a shortage of healthcare
professionals, long waiting lists for treatment and lack of
effective prevention strategies.” Moreover, stigma asso-
ciated with mental health problems and help-seeking, and
complex ‘pathways to care’ further delay treatment.®’
Overall, for adolescents with mental health problems, it
may take several years to be diagnosed and receive
adequate treatment.'® ' Therefore, alternative, easily
accessible and sustainable approaches to promote resilience
and prevent the onset of mental health problems in children
and adolescents are urgently warranted.'>"?

A promising approach to prevent and treat mental health
problems and to build resilience in adolescents is eHealth.
eHealth can be defined as ‘health services and information
delivered or enhanced through the Internet and related tech-
nologies”.'*  Advantages of eHealth compared to
face-to-face therapy for mental health problems include
lower invasiveness, potential higher cost-effectiveness,
lower threshold for help-seeking and efficient delivery of
therapy.'>'® The field of eHealth for mental health has
evolved rapidly, with an enormous increase in the number
of eHealth interventions in recent years.'”'® This has
resulted in a diverse range of existing eHealth interventions,
varying in design, mode of delivery, content and mechan-
isms through which interventions aim to improve mental
health. However, most eHealth interventions lack scientific
substantiation.'” To develop evidence-based future-proof
and sustainable eHealth interventions it is essential to
understand which elements are effective. In this study, we
review the literature on different elements (mode of deliv-
ery, therapeutic principles, blended intervention and/or
involvement of others and interactive elements) of
eHealth interventions aimed at enhancing mental health or
well-being in children and adolescents.

Elements of eHealth interventions

The first element we investigate in this review is the mode
of delivering interventions, that is, via smartphone applica-
tions, web-based or text messages. Earlier eHealth interven-
tions targeting mental health were mainly computerized
versions of cognitive behavioural therapy (CBT) or
included additional telecommunications (i.e. text messages
or emailing) to face-to-face therapy. Some contemporary

eHealth interventions still include these elements.
However, the rapid technological development and the
rise of mobile technology in the last decade led to the devel-
opment of eHealth interventions via websites or smartphone
applications. Currently, there are around 20,000 mental
health apps in the app store and the popularity continues
to grow.”’ Importantly, providing eHealth interventions
appears particularly useful and feasible for youth, since
the vast majority (~95%) of adolescents in the United
States and Europe have access to smartphones or laptops.>'

The second element in this review includes the thera-
peutic principles of eHealth interventions. According to
recent systematic reviews of randomized controlled trials
(RCTs), most eHealth interventions for youth are based
on CBT and are related to improved mental health in chil-
dren and adolescents.”*** CBT is a treatment approach
that aims to identify and modify maladaptive patterns of
thinking, emotional responses and behaviours.”* An essen-
tial element of CBT is the learning and application of adap-
tive coping strategies, such as seeking social support,
self-acceptance, positive distractions and problem solving.
In adolescents, CBT is commonly used to treat depressive
symptoms and disorders and has been found to be effective
in reducing mental health problems and increasing well-
being in youth.*>*

The efficacy of eHealth interventions based on other
therapeutic principles than CBT, such as positive psych-
ology, mindfulness or self-monitoring, are less frequently
investigated, resulting in inconclusive evidence.”” However,
there is empirical evidence on these therapeutic principles in
regular care (non-eHealth contexts), which might be interest-
ing to study further. Specifically, positive psychology is the
scientific study of what makes life most worth living, focusing
on both individual and societal well-being.® Interventions
based on positive psychology specifically aim to enhance
well-being instead of reducing psychopathological symptoms
and can be used to complement clinical psychological inter-
ventions for mental health symptoms. Well-known examples
of positive psychology interventions include practicing
gratitude or forgiveness, being kind to others, writing
about positive, meaningful or successful experiences and
finding flow. Systematic reviews and meta-analyses found
positive psychology interventions to be effective in increasing
well-being, as well as decreasing depression and anxiety
symptoms.?**° Moreover, originating from Buddhist practice
and philosophy, mindfulness can be described as the state
of being attentive to and aware of what is taking place in
the present.®’ Interventions to increase mindfulness often
include meditation or relaxation practices and have been
related to various mental health and well-being outcomes,
both in adults** and youth.*® Furthermore, self-monitoring
can be used as an element to improve mental health by
enhancing emotional self-awareness.>**> Self-monitoring
is nowadays mostly done via the experience sampling
method (ESM) using the smartphone of the participant.
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ESM includes the repeated assessment of mood, behaviour
and context per day. The collection of data on momentary
positive and negative affect multiple times per day is
thought to enhance self-insight and self-management,
allowing for early identification of mood problems. Mood
patterns can reveal important information for both the par-
ticipant and the therapist if applied in a clinical setting.>

The third element in this review is the addition of
face-to-face therapy or inclusion of parents/peers in eHealth
interventions. eHealth interventions can be administered as
stand-alone (e.g. patients themselves play a mindfulness
app), supported by peers or parents or blended in combination
with face-to-face therapy. Recent reviews suggest that inter-
ventions are more likely to be effective when they include a
face-to-face component compared to self-administered inter-
ventions.?>? However, conclusive evidence based on more
studies is needed.

Lastly, the fourth element in eHealth interventions
include advanced gamification or interactive elements.
Technological advancements have resulted in the develop-
ment of chatbots and serious gamification.*®*’ Chatbots are
automated artificial intelligence (Al)-driven software.
Through interactive interfaces, people can engage in con-
versations with chatbots via text or speech. Chatbots
recently emerged in psychotherapy, providing guided psy-
chotherapy via automated script-based dialogue.’® In
adults, chatbot-delivered psychotherapy seems to reduce
depressive symptoms.*® Gamification refers to the use of
gaming elements in healthcare and digital health. It involves
serious gaming, that is, teaching skills or knowledge
through games and integrating game-like elements, such
as earning points, rewards, challenges, group competition,
to engage and motivate users in their healthcare activ-
ities.**™*' A meta-analysis of 42 studies showed a positive
effect of gamification on mental health in children, adolescents
and adults.>® The effect was consistent across platforms
(smartphone vs website) and goals of the game (mental
health enhancement, physical health enhancement or learn-
ing). Similarly, gamification was effective in samples with
different characteristics, that is, age and clinical status, indi-
cating the potential of gamification in eHealth interventions
in diverse populations.

Taken together, despite a strong increase in eHealth tools,
it is not yet clear which elements improve mental health and
well-being in children and adolescents. Previous systematic
reviews suggest that eHealth interventions are effective in
improving mental health and well-being, but these interven-
tions are mostly limited to CBT targeting depression and
anxiety.*>***? Other therapeutic principles, such as positive
psychology, mindfulness or self-monitoring and other mea-
sures of mental health problems and well-being are not
taken into account. This focus on CBT-based interventions
leaves a significant gap in our understanding of how these
alternative therapeutic approaches, which may offer unique
benefits, contribute to mental health outcomes. Moreover,

the rapid technological advancements and heightened inter-
est in eHealth due to the COVID-19 pandemic have likely
increased the variety and number of eHealth interventions
beyond those previously reviewed. Therefore, there is a
pressing need to evaluate these emerging interventions to
identify which elements are most effective across different
therapeutic approaches and outcomes.

Aims

In this systematic review, we describe elements of eHealth
interventions aiming to reduce mental health problems and
enhance well-being in children and adolescents aged 10-25
years both from clinical and general populations. We expli-
citly chose this broad age range from adolescence to young
adulthood to provide a complete review that reflects the
diversity of eHealth interventions available across different
developmental stages (instead of focusing on only one
developmental stage). This is in line with recent work that
expanded the definition and timeframe of adolescence to
include young adulthood, because adolescence mostly
extends into the early 20 s, as more youth in modern soci-
eties are postponing traditional adult responsibilities such as
starting a family, securing full-time employment or pur-
chasing a house. By systematically exploring a broad
range of therapeutic principles, we aim to provide a com-
prehensive understanding of the effective components of
eHealth interventions. In particular, we include studies on
eHealth interventions (both RCTs and non-RCTs) based
on different therapeutic principles, assessing a wide range
of mental health and well-being outcomes in clinical
samples and samples from the general population.
Understanding these elements is important for advancing
the field, as it can inform the development of more targeted
and effective eHealth solutions. First, we describe the ele-
ments of existing eHealth interventions, including the (a)
mode of delivery, that is, smartphone application, web-
based or text messages, (b) therapeutic principle of the
intervention, such as CBT, mindfulness and positive psych-
ology, (c) blended interventions and/or involvement of
others, such as parents or peers and (d) inferactive elements,
such as chatbots or gamification. Second, we describe the
mental health and well-being outcomes. Finally, we evalu-
ate the effect of the different elements in improving mental
health or well-being in children and adolescents.

Method

Search strategy and selection criteria

This systematic review is conducted and reported in accord-
ance with the Preferred Reporting Items for Systematic
Review and Meta-Analysis guidelines (Moher et al.,
2009). Hypotheses and methods were pre-registered in
PROSPERO (https:/www.crd.york.ac.uk/prospero/display_
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record.php?ID=CRD42023404110). The search was con-
ducted in 02/2022 and updated in 04/2023 by the medical
library of the Erasmus MC Rotterdam, The Netherlands.
The electronic databases Embase, Medline ALL, PsycINFO,
Web of Science, Cochrane and Google Scholar were used
(see online supplemental materials Al and A2 for search
string queries).

Inclusion criteria included studies that investigated
eHealth interventions aimed at reducing mental health pro-
blems (e.g. depression, anxiety and stress) or improving
well-being in children and adolescents aged 10-25 years.
Additionally, studies were included if they assessed the
intervention effects using quantitative measures of mental
health or well-being rather than qualitative approaches.

Exclusion criteria were: (a) focus on a very specific target
group (e.g. pregnant teenagers or paediatric patients), (b)
no digital intervention, (c) intervention primarily targeting
the support system of children/adolescents (e.g. parents),
(d) evaluation via qualitative data, (e) no English article
or full-text availability or (f) study protocols, systematic
reviews, letters, case reports or conference abstracts.
Figure 1 provides an overview of the selection process
and the reasons for exclusion. After the initial search, dupli-
cates were manually removed. All remaining articles were
assessed for relevance based on titles and abstracts. To
ensure a robust selection process, five independent
reviewers (SVE, ED, FB, MvdE, AV) participated, with a
mean interrater reliability of 81.3%, indicating a strong

Identification of studies via databases and registers

Records removed before
Records identified from™: screening.
Databases (n = 10987 ) Duplicate records removed
Embase n = 3525 (n=4354)
Medine ALL n = 3391 — Embasge n = 3360
PsycINFO n = 1661 Medine ALL n = 1520
5 Web of Science n = 1910 PeycINFO n = 1270
! Cochrane n = 910 Web of Science n = 321
Google Scholar n = 200 Cochrane n =179
Google Scholar n = 162
A4
Records screened for
title/abstract —> ﬁ‘e:gﬁs“e)xcluded
(n=6633)
A4
Reports sought for retrieval Reports not retrieved
E (n=219) > (n=6)
5 v
Full text reports assessed for Reports excluded:
ellg_lgl;g E— No mental health or well-being
(n= ) outoeme (n=54)
Mean age <10 or >25 (n = 29)
No online intervention (n = 16)
Specific target group (n = 6)
v

Studies included in review
(n=108)

Included

Figure 1. PRISMA flow diagram of the search and selection process.

PRISMA: Preferred Reporting Items for Systematic Review and Meta-Analysis.
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level of agreement. Any discrepancies were resolved
through consensus between two reviewers (SVE, ED).
Full-text papers of the included 108 articles were independ-
ently assessed by two reviewers (SVE, ED) with a strong
mean interrater reliability of 94.4%. Data extraction from
all included papers was carried out by LdV, with validation
and cross-checking performed by SvE and ED.

Data extraction and quality assessment

Data on descriptives, design, elements and efficacy were
extracted from the included studies. Quality assessment
and risk of bias in the included studies were performed
using the national institute of health Quality Assessment
tool (https:/www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools). This tool consists of a checklist with
14 (RCT) or 12 (non-RCT: pre-post/group comparison
studies) questions, which can be answered with ‘yes’, ‘no’,
otabr ‘cannot determine/not reported/not applicable’. To
determine the quality rating of the studies, scores were
assigned based on the percentage of items answered ‘yes’:
>80% was considered good, 60-80% was considered fair,
and <60% was considered poor quality (see online
supplemental materials for details). The quality assessment
was conducted by three reviewers (SVE, ED, LdV). Each
study was evaluated by two reviewers. Initially, the
reviewers individually rated the studies and, in case of incon-
sistencies between ratings, the differences were resolved
through discussions until agreement was reached.

Results

Characteristics of studies and participants

In total, 108 studies were included. Table 1 shows the
characteristics of the included studies. The studies were
published between 2011 and 2023. The overall sample
size was 33,435 participants. The average age of the parti-
cipants ranged from 9.5 to 24.3 years, resulting in a mean
age of 18.4 (SD=2.5). The proportion of males was on
average 30.7%. Studies were mostly conducted in Europe
(knumber of studies= 34/108) followed by North America
(k=33/108), Oceania (k=23/108), Asia (k=17/108) and
Africa (k=1/108). Quality assessment indicated that a
small proportion (17%) of the RCTs were considered to
have poor quality, 64% had fair quality, and 19% had
good quality (see Table A3 in the online supplemental
materials). Of the non-RCTs, 50% of the studies had poor
quality, and respectively, 37% and 13% of the studies had
fair or good quality (see Table A4 in the online supplemental
materials). Regarding power, among the RCTs, 53% (37/70)
had an adequate sample size for detecting differences with at
least 80% power. In non-RCTs, 32% (12/38) reported sufficient
power. Over all studies, this means that 55% of the studies did
not have an adequate sample size to detect effects. Furthermore,

only 54% (58/108) of the studies pre-registered their methods
and analyses.

The 108 studies, including 103 distinct interventions,
include a description of 112 evaluations of interventions
(i.e. four studies compared two different interventions).
The interventions Grow It! and Headspace were evaluated
three times in different studies and samples, and the inter-
ventions Bite Back, CARE, EMIcompass, Intellect, and
Whitu were each evaluated twice. Few eHealth interven-
tions (24/103, 23.3%) were developed in co-creation or
co-design with youth. The duration of the interventions
differed substantially and ranged from a single session
to 300 days, with an average of 54.4 days (SD=46.2,
median =42 days).

Of the included studies, 70 (64.8%) were RCTs, 35
(32.4%) used a pre-post design (non-RCT), and the remaining
three were group comparisons (non-RCT). Of the RCTs, 34
had a passive control group (assessment-only, k=12, or a
waitlist group, k=22) and 37 studies had an active
control group (attention-matched intervention, k=27) or
treatment as usual, k=10). We report RCT results separ-
ately from non-RCT results because RCTs offer more rigor-
ous control over confounding variables, reducing bias and
providing clearer insights into the efficacy of interventions.
The target population differed. Several studies (43/108;
39.8%) recruited children and adolescents from the general
population, whereas 35.2% of the studies (38/108) included
children or adolescents in clinical outpatient settings, and
25.0% (27/108) targeted participants at risk for mental
health problems, such as adolescents exposed to family vio-
lence or those with parents diagnosed with mood disorders.

Elements

Tables 2 and 3 display the results regarding the elements of
eHealth interventions in respectively RCT and non-RCT
studies.

1. Mode of delivery. Approximately half of the interven-
tions (54/103, 52.4%) were delivered through smart-
phone applications and this increased substantially
over time (see Table 2) and Figure 2). Furthermore,
36/103 interventions (35.0%) delivered the intervention
via websites, whereas seven studies, mostly older
studies, utilized text messages. The remaining studies
used a combination of either applications and websites
(k=4) or websites and text messages (k=2).

2. Therapeutic principles. The different therapeutic princi-
ples of the interventions can be found in Figure 3. The
interventions mostly included CBT (57/103, 53%), self-
monitoring of daily mood (17/103, 13%), mindfulness
(14/103, 13%) or positive psychology (10/103, 9%).
The remaining interventions included content based
on a range of theories and therapies, including motiv-
ational interviewing, dialectical behavioural therapy,
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Figure 2. Mode of delivery used to deliver interventions by year. Note that the search was until April 2023, but in this figure, we included

studies until 2022 to only include complete years.

acceptance and commitment therapy and family focused
therapy. One-third of the interventions (35/103, 33%)
combined content from different therapeutic principles,
for example, both CBT and positive psychology. For
more information on the intervention elements used in
the studies, see Table A5 in the online supplemental
materials.

3. Blended interventions and/or involvement of others. In 32
studies (28.6%), eHealth interventions were studied in a
blended form, either by offering additional sessions with
a therapist (26/32), classroom teaching (5/32), or in com-
bination with a coach (1/32) or general practitioner (1/32).
In 12 studies, parents were involved in the eHealth inter-
vention and in five studies peers were involved.

4. Interactive elements. In three interventions (3/103) a
chatbot was included. The chatbots were Woebot
(Fitzpatrick et al., 2017; Nicol et al.,, 2022) and
XiaoNan (Liu et al, 2022). Both chatbots are
CBT-based and help adolescents to understand and
regulate their emotions, thoughts and behaviours via tai-
lored conversations.

Of the 103 interventions, 21 (20.4%) included one or
more gamification elements (see online supplemental
material A6). In 12 interventions, serious games were
included to learn a specific skill, such as coping, exposure
or communication. In 11 interventions, rewards, like
badges or virtual gifts were included to enhance adherence.
Similarly, in nine interventions the participants could earn
points. In six interventions, participants could choose an

avatar or personalize the intervention in another way.
Finally, there was the opportunity to interact with peers,
via a chat or buddy system in three interventions.

Mental health and well-being outcomes

Different outcome measures were used for mental health and
well-being (see Figure 4 and Table A5 in the online
supplemental materials). The most frequent mental health
outcome measures included depressive symptoms or disorder
(in 56% of the evaluations of interventions one or more mea-
sures of depression were included), anxiety (43%), alcohol use
(13%) and stress (22%). The most frequent outcome measures
of well-being included general well-being, such as quality of
life or positive affect (32%), self-efficacy/self-esteem (16%),
resilience (6%) and mindfulness (7%).

All studies included a follow-up assessment shortly or dir-
ectly after the intervention to assess the intervention effects. In
addition, 48 studies of interventions (45%) included one or
more extra follow-up assessments. This follow-up time was
on average 4.0 months (SD =3.2, range = 1-18 months).

Effects of eHealth intervention on well-being and
mental health

Overall, 77.7% (84/108 studies) of the studies reported a
significant positive association between the eHealth inter-
vention and one or more mental health or well-being
outcome measures. The percentage of studies showing a
positive effect of the eHealth intervention on mental
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Self-monitoring (n=17)

Mindfulness (n=14)

Positive psychology (n=10)

Motivational interviewing (n=5)

Dialectical behavioral therapy (n=4
Behavioral activation (n=3)

Therapeutic principles

Social cognitive therapy(n=3)

CBT (n=57)

Other (n=45)

Figure 3. The number of interventions that included the different therapeutic principles.
Note: Principles mentioned in only one article are not included in this figure. All therapeutic principles are listed in online supplemental

material A6.

health or well-being varied based on the elements (mode of
delivery, therapeutic principles, blended intervention and/or
involvement of others, interactive elements) as described
below.

1. Effects of mode of delivery

Of the 62 studies on interventions delivered via smart-
phone apps, 50 showed improved mental health or well-
being (80.6%). Among the 37 web-based interventions,
28 studies showed improved mental health or well-being
(75.7%). Interventions utilizing text messages improved
mental health or well-being in 85.7% (six out of seven) of
the studies. Finally, four out of six intervention studies
(66.7%) combining different modes of delivery, for
example, smartphone application and web-based) showed
an improvement in mental health or well-being.

2. Effects of therapeutic principles
Figure 5 shows the therapeutic principles of the inter-

ventions in four categories (CBT, self-monitoring, mindful-
ness and positive psychology) and the proportion of studies

reporting improved mental health or well-being. A darker
color indicates a higher proportion of studies that reported
a significant positive effect of the eHealth intervention on
the outcome measure. In 58% of the studies, a positive sig-
nificant association between CBT and any mental health or
well-being measure was reported. Similarly, across all out-
comes, 59% of the studies reported improved mental health or
well-being due to interventions including self-monitoring.
Interventions based on mindfulness showed positive signifi-
cant associations with mental health and well-being in 50%
of the studies and interventions based on positive psychology
only in 32% of the studies.

Besides the four described therapeutic principles, a large
part of the studies included interventions based on other
therapeutic principles, including motivational interviewing,
dialectical behavioural therapy, acceptance and commit-
ment therapy, or family focused therapy. The percentage
of interventions based on these therapeutic principles that
showed a positive significant association with mental
health or well-being was not computed as this is uninforma-
tive due to the limited number of studies.

Taking into account the sustainability of intervention
effects, we looked at the 48 intervention trials that
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Mental health outcomes

Depression (n=98)

Anxiety (n=71)

Social anxiety (n=4)
Sleep quality (n=4)
Self-harm (n=4)
Psychopathology (n=4)
Marijuana use (n=4)
Drug use (n=4)

Sleep (n=5)

Obsessive compulsivesymptoms (n=5)
Negative affect (n=5)

Loneliness (n=5)

Symptom severity (n=6)

Help seeking (n=7)

Alcohol use (n=12) Mental health (n=11)

Stress (n=30)

Well-being outcomes

Well-being (n=19)
Quality of life (n=12)

Mindfulness (n=10)

Self-efficacy (n=20)

Resilience (n=9)

Strength use (n=4)

Self-compassion (n=9)
Mood (n=4)

Cognitive wellbeing (n=4)
Coping (n=7
PO Affective wellbeing (n=4)

Motivation (n=6) Positive affect (n=5)

Global functioning (n=5)

Emotional self awareness (n=5)
Emotion regulation (n=5)

Self-esteem (n=6)
Social support (n=6)

Figure k. Pie charts of different mental health (top) and well-being outcomes (bottom) used in the included studies to assess the efficacy of
the different interventions.
Note: Elements mentioned in three or less studies are not considered in this figure but are listed in online supplemental material A6.
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All studies

depression 1

anxiety 1
alcohol/substance use 1
stress 1

other mental health -

wellbeing 1

o
=4
=

self-efficacy 1
resilience - 14

other wellbeing 1
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Figure 5. Effect of the therapeutic elements on mental health and well-being outcomes. The colours in the cells show the proportion of
studies that reported improvements in mental health or well-being. A darker color indicates higher proportion of studies that reported a
significant positive effect of the eHealth intervention on the outcome measure.

Note: Interventions often included multiple therapeutic principles (e.g. CBT and mindfulness) and studies often included multiple outcome
measures (e.g. depression, anxiety and quality of life). The results were reported separately for each therapeutic principle and each
outcome measure. Therefore, the numbers in the heatmaps do not add up to the total evaluations of studies.

included one or more additional follow-up assessments.
Thirty of these trials included a CBT intervention, and 70%
still showed effects on well-being and mental health 4
weeks to 6 months later. There were not enough follow-up
assessments for other intervention elements to be able to say
anything about sustainability.

3. Effects of blended interventions and/or involvement of
others

Eighty studies provided the intervention as a stand-
alone, and 60 (75%) of these showed a significant improved
mental health or well-being. In 22/25 studies (88%) that
combined the eHealth intervention with face-to-face
therapy, there was an improvement in mental health or well-
being. Additional classroom teaching, or sessions with a
general practitioner (Reid et al., 2011) or coach (Schlosser
et al., 2018), improved mental health or well-being in four of
the six (67%) studies. The majority of the studies that involved
parents (8/11, 72.7%) or peers (5/5100%) in the intervention
showed an improvement in mental health or well-being.

4. Effects of interactive elements

Of the three interventions that included a chatbot, two
studies showed reduced depression®'*® versus.”® Of the
interventions with one or multiple gamification elements,
88.5% (23/26) reported improved mental health or well-
being, compared to 74.4% (64/86) of interventions without
gamification.

Discussion

There is an enormous increase in available eHealth applica-
tions, mounting over 20,000 mental health apps in the app
store.?? However, few of them have a solid scientific body
of evidence. In this systematic review, we evaluated scien-
tific studies on eHealth interventions for mental health and
well-being in children and adolescents and reviewed which
elements (mode of delivery, therapeutic principles, blended
intervention and/or involvement of others, interactive ele-
ments) are effective in improving mental health and well-
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being. In total, 103 distinct interventions over a total of
33,435 participants were studied. Overall, in 77.7% of the
studies eHealth interventions were related to improved
mental health or well-being. Elements that were often
reported to result in improved mental health and well-being
were CBT and self-monitoring as therapeutic principle, a
blended approach of combining eHealth with traditional
therapy, parent/peer involvement and gamification ele-
ments, such as rewards. This suggests that these elements
can be effective in enhancing mental health and well-being
in youth via eHealth interventions. However, the quality of
the studies varied, and the majority of the studies did not
have sufficient power to detect an effect. These results
emphasize that eHealth is often studied and can be effective
in improving mental health and well-being in youth, but the
quality of the research design and methodology should be
taken into account.

Effective elements of eHealth interventions

In contrast to what can be found in the app store, all of the
here described apps were based on scientific insights.
Compared to the earlier reviews mainly focusing on
CBT,******* we evaluated a diverse range of therapeutic
principles including CBT (57%), self-monitoring (13%),
mindfulness (13%) and positive psychology (11%). One
third of the interventions combined multiple therapeutic
principles. We found that over half of the studies examining
CBT-based eHealth interventions (58%) reported a signifi-
cant improvement of mental health or well-being. This is
comparable to findings described in earlier reviews.?>*>**2
However, CBT-based interventions differed widely in
their exact content. Due to large heterogeneity in the exact
content and outcome measures, we did not dive into these
differences. However, we expect that disorder-specific
content may enhance the efficacy of an eHealth CBT-based
intervention. Furthermore, whereas for anxiety and depressive
disorders specific content related to mental health and a long-
term treatment might be needed,”® improvements in well-
being may require other content and possibly shorter interven-
tions. Future research with standardized measures per outcome
is needed to effectively compare such CBT-based eHealth
interventions.

Significant improvements in mental health and well-being
were reported in 59% of studies of eHealth interventions that
included self-monitoring. The working mechanism of self-
monitoring is improving mental health by enhancing emo-
tional self-awareness, self-insight and self-management.***
However, accurate self-monitoring depends on sufficient com-
pliance; that is, participants should complete mood surveys
when requested. Yet, adherence and compliance are challen-
ging in both offline and online interventions.'*® Options to
maximize compliance include active monitoring of compli-
ance and personalizing questionnaires. In clinical settings, self-
monitoring can be stimulated as part of a collaborative process

between the patient and clinician, in which discussion of mood
surveys is part of the treatment.'>' Importantly, there were
more non-RCT studies that reported a positive effect of self-
monitoring (79% of 42 studies) than RCTs (30% of 27
studies; see online supplemental material AS). Although we
did not conduct a meta-analysis and these results are not dir-
ectly comparable, the difference in effectiveness between
non-RCTs and RCTs is noteworthy. In RCTs, bias is
reduced and cause-effect relationships between interventions
and outcomes can be interpreted with more certainty than in
non-RCTs. However, insights from studies in a less controlled
environment (‘real world studies’ such as pre-post designs)
on the intrinsic motivation for sustained engagement with a
preventive app is essential if eHealth interventions are
to be made publicly available for wider implementation.
Therefore, evaluations in RCTs and non-RCTs could lead to
different pieces of the puzzle in understanding the working
mechanisms and effects of eHealth interventions.

Interventions based on mindfulness and positive psych-
ology showed a positive significant effect on mental health
or well-being in respectively 50% and 32% of the studies.
The findings on mindfulness are partly in line with a
meta-analysis of 20 studies on the effect of face-to-face
mindfulness on anxiety, depression and stress among chil-
dren.* The authors found that mindfulness had positive
effects in 5/20 studies and reported a moderate meta-
analytic effect of mindfulness (d=0.37). The diversity
in duration and exact content of mindfulness interventions
differed. Therefore, the optimal conditions to benefit from
mindfulness are not clear yet and need further investiga-
tion. Similarly, the effectiveness of positive psychology
interventions in increasing mental health and well-being
need future research.>*° Interventions based on positive
psychology specifically aim to enhance well-being and
can be used to complement clinical psychological inter-
ventions for mental health problems.28 An explanation
for the relatively low percentage of effective interventions
could be the diverse positive psychology interventions,
from practicing gratitude or forgiveness, being kind to
others, writing about positive or meaningful experiences,
to finding flow. This indicates that more research is needed
to the effective elements within positive psychology.

Reviewing studies on blended eHealth interventions
seem to suggest effectiveness. Combining eHealth interven-
tions with face-to-face therapy, 88% of the studies showed
improved mental health or well-being. Furthermore, 73% of
the studies with involvement of parents showed an
improvement in mental health or well-being, whereas all
five interventions with involvement of peers showed posi-
tive effects. These findings are in line with earlier
reviews?>*® and indicate the potential importance of
human interaction, and especially peers, in eHealth inter-
ventions for youth mental health.

Finally, interactive or gamification elements, such as
rewards or avatars, were only included in 20% of the
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interventions described in this review. These elements
might improve mental health or well-being: a slightly
larger percentage of interventions with gamification ele-
ments showed improved mental health and well-being
(89% versus 74% of interventions without gamification),
replicating the consistent positive effects of gamification
in the review of Cheng and colleagues.® One explanation
of the mechanism behind the effects of gamification is
that gamification increases adherence to the eHealth inter-
vention due to positive reinforcement via rewards or
points. This mechanism may be similar to face-to-face
CBT where progress is recognized and rewarded in
various ways, for example, using a sticker chart or praising
the progress of behavioural change.'** Positive reinforce-
ment as part of the therapist toolkit is associated with
higher self-esteem and self-efficacy.'™ In contrast to
face-to-face CBT that is mostly individual, gamification
in eHealth interventions allows for team elements, such as
contact with peers, to further increase adherence and user
experience.’®*" This indicates that gamification appears
to have potential in eHealth interventions for mental
health in youth. For a more detailed discussion about the
role of gamification in eHealth see the focused review of
Cheng and colleagues.*®

Strengths, limitations and future directions

In this systematic review we extend previous reviews>>>>**2

by including the most recent eHealth studies and more
diverse interventions and outcome measures. For
example, whereas Garrido et al.** and Hollis et al.** only
included RCTs to assess the efficacy of eHealth interven-
tions, we included both RCTs and non-RCT studies to
review newer interventions with more advanced technol-
ogy; for new interventions, (pilot) non-RCT studies are
often the first step to test efficacy and RCTs are not
always available.

This study also has limitations. First, a quantitative
meta-analysis to test the effect size of different elements
of the eHealth interventions was not possible, because the
studies were too heterogeneous in study methods, out-
comes, therapeutic principles, analyses and reported effect
sizes. To increase opportunities for meta-analyses, we
advocate for strict adherence to standardized reporting of
eHealth interventions and evaluations, such as CONSORT-
EHEALTH."* These guidelines require complete reporting
of the theoretical framework of the intervention, as well as
content, duration, mode of delivery, involvement of others,
outcome measures, implementation and analyses methods.

Without a meta-analysis we could not directly compare
results between studies. Instead, we report the proportion
of studies that found significant effects of interventions on
mental health and well-being. However, publication bias
could have influenced the results and limited the generaliz-
ability of our findings. Studies with significant outcomes

are more likely to be published, while those with null or
negative results may remain unpublished. The high percent-
age of studies that reported a significant positive association
between the eHealth intervention and one or more mental
health or well-being outcome measures (77.7%) could indi-
cate a publication bias. This selective reporting can lead to
an overestimation of effects and limit the interpretation of
effective elements. Second, we focused on the effects of
single elements of eHealth interventions. However, most
eHealth interventions included multiple elements; for
example CBT, self-monitoring and gamification. By
describing the individual effects, it is possible that we
miss the interactive effects of the different elements.
Therefore, future research should study the potential accu-
mulative effect of specific combinations of different
eHealth elements on mental health and well-being.
Conducting factorial designs or intervention mapping
approaches could provide insights into the specific mechan-
isms underlying these interactions.'>>'>

Furthermore, although we grouped the therapeutic prin-
ciples into commonly used definitions, such as CBT or
mindfulness, the operationalization differed in various
ways. For example, the content of CBT interventions
widely differed between studies (e.g. conversations with
chatbot, group-sessions or psychoeducation). Also, the dur-
ation of the intervention (8-300 days) differed widely. It is
possible and likely that these differences in operationaliza-
tion lead to differences in outcomes. The adherence to stan-
dardized reporting of eHealth interventions and evaluations
as described above could help to further investigate associa-
tions between intervention designs and outcomes.

In addition, pre-registration should play an important
role in new eHealth studies. Pre-registration can be seen
as an indicator of the dedication to be transparent, rigorous
and reproducible. The process of publicly registering study
plans, hypotheses and methods, before conducting the
study mitigates biases and enhances credibility of find-
ings."”” Of the studies included in this review only 54%
of the studies was pre-registered. Furthermore, a substantial
number of the studies had poor quality ratings. This could
have affected the findings, as poor-quality studies may
introduce various biases and errors that skew results. The
high proportion of studies with poor quality, particularly
among the non-RCT studies (50%), indicate the need for
more high-quality research in this field. Similarly, power
was not sufficient or not reported in 55% of the studies, lim-
iting the reliability of the findings. Therefore, the overall
conclusions drawn from this review should be considered
with caution, and future research should focus on improv-
ing study quality to provide more evidence on the effective-
ness of eHealth interventions.

In this review we included studies in adolescents
between 12-25 years of age, and to be able to generalize
the results to different populations, we included studies
with adolescents from the general population, at-risk
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youth and clinical samples. The distribution of samples
across these categories was mostly equal (39.8% general
population, 35.2% clinical samples and 25.0% at risk for
mental health problems). However, in other aspects the
results could be less generalizable to the whole population.
For example, the studies mostly included older adolescents
(mean age of 18.4 years) mostly females (mean =69.3%),
and mostly adolescents from Europe and the United
States. This indicates that future studies to eHealth interven-
tions should include more diverse samples with respect to
these sample characteristics.

Another important aspect to take into account is the per-
spective of youth on eHealth interventions themselves.
Incorporating this perspective is important to ensure inter-
ventions are appealing for the target audience and
working as intended.'”®'>® However, in most of the
studies included (77%) the involvement of youth or
co-creation was not reported or not included in the develop-
ment of eHealth interventions. Earlier experience with
co-creation of the Grow It! intervention app'® in our
research group proved this approach valuable in under-
standing the world through the lens of future generations.
Co-creation can be applied in different ways, depending
on the desired involvement of the youth in the different
stages of developing an eHealth intervention. For
example, incorporating youth perspectives in eHealth
development can be done through discussion groups and
iterative feedback sessions to optimize an intervention
that is already developed. Alternatively, in what is also
called Participatory Action Research, youth are included
at the start of the study and act as experience experts
during all stages of the developmental process.'®'
Involving youth in some way in the process helps to
ensure the intervention is user-friendly and relevant and
this can enhance the effectiveness of the eHealth interven-
tion. Therefore, we recommend co-creation with youth in
the development of future eHealth interventions.

Furthermore, in recent years, the field of youth mental
health has seen significant advancements through the inte-
gration of technology. This technological progress allows
the inclusion of advanced elements in eHealth interven-
tions, such as the use of generative Al and integration of
large language models (LLMs) into mental healthcare.'®?
An application of LLMs in mental health care are chatbots.
As described, the chatbot Woebot seems to positively affect
adolescent mental health.®'* Woebot is based on CBT and
uses generative Al to chat with users and to deliver perso-
nalized, in-the-moment support. The quick developments
in the field of AI and LLM hold promise for creating
more interactive, engaging and effective mental health
interventions. These technologies can potentially provide
scalable, accessible mental health support, bridging gaps
in traditional care and reaching underserved populations.
As Al continues to evolve, future research should focus
on optimizing these tools, ensuring ethical standards and

evaluating long-term impacts on youth mental health out-
comes. For the opportunities and risk for Al-driven inter-
ventions in mental health see recent publications.'®

Technological advances can be used to further personalize
interventions. Personalization can increase the involvement
and therefore the efficacy of an intervention. For example,
adolescents’ feeling of control can be enhanced by having
them decide who will be involved (e.g. parent, peer, therap-
ist) in different modules. Just-in-time adaptive interventions
(JITAI) take personalization a step further. Unlike traditional
interventions that follow a fixed schedule or set of rules,
JITAIs dynamically adjust the intervention based on real-
time data regarding an individual’s current state or needs.
The intervention can thus continuously evolve and delivers
the right type of intervention precisely when it is needed.
This adaptive approach aims to optimize its impact on the
individual’s mental health and well-being.'®?

The next challenge of eHealth tools is to implement such
tools in (clinical) practice.'® While eHealth interventions
hold significant promise for youth mental health, several
challenges can hinder their successful implementation.
For example, ensuring the privacy and security of users is
crucial. To mitigate privacy risks, during the development
of eHealth tools, attention should be paid to the anonymity
of user data and adherence to strict data protection regula-
tions, that is, the general data protection regulation.'®
Another challenge is the availability and continuity of
technological support. If needed, support should be avail-
able for healthcare providers and users, but also continuous
updates are needed to maintain the eHealth intervention.'®®
Another important aspect of implementation is the target
group. eHealth tools developed to be integrated in the clin-
ical context have their own challenges such as the prefer-
ence of patients and health-care professionals, and legal
and ethical considerations.'®” Preventive eHealth tools
aimed to be publicly available require a different dissemin-
ation strategy and face challenges in adoption and
scale-up.'®® This review points to promising directions for
effective eHealth interventions. However, the implementa-
tion of such tools in different groups remains challenging
and requires future research. An eHealth implementation
guideline has been developed that can help assess the deter-
minants of successful eHealth intervention prior to the
implementation. '

Conclusion

Most of the 108 reviewed studies, covering 103 eHealth
interventions, showed positive effects of eHealth interven-
tions on mental health or well-being in children and adoles-
cents. Specific elements of eHealth interventions that often
enhance mental health or well-being include CBT, self-
monitoring, a blended approach, involvement of parents
or peers and gamification. More research to these potential
effective elements and the accumulative effect of specific
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combinations of different elements, with standardized
outcome measures are needed to understand under which
circumstances and in which target groups eHealth interven-
tions can be implemented in clinical practice and as pre-
ventive tool. With the continuing developments in
technology, the development of eHealth interventions is
expected to accelerate in the near future.

Key points and relevance

e Youth mental health problems are increasing and mental
health services are overburdened. eHealth tools can be
promising to address mental health problems.

e Rapid technological progress has led to diverse eHealth
interventions.

e A structured overview of effective eHealth elements
through which interventions aim to improve mental
health and well-being is lacking.

e We show elements of eHealth interventions aimed at
improving mental health and well-being in children
and adolescents aged 10-25 years from clinical and
general populations.

e This review suggests that CBT and self-monitoring as
therapeutic principles, blended interventions in combin-
ation with face-to-face therapy or the involvement of
parents or peers, and gamification elements, such as
rewards, can be effective elements of eHealth interven-
tions for children and adolescents.
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