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Abstract

With the emergence of the coronavirus disease 2019 pandemic as a threat to mental health, the demand for online interven-
tions that can replace face-to-face approaches for the prevention of mental health problems is increasing. Although several
previous reviews on online interventions have targeted adolescents with symptoms of or those diagnosed with mental illness,
there is still a lack of evidence on the effectiveness of online preventive interventions for general and at-risk adolescents.
Therefore, this review aimed to evaluate the effectiveness of online interventions on the prevention of an increase in the scores
of stress, anxiety, and depression in general and at-risk adolescents. A search was performed using PubMed, EMBASE, and
Cochrane Library CENTRAL. Altogether, 19 studies were included, and 16 studies were used for the meta-analysis. Our
results showed that cognitive behavioral therapy and family-based interventions were most commonly used. Twelve and
seven studies conducted universal and selective preventive interventions, respectively. The meta-analysis showed that online
interventions significantly prevent an increase in depression score but not in stress and anxiety scores. Evidence regarding
the prevention of increases in stress and anxiety scores is limited, suggesting the need for further randomized controlled
trials on online interventions for stress and anxiety in adolescents.

Keywords Adolescent - Anxiety - Depression - Meta-analysis - Online intervention - Prevention - Stress - Systematic review

Mental health problems among adolescents account for a
considerable portion of the disease burden, which is a world-
wide concern (World Health Organization, 2012). In par-
ticular, the coronavirus disease 2019 (COVID-19) pandemic
has led to enormous stress associated with social distancing,
lack of support from peers or schools, and reorganization of
family life, which has increased the risk of depression and
anxiety in adolescents (Fegert et al., 2020).

For guarding the mental health of adolescents, school-
based, community-based, individual and family-based, and
digital platform-based interventions have been conducted
(Das et al., 2016). However, the face-to-face group approach
through schools or communities has been restricted to

P< Dabok Noh
daboknoh@gmail.com

College of Nursing, Eulji University, Seongnam,
South Korea

Department of Nursing, College of Medicine, Chosun
University, Gwangju, South Korea

Published online: 01 October 2022

control the spread of COVID-19, which has made it difficult
to prevent mental health problems in adolescents. Therefore,
there has been a growing demand for online interventions
to prevent mental health problems, which can replace the
face-to-face approach at present. With increased access to
online technology, such as computers, smartphones, and tab-
lets, among adolescents. Adolescents are reportedly not only
willing to use online therapies for mental health problems
but also have generally positive perceptions toward them
(Sweeney et al., 2019).

According to the Institute of Medicine’s classifications,
preventive interventions are classified into the following
three categories based on the risk level of the target popu-
lation: “universal preventive interventions,” which target
the general/whole population that has not been identified
as having a specific risk; “selective preventive interven-
tions,” which are directed to at-risk groups or individuals
with physical, psychological, or social risk factors associ-
ated with mental illness development; and “indicated pre-
ventive interventions,” which target identified or screened
individuals who have symptoms that are precursors of a
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mental illness but have not yet been diagnosed with a
mental illness (National Research Council and Institute
of Medicine, 2009). Because several previous reviews
on online interventions have targeted adolescents with
symptoms of or those diagnosed with mental illness (Ebert
et al., 2015; Grist et al., 2019; Vigerland et al., 2016),
evidence on the effectiveness of online preventive inter-
ventions for general and at-risk adolescents is still lack-
ing. This systematic review and meta-analysis focused on
universal and selective preventive interventions and aimed
to evaluate the effectiveness of online interventions in
preventing the increases in scores of stress, anxiety, and
depression for general and at-risk adolescents.

Methods

The reporting of this systematic review conforms to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 Checklist (Page et al.,
2021).

Eligibility Criteria

We used the population, interventions, comparators, out-
comes, and study design framework to define the inclusion
criteria for studies. The criteria for including studies for this
review were (a) general adolescents or at-risk adolescents
with risk factors developing mental health problems, aged
10-24 years; this age range is an expanded definition of ado-
lescence appropriate nowadays for adolescent development
(Sawyer et al., 2018); (b) interventions delivered online, via
the internet, websites, or mobile applications; (c) a control
condition including a waiting list control, no intervention,
placebo, standard care, or usual care; (d) at least one out-
come among stress, anxiety, and depression; (e) individually
randomized parallel-group trials.

This review excluded studies in which the sample partici-
pants included individuals aged > 25 years or <9 years. Stud-
ies that did not specify the age range were also excluded.
Studies targeting participants who had symptoms of a mental
illness or who were diagnosed with a mental illness were
excluded. Studies that used a blended approach of online ses-
sions and face-to-face sessions were excluded to separately
evaluate the effectiveness of online interventions. Studies
without the control conditions, such as a waiting list con-
trol, no intervention, placebo, standard care, or usual care,
were excluded. Cluster randomized trials, non-randomized
experimental studies, secondary data analyses, study proto-
cols, reviews, editorials, conference proceedings, national
and international reports, and gray literature were excluded.
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Search Methods

A systematic search using PubMed, EMBASE, and Cochrane
Library CENTRAL was conducted on December 11, 2020, and
the reference lists of included articles were also screened. We
used a search strategy with high sensitivity but relatively low
precision with the assistance of a medical librarian. The search
was limited to articles published in English from January 2000
to December 2020. Supplementary Table S1 outlines the Pub-
Med search strategy used herein.

Study Selection

Two independent researchers conducted the process of study
selection. Records identified through the database search
and manual searches through the reference lists of included
articles were merged using EndNote X7 (Clarivate™, Phila-
delphia, PA). After the removal of duplicate articles, the
remaining articles were screened. After screening the titles
and abstracts for articles, we excluded articles that were not
relevant to our research question. Next, we reviewed the full-
text articles for eligibility to be included in the final review.
Among the finally included studies, meta-analyses were con-
ducted for the studies that reported sufficient numerical data
to calculate effect sizes.

Data Extraction

Two independent reviewers extracted data from the included
studies using a data extraction form and resolved disagree-
ments through discussion. The extracted data were study
citation, study design, recruitment source, characteristics of
participants, characteristics of the intervention, comparison
conditions, outcomes, measures, results, and the risk of bias
data.

Risk of Bias Assessments

The risks of bias in individual randomized controlled trials
(RCTs) were appraised using the Cochrane Collaboration
tool for assessing the risk of bias in randomized trials
(Higgins et al., 2011). This tool evaluates the following
seven domains: (a) random sequence generation (selec-
tion bias); (b) allocation concealment (selection bias);
(c) blinding of participants and personnel (performance
bias); (d) blinding of outcome assessment (detection bias);
(e) incomplete outcome data (attrition bias); (f) selective
reporting (reporting bias); (g) other bias. Each domain was
rated as (a) low risk of bias, (b) unclear risk of bias, or
(c) high risk of bias. Two independent reviewers indepen-
dently assessed each study and reached a consensus about
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the final assessments through discussion. We generated
a risk of bias graph using the Cochrane Collaboration’s
Review Manager Version 5.4.1. Publication bias was also
assessed using Egger’s regression test (Egger et al., 1997).

Summary Measures

If the included studies reported standard errors (SEs), we
calculated the standard deviation (SD) from the SE by mul-
tiplying it by the square root of the sample size (Higgins
et al., 2021). When summary statistics of two eligible inter-
vention groups with slightly different interventions and two
placebo-control groups were reported in one study, we com-
bined the summary statistics of the two experimental and two
control groups into those of a single experimental group and
a single control group using formulas for combining means
and SDs across two groups (Higgins et al., 2021). When the
summary statistics of an experimental group receiving an
appropriate intervention that met the inclusion criteria of this
review and another experimental group that did not meet the
inclusion criteria were reported separately in one study, we
entered only data of the eligible experimental group. In the
case of assessing the same outcome using two or more scales
in one study, summary statistics of the scale considered the
primary measure in the included study were selected for the
meta-analysis.

Synthesis of Results

The effect size was based on the standardized mean differ-
ence (SMD), defined as the difference between the standard-
ized mean change for the experimental and control groups
(Morris, 2008). In each group, the standardized mean change
was calculated as the mean difference between posttest and
pretest scores, divided by the pooled SD. The formula for
the SMD is as follows:

(Mpost,E - Mpre,E) - (Mpost,C - Mpre,C)

o

SMD =

ey

with My g, Mpos s Mpre, ¢» Mo, c- and o denoting the mean

for the experimental group pretest, mean for the experimen-

tal group posttest, mean for the control group pretest, mean

for the control group posttest, and pooled SD, respectively.
The formula for the pooled SD is

group pretest, the experimental group posttest, the control group
pretest, and the control group posttest, respectively.

We computed the effect size of Hedges’s g by multi-
plying the above SMD by a correction factor for small
samples and calculated the 95% confidence intervals (CIs)
around each obtained mean effect size. Because the studies
had heterogeneous populations and interventions and were
of unequal sizes, we used random-effects meta-analyses.
We used the Hartung—Knapp-Sidik—Jonkman method as
an estimator of the heterogeneity variance (Hartung &
Knapp, 2001; Sidik & Jonkman, 2002). When the 95% CI
excluded zero, we interpreted the effect size to be statis-
tically significant. In addition, 95% prediction intervals
(PIs) were computed to report heterogeneity by estimating
the expected range of true effects in future settings.

We performed a separate meta-analysis for each outcome
of anxiety, depression, and stress. To compare the effect size
of universal prevention with the effect size of selective pre-
vention, we grouped all included studies by the preventive
level and set up the preventive level as a categorical modera-
tor. For each outcome, we conducted a separate subgroup
analysis within each preventive level and an overall analysis
across all the levels. The meta-analyses were conducted using
R program 3.1.2 and the meta-analysis package “matafor.”

Results
Study Selection

Figure 1 presents a flow diagram of the study selection
process. We identified 10,849 studies through database
searching and additional manual searching. After the
removal of 1702 duplicates, 9147 studies remained. After
screening of titles and abstracts, 8753 studies irrelevant to
our research question were excluded, and 394 studies were
subjected to full-text review. Among a total of 19 eligible
studies, 16 studies that reported sufficient numerical data
were suitable for quantitative data synthesis.

Study Characteristics

The characteristics of the reviewed studies are presented in

2 2 2 2
- = (nE - 1)SDpre,E + (nC - 1)SDpre,C + (nE - 1)SDposl,E + (nC - 1)SDpost,C )
B 2(ng + ne —2)

with ng and n- denoting the experimental sample size and con-
trol sample size, respectively, and SD,,.., g, SDpog> > SDpres > and
SD

post: ¢ denoting the standard deviation for the experimental

Table 1. Although this review screened the literature from
2000 to 2020, the studies included were from 2009 to 2020.
The 19 RCTs included were conducted in various countries:
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Fig. 1 Flow diagram of the
study selection process accord-
ing to the PRISMA guidelines
- PubMed (n = 3,679)
- Embase (n = 4,729)
- Central (n =2,438)

Records identified through database
searching (n = 10, 846)

Additional records identified
through other sources
(n=3)

Records after removing duplicates

(n=9,147)

A 4

Records screened

Records excluded based
> on titles and abstracts
(n=38,753)

(n=9,147)

A 4

Full-text articles assessed

Full-text articles excluded

for eligibility with reasons (n = 375)
(n=394) - Not the population age group
of interest (n =217)
- Not universal or selective
v prevention (n =51)
Studies included in -611\)Iot online intervention (n =

qualitative synthesis

- Not the comparison of

n=19) interest (n = 16)

- Not the outcome of interest
(n=18)

A 4

Studies included in
quantitative synthesis

- Not the study design of
interest (n = 12)

(meta-analysis)
(n=16)

8 in the USA, 3 in the Netherlands, 2 in Australia, 2 in Swe-
den, 1 in China, 1 in Finland, 1 in New Zealand, and 1 in
the UK.

The 12 included studies focused on universal preven-
tive interventions for general adolescents, and 9 of them
recruited participants from schools. The seven remaining
studies concentrated on selective preventive interventions
for adolescents exposed to physical, psychological, or social
risk factors. Some of the studies were directed to partici-
pants exhibiting physical problems such as irritable bowel
syndrome, recurrent headaches, chronic pain, or chronic res-
piratory illness. Psychosocial risk factors, such as experienc-
ing a natural disaster, appearance-related distress, teasing or
bullying, and living in publicly subsidized housing programs,
were also noted.

The online preventive interventions conducted in
the included studies were categorized according to the
intervention type. Six studies used cognitive behavioral
therapy (CBT)-based interventions (Bonnert et al., 2017;
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Law et al., 2015; O’Dea et al., 2020; Palermo et al., 2009;
Whittaker et al., 2017; Williamson et al., 2019) and five
studies employed family-based interventions (Fang et al.,
2010; Law et al., 2015; Palermo et al., 2009; Ruggiero
et al., 2015; Schwinn et al., 2014); among them, two
studies conducted family-based CBT (Law et al., 2015;
Palermo et al., 2009). Three studies evaluated cognitive
training, such as attentional bias modification training
(de Voogd et al., 2016a, b), emotional working memory
training (de Voogd et al., 2016a, b), and interpretation
bias modification training (de Voogd et al., 2018). Health
behavior interventions for healthy eating and physical
activity were conducted in three studies (Duan et al., 2017,
Greene et al., 2012; Kattelmann et al., 2014). Accept-
ance and commitment therapy (ACT) was employed in
two studies (Levin et al., 2014; Puolakanaho et al., 2019),
mindfulness-based intervention in one study (Antonson
et al., 2018), and problem-solving program in one study
(Newcombe et al., 2012).
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Regarding outcome variables and instruments, four
instruments in seven studies were used to measure stress,
among which the Perceived Stress Scale was used in four
studies. Five instruments in eight studies were used to
measure anxiety, among which the Screen for Child Anxi-
ety Related Emotional Disorders was used in three stud-
ies and the Spence Children’s Anxiety Scale was used in
two studies. Eight instruments in 12 studies were used to
measure depression, among which the Children’s Depres-
sion Inventory was used in five studies and the Center for
Epidemiologic Studies Depression was used in two studies.

Risk of Bias Assessments

A plot of the percentage of risk of bias assessments per
domain is presented in Supplementary Figure S1. Most
included studies (n=13) provided adequate information
to assess random sequence generation, and the remain-
ing six studies had insufficient information regarding
the sequence generation process. Regarding allocation
concealment, 12 studies adequately provided the method
of allocation concealment, and 7 studies had insufficient
information to permit judgment. Performance bias was
low in four studies, indicating that both participants and
study personnel were blinded to allocation. Conversely,
six studies had unclear risk, and nine studies of single-
blinded researchers or open trials were determined as
having a high risk of performance bias. Detection bias
was low in five studies that mentioned about the blind-
ing of outcome assessors; however, seven studies had
insufficient information to permit judgment and seven
studies that used participant-reported outcomes, in which
participants were not blinded, were determined to be at
high risk. Attrition bias was low in 14 studies that used
intention-to-treat analysis, including dropouts; however,
five studies were considered to be at high risk because
they used “as-treated” analysis with substantial attrition.
Reporting bias was low in seven studies in which all pre-
specified outcomes in their protocol were reported. Alter-
natively, 10 studies had insufficient information to permit
judgment, and two studies in which not all the prespeci-
fied outcomes in their protocol were reported or were
incompletely reported were judged to be at high risk. Two
studies were judged to be at high risk of other sources of
bias because one study reported that age and sex between
experimental and control groups were statistically dif-
ferent (Duan et al., 2017) and one study reported that
some participants of the control group were exposed to
the intervention (Greene et al., 2012). The remaining 17
studies were judged to be at low risk of other bias. In
addition, Egger’s regression test showed no significant
publication bias in terms of stress, anxiety, and depres-
sion (p =0.948, 0.534, and 0.494, respectively).

Effects of Online Interventions on Stress, Anxiety,
and Depression

Figure 2 depicts the forest plot showing the effect size of the
change in stress, anxiety, and depression between interven-
tion and control groups. Although stress was assessed in
seven studies (Antonson et al., 2018; Bonnert et al., 2017;
Greene et al., 2012; Kattelmann et al., 2014; Levin et al.,
2014; Puolakanaho et al., 2019; Schwinn et al., 2014), a
meta-analysis on change in stress scores synthesized five
studies (Bonnert et al., 2017; Kattelmann et al., 2014; Levin
et al., 2014; Puolakanaho et al., 2019; Schwinn et al., 2014)
reporting sufficient numerical data. The results of the meta-
analysis combining the five studies with an overall sam-
ple size of n=2045 (1024 intervention and 1021 control
participants) found no significant difference in change in
stress scores between the intervention and control groups
(g,—0.075; 95% CI,—0.206 to 0.056; 95% PI, —0.265 to
0.115). Subgroup analyses by the preventive level showed
that both universal (g, —0.099; 95% CI, —0.255 to 0.058;
95% PI,—0.324 to 0.126) and selective preventive interven-
tions (g, 0.018; 95% CI, —0.285 to 0.322) showed no signifi-
cant difference in stress change compared with the control
groups.

A meta-analysis combining the results of eight studies
assessing anxiety (Bonnert et al., 2017; de Voogd et al.,
2016a, b, 2018; Law et al., 2015; Levin et al., 2014; O’Dea
et al., 2020; Williamson et al., 2019) with an overall sample
size of n=1175 (761 intervention and 414 control partici-
pants) showed no significant difference in change in anxiety
scores between intervention and control groups (g, —0.108;
95% CI,-0.236 to 0.020; 95% PI, —0.254 to 0.037). Sub-
group meta-analyses by preventive level showed that
both universal (g, —0.083; 95% CI, —0.228 to 0.062; 95%
PI, —0.242 to 0.076) and selective preventive interventions
(g,—0.192; 95% CI, —0.454 to 0.071; 95% PI,—-0.457 to
0.073) did not significantly differ in terms of change in anxi-
ety scores compared with control groups.

Although 12 studies (de Voogd et al., 2016a, b, 2018;
Duan et al., 2017; Fang et al., 2010; Law et al., 2015; Levin
et al., 2014; Newcombe et al., 2012; O’Dea et al., 2020;
Palermo et al., 2009; Ruggiero et al., 2015; Whittaker et al.,
2017) assessed depression, a meta-analysis on depression
change synthesized 11 studies (de Voogd et al., 2016a, b,
2018; Fang et al., 2010; Law et al., 2015; Levin et al., 2014;
Newcombe et al., 2012; O’Dea et al., 2020; Palermo et al.,
2009; Ruggiero et al., 2015; Whittaker et al., 2017) reporting
sufficient numerical data. On combining 11 studies with an
overall sample size of n=2687 (1579 intervention and 1108
control participants), a significant difference in change in
depression scores for online interventions over control con-
dition was found (g, —0.094; 95% CI, —0.186 to —0.002). The
resulting 95% PI (—0.240 to 0.051) may be interpreted as a
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(a) Stress
Group Study name Hedges’ g Standard Variance 95% 1 Z-value p-value Exp  Con Hedges’ g and 95% CI
error Lower  Upper
Universal ~ Kattelmann 2014 —0.053 0.049 0.002 -0.150 0.043 -1.082 0.279 824 815 i
Universal  Levin 2014 —0.043 0.230 0.053 —0.493  0.406 —0.189 0.850 37 39
Universal ~ Puolakanaho 2019  —0.284 0.158 0.025 -0.594 0.025 -1.799 0.072 80 82 -
Universal —0.099 0.080 0.006 -0.255 0.058 -1.237 0.216 941 936 _.—_
Selective Bonnert 2017 0.055 0.200 0.040 -0.336 0.446 0.276 0.782 47 54
Selective Schwinn 2014 —0.037 0.245 0.060 -0.517 0.443 -0.150 0.880 36 31
Selective 0018 0155 0024 —0285 0322 0.119 0906 83 85 -
'*
Overall -0.075 0.067 0.004 -0.206 0.056 -—1.126 0.260 1024 1021
———
| | i |
(b) Anxiety 1 05 0 05
Group Study name Hedges’ g Standard Variance el Z-value p-value Exp  Con Hedges’ g and 95% CI
error Lower  Upper
Universal ~ de Voogd 2016(1) —0.097 0.125 0.016 -0.342  0.147 -0.780 0.436 253 86 ————
Universal de Voogd 2016(2) —0.092 0.183 0.033 -0.450 0.266 —0.504 0.614 129 39 -
Universal ~ de Voogd 2018 —0.049 0.182 0.033 -0.406 0.308 —0.270 0.787 134 39 ——
Universal Levin 2014 —-0.249 0.230 0.053 -0.700 0.203 -1.080 0.280 37 39 ——
Universal O'Dea 2020 -0.012 0.144 0.021 -0.295 0.270 —0.086 0.932 98 95 -
Universal —0.083 0.074 0.005 -0.228  0.062 -—1.118 0.264 651 298 -
Selective Bonnert 2017 —0.186 0.200 0.040 -0.578 0.206 —0.931 0.352 47 54 ———
Selective Law 2015 —0.256 0.227 0.052 -0.701  0.190 -—1.124 0.261 40 38 —_—
Selective Williamson 2019 —0.099 0.292 0.085 -0.671 0473 -0.339 0.734 23 24 —_—
Selective -0.192 0.134 0.018 -0.454 0.071 -1.431 0.152 110 116 ———
Overall —0.108 0.065 0.004 -0.236  0.020 -—1.659 0.097 761 414 —
T T T
-1 -0.5 o 0.5
(c¢) Depression
Group Study name Hedges’ g Standard Variance 3%l Z-value p-value Exp  Con Hedges’ g and 95% CI
Lower  Upper
Universal  de Voogd 2016(1)  —0.063 0.125 0.016 -0.308 0.181 —0.506 0.613 253 86 —m—
Universal  de Voogd 2016(2) —0.194 0.183 0.034 -0.553  0.165 —1.061 0.289 129 39 ———
Universal  de Voogd 2018 —0.041 0.182 0.033 -0.398 0315 -0.227 0.820 134 39 ——
Universal ~ Fang 2010 —0.039 0.196 0.039 -0.424 0345 -0.201 0.841 54 50 ————
Universal  Levin 2014 -0.312 0.231 0.053 -0.764  0.141 -1.351 0.177 37 39 ———
Universal ~ O'Dea 2020 —0.095 0.144 0.021 -0.377 0.188 —0.657 0.511 98 95 om
Universal ~ Whittaker 2017 -0.027 0.068 0.005 —-0.161 0.107 —0.391 0.696 426 429 —,—
Universal —0.072 0.054 0.003 -0.178  0.034 —1.334 0.182 1131 777 -
Selective Law 2015 —-0.015 0.239 0.057 —0.483 0.452 —0.063 0.950 39 32 —_—
Selective Newcombe 2012 —0.395 0.324 0.105 -1.030 0.239 -1.222 0.222 19 20 P S —
Selective Palermo 2009 —0.053 0.290 0.084 -0.621 0515 —0.183 0.855 26 22 —_—
Selective Ruggiero 2015 —0.148 0.082 0.007 -0.308 0.012 -1.813 0.070 364 257 —-—
Selective —0.140 0.093 0.009 -0.321 0.042 -1.511 0.131 448 331 _._
Overall —-0.094 0.047 0.002 -0.186 —-0.002 -2.012 0.044 1579 1108 -
I T T
-1 05 o 05

Fig. 2 Forest plot showing the effect size of change in stress, anxiety, and depression scores
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true effect size that varies from a g-value of —0.240 in some
studies to 0.051 in others. Following grouping by preventive
level, both universal (g,—0.072; 95% CI—0.178 to 0.034;
95% PI,—0.214 to 0.070) and selective preventive interven-
tions (g, —0.140; 95% CI, —0.321 to 0.042, 95% PI—0.374 to
0.095) showed no significant difference in change in depres-
sion scores between intervention and control groups.

Discussion

This systematic review aimed to evaluate the effectiveness
of online preventive interventions for changes in stress, anxi-
ety, and depression among general and at-risk adolescents.
Among the 19 reviewed studies, 7 studies (36.8%) were
published between 2009 and 2014, and 12 studies (63.2%)
were published between 2015 and 2020, which indicates that
research regarding online interventions has been actively
conducted over the past 6 years.

Among the online interventions conducted in the reviewed
studies, CBT and family-based interventions were most com-
monly used. Some previous systematic reviews (Calear &
Christensen, 2010; Clarke et al., 2015) have reported that
CBT-based online interventions were used most frequently;
however, they did not identify family-based online interven-
tions. This review has importance in that it identified five
family-based programs involving adolescents and their par-
ents to be feasible online because adolescent mental health
is closely associated with the parent—adolescent relationship
(Chen & Harris, 2019).

We found that online interventions for general and at-
risk adolescents were significantly beneficial in prevent-
ing the increase in depression scores but not in stress
and anxiety scores. The overall effect size for change in
depression score was smaller in this study (g =0.094) than
in previous meta-analyses on technology-delivered inter-
ventions (g =0.43 (Grist et al., 2019)) and on internet and
computer-based CBTs (g =0.56; Ebert et al., 2015). Addi-
tionally, the anxiety change was not significantly different
between the intervention and control groups in this study,
but the significant effect sizes for anxiety reported in the
two previous reviews were g =0.41 (Grist et al., 2019)
and g =0.65 (Ebert et al., 2015). This study reviewed pre-
ventive interventions for general and at-risk adolescents,
whereas the two previous reviews involved interventions
targeting depression or anxiety among children and ado-
lescents with depressive/anxiety symptoms or a diagnosis
of depression or anxiety disorder. Therefore, differences
in the results between this review and previous reviews
may be explained by the fact that individuals with related
symptoms have substantially more room for improvement
in terms of the relevant scores as a result of the interven-
tions (Edmonds et al., 2018).

Although we found that online interventions were associ-
ated with a significant improvement in depression change,
reflected by a g-value of —0.094 with a 95% CI—0.186
to —0.002, the 95% PI —0.240 to 0.051 contained null
effects or effects in the opposite direction. The 95% PI con-
tained values below zero, which correspond to depression
prevention, with a best case of a g-value of —0.240 after
interventions compared with controls. However, the PI also
contained values greater than zero, which means that the
effect of the interventions may exhibit null or even oppo-
site effects, with the worst case of a g-value of 0.051. This
finding of heterogeneity may be because of the diversity
in the context wherein the interventions occurred, as well
as in the contents and period of interventions. The studies
synthesized in a meta-analysis on depression change were
conducted in various countries, including the USA, the
Netherlands, Australia, and New Zealand. The participants
were recruited from school (de Voogd et al., 2016a, b, 2018;
Levin et al., 2014; Whittaker et al., 2017), community (Fang
et al., 2010; O’Dea et al., 2020; Ruggiero et al., 2015), and
hospital (Law et al., 2015; Newcombe et al., 2012; Palermo
et al., 2009) settings. Furthermore, the interventions applied
varied, including CBT-based interventions, family-based
interventions, cognitive training, ACT, and problem-solving
programs. Post-test timing varied from 3 weeks (Levin et al.,
2014) to 12 months (Ruggiero et al., 2015; Whittaker et al.,
2017). These differences may have acted as potential drivers
of the variation in the effects. The PI enables more informed
decision-making (IntHout et al., 2016); therefore, because
of the expected variation in true effects, caution is required
in decision-making regarding online interventions for the
prevention of adolescent depression.

Strengths and Limitations of This Review

Although previous reviews have focused on adolescents
with symptoms of mental illness, a strength of this study
is that it reviewed online preventive interventions for both
general and at-risk adolescents. It also demonstrated that
family-based online programs were feasible and the included
interventions were significantly beneficial in preventing an
increase in depression scores, even when the effect size was
small. The effects on stress and anxiety were not supported
in this review. However, the number of studies combined in
the meta-analyses on stress and anxiety was small. There-
fore, more RCTs are warranted to determine the effective-
ness of online preventive interventions on stress and anxiety.

There were several limitations of this study. First, this
review was exclusively based on studies published in Eng-
lish, which may introduce language bias. Second, this review
did not include gray literature or unpublished studies, which
may introduce publication bias. Third, the focus of this
review was online interventions, compared with control
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conditions, including a waiting list control, no interven-
tion, placebo, standard care, or usual care. Therefore, the
results of studies conducting interventions delivered online
combined with interventions delivered through face-to-
face programs and studies without the control conditions
were excluded. Fourth, because we designed the scope of
this review to include only individually randomized trials,
further systematic reviews are required to incorporate the
results of cluster randomized trials. Finally, three included
studies were excluded from the meta-analysis because of
insufficient effect size data.

Conclusions

This systematic review showed that the most frequently
used online preventive interventions were CBT-based
interventions and family-based interventions involving
adolescents and their parents. There were universal and
selective preventive interventions, and most universal pre-
ventive interventions were delivered in school settings.
The meta-analyses showed that online interventions for
general and at-risk adolescents exhibited significant ben-
efits in preventing an increase in depression scores. How-
ever, there is limited evidence regarding the effectiveness
of online interventions for stress and anxiety, suggesting
the need for further RCTs on online preventive interven-
tions for them.
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