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Purpose: This systematic review and meta-analysis aimed to examine previous research on website and mobile
application-based interventions for adolescents and young adults with depression and to evaluate their effectiveness
on depressive symptoms. Methods: PubMed, EMBASE, and Cochrane Library CENTRAL databases were searched
and 22 articles were identified from 16 randomized controlled trial studies. Results: The most frequently used
intervention strategy was Internet-based cognitive behavioral therapy (ICBT). Most studies (n = 14) used websites.
Two studies used mobile applications. Meta-analysis revealed a significant effect of overall website and mobile
application-based interventions on depression at posttest. Subgroup meta-analyses showed that ICBT and
website-based interventions had significant effects on depression at posttest. However, there was no significant
effect at follow-up assessments. Conclusion: Website and mobile application-based interventions, specifically ICBT,
are recommended for adolescents and young adults with depression. Further randomized controlled trials
conducting follow-up assessments are required to confirm their long-term effects.
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INTRODUCTION

Among adolescents, depression and suicide are princi-
pal causes of illness and death, respectively [1]. Adoles-
cent depression is associated with poor school attendance.
It inhibits normal growth and development [2] and in-
creases risk of suicide [3]. Furthermore, adolescent depres-
sion can lead to the occurrence of chronic and severe de-
pression and other psychiatric comorbidities in ear-
ly-to-middle adulthood, affecting personal health status
and public health expenditure [4,5]. One-third of indivi-
duals with depression initially experience its symptoms
during adolescence and young adulthood. Hence, appro-
priate interventions are required [6].

Previous systematic reviews on adolescent depression
have predominantly included studies conducting face-to-
face interventions with adolescent individuals, their fami-

lies, and groups [7,8]. Providing face-to-face psychosocial
treatments is effective in improving symptoms of subjects
experiencing depression [8]. Representative interventions
of psychosocial therapy include interpersonal psychother-
apy and cognitive behavioral therapy (CBT) [8]. In addi-
tion, psychoeducational interventions providing knowl-
edge and self-management strategies for adolescent de-
pression are effective in reducing depression and improv-
ing mental health outcomes [7].

Despite the effectiveness of face-to-face services, the use
of face-to-face mental health services by adolescents with
depression is less than 40% [9]. Prominent barriers to ac-
cessing face-to-face mental health services for adolescents
include perceived stigma and negative attitudes and be-
liefs toward mental health services [10]. On the other
hand, adolescents perceive online interventions positively
and believe that online interventions can alleviate stigma
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and increase access to therapies [11]. Online platforms are
alternatives to reduce barriers to availing face-to-face serv-
ices for mental health. High accessibility of online plat-
forms to adolescents is important because traditional face-
to-face services for mental health have low accessibility
and engagement [12]. Furthermore, due to the COVID-19
pandemic that is continuing, mental health services are
provided online as a convenient and safe way of reducing
face-to-face contact [13].

One systematic review has reported that mental health
interventions using mobile applications and technologies
have positive effects on engagement and emotional self-
awareness among children and adolescents [14]. Web-
based and mobile application interventions for suicide
prevention have shown good acceptability and satisfac-
tion among adolescents [12]. Although previous meta-
analysis studies have revealed that online interventions
are effective in improving depression [15,16], these re-
views were restricted to web-based interventions [15] or
included only adolescents <18 years [16]. As it becomes
convenient to use smartphones to monitor depressive
symptoms, collect objective and subjective data, and send
reminders, mobile interventions for adolescents with de-
pression are rapidly increasing [17]. With delays in tran-
sition to adult roles and responsibilities including com-
pletion of education, marriage, and parenthood, extend-
ing the age of adolescence to the 20s is more appropriate
from the point of view of the life phase in the current soci-
ety [18]. To address this existing gap, we systematically re-
viewed interventions using website and mobile applica-
tion for adolescents and young adults with depression.
Furthermore, we evaluated the effectiveness of these inter-
ventions using meta-analysis and the effectiveness by in-
tervention type, delivery method, and assessment time
point through subgroup meta-analyses.

METHODS

1. Design

This study was conducted based on the Cochrane
Handbook for Systematic Reviews of Interventions [19]. In
addition, the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 Checklist [20]
was used.

2. Eligibility Criteria

The following studies were included: (a) studies on ado-
lescents or young adults, 13 to 25 years; (b) studies on ado-

lescents or young adults diagnosed with depression or
have symptoms of depression; (c) studies on interventions
to improve mental health status or treat mental health
problems; (d) studies employing websites or mobile appli-
cation-based interventions; (e) studies presenting a com-
parison group; (f) studies reporting an outcome evaluat-
ing depressive symptoms; (g) randomized controlled tri-
als (RCTs); and (h) published English articles from Janu-
ary 2010 to April 2021. Studies were excluded if they in-
cluded individuals aged >26 years or <12 years or did
not report information on participants’ age range. Inter-
vention studies without randomization, reviews, study
protocols, editorials, national and international reports,
conference proceedings, and grey literature were also
excluded.

3. Information Sources and Search Strategy

Databases searched (on April 14, 2021) included Pub-
Med, Cochrane Library CENTRAL, and EMBASE. A med-
ical librarian assisted with the development of a search
strategy. Search strategies included the following key-
words: “adolescent”, “young adult”, “intervention”, “the-
rapy’, “program”, “mobile application”, “online”, “web-
site”, “depression”, “randomized controlled trial”. The
search period was from January 2010 to April 2021. Only
articles written in English were included. Our search strat-

egies are presented in Supplementary File S1.

4. Selection Process

Duplicates articles were removed. Two researchers in-
dependently reviewed the title and abstract of the article
to assess their eligibility. After reviewing eligible full-text
articles and discussing their inclusion, final articles were
selected. Disagreements on study selection were resolved
by discussion until reviewers reached a consensus. If
needed, researchers discussed with a third reviewer.

5. Data Extraction

Before data extraction, two reviewers developed a data
extraction form tailored to the review question through
discussions. Items such as author, country, publication
year, target population, participants’ and intervention
characteristics, study design, comparison condition, mea-
sures of depressive symptoms, assessment time points, re-
sults, and data related to risk-of-bias were extracted from
each study. Data extraction was performed by two in-
dependent researchers. Disagreements were discussed
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with a third reviewer to reach a consensus. All data were
extracted from every source if there were multiple pub-
lications of one study.

6. Risk—of-Bias Assessment

Two independent researchers evaluated each study us-
ing the Cochrane risk-of-bias tool for randomized trials,
version 2[21]. After evaluation, two researchers discussed
disagreements and reached consensus. Each researcher
evaluated each domain of bias and then selected one of
five response options: “yes”, “probably yes”, “probably
no’, “no”, and “no information”. The risk of bias for each
domain was classified as “low”, “having some concerns”,
or “high”, depending on responses to signaling questions.
By integrating evaluation results for each domain, the
overall risk of bias was judged as “low”, “having some
concerns”, or “high” for each study. Egger’s regression
test [22] was used to estimate publication bias.

7. Effect Measures and Synthesis Methods

Summary statistics extracted from examined studies in-
cluded post mean values, standard deviations (SDs), and
sample sizes of intervention and comparison groups. We
calculated SDs from standard errors or 95% confidence in-
tervals (95% Cls) of means when SDs were unreported in
studies [23]. When separate summary statistics for two
subgroups in a group were reported, we combined them
into sample size, mean, and SD for a single group using
formulas [23]. If a study used two or more psychometric
scales to measure depressive symptoms, we selected sum-
mary statistics of a primary scale for meta-analysis. When
a study presented several intervention conditions, we se-
lected the most appropriate intervention to reduce depres-
sion and extracted summary statistics of an intervention
group.

Through meta-analysis, we evaluated the overall effect
of interventions using a website and mobile application on
depressive symptoms at posttest. We then conducted a
subgroup meta-analysis by combining studies according
to distinguishing characteristics of included interventions
such as intervention type (internet-based CBT (ICBT) and
non-ICBT) and intervention delivery method (website and
mobile application). Furthermore, to evaluate long-term
effects, we conducted a separate meta-analysis for assess-
ment time points such as 3-, 6-, and 12-month follow-up
time points. For meta-analyses, we used Comprehensive
Meta-Analysis Version 3 software (Biostat, Englewood,
NJ, USA). Effects are presented using the effect size of
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Cohen’s d value and 95% CI. We used a random-effects
model with DerSimonian and Laird method [24] because
of heterogeneity across included studies. We used I” sta-
tistic to measure statistical heterogeneity.

RESULTS

1. Study Selection

After removing duplicates, 1469 articles remained. By
screening titles and abstracts, 1024 articles were excluded.
After assessing 445 full-text articles, 423 were excluded.
Finally, 22 articles from 16 studies were included in this re-
view (Figure 1).

2. Study Characteristics

Characteristics of each study are presented in Table 1.

The sample size varied from 21 to 369, with partic-
ipants’ age ranging from 13 years to 25 years. For depres-
sion severity, it was mild to moderate depression in five
studies [A1-A5], mild to severe depression in five [A6-
A12], and moderate depression in two [A13-A16]. More-
over, one study involved participants at risk of depressive
disorder through interview with primary care physicians
[A17-A19]. Two studies [A20,A21] targeted participants
diagnosed with major depressive disorder and one study
[A22] targeted those with suicidal ideation.

Regarding intervention contents, among 11 studies us-
ing Internet-based CBT (ICBT), five [A1,A3-A5,A22] used
ICBT only and six [A2, A6, A7, A12-A19] incorporated
ICBT with other intervention strategies. Among these six
studies, three [A2,A14-A19] used CATCH-IT (Competent
Adulthood Transition with Cognitive Behavioral Human-
istic and Interpersonal Training) program which incor-
porated ICBT, behavioral activation, interpersonal psy-
chotherapy, and intervention based on a community resil-
iency concept model. Furthermore, two studies [A6,A7,
A12] used ICBT blended with chat-based psychological
support and one study [A13] used motivational interview-
ing. Besides ICBT, other interventions were adopted in
previous studies. The intervention delivery method was
website-based in 14 studies and mobile application-based
in two [A9-A11].

Eight studies provided reminders to increase partic-
ipants’ treatment adherence. Reminder delivery cycles in-
cluded before each session [A3,A5,A12], daily [A9], week-
ly [A8], monthly [A2], random intervals [A10,A11], and
when participants’ assessments were incomplete [A13].
These reminders were provided through emails [A8,A13],
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Records identified through a database
search (n=3,190)
- PubMed (n=855)
- EMBASE (n=891)
- Central (n=1,444)

A

Records after removing the duplicates
(n=1,469)

A

Records screened
(n=1,469)

v

Records excluded, based on the titles and abstracts
(n=1,024)

A

Full-text articles assessed for eligibility
(n=445)

4

A

22 articles from 16 studies included in the
qualitative synthesis

A

Full-text articles excluded with reasons (n=423)

- Not meet the participants' age inclusion criteria (n=300)

- Not meet the inclusion criteria of the participants'
depression (n=83)

- Not meet the inclusion criteria of interventions for mental
health (n=6)

- Not meet the inclusion criteria of website or mobile
application-based interventions (n=8)

- Not meet the outcome criteria (n=7)

- Not RCT (n=19)

16 studies included in the quantitative
synthesis (meta-analysis)

Figure 1. Flow diagram showing the process of selecting articles for the present study.

phone calls [A2], text messages [A3,A9], messages through
social media [A2], or auditory signals from a mobile phone
[A10].

Twelve studies reported participants’ treatment adher-
ence. Among seven studies [A1,A2,A4,A6,A7,A14-A16,
A21,A22] assessing treatment adherence as participant
proportion in the intervention group who completed whole
sessions, four studies [A1l,A4,A6,A7,A21] reported that
>50% completed whole sessions. However, other studies
reported approximately completion rates of 30.8% [A22],
10.1% [A2], and < 10% [A14-A16]. On the other hand,
three studies [A12,A13,A17-A19] assessed treatment ad-
herence as the proportion of participants who completed
50% of interventions. Additionally, two studies [A9-A11]
assessed the proportion of participants who met a set of
minimum requirements.

For the assessment of depressive symptoms, thirteen
measurements were used. The most frequently used mea-
surement was the Center for Epidemiologic Studies De-
pression Scale (n=6). Patient Health Questionnaire-9 and

Beck Depression Inventory-II were each employed in four
studies, respectively. Children’s Depression Rating Scale-
Revised was used in three studies and Depression Anxiety
Stress Scale-21 Items was used in two studies.

3. Estimated Risk of Bias

Figure 2 shows the estimated risk-of-bias. Overall, 9
studies [A1-A3,A8,A10-A12,A14-16,A21,A22] had a high
risk of bias and 7 studies [A4-A7,A9,A13,A17-A20] had
some concerns. A high risk of bias because of deviations
from the appointed interventions was identified because
blinding was not performed when participants were allo-
cated to the intervention and deviations from targeted in-
tervention were disproportionate between intervention
and comparison groups [A1-A3,A8,A10-A12,A14-16,A22].
In addition, missing data on the outcome variable and dif-
ferent reasons for attrition rates and dropout between in-
tervention and comparison groups were reasons for the
risk of bias [A1-A3,A8,A10-A12,A14-16,A21,A22]. No pub-
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Table 1. Detailed Descriptions of Reviewed Articles

Fi Sample size Type of intervention; . Depression  Time points
et exeies Countr Target population (recruitment); mode of delivery; Soseuien assessment of the
(year) ountry et POP Y elverys condition .
gender; age duration instruments  assessments
Berg et al. Sweden Adolescents scoring 14 or ~ N=70; 94.0% ICBT and chat-based psychological ~ Attention control BDI-II, Baseline,
(2019); more on the BDI-II and female; support to treat adolescent (monitoring and PHQ-9 posttest
Topooco exhibiting at least five adolescents: depression; chat and web-based; non-specific
etal. (2018) symptoms or fulfilling 15 to 19 years eight skill-based modules and counselling) receiv-
the MDD diagnosis chat sessions for eight weeks ing treatment after
according to the MINI 6.0 the post-treatment
assessment
Deady et al. Australia  Young people with current N=104; 59.6% The self-help intervention named Attention control PHQ-9 Baseline,
(2016) moderate depression female; DEAL (DEpression-ALcohol) (health watch) posttest,
symptomology, with a adolescents: project based on the SHADE three and
score of seven or more on 18 to 25 years (Self-Help for alcohol/other drug 6-month
the DASS-21 use and Depression) program follow-up
(consisting of evidence-based CBT
and motivational interviewing) to
treat depressive symptoms and
problematic alcohol use; web-
based; four sessions for four weeks
Dear et al. Australia Young adults with a N=192; 81.8% The Mood Mechanic Course (ICBT) The Mood Mechanic PHQ-9 Baseline,
(2018) self-reported, principal female; using online lessons to treat Course and a posttest,
complaint of depression adolescents: anxiety and depression symptoms  self-guided three and
or anxiety symptoms 18 to 24 years in addition to a weekly contact treatment (no 12-month
from a clinician; web-based; four clinical contact) follow-up
lessons for five weeks
Geisner et al. United College students with a N=311; 62.4% Intervention 1: alcohol intervention ~ Assessment-only BDI-II Baseline,
(2015) States depressed mood (a score female; consisting of personalized feedback  control (view posttest
of 14 or higher as undergraduates:  and brief psychoeducation for the information for
measured by the BDI-II) 18 to 24 years potential relationship between depression and
alcohol and depressive symptoms substance use
Intervention 2: mood intervention without any
consisting of personalized feedback  personalized
and strategies for coping to treat feedback or
depressive symptoms intervention
Intervention 3: integrated inter- materials)
vention consisting of a combination
of both the alcohol intervention
and depressive symptoms inter-
ventions; web-based; five weeks
Gladstone United Adolescents with elevated  N=369; 68.0% The CATCH-IT program to prevent Attention control CES-D-10, Baseline, 2, 6,
etal. (2020); States symptoms of depression female; or reduce depressive symptoms; (the Health DSR 12,18, and
Gladstone and/or a history of a adolescents: web-based; 15 and five adolescent ~ Education 24 months
etal. (2018); major depressive episode 13 to 18 years and parent modules, respectively intervention that
Van Voorhees or dysthymia provides general
et al. (2020) health information)
Hetricketal.  Australia  Young people who N=50; 82.0% The TAUand Reframe-IT based on ~ TAU RADS-2, Baseline,
(2017) experienced suicidal female; the Internet-delivered standard CDRS-R posttest,
thoughts in the past four adolescents: CBT approach focusing on suicidal 3-month
weeks 13 to 19 years thinking and behaviors; web-based; follow-up
eight modules for 10 weeks
Hoek et al. United Adolescents experiencing ~ N=84; 56.6% Motivational interview and Primary care CES-D-10, Baseline,
(2011); States persistent subthreshold female; CATCH-IT program via internet physician brief PHQ-A, 6-week,
Richards depression (having one adolescents: for preventing depression; advice and clinically 6-month,
et al. (2016); core depression symptom 14 to 21 years web-based; 14 modules CATCH-IT significant ~ 12-month,
Saulsberry for at least a few days in program via depressive  and 2.5-year
etal. (2013) the last two weeks at both internet episodes follow-up
the initial screening and
one to two weeks later at
the eligibility assessment)
Ipetal. (2016) Hong Adolescents at risk of N=257; 68.1% Grasp the Opportunity (modified ~ Attention control CES-D, Baseline,
Kong depression with scores of ~ female; CATCH-IT) to reduce negative (access to an DASS-21 4- (interim),
12~40 on the CES-D adolescents: cognition and behaviors, improve  anti-smoking depression 8- (posttest),
13 to 17 years resiliency, and strengthen positive ~ website without subscale and
behaviors; web-based; 10 modules  depression 12-month
for eight months intervention) follow-ups

BDI-II=Beck Depression Inventory-II; CATCH-IT=Competent Adulthood Transition with Cognitive behavioral Humanistic and Interpersonal Training;
CBT=Cogpnitive-behavioral therapy; CDRS-R=Children's Depression Rating Scale-Revised, CES-D=Center for Epidemiologic Studies Depression Scale; DASS-21=Depression
Anxiety Stress Scale; DSM=Diagnostic and Statistical Manual of Mental Disorders; DSR=Depression Severity Rating; ESA=emotional self-awareness; HAM-D=Hamilton
Depression Rating Scale; ICBT=Internet-based cognitive-behavioral therapy; ICD-10=International Statistical Classification of Diseases and Related Health Problems;
MADRS-5=Montgomery Asberg Depression Rating Scale-self-rated; MDD=major depressive disorder; MINI=Mini-International Neuropsychiatric Interview; PHQ-9=Patient
Health Questionnaire-9; PHQ-A=PHQ-Adolescent; QIDS-A17-SR=Quick Inventory of Depressive Symptomatology for Adolescents; RADS-2=Reynolds Adolescent
Depression Scale-2; TAU=treatment as usual.

82 Journal of Korean Academy of Psychiatric and Mental Health Nursing



Website and Mobile Application—Based Interventions for Adolescents and Young Adults with Depression

Table 1. Detailed Descriptions of Reviewed Articles (Continued)

First author Sample size Type of intervention; Comparison Depression Time points
Country Target population (recruitment); mode of delivery; oy assessment
(year) . . condition ] of the assessments
gender; age duration instruments
Kageyama Japan People scoring 16 or more N=32;34.4% Intervention using video Wait-list control ~~ CES-D Baseline, posttest
etal. (2021) on the CES-D female; viewing smartphone receiving the
adolescents: including positive word intervention
18 to 24 years stimulation; smartphone after the
application; 10 minutes of five-week
daily video viewing (at least outcome
70 min weekly) for five weeks ~ measurement
Kaueretal. Australia  Adolescents in the early N=118; 72.8% Mobile phone self-monitoring  Attention control  DASS-21 Baseline, posttest,
(2012); stages of depression with female; program to assess and (receiving an depression 6-week follow
Reid et al. mild or more severe adolescents: manage mental health abbreviated subscale up
(2011) emotional or mental health 14 to 24 years problems; mobile phone version of the

issues assessed by a application; eight modules for ~ mobile-type

general practitioner or by two to four weeks program

scoring more than 16 on without ESA

the K10 and mental

health modules)
Lindqvist Sweden Adolescents diagnosed with N=76; 80.0% Affect-focused internet-based ~ Supportive QIDS-A17-SR, Baseline, posttest,
et al. (2020) unipolar major depressive  female; psychodynamic therapy to control (weekly MADRS-S 6-month
disorder in accordance adolescents: improve emotional avoidance,  contact via follow-up

with the DSM-5 criteria 15 to 18 years, awareness, experience, and Internet with the assessed only by

(a score of 10 or higher as expression of emotions with symptoms and the intervention

measured by therapist support; web-based;  well-being group, and not

QIDS-A17-SR) and the eight modules for eight weeks  monitoring) the control

MINI 7.0

Moeini etal. Iran Adolescents with mild to N=243; All female; Web-based depression Usual curriculum CES-D Baseline,
(2019) moderate depressive adolescents: improvement program based mid-treatment
symptoms, with scores of 15 to 18 years on social cognitive theory to (3 months),

10 to 45 on the CES-D manage mild and moderate posttest
depression; web-based; seven (6 months)
modules for six months

Rickhietal. ~Canada Adolescents and young N=31; 83.8% Spirituality-informed Waiting-list CDRS-R Baseline, posttest
(2015) adults with a mild to female; intervention for mental health ~ control receiving  (adolescents) (8 weeks),
moderate severity adolescents: based on principles including ~ the intervention =~ , HAM-D 16 and, 24 weeks
according to the 13-18 years forgiveness, gratitude, and initiated afteran  (young

DSM-IV-TR criteria for N=31; 58.0% compassion; web-based; eight  eight-week adults)

MDD, with a raw baseline female; young modules for eight weeks waiting period

score 40~70 in CDRS-R adults: 19 to 24

(adolescents) and 12~24 on  years

the HAM-D (young adults)

Srivastava India Adolescents with an ICD-10 N=21; 23.8% Smartteen—a TAU receiving the BDI-II, Baseline,
et al. (2020) diagnosis of mild or female; computer-assisted CBT intervention CDRS-R mid-treatment
moderate unipolar adolescents: program to treat adolescent after the (6 weeks)
depression 13 to 19 years depression; web-based; 12 post-treatment posttest
sessions for 12 weeks assessment (12 weeks)
Topooco Sweden Adolescents with N=70; 96.0% ICBT and chat-based Minimal BDI-II Baseline, posttest,
etal. (2019) depressive symptoms (14 female; psychological support to treat  attention control 12-month

or more points on the adolescents: adolescent depression, receiving follow-up

BDI-II), and presenting at 15 to 19 years including major depressive treatment after a assessed only by

least four symptoms episodes; text- and web-based;  posttreatment the intervention

including one core eight ICBT modules and eight ~ assessment group, not the
symptom, or fulfilling the individual therapist sessions control

criteria for a major delivered through chat for

depressive episode eight weeks

according to the MINI

Van der United Adolescents and young N=244; 84.4% Grip op Je Dip (Master Your Waiting-list CES-D Baseline, posttest
Zanden States adults with a score female; Mood) based on the CBT control receiving (3-month),
etal. (2012) between 10 to 45 on the adolescents: group course for young the intervention 6-month
CES-D 16 to 25 years people with symptoms of after a 14-week assessed only by

depression; web-based; six
weekly sessions

waiting period

the intervention
group, not the
control

BDI-II=Beck Depression Inventory-II; CATCH-IT=Competent Adulthood Transition with Cognitive behavioral Humanistic and Interpersonal Training;
CBT=Cognitive-behavioral therapy; CDRS-R=Children's Depression Rating Scale-Revised, CES-D=Center for Epidemiologic Studies Depression Scale;
DASS-21=Depression Anxiety Stress Scale; DSM=Diagnostic and Statistical Manual of Mental Disorders; DSR=Depression Severity Rating; ESA=emotional self-awareness;
HAM-D=Hamilton Depression Rating Scale; ICBT=Internet-based cognitive-behavioral therapy; ICD-10=International Statistical Classification of Diseases and Related
Health Problems; MADRS-S=Montgomery Asberg Depression Rating Scale-self-rated; MDD=major depressive disorder; MINI=Mini-International Neuropsychiatric
Interview; PHQ-9=Patient Health Questionnaire-9; PHQ-A=PHQ-Adolescent; QIDS-A17-SR=Quick Inventory of Depressive Symptomatology for Adolescents;
RADS-2=Reynolds Adolescent Depression Scale-2; TAU=treatment as usual.
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Figure 2. Etimated risk of bias across all included studies.

lication bias was shown in Egger’s regression test results
at the posttest or 3-, 6-, 12-month follow-ups (p=.274, .184,
.787, and .715, respectively).

4. Estimated Results of Meta—Analysis

Figure 3 presents effect size of interventions on depres-
sion using forest plots. Random-effects meta-analysis com-
bined 16 studies employing website and mobile applica-
tion-based interventions. It showed that intervention had
significant beneficial effects on depressive symptoms
(d=-0.33,95% CI: -0.53 to -0.13) at posttest. The meta-anal-
ysis had a considerable heterogeneity (I’=76.4%).

All included studies were grouped by intervention type
(ICBT and non-ICBT) before conducting subgroup meta-
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analyses. After combining 11 studies employing ICBT, sig-
nificant differences in depressive symptoms for ICBT over
the control were shown (d=-0.35, 95% CI: -0.60 to -0.11,
I’=81.6%). A subgroup analysis combining five studies not
employing ICBT showed no significant difference in de-
pressive symptoms between groups (d=-0.27, 95% CI: -0.66
to 0.11, ’=55.1%).

Additionally, included studies were classified by inter-
vention delivery method (i.e., websites and mobile appli-
cation). A subgroup analysis combining 14 studies re-
vealed that website-based interventions resulted in sig-
nificant differences in depressive symptoms between in-
tervention and control groups (d=-0.36, 95% CI: -0.58 to
-0.15, ’=78.5%). Whereas a subgroup analysis combining
two studies employing mobile application-based inter-
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Study name Outcome Time point Statistics for each studv Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance  limit Bmit Z-Value p-Value
Berg etal 2019, Topooco etal, 2018 Depression posttest -0.70 0.25 0.06 -1.20 020 -2.76 0.01 (i
Deadyetal., 2016 Depression posttest -0.47 0.20 0.04 -0.86 -0.07 2233 0.02
Dearetal, 2018 Depression posttest -0.21 0.14 0.02  -0.49 0.07 -1.45 0.15 ——
Geisaer etal., 2015 Depression posttest -0.15 0.16 0,02  -0.46 0.16 -0.97 0.33 ——
Gladstone et al,, 2018 Depression posttest 027 0.12 0.02 0.03  0.52 220 0.03 ——
Hetrick etal, 2017 Depression posttest -0.20 0.32 0.10  -0.84 0.43 -0.64 0.53 L
Hoek et al,, 2011 Depression posttest 0.1 0.22 0.05 .0.24 0.62 0.86 0.39 :
Ipetal, 2016 Depression posttast -0.22 0.13 0.02 -0.46  0.03 1.7 0.09 ——
Kageyama etal, 2021 Depression posttest -0.26 0.36 0.13  .0.96 0.44 -0.73 0.46 L
Kaueretal, 2012; Reid etal 2011 Depression posttest 0.11 0.22 0.05 -0.33 0.55 049 0.63 '
Lindqvistet al., 2020 Depression posttest -0.85 0.25 0.06 -1.34 037 -346 0.00 [fiff—t—
Moeini et al., 2019 Depression posttest -0.26 0.18 0.03 -0.61 0.09 -1.47 0.14 . 1
Rickhi etal., 2015 Depression posttest -0.26 0.26 0.07 -0.7 0.24 -1.02 0.31 L 3
Srivastava et al,, 2020 Depression posttest -1.25 0.50 0.25 -2.23 0.26 -2.48 0.01
Tepeece et al, 2019 Dagression posttest -0.81 0.25 008 -1.30 -3.26 0.00 be—if————
van der Zanden etal., 2012 Depression posttest 084 0.13 0.02 -1.10 -6.29 0.00 fe—ll—o
033 0.10 001 0.53 -3.20 0.00 -‘
-Loo -0.50 0.00 0.50 1.00
Experimental Control
A. Overall effect size of website and mobile application-based interventions at posttest.
Group by Study mame Outcome Time point Statistics for each study Sed diff in means and 95% CI
Intervention type Std diff Stamdard Lower Upper
immeanz error Variance Limit bmit Z-Value p-Value
ICBT Berg =t al, 2015; Topooco =t al, 201D eprassion -0.70 025 0.06 -120 020 -2.76 0.01 L
ICBT Deady st al., 2016 55 0.47 020 0.04 -0.86 007 233  0.02 -——
ICBT Dear ot al., 2018 posttest 0.21 0.14 0.02 049 007 145 015
ICBT Gladstone =t al., 2018 Deprassion posttest 0.27 0.12 002 0.03 052 220 0.03 ——
ICBT Hetrick 2t al, 2017 Daprassion posttest -0.20 032 0.10 -0.84 0.43 -0.64 0.53
ICBT Heskatal, 2011 ssion postiesst 0.1% 022 0.05  -0.24 0.62 0.86 0.35
ICBT Ipatal, 2016 0.22 0.13 0.02 -0.46 003 170  0.08 ——
ICBT Mosini st al,, 2018 -0.26 0.18 0.03 061 008 147 014
ICBT Srivastava et al., 2020 Deprassion posttest -1.25 0.50 025 223 0326 248 001
ICBT Topooco =t al., 2018 Deprassion posttest -0.81 025 0.06 -130 032 -3.26 0.00
ICBT wan der Zanden etal, 2012 Daprassion posttest -0.84 0.13 0.02 -L10 058 629 0.00 [Se—i—
ICBT 0.35 0.13 0.02 060 011 279 0.01 et
NonICBT Geisner stal, 2015 Deprassion posttest 0.15 0.16 0.02 046 016 057 033 ———
NonICBT Kaszayama stal, 2021 posttast -0.26 036 013 09 044 073 046 L
NonICBT Kaver st al, 2012; Reid atal posttast 0.11 022 0.05 033 0.55 049 063 B
NoaICBT Lindqvist et al, 2020 posttest -0.85 025 0.06 -1.34 037 346  0.00 il
NonICBT Rickhi ot a1, 2015 posttest -0.26 026 007 076 024 102 031 L
NonICBT -0.27 0.19 0.04 066 011 -141 016 —eatpe
-L00 -0.50 0.00 0.50 1.00
Experimental Control
B. Subgroup meta-analysis at posttest: Internet-based cognitive behavioral therapy (ICBT) and non-ICBT.
Growp by Study name Outcome  Time point Statistics foreach study Std diff in means and 95%CT
Intervention delivery me thod .
N Sl diff  Standard Lower Upper
inmeans  emor  Varianee lmit  mit ZVale p-Value
Mobile appiication Kageyanm et al, 2021 Depression  postiest -026 036 013 -096 044 073 046 L '
Mobile appiication Kaveret al, 2012; Reid et al, 2011 Depression  postiest 011 022 005 033 055 063 i-
Mobile appiication -0.04 032 010 066 058 090 — —
Webste Bergetal, 2019; Topooco etal, 2018 Depression posttest -0.70 025 006 120 -020 001
Webste Deadyetal, 2016 Depression  posttest 047 020 004 086 -007 0.02 —_——
Webste Dear etal,, 2018 Depression  postiest -021 014 002 -049 007 015
Webste Geisneretal, 2015 Depression  posttest -0.15 0.16 002 -046 016 033 ———
Webste Gladstore etal, 2018 Depression  postest 027 012 002 003 052 0.03 ——
Webste Hetrick et al, 2017 Depression  postest -020 032 010 084 043 053
Webste Hoek etal, 2011 Depression  postiest 019 022 005 -024 062 039
Webste Tpetal,2016 Depression  postiest 022 013 002 -046 003 0.09 ——
Website Lindqvist etal, 2020 Depression  posttest -085 023 006 -134 -037 0.00
Website Mosini etal,, 2019 Depression  posttest -026 018 003 -0.61 009 0.14
Website Rickhietal, 2015 Depression  posttest -026 026 007 -0.76 024 031
Website Stivastava etal., 2020 Depression  posttest -125 030 025 223 -026 0.01
Website Topooco ¢tal. 2019 Depression  posttest -081 023 006 -130 -032 0.00
Website vander Zanden et al. 2012 Depression  posttest -0.84 013 002 -L10 -038 0.00 e m—
Webste 036 .11 001 058 015 0.00 _
-L00 -0.50 0.00 050 100
Experimental Control

C. Subgroup meta-analysis at posttest: website-based interventions and mobile application-based interventions.

Figure 3. Effects of website and mobile application-based interventions on depression.
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Study name QOutcome Time point Statistics for each study 520 2ilf in means and 95% CI
Std diff Standard Lower Upper
in means error  Variance limit limit Z-Value p-Value
Deady et al,, 2016 Depression 3-month f/u -0.11 0.20 0.04 -0.50 0.28 -0.55 0.58 '
Dearetal, 2018  Depression 3-month fu  -0.09 0.14 002 037 020 060 055 —B—
Hetrick et al,, 2017 Depression 3-month f/u -0.43 037 0.14 -1.18 0.28 -1.21 0.23
-0.13 0.11 001 034 009 113 026 e
-1.00 -0.50 0.00 0.50 1.00
Experimental Control
D. Effect size of website and mobile application-based interventions at 3-month follow-up.
Study name Outcome Time point Statistics for each study Std diffin means and 95% CI
Std diff Standard Lower Upper
in means  error Variance limit limit Z-Value p-Value
Deady et al., 2016 Depression 6-month f/u -0.19 0.20 0.04 -0.58 0.20 -0.96 0.34
Gladstone et al., 2018 Depression 6-month f'u 0.06 0.13 0.02 -0.19 0.31 0.49 0.62
Hoek et al., 2011 Depression  6-month fu 0.12 0.22 005 -031 0.55 0.55 0.58
0.01 0.10 0.01 -0.17 0.20 0.15 0.88
-1.00 -0.50 0.00 0.50 1.00
Experimental Control

E. Effect size of website and mobile application-based interventions at 6-month follow-up.

Study name Outcome Time point Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Dear et al., 2018 Depression  12-month f/u 0.02 0.14 0.02 -0.26 0.30 0.13 0.90
Gladstone etal., 2020  Depression 12-month f/u 0.16 0.13 0.02 -0.09 041 1.24 0.22
Saulsberry etal, 2013 Depression  12-month f/u 0.08 0.22 0.05  -0.35 0.51 0.36 0.72
Ip etal. 2016 Depression  12-month fan -0.36 0.13 0.02 -0.61 -0.11 -2.85 0.00
-0.04 0.13 002 -0.29 0.22 -0.28 0.78
-1.00 -0.50 0.00 0.50 1.00

Experimental Control

F. Effect size of website and mobile application-based interventions at 12-month follow-up.

Figure 3. Effects of website and mobile application-based interventions on depression (Continued).

ventions showed no significant difference in depressive
symptoms between intervention and control groups (d=
-0.04, 95% CI: -0.66 to 0.58, ’=0%).

We pooled studies with 3-, 6-, and 12-month follow-up
time points to assess long-term effects of interventions us-
ing website and mobile application. A meta-analysis com-
bining three studies [A1,A13,A22] with 3-month follow-
up showed no significant effect of intervention on depres-
sive symptoms (d=-0.13, 95% CI: -0.34 to 0.09), with mini-
mal variation (I’=0%). Additionally, there was no signifi-

cant effect on depressive symptoms in a meta-analysis
synthesizing three studies [A13,A15,A17] with a 6-month
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follow-up (d=0.01, 95% CI: -0.17 to 0.20, I>=0%) or four
studies [A1,A2,A14,A19] with a 12-month follow-up (d=
-0.04,95% CI: -0.29 t0 0.22, IZ=67.5%).

DISCUSSION

This study conducted a systematic review and meta-
analysis of online-based interventions, including website
and mobile application, for adolescents and young adults
with depression. ICBT was the most frequently used inter-
vention strategy among various intervention strategies we
identified. It was used in 11 of 16 studies reviewed. Fur-
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thermore, there were more studies employing incorpor-
ated ICBT with other intervention strategies than using
ICBT only.

Our meta-analysis showed that website and mobile ap-
plication-based interventions significantly reduced de-
pressive symptoms (d=-0.33). Our sub-group meta-analy-
sis combining studies that employed ICBT showed a sig-
nificant effect of intervention on depression (d=-0.35),
while non-ICBT showed no significant effect on depres-
sion. This result concurred with a result of previous meta-
analysis showing an effect of ICBT for adults with in-
somnia on comorbid depressive symptoms (d=-0.36) [25].
CBT is known as the most researched, systematic, and best
standard psychological treatment [26]. The use of ICBT is
also supported by a previous study reporting that ICBT
has the largest effect size among technology-delivered in-
terventions for depression and anxiety [16].

However, the effect size of ICBT in this review (d=-0.35)
was lower than the effect size of a previous review synthe-
sizing studies that conducted CBT using face-to-face and
online formats for children and adolescents with depres-
sion (d=-0.41) [27]. Although the evidence supports the
use of ICBT, given that the effect size was small, increased
efforts such as therapeutic supports using video calling or
texting are necessary to effectively implement CBT using
website and mobile application formats [28].

Our review found that most studies employed web-
site-based interventions except for two studies that em-
ployed interventions delivered via mobile applications.
Consistent with our results, a previous systematic review
has reported that although mobile application delivery
method might be preferred by adolescents and young
adults over a web-based method, evidence of their effec-
tiveness is insufficient [29]. Further RCTs of interventions
using mobile application are needed to evaluate the effec-
tiveness through quantitative synthesis.

Our results showed that effects of online interventions
on depressive symptoms at posttest were significant, but
not in long-term follow-up assessments. Subgroup meta-
analyses pooled studies that assessed follow-up tests at
same time points. Numbers of studies pooled in the sub-
group meta-analyses at follow-up tests were small (three
or four studies). Therefore, caution is needed when inter-
preting our results. Further RCTs assessing follow-up time
points are required to confirm long-term effects of website
and mobile application-based interventions.

Of seven studies that assessed treatment adherence as
the proportion of participants of the intervention group
who completed all sessions, four studies had 50% or great-
er completion rates, indicating that participants’ treatment

completion rate in included studies was low. Some studies
provided reminders to participants. However, various
factors such as voluntary use, performance expectancy, ef-
fect expectancy, and facilitating conditions might influ-
ence user acceptance for technology [30]. Therefore, web-
site and mobile application-based interventions should be
developed considering factors that might influence user
acceptance and treatment adherence other than reminders
sent to participants.

As this review was based exclusively on studies in
English, language bias should be considered. Moreover,
since grey literature and unpublished studies were not in-
cluded in this review, there might be a publication bias. As
this review focused on website and mobile applica-
tion-based interventions, results from interventions con-
ducted combining face-to-face and online delivery were
excluded.

CONCLUSION

This study updates integrated results on current evi-
dence of website and mobile application-based inter-
ventions for adolescents and young adults with depres-
sion. We found that the most frequently used intervention
strategy was ICBT and that most studies employed web-
site-based interventions. Our meta-analysis showed a sig-
nificant effect of overall website and mobile application-
based interventions in reducing depressive symptoms at
posttest. Subgroup meta-analyses showed significant ef-
fects of ICBT and website-based interventions. Studies
that employed mobile application-based interventions
were lacking. Therefore, more studies using mobile appli-
cation are required. We recommend interventions using
website for adolescents and young adults with depression.
Our results suggest that ICBT might be effective. Because
significant effects of website and mobile application-based
interventions at long-term follow-ups were not confirmed,
further RCTs are required to provide evidence on their
long-term effects.
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