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Abstract
Existing reviews of digital psychological interventions for youth depression differ in populations, comparators, and
trial overlap. We conducted an umbrella review and meta-meta-analysis of interventions for people aged 10–25 years,
searching seven databases through July 15, 2026. Quantitative synthesis was restricted to randomized evidence.
Thirty-three reviews were included. The primary synthesis comprised nine review-level effects representing 62
independent randomized trial clusters. Relative to passive or nontherapeutic controls, digital psychological
interventions reduced postintervention depressive symptoms (SMD = − 0.43, 95% CI − 0.52 to − 0.33; 95% prediction
interval − 0.67 to − 0.19). Four active-control effects showed no clear difference (SMD = − 0.05, 95% CI − 0.33 to 0.22).
Only two reviews remained after excluding critically low-quality reviews, precluding quality-restricted pooling. Certainty
was moderate after downgrading for primary-trial risk of bias. Digital psychological interventions probably reduce
postintervention depressive symptoms relative to passive or nontherapeutic controls; superiority to active treatments
and sustained benefits remain uncertain.

Introduction
Depression is a common mental health problem in adolescence and young adulthood and contributes substantially to
the burden of disease in this population1, 2. This developmental period is marked by an increase in depressive
symptoms and the onset of depressive disorders, alongside major transitions in education, relationships, and
independent living2. Depression can substantially disrupt interpersonal, educational, and social functioning2, 3.
Longitudinal evidence further links adolescent depression to adverse psychiatric and psychosocial outcomes in
adulthood, although the strength of these associations varies across outcomes and may be influenced by earlier
adversity, psychiatric comorbidity, and family or social circumstances4, 5. Even when symptoms remain below the
diagnostic threshold for a depressive disorder, subthreshold depression is associated with an increased risk of
subsequent depression and suicide-related outcomes6, 7. Group-based cognitive behavioral therapy delivered as an
indicated preventive intervention can reduce depressive symptoms and the incidence of depressive disorders among
young people with subthreshold symptoms, although these benefits may diminish over time8. Timely access to
effective psychological support is therefore important throughout this developmental period.

Psychological interventions are an important component of depression prevention and treatment for young people.
Clinical guidelines recommend structured approaches, including cognitive behavioral therapy and interpersonal
psychotherapy, for adolescents with depression9, 10. However, the availability of effective treatments does not ensure
timely access: limited service capacity, costs, travel requirements, stigma, and concerns about confidentiality may all
impede help-seeking and service use among young people11. Digital psychological interventions offer a means of
extending therapeutic support through internet platforms, computer programs, and mobile applications, sometimes
incorporating messaging, video consultations, conversational agents, virtual reality, or therapeutic games12–14. Digital
delivery may reduce geographic and scheduling barriers while enabling self-paced participation, symptom monitoring,
and feedback12, 15. For digitally engaged young people who do not readily use conventional mental health services,
these features may expand the reach and accessibility of psychological support13, 15.

Over the past decade, systematic reviews and meta-analyses have examined an increasingly diverse range of digital
psychological interventions relevant to depressive symptoms in young people. Earlier syntheses evaluated
computerized psychological therapies for anxiety and depression in children and young people16 and internet- or
computer-based cognitive behavioral interventions targeting anxiety or depression in participants up to 25 years of
age17. Subsequent reviews examined additional digital formats and youth populations 18–21. Several depression-
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related analyses reported effects favoring digital interventions, but the magnitude and precision of the estimates
varied. Differences in participant characteristics, intervention formats, and comparison conditions make these
findings difficult to interpret as a single, directly comparable body of evidence22, 23. Confidence in some estimates is
further constrained by the limited number and methodological quality of the underlying studies 24.

As the field has expanded, reviews have moved beyond internet- and computer-based cognitive behavioral therapy to
examine mobile applications, mindfulness-based interventions, conversational agents, and therapeutic games25–30.
These interventions differ in therapeutic content, intensity, degree of human support, and mode of delivery. Their
comparison conditions also vary, ranging from waitlists and no intervention to controls containing substantive
therapeutic components. An observed benefit over a passive or nontherapeutic control therefore does not establish
superiority over an active treatment. Network meta-analyses have provided additional evidence about relative effects
within specific populations and treatment networks31–33. However, because the populations, intervention nodes,
comparators, and supporting evidence differ across these networks, their estimates should not be combined into a
single cross-review treatment ranking.

Despite the growth of this literature, existing reviews do not consistently answer the more focused question of how
digital psychological interventions affect depressive symptoms in people aged 10–25 years. Some reviews
encompass broader age ranges or multiple mental health outcomes, making it difficult to isolate an estimate that
simultaneously matches the population and outcome of interest. Reviews also differ in their treatment of randomized
and nonrandomized studies, comparison conditions, and follow-up assessments19, 20, 22, 23, 30. Variation in follow-up
timing and effect definitions further limits cross-review conclusions about whether benefits persist beyond the end of
treatment18, 20, 24. Interpreting the accumulated evidence therefore requires explicit boundaries for population,
outcome, study design, comparator, and assessment time point, rather than treating all reported effects as directly
interchangeable.

An umbrella review can compare the scope, methods, and findings of existing meta-analyses within such boundaries,
but the number of reviews should not be mistaken for the amount of independent primary evidence. The same
randomized trial may contribute to several reviews; without identifying shared trials, a higher-level synthesis may
overstate the breadth and independence of the evidence base34. Methodological quality at the review level and risk of
bias in the underlying trials must also be distinguished when judging the credibility of the evidence. Previous
overviews have examined digital mental health interventions in children and young people12, 13, as well as internet-

based interventions across broader populations and mental health outcomes14. However, they do not directly resolve
the combined questions of effect comparability, primary-trial overlap, and evidence certainty for depressive symptoms
among people aged 10–25 years.

We therefore conducted an umbrella review and meta-meta-analysis of digital psychological interventions for
depressive symptoms in adolescents and young adults aged 10–25 years. Our primary objective was to estimate the
postintervention effect of these interventions relative to passive or nontherapeutic controls. We examined the
robustness of this estimate to alternative effect definitions, age-eligibility rules, and evidence composition, while
considering active-control and follow-up findings separately. We also identified primary trials shared across reviews,
assessed the methodological quality of the included reviews, distinguished review-level quality from risk of bias in the
underlying trials, and rated the certainty of evidence for the primary outcome. Together, these analyses were designed
to clarify which conclusions are supported by the existing evidence, the populations and comparisons to which those
conclusions apply, and the uncertainties that remain.
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Results

Study selection
Database searches identified 13,227 records: 1,874 from PubMed, 3,722 from Embase, 3,234 from Web of Science
Core Collection, 959 from CINAHL, 17 from APA PsycINFO, 109 from the Cochrane Database of Systematic Reviews,
and 3,312 from Scopus. After removing 6,377 duplicates, 6,850 records underwent title and abstract screening; 6,743
were excluded. The full texts of the remaining 107 reports were obtained and assessed for eligibility.

The two reviewers initially agreed on 102 of the 107 full-text decisions (raw agreement, 95.33%; Cohen’s κ = 0.89). Five
initial disagreements were resolved through discussion and adjudication involving J.H. Seventy-four full-text reports
were excluded, primarily because they did not evaluate a digital psychological intervention (n = 20), did not meet
population or age criteria (n = 15), did not permit separate extraction of an eligible digital-intervention effect (n = 13),
contained no eligible original meta-analysis (n = 8), lacked a separately extractable depression outcome (n = 7),
included only nonrandomized evidence (n = 6), lacked an eligible randomized between-group effect (n = 2), could not
be sufficiently audited or mapped for quantitative analysis (n = 1), were not systematic reviews (n = 1), or had an
ineligible publication type (n = 1). Thirty-three systematic reviews were included: 25 in the main evidence set and eight
in the extended evidence set. Figure 1 shows the selection process; Supplementary Table S3 lists all excluded full-text
reports and their primary reasons.

Characteristics of included systematic reviews
The 33 reviews were published between 2014 and 2026 and covered internet-based or computerized cognitive
behavioral interventions, mobile applications, online mindfulness interventions, chatbots, digital therapeutic games,
remote psychotherapy, and other digital psychological interventions. They differed in participant age and depressive
symptom severity, theoretical basis and delivery of the intervention, level of human support, comparator, and outcome
assessment time.

Table 1 summarizes core review characteristics; Supplementary Table S4 provides more detailed information on
search scope, study design, numbers of primary studies and participants, statistical methods, and depression-specific
effects. Twenty-five reviews were classified in the main evidence set and eight in the extended evidence set. For
reviews with broader age scopes, eligibility was determined from the specific depression effect or intervention node:
separately extractable target-age evidence was retained where available, whereas inseparable mixed-age effects were
considered only under the prespecified 75% rule. Analysis-specific decisions are documented in Supplementary Table
S2. Tracing primary studies across the 33 systematic reviews identified 164 independent RCTs meeting the present
PICOS criteria, comprising 47,245 verified randomized participants. These totals describe primary randomized
evidence meeting the present population, intervention, comparator, outcome, and design criteria; they are not the sum
of overall study counts or sample sizes reported by the individual reviews.

Page 4/29



Table 1
Characteristics of included systematic reviews

Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)

B. Chen et
al. (2025)31

Network
meta-
analysis

Main Target age
range: 10–25
years;
samples with
a mean age ≤ 
25 years
could include
some older
students

Internet-
delivered
psychotherapies

Waitlist, usual
care, and
active
psychological
interventions

27 reports; total
N reported
inconsistently
as 3,345–3,451

Christ et al.
(2020)18

Pairwise
meta-
analysis

Main Mean age:
12–25 years;
elevated
depressive
symptoms or
a depressive
disorder

Computer-,
internet-, or
smartphone-
delivered CBT

Passive and
active controls

24 RCTs;
passive-control
depression
pool: k = 20, N = 
1,604;
depression-
targeted
passive-control
pool: k = 13, N = 
1,162

Madrid-
Cagigal et
al. (2025)35

Pairwise
meta-
analysis

Main Study mean
ages: 18.53–
25.00 years

Broad digital
mental health
interventions

Passive and
active controls

34 studies in
the narrative
synthesis; 21
two-arm RCTs
in the meta-
analysis;
depression: k = 
16, N = 2,316

Ebert et al.
(2015)17

Pairwise
meta-
analysis

Main Age range: 6–
25 years; age-
eligible
depression
analyses
separately
extractable

Computer- and
internet-
delivered CBT
for anxiety and
depression

Waitlist and
active controls

13 RCTs; N = 
796

Eilert et al.
(2022)19

Pairwise
meta-
analysis

Main Children and
young people

Internet-
delivered
psychological
interventions

Mixed control
conditions

23 studies in
the systematic
review; 16 in the
meta-analysis;
21
comparisons, N 
= 1,985
(intervention, n 
= 977; control, n 
= 1,008)

Feng et al.
(2025)26

Pairwise
meta-
analysis

Main Average ages:
12–25 years

Artificial
intelligence–
driven
conversational
agents using

Waitlist,
information-
only, and active
controls

14 articles
reporting 15
trials; N = 1,974

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.
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Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)

natural
language
processing or
machine
learning

Garrido et
al. (2019)36

Mixed-
methods
review
and
pairwise
meta-
analysis

Main Age range:
12–25 years

Broad digital
mental health
interventions

No-intervention
and active
controls

41 studies in
the narrative
synthesis;
depression
meta-analysis:
15 RCT
comparisons,
comprising 9
no-intervention
and 6 active-
control
comparisons; N 
= NR

Harrer et al.
(2019)22

Pairwise
meta-
analysis

Main University
students;
eligibility
required a
mean age ≤ 
24 years

Internet-based
mental health
interventions

Passive and
active controls

48 RCTs;
depression
represented by
31
comparisons; N 
= NR

Hatoum et
al. (2025)37

Pairwise
meta-
analysis

Main Age range:
10–24 years;
≥80% of
participants
were age
eligible

Digital single-
session
interventions

Passive and
active controls;
some
uncontrolled
evidence
included
narratively

22 articles
describing 18
unique digital
single-session
interventions;
16 RCTs; total
N = 9,353;
depression
follow-up meta-
analysis: k = 9

Lin et al.
(2026)38

Pairwise
meta-
analysis

Main Young people
without
diagnosed
mental
disorders;
samples
predominantly
comprised
students and
young adults

Mindfulness-
based
smartphone
applications

Passive and
active controls

19 RCTs in the
review; 13
entered at least
one meta-
analysis;
depression: k = 
10, N = 1,543

Liu et al.
(2024)39

Pairwise
meta-
analysis

Main Study mean
ages: 13.35–
17.50 years

Self-guided or
therapist-guided
internet-
delivered CBT

Waitlist,
treatment as
usual, and
active controls

19 RCTs;
postintervention
depression: k = 
16;
preintervention
N = 3,399

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.
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Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)

Magwood
et al.
(2024)28

Pairwise
meta-
analysis

Main Age range:
15–24 years

Mobile
applications
delivering
mindfulness,
CBT, combined,
or other
psychological
interventions

Withheld and
active controls

36 trials; N = 
7,984

Noh et al.
(2023)40

Pairwise
meta-
analysis

Main Age range:
13–25 years

Website- and
mobile-
delivered
psychological
interventions,
predominantly
internet-
delivered CBT

Passive and
active controls

16 RCTs
reported in 22
articles; N = NR

Noh and
Kim
(2023)41

Pairwise
meta-
analysis

Main Age range:
10–24 years

Online universal
and selective
prevention
interventions

No
intervention,
waitlist, and
active controls

19 RCTs;
depression
change-score
analysis: k = 11,
N = 2,687

Pennant et
al. (2015)16

Pairwise
meta-
analysis

Main Age range: 5–
25 years;
depression
analyses
concerned
young people

Computerized
CBT,
computerized
interpretation-
bias
modification,
computerized
problem-solving
therapy, and
mobile
applications

Nontherapeutic
and active
controls

27 RCTs; no
single
aggregate N
reported;
analysis-
specific k and N
available

Reangsing
et al.
(2023)29

Pairwise
meta-
analysis

Main University
students;
overall mean
age: 22.6
years (SD = 
3.2); study
mean ages:
18.2–31.1
years

Online
mindfulness-
based
interventions

Passive and
active controls

15 primary
studies
contributing 18
comparisons; N 
= 1,886

Sathe et al.
(2026)42

Pairwise
meta-
analysis

Main Age range:
13–25 years;
the review
also referred
to a median-
age criterion
of 10–24
years

Mobile app–
delivered CBT

Passive and
active controls

10 RCTs;
depression: k = 
9; total review
N = 1,896; main
depression
analysis N = 
1,127

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.
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Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)

Thabrew et
al. (2018)24

Cochrane
review
and
pairwise
meta-
analysis

Main Included trials
involved
participants
aged 10–18
years with
long-term
physical
conditions

E-health
psychological
interventions

Waitlist, usual
care, and
attention
controls

5 RCTs; N = 463

Tian et al.
(2025)43

Pairwise
meta-
analysis

Main Age range:
15–24 years;
depressive
and/or
anxiety
disorders

Telepsychiatry-
delivered
psychological
interventions

Waitlist and
active controls

26 studies, N = 
1,558; 14 RCTs
overall;
depression
versus waitlist:
k = 5, N = 293

Townsend
et al.
(2022)30

Pairwise
meta-
analysis

Main Age range:
12–25 years;
the review
also applied a
mean-age
criterion

Serious-game
and gaming
interventions

Passive and
active controls

12 studies,
including 7
RCTs and 5 non-
RCTs; RCT
effects
separately
extractable;
RCT depression
analysis: N = 
666

Välimäki et
al. (2017)20

Pairwise
meta-
analysis

Main Included
studies
involved
participants
aged 11–24
years

Web-based
psychological
interventions

Passive and
active controls

22 studies
reported in 27
articles; 15
entered the
meta-analysis,
N = 4,979;
postintervention
depression: k = 
10

Wang et al.
(2023)23

Pairwise
meta-
analysis

Main Adolescents
and university
students

Internet-based
self-help
interventions,
including CBT,
third-wave CBT,
and problem-
solving therapy

Mixed control
conditions

25
comparisons; N 
= 4,480
(intervention, n 
= 2,355; control,
n = 2,125)

Wang et al.
(2026)33

Bayesian
network
meta-
analysis

Main Age range:
12–25 years

Four categories
of digital health
intervention, as
defined by the
source review

No
intervention,
treatment as
usual, and
active digital
comparators

Depression
network meta-
analysis: 18
RCTs, N = 5,821,
as reported by
the source
review; 17
depression-
reporting RCTs
identifiable in
its study-

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.

Page 8/29



Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)
characteristics
table

Wickersham
et al.
(2022)21

Pairwise
meta-
analysis

Main Age range:
11–19 years

Computerized
CBT for
depression
prevention and
treatment

Waitlist, usual
care, and
active controls

16 RCTs; 13
entered at least
one meta-
analysis;
depression: k = 
10; total review
N = 4,012

Wu et al.
(2023)44

Pairwise
meta-
analysis

Main Age range:
11–19 years

Internet- and
computer-
delivered CBT
for adolescent
depression

Waitlist, usual
care, and
active controls

18 RCTs; N = 
1,683

Bevilacqua
et al.
(2024)45

Pairwise
meta-
analysis

Extended Review
eligibility
required age 
≤ 18 years,
although one
study
included
participants
aged 15–25
years

Technology-
assisted CBT

Face-to-face
CBT

10 RCTs overall;
depression: k = 
7; N = NR

Bryant et al.
(2024)46

Pairwise
meta-
analysis

Extended Pediatric
samples;
review
eligibility
required age 
< 18 years

Gamified digital
mental health
interventions

Passive and
active controls

27 RCTs; N = 
2,911;
depression: k = 
9, N = 1,332

T. H. Chen
et al.
(2025)25

Pairwise
meta-
analysis

Extended Overall age
range: 14.7–
35.3 years;
eligible
university
subgroup
mean ages:
18.78–22.90
years

CBT-informed
conversational
agents

Passive and
active controls

10 RCTs overall;
depression: k = 
9; age-eligible
subgroup: k = 3,
N = 205

Grist et al.
(2019)47

Pairwise
meta-
analysis

Extended Age range: 6–
18 years;
depression-
targeted
subgroup
separately
extractable

Computer-,
internet-, app-,
and virtual
reality–
delivered
psychological
interventions

Waitlist,
treatment as
usual, and
active controls

34 RCTs; N = 
3,113;
depression-
targeted
subgroup: 13
comparisons

Leech et al.
(2021)27

Pairwise
meta-
analysis

Extended Age range:
10–35 years;
project audit
confirmed

Standalone
smartphone
applications

Passive and
active controls

11 independent
RCTs; total N = 
1,706;

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.
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Review Review
design

Evidence
set

Population
and age
eligibility

Digital
intervention
scope

Comparator
scope

Included
evidence
(overall; eligible
depression)

that ≥ 75% of
the evidence
was age
eligible

depression: k = 
8, N = 862

Li et al.
(2021)32

Bayesian
network
meta-
analysis

Extended Review age
range: 7–18
years;
participants in
all three
eligible
computerized
CBT trials
were aged
11–16 years

Broad
psychosocial
prevention
interventions
with a separable
computerized
CBT node

Waitlist and
other
psychosocial
intervention
nodes

27 RCTs; N = 
5,976; eligible
computerized
CBT node: k = 3

Takizawa et
al. (2026)48

Pairwise
meta-
analysis

Extended Overall age
range: 5–19
years; the
depression
pool
predominantly
comprised
participants
aged 10–19
years

Universal digital
mental health
interventions

No
intervention,
usual practice,
and active
controls

29 RCTs; N = 
22,705;
depression: k = 
15

Ye et al.
(2014)49

Pairwise
meta-
analysis

Extended Children,
adolescents,
and young
adults; the
depression
waitlist pool
was audited
against the
project age
criterion

Internet-based
psychological
interventions for
anxiety and/or
depression

Waitlist and
face-to-face
psychological
interventions

Depression
versus waitlist:
k = 7, N = 490;
internet versus
face-to-face
intervention: k = 
2, N = 66

Note. Main and extended evidence sets were defined a priori. Where analysis-specific k and N were available, these
are reported alongside the overall review evidence. k = number of studies or comparisons; N = total sample size; CBT 
= cognitive behavioral therapy; NR = not reported; RCT = randomized controlled trial. Detailed review characteristics
and age-eligibility assessments are provided in Supplementary Table S4.

Size of the primary RCT evidence base and overlap
We linked RCTs reported in review articles, supplements, forest plots, and study-characteristics tables, merging
primary-outcome, follow-up, subgroup, and process-evaluation reports from the same randomized trial into one
independent RCT cluster.

The nine reviews included in the strict primary analysis contained 83 review–RCT occurrences corresponding to 62
independent RCT clusters. The model-specific corrected covered area was 4.23%, indicating low overall overlap in the
strict primary analysis. Nevertheless, some reviews shared several trials, particularly broader reviews and earlier topic-
specific reviews.

RCT membership for the strict primary analysis is documented in Supplementary Table S5, and pairwise sharing of
independent RCT clusters is shown in Supplementary Figure S1. Overlap was used to characterize dependence in the
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underlying evidence and contextualize the pooled result; it did not alter the source-reported review-level effects
entering the meta-meta-analysis.

Methodological quality of included reviews
Two reviewers independently assessed all 33 reviews using AMSTAR 2. Their initial judgments agreed on 426 of 528
paired items (raw agreement, 80.68%; Cohen’s κ = 0.63), indicating substantial overall item-level agreement.
Disagreements centered on prospective protocols, search comprehensiveness, justification of eligible study designs,
and adequacy of study descriptions. All were discussed after rechecking review articles, supplements, and
registration records, with J.H. adjudicating where necessary; final ratings reflected consensus.

No review was rated high quality by AMSTAR 2. One (3.03%) was rated moderate, five (15.15%) low, and 27 (81.82%)
critically low. Common critical weaknesses were the absence of a study-by-study list of full-text exclusions with
reasons, searches that did not meet all AMSTAR 2 criteria for comprehensiveness, insufficiently verifiable a priori
protocols, and inadequate assessment or discussion of publication bias. Common noncritical weaknesses included
failure to report funding sources for primary studies, insufficient justification for eligible study designs, and
incomplete reporting of study characteristics.

The item-level distribution is presented in Supplementary Figure S2; all 16 item judgments and overall confidence
ratings for each review are given in Supplementary Table S6. Because overall AMSTAR 2 ratings depend on critical
weaknesses rather than a simple item sum, we did not calculate a numerical quality score or automatically exclude
critically low-quality reviews from the primary analysis.

Overall effect of digital psychological interventions on depressive symptoms
The strict primary analysis included nine review-level effects from nine systematic reviews, representing 62
independent RCT clusters. Source-reported Hedges’ g, Cohen’s d, or SMD estimates were harmonized in direction and
entered the meta-meta-analysis as standardized mean differences (SMDs), with negative values favoring digital
psychological intervention over passive or nontherapeutic control.

The random-effects meta-meta-analysis showed lower depressive symptom severity at postintervention for digital
psychological interventions than for passive or nontherapeutic controls (SMD = − 0.43, 95% CI − 0.52 to − 0.33, p < 
0.001; Fig. 2). Review-specific estimates and their source locations are documented in Supplementary Table S2.

Review-level estimates had a consistent direction and low-to-moderate statistical heterogeneity (Q = 12.36, df = 8, p = 
0.136; I² = 35.27%; τ² = 0.0087). The 95% prediction interval (− 0.67 to − 0.19) did not cross zero, suggesting that the
true effect would be expected to favor digital psychological intervention in future evidence settings with clinical and
methodological characteristics similar to those represented in the strict primary analysis. The CCA was 4.23%,
indicating low overall overlap of underlying RCTs across reviews.

Supporting and sensitivity analyses

Change-score sensitivity analysis
Adding the standardized between-group change-score effect reported by Noh and Kim41 to the strict primary analysis
produced a model with 10 review-level effects. Digital psychological interventions remained associated with reduced
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depressive symptoms at postintervention (SMD = − 0.39, 95% CI − 0.52 to − 0.26, p < 0.001). Heterogeneity was greater
than in the strict primary analysis (Q = 36.00, df = 9, p < 0.001; I² = 75.00%; τ² = 0.0232), although the 95% prediction
interval remained below zero (− 0.76 to − 0.02). The CCA was 3.81%, indicating low primary-RCT overlap. Thus, the
effect direction and statistical inference were retained when the change-score effect was included, but between-
review variation increased substantially (Table 2; Supplementary Figure S3).

Leave-one-review-out analysis
Across leave-one-review-out models, pooled effects ranged from − 0.48 to − 0.41; all 95% confidence and prediction
intervals remained below zero, and I² ranged from 0.00% to 43.32%. Omitting Harrer et al.22 yielded an SMD of − 0.48
(95% CI − 0.55 to − 0.40) and reduced I² to 0.00%, indicating that this review was a major contributor to heterogeneity.
Omitting Ebert et al.17 or Christ et al.18 produced the smallest absolute pooled effects, both approximately − 0.41,
without changing direction or inference. No single review drove the primary result (Supplementary Table S7;
Supplementary Figure S4).

Extended-evidence sensitivity analysis
The extended-evidence sensitivity analysis included 11 review-level effects to test robustness to broader age-
composition or effect-extraction criteria. The pooled estimate still favored digital psychological intervention (SMD = − 
0.37, 95% CI − 0.49 to − 0.24, p < 0.001), but heterogeneity was high (I² = 86.00%; τ² = 0.0270), and the 95% prediction
interval crossed zero (− 0.76 to 0.03). The CCA was 3.29%, indicating low overall overlap; overlap alone was therefore
unlikely to account fully for the increased heterogeneity. Relative to the strict primary analysis, the average effect was
slightly smaller and estimates were more dispersed, consistent with greater variation in true effects when eligibility
boundaries were broadened (Table 2). Primary-study mapping coverage and overlap for this model are documented in
Supplementary Table S8.

Active-control subgroup analysis
The active-control subgroup included four review-level effects. There was no clear difference between digital
psychological interventions and active controls (SMD = − 0.05, 95% CI − 0.33 to 0.22, p = 0.580); heterogeneity was
moderate (Q(3) = 7.03, p = 0.071; I² = 57.40%; τ² = 0.0070). A prediction interval was not calculated because this
model contained only four effects. The CCA was 1.67%, indicating low primary-RCT overlap. Thus, the advantage over
passive or nontherapeutic controls should not be extrapolated to superiority over interventions with substantive
therapeutic components (Table 2; Supplementary Figure S5).

Methodological-quality-restricted analysis
Among the nine reviews in the strict primary analysis, AMSTAR 2 rated only Thabrew et al.24 moderate and Ebert et
al.17 low; the remaining seven were critically low. Excluding critically low-quality reviews left only two review-level
effects, too few to estimate between-review variance and heterogeneity reliably. We therefore did not perform a
quality-restricted quantitative re-synthesis. Both retained effects favored digital psychological intervention, although
the confidence interval for Thabrew et al.24 crossed zero. These findings were interpreted descriptively and do not
establish whether the pooled primary effect would persist in a sufficiently large set of higher-quality reviews
(Supplementary Table S9).

Follow-up and network meta-analysis evidence
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Follow-up effects differed substantially in timing, comparator, and reporting, precluding a coherent meta-meta-analytic
model corresponding to the strict primary analysis. We therefore synthesized these results narratively. Some reviews
suggested that benefits persisted into short- or medium-term follow-up, but effects were generally attenuated relative
to postintervention and not all comparisons were statistically significant. Given the small and temporally inconsistent
follow-up evidence base, these findings are supportive rather than sufficient to establish the duration of benefit
(Supplementary Figure S6).

Two reviews contributed the network meta-analysis estimates displayed in Supplementary Figure S7. B. Chen et al.31

compared internet-based psychotherapies, whereas Li et al.32 reported network estimates for computerized cognitive
behavioral therapy against different controls. Although the estimates generally favored digital intervention, they came
from networks with different structures, comparison nodes, and Bayesian models, and effects within each network
were correlated. We therefore retained source-reported network estimates as supplementary descriptions of
differences by intervention and comparator, without pooling across networks or including them in the strict primary or
supporting meta-meta-analyses (Supplementary Figure S7).

Table 2
Primary, supporting, and sensitivity analyses

Analysis k SMD (95%
CI)

I² (%) τ² 95% prediction
interval

CCA
(%)

Analytical role

Strict primary analysis 9 −0.43 (− 
0.52 to − 
0.33)

35.27 0.0087 −0.67 to − 0.19 4.23 Primary

Change-score
sensitivity analysis

10 −0.39 (− 
0.52 to − 
0.26)

75.00 0.0232 −0.76 to − 0.02 3.81 Sensitivity

Extended evidence-
set sensitivity
analysis

11 −0.37 (− 
0.49 to − 
0.24)

86.00 0.0270 −0.76 to 0.03 3.29 Sensitivity

Active-control
subgroup

4 −0.05 (− 
0.33 to
0.22)

57.40 0.0070 Not calculated
(k < 5)

1.67 Supporting
subgroup

Note. Negative SMD values favour digital psychological interventions. Prediction intervals were prespecified for
models containing at least five review-level effects. CI = confidence interval; CCA = corrected covered area.

Small-study effects and publication bias
The strict primary analysis included only nine review-level effects, below the usual minimum for formal funnel-plot
asymmetry testing. Moreover, the reviews shared some primary RCTs, so review-level effects were not fully
independent. We therefore did not perform Egger’s test or another formal asymmetry test for this model. Publication-
bias assessments varied across source reviews: some reported funnel plots, Egger tests, or trim-and-fill analyses, with
isolated findings suggesting possible small-study effects, although corrected effect directions generally remained
unchanged; other reviews found no clear evidence or did not test because too few RCTs were available. Overall,
publication bias was not strongly suspected but cannot be excluded.

Certainty of evidence
GRADE was used to assess certainty for the strict primary outcome. Randomized evidence started at high certainty.
We downgraded one level for risk of bias because some primary RCTs had missing outcome data, relied on self-
reported outcomes, showed deviations from intended interventions, or raised concerns about selective reporting;
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some source reviews also reported attenuation when analyses were restricted to lower-risk trials. We did not
downgrade for inconsistency because all nine review-level effects favored digital intervention, statistical heterogeneity
was low to moderate, and the 95% prediction interval did not cross zero. The strict primary analysis directly matched
the prespecified population, digital intervention, passive or nontherapeutic comparator, depressive-symptom outcome,
and postintervention time point, so indirectness did not warrant downgrading. Neither the pooled 95% confidence
interval nor the 95% prediction interval crossed zero, and the evidence comprised 62 independent RCT clusters;
therefore, we did not downgrade for imprecision. Publication bias could not be ruled out but was not strongly
suspected and did not prompt downgrading. Overall certainty was moderate, indicating that digital psychological
interventions probably reduce depressive symptoms at postintervention in young people aged 10–25 years (Table 3;
Supplementary Table S10).

The two reviewers initially agreed on 80.00% of judgments across the five GRADE domains. The disagreement
concerned whether to downgrade for publication bias; after discussion and third-reviewer adjudication, the final
decision was not to downgrade.

Table 3
Summary of Findings and certainty assessment

Outcome Effect Evidence base GRADE Interpretation

Post-
intervention
depressive
symptoms

SMD − 0.43
(95% CI − 0.52
to − 0.33); 95%
PI − 0.67 to − 
0.19

9 reviews; 62
independent RCT
clusters; CCA
4.23%

Moderate Digital psychological interventions
probably reduce depressive
symptoms; certainty was downgraded
by one level for risk of bias in the
primary RCTs.

Note. Formal tests of funnel-plot asymmetry were not performed because the strict primary analysis included fewer
than 10 review-level effects and the reviews shared primary studies. CI = confidence interval; PI = prediction interval;
CCA = corrected covered area.

Discussion
To our knowledge, this is the first umbrella review and meta-meta-analysis to focus on depressive outcomes in
adolescents and young adults aged 10–25 years while synthesizing review-level evidence within a consistent
framework for age, study design, comparator, and outcome. We included 33 systematic reviews, of which nine
contributed comparable effects representing 62 independent RCT clusters to the strict primary analysis. Digital
psychological interventions probably reduced depressive symptoms at postintervention relative to passive or
nontherapeutic controls (SMD = − 0.43, 95% CI − 0.52 to − 0.33), and the 95% prediction interval remained entirely in
the favorable direction (− 0.67 to − 0.19). This conclusion was supported by moderate-certainty evidence, indicating
reasonable confidence in the direction of effect while leaving open the possibility that risk of bias in the underlying
RCTs may affect its true magnitude. The finding should therefore be interpreted within the population, intervention,
comparator, and assessment conditions represented in the strict primary analysis rather than generalized to all digital
psychological interventions or all young people.

The direction of the primary result is consistent with previous reviews of digital psychological interventions for
children, adolescents, and young adults. Ebert et al.17 reported improvements in depressive symptoms following
internet- and computer-based cognitive behavioral interventions for young people, whereas Christ et al.18 found a
similarly favorable direction in randomized evidence on internet interventions for children and adolescents. Pennant et
al.16 and Thabrew et al.24 also reported evidence suggesting benefits from technology-delivered psychological
interventions, although the interpretation of their estimates was constrained by limited study numbers, intervention
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heterogeneity, and the quality of the underlying trials. The present strict primary analysis improved comparability by
restricting synthesis to randomized evidence, postintervention depressive symptoms, and passive or nontherapeutic
controls. Nevertheless, the pooled SMD remains an average standardized difference across diverse interventions and
depression scales and should not be equated with clinical remission, diagnostic recovery, or improvement that an
individual would necessarily perceive as clinically important.

Comparator type was central to the clinical interpretation of the findings. The benefit observed against passive or
nontherapeutic controls did not translate into a clear advantage over active controls: the active-control estimate was
close to zero and imprecise (SMD = − 0.05, 95% CI − 0.33 to 0.22). Harrer et al.22 similarly showed that digital-
intervention effects varied by comparator and were generally larger against passive than active controls, while the
different comparison conditions included by Pennant et al. 16 and Wickersham et al.21 further illustrate the importance
of control-group intensity. Because active controls contain substantive therapeutic components, a smaller between-
group difference does not imply that digital psychological interventions are ineffective. Rather, the current evidence
supports a benefit relative to receiving no substantive treatment but has not established superiority over other
interventions containing therapeutic components. Given that only four review-level effects contributed to the active-
control analysis and the confidence interval crossed zero, this finding reflects limited comparative evidence rather
than demonstrated equivalence.

The primary conclusion was stable when change-score effects were included and when individual reviews were
omitted, whereas broadening the evidence set substantially increased heterogeneity. Adding a standardized between-
group change-score effect retained a favorable pooled estimate (SMD = − 0.39, 95% CI − 0.52 to − 0.26), and no leave-
one-review-out analysis altered the direction or principal inference. The primary result was therefore not dependent on
any single review or entirely contingent on the use of postintervention rather than change-score effects. However,
heterogeneity increased in the change-score model, potentially reflecting differences in study composition and the
construction of change-score estimates. The extended evidence set also produced a favorable average effect (SMD = 
− 0.37, 95% CI − 0.49 to − 0.24), but heterogeneity increased further and the prediction interval crossed zero.
Broadening the eligibility boundary therefore increased the range of evidence considered while reducing the
consistency expected across comparable future settings. The extended analysis is most appropriately interpreted as
a test of sensitivity to eligibility boundaries rather than as a replacement for the strict primary analysis.

The age range of 10–25 years was selected to span the developmental continuum from adolescence to young
adulthood, consistent with a previous systematic review of e-health interventions for children and young people50.
However, the source reviews generally reported study-level mean ages or age ranges rather than individual participant
data. The extended-evidence analysis can therefore evaluate the sensitivity of the primary conclusion to the age-
eligibility rule but cannot establish whether age continuously modifies intervention effects or reliably compare
outcomes across early adolescence, later adolescence, and young adulthood. Primary RCTs should report age-
stratified results where appropriate, while individual participant data meta-analysis may be better suited to evaluating
age-related effect modification when sufficient data become available.

Follow-up and network meta-analysis evidence provided additional context but did not support firm conclusions about
the duration of benefit or a common ranking of digital interventions. Follow-up assessments differed in timing,
comparator, and effect definition. Christ et al.18 reported follow-up findings for some internet interventions, but the
number of contributing studies and duration of follow-up varied; follow-up evidence in Thabrew et al. 24 and Välimäki

et al.20 was also substantially sparser than postintervention evidence. The primary conclusion should therefore be
restricted to depressive symptoms at postintervention and should not be interpreted as establishing sustained
benefit. B. Chen et al.31 compared internet-based psychotherapies, Li et al.32 estimated the effects of computerized
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cognitive behavioral therapy against several controls, and Wang et al.33 compared digital intervention types within its
own evidence network. Differences in populations, intervention and comparator nodes, network structures, and
supporting trials precluded pooling these estimates or deriving a common cross-review treatment ranking.

The moderate GRADE certainty assigned to the primary outcome should be distinguished from the generally low
methodological confidence in the included reviews. None of the 33 reviews received a high overall confidence rating
under AMSTAR 2; one was rated moderate, five low, and 27 critically low. Common weaknesses included the absence
of a sufficiently verifiable a priori protocol, incomplete reporting of excluded full-text studies, inadequate searches,
and insufficient assessment or discussion of publication bias. The increasing number of reviews in this field has
therefore not been matched by equivalent methodological rigor. Nevertheless, a critically low AMSTAR 2 rating does
not demonstrate that a digital intervention is ineffective or that every RCT included in the review has serious bias.
AMSTAR 2 concerns confidence in the conduct and reporting of a review, whereas the GRADE risk-of-bias domain
concerns the underlying trials supporting the target effect.

We therefore did not automatically exclude reviews according to their AMSTAR 2 rating but prespecified a quality-
restricted analysis. After exclusion of critically low-confidence reviews, only Thabrew et al.24 and Ebert et al.17

remained. Two review-level effects were insufficient for reliable estimation of between-review variance and
heterogeneity, and we therefore did not undertake a potentially misleading quantitative re-synthesis. This finding does
not show that the primary effect disappears among reviews with greater methodological confidence; rather, too few
reviews not rated critically low were available to verify the primary result independently. GRADE certainty was
downgraded by one level because of risk of bias in the underlying RCTs, including missing outcome data, reliance on
self-reported outcomes, deviations from intended interventions, and concerns about selective reporting. More
rigorous RCTs could therefore revise the estimated magnitude, although the current evidence consistently favors a
reduction in depressive symptoms at postintervention.

Mapping of overlapping RCTs indicated limited overall duplication in the strict primary model: 83 review–RCT
occurrences represented 62 independent RCT clusters, corresponding to a CCA of 4.23%. Overlap was also low in the
change-score, extended-evidence, and active-control models. However, a low CCA does not eliminate statistical
dependence among review-level effects because it summarizes the overall overlap structure rather than the
contribution of each shared RCT to each review estimate. Identification and reporting of shared primary studies make
the evidence structure more transparent but do not by themselves remove this dependence. Future umbrella reviews
should report the primary-study membership of each synthesis and, where the necessary information is available,
consider methods that accommodate correlated review-level effects.

Digital psychological interventions may provide an additional route for delivering depression-related psychological
support to adolescents and young adults, but the present evidence does not support their use as a universal
replacement for other effective treatments. The benefit observed relative to passive or nontherapeutic controls
suggests that these interventions may be useful when no substantive treatment is otherwise provided or as a
complement to existing services. Digital delivery may reduce some temporal and geographic barriers and offer an
additional entry point for young people who cannot promptly access conventional services12. However, the active-
control analysis showed no clear additional benefit, and digital interventions cannot yet be considered superior to
interventions containing substantive therapeutic components. Clinical decisions should therefore consider
therapeutic content, target population, degree of human support, and individual need rather than digital delivery alone.
Because crisis management and safety in high-risk populations were not evaluated, the present findings do not justify
replacing professional assessment and ongoing monitoring with digital intervention for young people with severe
symptoms or elevated safety risk.
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Future RCTs should determine the incremental benefit of digital psychological interventions against clearly defined
comparison conditions and establish whether benefits persist beyond treatment. Waitlist and no-intervention controls
address whether an intervention produces benefit relative to receiving no substantive treatment, whereas active
controls provide a more demanding assessment against another intervention. Combining these conditions obscures
the distinction between benefit over minimal treatment and superiority over an alternative treatment. Trials should
therefore describe the services actually received by control participants and report passive- and active-control
comparisons separately. Because the current evidence is centered on postintervention depression-scale scores,
future studies should include clinically meaningful follow-up and assess clinical recovery, everyday functioning,
engagement, and safety alongside symptom change. These outcomes are necessary to determine whether digital
psychological interventions can have a sustained role in routine youth mental health care.

Greater consistency in intervention descriptions and outcome reporting is also needed to improve comparability.
Digital psychological interventions differ not only in delivery technology but also in therapeutic basis, automation,
intervention intensity, and human support, while source reviews have applied inconsistent classifications. Dietvorst et
al.37 similarly identified variation in therapeutic principles, delivery modes, personnel involvement, and interaction
design across youth e-health interventions. Future trials should clearly specify their core therapeutic components,
intervention intensity, degree of human support, and actual intervention use, thereby enabling more informative
analyses of which approaches benefit which young people. Rather than repeatedly producing broad and highly
overlapping reviews, the field now requires high-quality RCTs with explicit comparative questions, adequate follow-up,
and transparent reporting. Individual participant data meta-analysis could then examine modification by age or
symptom severity, while network meta-analysis using consistently defined nodes could compare relative effects
across intervention types.

This review has several strengths. We prespecified the target age range, study design, comparator, outcome, and
assessment time and considered the strict primary analysis separately from change-score, extended-evidence, active-
control, and follow-up evidence, thereby avoiding direct pooling of effects with different clinical meanings. Because
primary-study overlap is an important methodological concern in umbrella reviews51, we mapped the included reviews

to their underlying RCTs and calculated CCA from the studies contributing to each model34. Random-effects models,
Knapp–Hartung adjustment, and prediction intervals were used to represent uncertainty in the pooled estimates. We
assessed methodological confidence in the included reviews using AMSTAR 252 and certainty in the primary outcome
using GRADE53. Together, these procedures made the robustness, credibility, and boundaries of applicability of the
primary finding more transparent.

Several limitations should inform interpretation. First, the meta-meta-analysis relied on pooled effects reported by the
source reviews and therefore depended on their selection of primary studies, data processing, and statistical
methods. Although we mapped RCT membership for the prespecified models and checked source information where
necessary, we could not independently reconstruct every analysis from participant-level or trial-level outcome data.
Second, some reviews shared primary RCTs. A low CCA indicates limited overall duplication but does not eliminate
dependence among review-level effects or account for the influence of each shared RCT on the source estimates34.
Finally, active-control and follow-up evidence was limited, precluding firm conclusions about superiority over other
effective interventions or the duration of benefit. The strongest inference is therefore restricted to depressive
symptoms at postintervention relative to passive or nontherapeutic controls.

Methods
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Study design and protocol registration
We conducted an umbrella review and meta-meta-analysis and reported the study in accordance with the PRIOR
statement and PRISMA 2020 guidelines54, 55. The protocol was registered in PROSPERO on August 5, 2026
(CRD420261445516). At registration, database searching, deduplication, and title and abstract screening had been
completed, and full-text assessment was underway; data extraction and evidence synthesis had not begun. During
protocol development, we searched PROSPERO and OSF Registries on July 14, 2026 and identified no registered
review that substantially duplicated the present study. Relative to the registered protocol, included reviews were
appraised using AMSTAR 2, but a separate ROBIS assessment was not undertaken because of overlap between the
tools. We additionally applied GRADE to the strict primary outcome after mapping the underlying randomized
controlled trials (RCTs) and tracing their risk-of-bias information.

Eligibility criteria
We included systematic reviews containing a meta-analysis or network meta-analysis relevant to adolescents and
young adults aged 10–25 years. This age range was selected to span the developmental continuum from
adolescence to young adulthood and is consistent with a previous systematic review of e-health interventions for
young people50. Eligible reviews evaluated interventions delivered primarily through digital technology, with an
identifiable psychological therapeutic component, and reported depressive symptoms measured using validated
scales. Eligible modalities included internet- or web-based interventions, computerized psychotherapy, mobile
applications, digital mindfulness interventions, therapeutic games, conversational agents, text-message interventions,
virtual reality, and other technology-assisted psychological interventions. Digital tools used solely for screening,
monitoring, administration, or general health information, without a psychological intervention component, were
excluded.

Age eligibility was determined for the depression effect relevant to each analysis rather than from the overall age
range of the review. We retained separately extractable effects for participants aged 10–25 years, including eligible
intervention nodes in network meta-analyses whose contributing trials met the target-age criterion. A mixed-age
effect without a separately extractable target-age result was eligible for the extended evidence set only when at least
75% of the participants contributing to that effect could be reliably verified as aged 10–25 years. Otherwise, it was
excluded from quantitative synthesis. Classification of a review in the main or extended evidence set did not imply
that all effects reported by that review were eligible.

The 75% threshold was a prespecified pragmatic rule informed by majority-sample criteria used in previous reviews56,

57. Because our unit of analysis was a review-reported pooled effect, we applied the threshold to participants
contributing to the relevant depression estimate rather than to the review’s total sample.

Quantitative synthesis was restricted to individually or cluster-randomized controlled trials. Reviews containing
randomized and nonrandomized studies were eligible only when an RCT-specific result could be extracted separately.
Eligible comparators included waitlist, no intervention, usual care, minimal information or psychoeducation, attention
controls or digital placebos, and active psychological interventions. Passive or nontherapeutic controls were
separated a priori from controls containing substantive therapeutic components. Usual care, psychoeducation, and
attention controls were classified according to their reported content rather than their labels alone.

The primary outcome was depressive symptom severity at postintervention. Follow-up findings were classified into
prespecified windows of 1–3, > 3–6, and > 6–12 months after intervention completion. For reviews reporting multiple
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mental health outcomes, only separately identifiable depression results were eligible.

We restricted eligible publications to peer-reviewed systematic reviews and meta-analyses published in English and
available in full text, although no language restriction was applied during database searching. Narrative reviews
without quantitative synthesis, scoping reviews, evidence maps, protocols, conference abstracts, dissertations,
correspondence, commentaries, and other non-peer-reviewed reports were excluded.

Search strategy
We searched PubMed, Embase, Web of Science Core Collection, CINAHL, APA PsycINFO, the Cochrane Database of
Systematic Reviews, and Scopus from database inception through July 15, 2026. Search strategies were developed
from the prespecified PICOS framework and combined controlled vocabulary and free-text terms for depression,
adolescence and young adulthood, digital delivery, psychological intervention, and systematic review or meta-
analysis. Syntax, search fields, and subject headings were adapted for each database. No date or language
restrictions were applied at the search stage.

Terms describing digital interventions were informed by previous systematic reviews and meta-reviews12, 14 and
covered internet- and web-based interventions, computerized interventions, mobile applications, e-health and m-
health, text messaging, conversational agents, video consultations, virtual reality, and therapeutic games. Before the
formal searches were run, we checked whether the strategy retrieved several prespecified reviews closely related to
the research question19–21, 58. When a benchmark review was not retrieved, its title, abstract, keywords, and database
subject headings were examined to refine the search terms without changing the eligibility criteria.

We additionally screened the reference lists of included reviews and relevant umbrella reviews and conducted forward
citation tracking. Records were deduplicated before formal screening. Grey literature was not searched separately,
and exploratory feasibility searches were not included in the formal study-selection counts. Full database-specific
strategies, platforms, search dates, and yields are provided in Supplementary Table S1.

Study selection and data extraction
After deduplication, Y.Q. and Q.S. divided the records equally and screened their assigned titles and abstracts. To
assess consistency in applying the eligibility criteria, each reviewer randomly cross-checked 20% of the other
reviewer’s decisions (685 records each; 1,370 records in total). Reports selected for full-text assessment were
independently evaluated by both reviewers against the prespecified eligibility criteria. For each excluded full-text
report, one primary reason was recorded according to the first decisive criterion not met. Disagreements were
resolved through discussion and, when necessary, adjudication by J.H. Initial agreement at the full-text stage was
quantified using raw percentage agreement and Cohen’s κ. Study selection was reported according to PRISMA 2020,
and excluded full-text reports with their primary reasons are listed in Supplementary Table S355.

Data were collected using a standardized form developed in advance and refined through pilot extraction. Y.Q.
extracted the data, and Q.S. checked every item against the review articles, supplementary materials, protocols, and
registration records. Extracted information included review and search characteristics; populations; interventions and
comparators; outcomes and assessment times; studies included in each meta-analysis; sample sizes; effect
estimates and measures of uncertainty; statistical methods and heterogeneity; and reported assessments of primary-
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study risk of bias and evidence certainty. The extraction fields were informed by Cochrane Handbook guidance for
overviews of reviews51.

When reports contained conflicting information, we prioritized values corresponding to the target analysis that were
clearly defined and traceable to a specific source. Primary RCT reports were consulted when necessary to verify
participant ages, comparator content, meta-analysis membership, randomized sample sizes, or whether multiple
publications originated from the same trial. Information that could not be verified reliably was recorded as not
reported rather than inferred. Disagreements concerning eligibility, effect selection, comparator classification, or trial
linkage were resolved through discussion and, when necessary, adjudication by J.H.

Outcome definition and effect selection
The strict primary estimand was the between-group postintervention difference in depressive symptom severity
between a digital psychological intervention and a passive or nontherapeutic control among people aged 10–25
years. Continuous effects were harmonized as standardized mean differences (SMDs), with negative values favoring
the digital intervention. Effect estimates and standard errors were extracted from the source reviews or derived from
reported confidence intervals or other convertible statistics in accordance with Cochrane Handbook guidance59.

When a review reported multiple candidate effects, we first applied the prespecified population, intervention,
comparator, outcome, assessment time, and study-design criteria. If more than one effect remained eligible, we
prioritized, in sequence, the effect with the most clearly defined target-age population, the most direct measure of
depressive symptoms, an extractable between-group postintervention estimate, and verifiable analysis membership.
Supplementary Table S2 documents effect selection, source locations, direction harmonization, and eligibility
decisions.

Standardized between-group change-score effects were reserved for sensitivity analysis and were not included in the
strict primary model. Effects against active treatments were analyzed separately from effects against passive or
nontherapeutic controls. Mixed-age effects without separately extractable results for people aged 10–25 years
entered the extended-evidence analysis only if they met the prespecified 75% rule.

Each review contributed no more than one effect to the strict primary model. We did not treat correlated effects from
the same review as independent observations or combine mutually exclusive effects to create an overall estimate not
reported by the source review. Candidate effects were retained in the extraction ledger to document selection,
harmonization, and exclusion decisions.

Methodological quality of included reviews
We assessed the methodological quality of included systematic reviews using AMSTAR 252. Y.Q. and Q.S.
independently completed initial judgments for all 16 items using the official checklist and guidance and consulted
review articles, supplementary materials, publicly available protocols, and registration records. Methods that were not
reported and could not be verified from related materials were not assumed to have been performed. Items were rated
as “Yes,” “Partial Yes,” or “No,” with “Not Applicable” used where appropriate.

Raw percentage agreement and unweighted Cohen’s κ were calculated from the initial independent item-level
judgments before consensus. Disagreements were resolved by rechecking the source materials and official decision
rules, with J.H. adjudicating unresolved cases. Final AMSTAR 2 ratings reflected consensus judgments.
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Overall confidence was determined from weaknesses in critical domains rather than a numerical total score and was
classified as high, moderate, low, or critically low according to AMSTAR 2 guidance. Review-level methodological
confidence informed interpretation but was not used as an automatic exclusion criterion for the strict primary
analysis. We planned a quality-restricted analysis excluding critically low-quality reviews; if too few effects remained
for reliable pooling, the remaining evidence was to be described without quantitative synthesis.

Identification of primary studies and assessment of overlap
To identify primary evidence shared across reviews, we extracted eligible randomized trials from review articles,
supplementary materials, forest plots, and study-characteristics tables. Trial reports, registrations, and companion
publications were consulted when necessary to verify trial identity, participant characteristics, interventions,
comparators, and analytic samples.

Primary-outcome reports, follow-up reports, subgroup analyses, and process evaluations arising from the same
randomized trial were linked as a report family and counted as one independent RCT cluster. Linkage considered trial
names, author groups, registration numbers, study sites, recruitment periods, sample characteristics, numbers
randomized, and intervention arms. Matching or differing author–year labels alone were not regarded as sufficient
evidence that reports originated from the same or different trials. Reports that could not be linked reliably were
retained as separate candidate records, with the uncertainty documented in the audit ledger.

Overlap was evaluated using a review-by-RCT citation matrix. The corrected covered area (CCA) was calculated
separately for each quantitative model as:

where N is the total number of review–RCT occurrences in the matrix, r is the number of independent RCT clusters,
and c is the number of systematic reviews in the analysis34. Multiple effects from the same trial within a review
contributed only one RCT occurrence. CCA was calculated from the actual reviews and RCT members entering each
model rather than substituting the overall overlap across all included reviews. Values of 0%–5%, > 5%–10%, > 10%–
15%, and > 15% were interpreted as slight, moderate, high, and very high overlap, respectively34.

Statistical analysis
The unit of analysis in the meta-meta-analysis was the pooled effect reported by a systematic review. Depression
outcomes were harmonized so that negative values favored the digital psychological intervention. When a source
review used the opposite direction, the effect estimate and its confidence limits were reversed together. Standard
errors were extracted directly when available or derived from two-sided 95% confidence intervals as:

Given clinical and methodological differences in populations, intervention formats, human support, comparators, and
outcome scales, all quantitative syntheses used inverse-variance-weighted random-effects models. Between-review
variance  was estimated using restricted maximum likelihood, and pooled standard errors, confidence intervals,
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and significance tests were adjusted using the Knapp–Hartung method. This approach more fully reflects uncertainty
when the number of review-level effects is limited.

For each model, we report the pooled effect and 95% confidence interval, , Cochran’s Q with its degrees of freedom
and p value, and . A 95% prediction interval was also calculated to indicate the range in which a true effect might
occur in a future evidence setting comparable to the included reviews. Prediction intervals were interpreted alongside
pooled effects and between-review heterogeneity, rather than judging consistency solely from  or the Q test. We
prespecified that prediction intervals would be reported only for models containing at least five review-level effects;
because intervals may be unstable with few effects, their interpretation considered effect count and heterogeneity59.

All statistical tests were two-sided, with α = 0.05. Effect magnitude was interpreted from the point estimate,
confidence interval, prediction interval, and clinical and methodological context rather than statistical significance
alone. Analyses were conducted in R version 4.3.3 using the metafor package60.

Primary, supporting, and sensitivity analyses
The strict primary analysis included review-level effects meeting all of the following criteria: participants aged 10–25
years; a digital psychological intervention; a passive or nontherapeutic comparator; depressive symptoms measured
at postintervention; a randomized between-group postintervention effect; and sufficiently verifiable analysis
membership. Each review contributed no more than one effect to the strict primary model.

Sensitivity to effect definition was examined by adding standardized between-group change-score effects that
otherwise met the strict primary criteria. We also conducted a leave-one-review-out analysis, sequentially omitting
each review and re-estimating the pooled effect, heterogeneity, and prediction interval to determine whether the result
was driven by any single review.

Effects comparing digital interventions with controls containing substantive therapeutic components were examined
in a separate active-control analysis and were not pooled with passive-control effects. Mixed-age effects that met the
prespecified 75% threshold but lacked a separately extractable result for participants aged 10–25 years were
evaluated in an extended-evidence sensitivity analysis.

Differences according to intervention type, degree of human support, prevention or treatment purpose, and follow-up
time were considered for quantitative subgroup analysis only when sufficiently numerous, consistently defined, and
independent review-level effects were available. Otherwise, the evidence was summarized narratively or displayed in
structured evidence plots rather than pooling clinically or methodologically noncomparable estimates.

Methodological quality was not used as an automatic exclusion criterion for the strict primary analysis. We
prespecified a quality-restricted analysis excluding reviews rated critically low by AMSTAR 2. If too few reviews
remained for a reliable random-effects synthesis, the remaining estimates were described without quantitative
pooling.

Small-study effects and publication bias
Publication bias was evaluated for the strict primary analysis. Funnel-plot asymmetry and regression-based tests are
generally considered informative only when a meta-analysis contains at least 10 sufficiently independent effects59.
The strict primary analysis contained nine review-level effects, and several reviews shared underlying RCTs, further

τ
2

I2

I2

Page 22/29



weakening the independence required for formal asymmetry testing. We therefore did not perform Egger regression or
another formal funnel-plot asymmetry test.

Instead, publication bias was assessed narratively using funnel plots, regression tests, trim-and-fill analyses, searches
for unpublished evidence, and related judgments reported by the source reviews. These findings were considered
together with the coverage of the present search and the feasibility of formal testing in the GRADE assessment. The
inability to perform a formal asymmetry test was treated as a limitation of the evidence rather than evidence that
publication bias was absent.

Certainty of evidence
We used GRADE to assess certainty in the strict primary outcome: the postintervention effect of digital psychological
intervention versus passive or nontherapeutic control on depressive symptoms61. Although the quantitative synthesis
used review-level pooled effects, risk-of-bias information was traced to the primary RCTs underlying the strict primary
model. Because the evidence originated from randomized trials, certainty initially started at high and was considered
for downgrading across risk of bias, inconsistency, indirectness, imprecision, and publication bias.

Risk of bias was assessed from information on randomization, deviations from intended interventions, missing
outcome data, outcome measurement, and selective reporting in the primary RCTs; AMSTAR 2 ratings of source
reviews were not substituted for primary-study risk of bias. Inconsistency was assessed from effect directions, the
range of estimates, I², Cochran’s Q, and the prediction interval. Indirectness was evaluated against the prespecified
population, intervention, comparator, outcome, and time point. Imprecision was considered in light of the 95%
confidence interval, prediction interval, estimate stability, and the size of the underlying evidence base. Publication
bias was assessed from the feasibility of formal testing, relevant analyses in source reviews, search coverage, and
discussion of unpublished evidence.

Y.Q. and Q.S. independently completed the GRADE assessment. Disagreements were resolved by reviewing the
supporting evidence and through discussion, with J.H. adjudicating when required. Overall certainty was classified as
high, moderate, low, or very low. Domain judgments and reasons for downgrading are reported in the Summary of
Findings table and Supplementary Table S10.
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Figure 1

PRISMA 2020 flow diagram of study selection.
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Figure 2

Strict primary meta-meta-analysis of postintervention depressive symptoms.
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