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Abstract

Globally in 2021, about 1 in 4 children and young people (CYP) below age 25 lived with poor mental health. Various
forms of digital health interventions (DHIs) have been introduced in attempts to address unmet mental healthcare needs
among young people. DHIs use websites or applications in computers, tablets, or smartphones to deliver mental health
interventions, which are either self-directed, or therapist guided. This rapid review synthesises the evidence on the cost-
effectiveness of DHIs for supporting mental health in CYP. A literature search was carried out in MEDLINE and PsycINFO
using Ovid platform. The search was restricted to peer-reviewed studies published in English between Jan 2018 to May
2025. Eligible studies were identified using the population, intervention, comparator, outcome, and study design (PICOS)
framework. Studies were eligible for inclusion if they provided a trial- or model-based full economic evaluation or return
on investment of a DHI targeting mental health in CYP up to 25 years of age. Titles and abstracts of 1,265 records were
screened. 15 studies met the criteria for inclusion following full-text screening of 28 studies. The focal outcomes in the
studies included reduction in symptoms linked to depression, anxiety, and alcohol use. Most studies evaluated comput-
erised cognitive behaviour therapy (CBT) or interventions that included aspects of CBT as the primary intervention. All
studies except two reported the DHIs to be cost-effective, at least under certain conditions. Two model-based and three
trial-based studies reported that the interventions were dominant (cost saving and more effective) with respect to at least
one outcome measure. There is some evidence to suggest DHIs hold the potential to expand and extend mental health
support for CYP with minimal therapist involvement. Yet, the evidence is not conclusive due to short follow-up periods,
variability in the methodological approaches and reporting of results. High quality evidence on cost-effectiveness of DHIs
with comparable methodological approaches is needed to inform implementation decisions.

Keywords Adverse childhood experiences - Cost-effectiveness - Digital health interventions - Economic evaluation -
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Introduction

In 2021, 26.61% of children and young people (CYP) below
the age of 25 years lived with poor mental health, and neu-
rodevelopmental conditions worldwide [1]. These mental
health problems include anxiety, depression, eating disor-
ders, and conduct problems, while attention-deficit/hyper-
activity disorder (ADHD) and autism spectrum disorder
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(ASD) are among the most common neurodevelopmental
challenges [2]. CYP with neurodevelopmental conditions
are more likely to develop mental health problems com-
pared to their neurotypical peers [2, 3].

Poor mental health in CYP can be long-lasting with
wide-ranging effects on physical health [4, 5], educational
attainment [6, 7], and overall life opportunities [8, 9]. These
lifelong effects occur even if mental health problems do not
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persist [8, 9]. An earlier retrospective study showed that
most adult mental health problems are established by age
14 (50%) and age 21 (75%) [10], which is supported by a
recent systematic review of prospective studies that showed
increased mental health problems in adults who experienced
mental health difficulties during childhood and adolescence
[11]. CYP with mental health problems are less likely to
complete high school, attend college, and graduate from
college; the effect being more pronounced in those facing
mental health problems at younger ages [8, 9]. As adults
they have reduced labour supply, income and probability of
being and staying married [8, 9].

Despite the burden of poor mental health, CYPs’ access
to mental health treatment is limited [12—14]. A recent sys-
tematic review synthesised evidence from 53 studies and
reported four main barriers to mental health care for youth:
limited knowledge of mental health problems and services
(e.g., negative attitude or perception of help-seeking), social
factors (e.g., public stigma), perceived quality of relation-
ship with therapists (e.g., ability to trust and confidentiality),
and systemic and structural barriers (e.g., cost, logistics, and
accessibility of professional help) [14]. Both demand and
supply side barriers contribute to the mental health treatment
gap. On the supply side, there is a critical shortage of thera-
pists due to low investment in mental health provision, diffi-
culties in training, employment, retention and performance
of mental health professionals [15]. A shortage of 11 million
mental health workers is projected by 2030 mostly in low-
and lower-middle income countries [15]. On the other hand,
demand for mental health services has been rising [16] with
the pandemic exacerbating the already stretched workforce
affecting staff workload, wellbeing and performance [16,
17]. Furthermore, there is substantial disparity in the distri-
bution of mental health resources both between and within
countries [18, 19]. For example, in 2020, the global median
number of mental health workers per 100,000 population
for high income countries was 64 but only 1.4 in low-
income countries [18]. The mental health worker density
had reduced in 2022 in both high-income (60 per 100,000)
and low-income (less than one per 100,000) countries with
greater shortage of specialised mental health professionals
for children and adolescents (0.01 per 100,000 population)
in low-income countries [15].

With advances in technology, digital health interventions
(DHIs) have emerged in healthcare systems with poten-
tial for reducing the gap between need and provision of
care, generating clinical benefits [20]. DHIs use websites
or applications in computers, tablets, or smartphones to
deliver mental health interventions, which are either self-
directed or therapist-guided [21]. DHIs can be designed
for providing mental health prevention and promotion ser-
vices [22] or treatment of existing mental health problems
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[20]. Preventive DHIs include various activities aimed at
reducing the occurrence of mental health problems and/or
timely help seeking such as psychoeducation, mindfulness
practices, problem solving, coping skills training and help
seeking behaviour [23-25]. With regards to DHIs for treat-
ment, the form of digital intervention that has been most
widely researched is internet-delivered cognitive behav-
ioural therapy (ICBT) [21, 26, 27], typically delivered via a
web portal or an app. However, other modalities have also
been investigated including games, virtual or augmented
reality [27-31], and other approaches such as mindfulness,
problem-solving, and dialectical behaviour therapy [32].
There is a growing body of literature on effectiveness and
cost-effectiveness of DHIs for the prevention and treatment
of mental health problems in CYP, but the evidence is mixed
[20, 33]. In the case of prevention, a meta-analysis showed
medium-to-low effectiveness of the DHIs in promoting
mental health in adolescents [33]. Similarly, a meta-review
of effectiveness of DHIs for mental health (prevention and
treatment) in children and adolescents suggested effective-
ness of DHIs although definitive conclusions could not be
made owing to methodological differences [20]. Another
systematic review of the effectiveness of DHIs in CYP aged
10-24 corroborated the evidence from the previous reviews,
however, none of the studies included in the review reported
cost-effectiveness of the DHIs [34]. Recently, some evi-
dence on the cost-effectiveness of DHIs has emerged which
was synthesised in a meta-analysis and in a separate sys-
tematic review [35, 36]. These reviews included evidence
for combined CYP and adult populations and reported that
DHIs were likely to be cost-effective but heterogeneity and
high risk of bias in the included studies limited conclusive
evidence [35, 36]. However, these reviews did not provide
evidence of cost-effectiveness separately for CYP and adult
population. Among the methodological issues limiting con-
clusive evidence from randomised trials are small sample
sizes, variation in the content and mode of delivery of
DHIs, short-term follow-up, and low levels of engagement
and uptake [20, 28, 37]. Furthermore, despite their scal-
able nature, digital interventions can be costly to develop,
maintain, and deploy, especially those requiring high-end
gaming graphics, virtual reality (VR), or augmented real-
ity (AR) equipment. Finally, while some DHI are designed
for standalone use, others require involvement and training
from a clinician, which can incur considerable cost [26]. As
the field grows, it is crucial to carefully assess the cost-effec-
tiveness of this approach in different population groups.
While DHIs have the potential for addressing unmet
healthcare needs, “the opportunity cost of investment is also
large and often sunk™ [38, p. 4.] In settings where DHIs are
paid out of healthcare budgets, cost-effectiveness studies of
the DHI can inform whether investment in DHIs provide
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good value for money compared with alternative courses of
action [38, 39]. To our knowledge there are no systematic
reviews of cost-effectiveness of DHIs focusing on mental
health of CYP. To this end, the purpose of this rapid review
is to synthesise evidence on cost-effectiveness of DHIs for
treatment, promotion, and prevention of mental health prob-
lems (also neurodevelopmental and substance use problems)
of CYP (up to age 25 years). The existing reviews [35, 36]
presented evidence of cost-effectiveness for combined CYP
and adult population. It is necessary to conduct a separate
synthesis of the cost-effectiveness of DHIs in CYP since
costs and effects of DHIs can vary between CYP and adult
population. Furthermore, the existing reviews have included
all types of DHIs including treatment provided remotely by
therapists (e.g. telepsychiatry). In this review, DHIs with
minimal therapist involvement will be included. A rapid
review was conducted (in place of a systematic review) due
to time and other resource limitations. The review includes
both trial- and model-based economic evaluations. While
trial- and model-based economic evaluation are not com-
parable, model-based economic evaluations are included to
appraise long-term effectiveness of DHIs since trial-based
intervention are usually limited to a short-term assessment
of cost-effectiveness. Neurodevelopmental and substance
use problems are included in this review because many
children and adolescents with these conditions have mental
health comorbidities and receive care at mental health clin-
ics [2, 3, 40, 41].

Method
Search strategy

The review follows Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) reporting
guidelines [42].

Ovid MEDLINE and Ovid PsycINFO were searched on
24/10/2023 (and updated in full on 06/05/2025) for English
language studies published from 2018 to the search date (to
capture the most recent evidence). The searches were con-
ducted by an information scientist (EH). Ovid MEDLINE
was searched using adapted versions of previously published
search strategies for the four concepts: the CADTH Eco-
nomic Evaluations & Models MEDLINE! filter was used
to retrieve economic evaluations; records about health apps
(DHIs) were retrieved using the Ayiku et al. [43] filter; and
records about children and young people, and mental health,
were retrieved using terms from the systematic review by
Bear et al. [44]. The search strategy was then translated

! CADTH. Economic Evaluations & Models - MEDLINE: Ottawa:
CADTH; 2023 [Available from: https://searchfilters.cadth.ca/link/16].

accordingly for Ovid PsycINFO. The full strategies and
search terms are available in Supplementary Material 1. All
references were exported to EndNote 20 (Thomson Reuters,
New York, NY), deduplicated manually, and were exported
to Rayyan (www.rayyan.ai) for screening.

Selection criteria

The eligibility criteria are presented in Table 1 based on the
population, intervention, comparator, outcome, and study
design (PICOS) framework [45]. Studies were eligible for
inclusion if they included an economic evaluation of a DHI
designed to support the mental health of CYP aged up to
25 years. Eligible interventions were DHIs developed to
provide therapies, treatments, and/or tools to improve poor
mental health and/or quality of life delivered using com-
puter or smartphone platforms. The interventions could
be delivered as text, narration, talking therapies, or video
games to which users were given access to read, view or
download materials. The DHI could involve contact with a
therapist synchronously or asynchronously where therapists
provided guidance, responded to general questions and/or
provided feedback. Parents could be involved in the inter-
vention or assist their child(ren) using the digital technology.

Table 1 PICO eligibility criteria

Population  Children and young people (CYP) (up to 25 years of
P) age) with or without mental health problems from

the general population or CYP with mental health
problems selected from clinical setting. Mental health
problems in CYP includes clinical or self-reported
poor mental health including depression, generalised
anxiety, eating disorders, panic disorder, conduct
problems, or any other type of distress and/or CYP
with neurodevelopmental conditions such as attention-
deficit/hyperactivity disorder (ADHD), autism spec-
trum disorder (ASD), obsessive compulsive disorder
(OCD), learning difficulties, etc. Studies in CYP and
adults if outcomes for CYP are reported separately.
Mobile application or web-based digital health tech-
nologies used to deliver mental health intervention
through text messages, illustrations, videos, narration,
games, among others.

Comparator No intervention, treatment as usual, or any other

Interven-
tion (I)

©) active digital or non-digital intervention.
Outcomes  Mental health and/or wellbeing measured using
) validated scales for CYP such as Social Anxiety Scale

(SAS), Patient Health Questionnaire (PHQ), quality-
adjusted life-years (QALY's), health-related quality
of life (HRQoL) and/or appropriate measures of
outcomes for neurodevelopmental conditions.
Study
design (S)

Randomised controlled trials (RCTs) or cluster
randomised trials (cCRCT) or controlled trials or quasi-
experimental design or model based economic evalua-
tions. The types of economic evaluations included are
CEA, CUA, CBA, return on investment, and social
return on investment.
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Treatments fully provided by therapists remotely using
digital technologies (such as telepsychiatry) were excluded.
Studies with participant level and model-level data were
both eligible for inclusion. Trial-based economic evalu-
ations were included if there was at least one comparator
(e.g., usual care or another active intervention). Pre-post
studies were excluded unless there was a comparator arm
(e.g. multi-arm pre-post study) since it is not possible to
attribute outcomes of treatment to an intervention without
sufficient control. Return on investment and social return on
investment studies were also eligible for inclusion if there
was a comparator. Economic evaluation studies may include
cost-effectiveness analysis (CEA), cost-utility analysis
(CUA), cost-benefit analysis (CBA), cost-consequences
analysis, and cost-minimisation analysis (if outcomes are
shown to be equal). The difference in these economic evalu-
ation methods arises from how treatment outcomes are
measured. Outcome is measured using natural or clinical
units in CEA (e.g., Social Anxiety Scale (SAS) for anxiety),
quality-adjusted life-years (QALYs) in CUA, and monetary
values in CBA [46]. Reviews, reports, editorial, commen-
tary, conference papers, protocols, letters, and books were
excluded.

Data extraction and analysis

The publications retrieved from database searches were
imported into Rayyan software for screening. One reviewer
(AO) screened the title and abstracts of all records while
the second reviewer (PM) independently screened 10% of
the records to confirm that the eligibility criteria had been
consistently applied. AO screened all full-text publications,
and the second reviewer (PM) checked the included and
excluded full-text articles. A spreadsheet was developed for
data extraction which included items on study characteristics
(author, year, country, design), population, intervention(s),
comparator, evaluation type, perspective, time horizon, year
of pricing, discount rates, costs, outcomes, and main conclu-
sions. AO extracted data from the included studies and the
PM checked the accuracy of extracted data. Any differences
were resolved through discussion. The summary of charac-
teristics of the studies, interventions, treatment outcomes
and cost-effectiveness results are presented in Table 2.
Cost-effectiveness was evaluated by comparing an incre-
mental cost-effectiveness ratio (ICER) or an incremental
cost utility ratio (ICUR) with a cost-effectiveness thresh-
old/willingness to pay (WTP) threshold [46]. ICER/ICUR
is a ratio of difference in average costs (incremental cost,
IC) and difference in average outcomes (incremental effect,
IE) between an intervention and a comparator [46]. A WTP
threshold represents the maximum amount a country con-
siders to represent value for money and thus willing to pay
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for an intervention per unit of effect [62]. A DHI was judged
as cost-effective, in this review, if the DHI, compared to a
comparator(s), was (i) dominant (more effective and less
costly), or (ii) the ICER/ICUR per QALY was below the
WTP threshold used in the study, or (iii) the probability of
cost-effectiveness was greater than 60%.

Only narrative and descriptive syntheses are provided
based on perspectives adopted due to methodological differ-
ences across the studies. A perspective in economic evalu-
ation refers to the viewpoint adopted for analyses of costs
and benefits of an intervention, such as, patient, household,
provider, payer, health sector, or societal perspective [63].
Perspectives are crucial for interpreting economic evalua-
tion results since the costs and outcomes analysed depend
on the adopted perspectives. For instance, a patient perspec-
tive includes costs and benefits from patient’s viewpoint
only while a provider perspective includes all costs paid by
the health care provider but not any costs borne by patients
or society at large. Societal perspective is the broadest with
all costs and benefits included in appraisal regardless of
who pays for it or benefits from the intervention (patients,
providers, purchasers). Societal perspective can also poten-
tially include productivity losses related to the use of health
services and costs incurred by other sectors relevant to the
intervention [63]. Usually, multiple perspectives (more than
one) are adopted in studies.

For ease of interpretation, all costs and ICER/ICUR were
adjusted for inflation and converted to 2024 USS$ using
purchasing power parity (PPP) exchange rates [64]. WTP
thresholds are converted to US$ (if reported in another cur-
rency) using market exchange rates for the study period
rather than PPP exchange rates since WTP thresholds usu-
ally remain constant for many years across countries [65,
66].

Given methodological differences, the evidence from
trial- and model-based economic evaluations was synthe-
sised separately. Trial-based economic evaluation analyses
may follow intention to treat (ITT) and/or per protocol (PP)
approaches. The ITT approach investigates cost-effective-
ness of an intervention regardless of whether the study sam-
ple adheres and completes the trial; in contrast, PP analysis
investigates the cost-effectiveness in the sample that have
received and completed the treatment without deviations
from the protocol [67].

Risk of bias assessment

We used the Consensus Health Economic Criteria (CHEC)
checklist to appraise the reporting quality of the economic
evaluations of the included studies [68]. For a rapid review,
the risk of bias assessment can be limited to the most
important outcomes [69]. Thus, we used CHEC 2013 with
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Quality

ICER/ICUR in US$ 2024,
WTP threshold (USS$),
cost-effectiveness

Costs/, incremental cost (IC)

in US$ 2024

effectiveness/QALY (IE)

Effects, incremental

Time horizon,

perspective,
discount rate

delivery methods and

number of sessions,
location

Comparator: contents,

delivery methods and

Intervention: contents,
location

number of sessions,

Study population,
recruitment

Study type Mental health/neuro-developmental
conditions

year, country,

Author(s),
citations

Table 2 (continued)

@ Springer

83%

WTP threshold 28,777

QALYs (SE) at 12-weeks IC (12 weeks) =—-394.31 (-
and 6 months

12-weeks and
6-months;

Usual Care plus Bluelce ~ Usual Care (UC):

12-17 years old,
receiving treatment (UC+BI): a self-help

from specialist

Trial- Self-harm

Morrish et al.
[60]; UK

to 43,165; using 28,777
threshold net monetary

1,455.0; 666.40) IC (6
months) =—1,139.45 (-
2,807; 528.07)

0.156

standard care via face-

based;
CUA

and 0.337

(0.002
(0.004
0.151

NHS and PSS
perspective

to-face or remote care

personalised mood-lifting  from specialist clini-

smartphone app with

benefit was estimated at

for UC+BI;
0.002) and 0.335

for self-harming
at least twice in

520.55 (12-weeks) and 1,234
(6-months); the probability
of cost-effectiveness was

cians at child and ado-
lescent mental health
services (CAMHS)

strategies (CBT & DBT-

for UC. IE (6

(0.004

based), 24/7 access, with

previous one year;
85 in each arm

0.003 (—0.005;

months)

crisis emergency contact

75% (12-weeks) and 70%

(6-months)

0.017) QALYs; IE (12

weeks)

routing

0.004 (—0.001;

0.010) QALYs

85%

CE threshold: 4,890 per

IC of online mental health
services =—1,930,913 (-

2,427,961; -1,499,287);

1E (95%ClI) of online

10 years;

Business as usual

9 mental health interven-
tions: school-based (2),

community-based (3),

Young people:

Mental illness

Model-

[61]; Colombia based;

Natsky et al.

QALY); online mental health
service was dominant with

(BAU): existing healthcare mental health services:

four age groups
included in the

perspective; 5% 10,164 (8,549; 11,870)
discount

programs and policies
remain in place

CUA

INMB 55.13 (45.59; 63.62);
ICUR for suicide helplines

5,932

3,433,516

suicide helplines

QALYs; suicide

training (2), and online

model: 0-6, 7-11,

helplines: 579 (31; 1,070) (2,729,608;

QALYs

interventions (2) modelled

individually and in

12-17, 18+

4,153,919)

combination; the online

interventions were suicide
helplines and online

(self-help) mental health

services

20 items instead of CHEC 2022 with 28 items [70]. The
checklist includes items such as reporting target population,
objective, time horizon, and appropriateness of measure-
ment and valuation of cost and outcome. Each of quality
assessment questions were rated as ‘yes’, ‘no’, ‘unclear’ or
‘not applicable’. The overall reporting quality score for each
study was calculated as the ratio of number of ‘yes’ score to
the sum of ‘yes’, ‘no’, and ‘unclear’ scores. Based on the
total scores, quality was rated as ‘low’ (< 60%), ‘moderate’,
(60%—80%), or ‘high’ (>80%) (Supplementary Material 2).

Results
Study characteristics

The database search identified 2480 potential studies for
inclusion. An additional study was retrieved through hand
searching. After duplicates (1216) were removed, titles and
abstracts of 1265 studies were screened, and 28 articles
met the inclusion criteria for full-text screening. Full-text
screening resulted in 15 studies, with moderate to high qual-
ity that were, included for the synthesis. Figure 1 depicts the
process of study abstraction.

The characteristics of the studies included in this rapid
review are presented in Table 2. Five of the studies were
conducted in Sweden [47-49, 51, 55], four in the UK [50,
58-60]. Two studies were from Australia [53, 54]. Norway
[52], Spain [56], Kenya [57], Colombia [61] had one study
each. The studies were of moderate [47-53, 55-59] and
high quality [54, 60, 61] (Supplementary Material 2). The
mental health outcomes in the studies were anxiety [51, 54,
55, 59], depression [57, 58], obsessive compulsive disor-
der [49], Tourette’s syndrome (TS) and chronic tic disorder
(CTD) [47, 48], distress (due to visible difference in facial
or bodily appearance) [52], alcohol consumption [50], binge
drinking [56], self-harm [60] and any mental illness [53,
61]. Two of the studies were model-based economic evalu-
ations [54, 61]. The study sample sizes in trial-based stud-
ies varied between 102 and 443 and the age of participants
ranged from 8- to 25-years.

The digital interventions evaluated were therapist-
guided or unguided computerised (internet browser based)
cognitive behaviour therapy (CBT) [49, 51, 55, 58, 59],
other web-based interventions that had a CBT component
[54] or CBT and social skills training [52], exposure and
response prevention [47, 48] and other online interven-
tions [50, 53, 56, 57, 60, 61]. Five studies included active
comparators [47, 48, 51, 55, 57] while the rest had usual
care (in-person CBT, therapist delivered internet CBT, wait-
list control, or nothing) as a comparator. One of the stud-
ies [50] compared two interventions with usual care. In
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Fig. 1 PRISMA flow diagram of

study selection

2480 records 1dentified
through database searching

plus 1 record through hand
searching (N=2481)

1216 duplicates excluded

h 4

h 4

screened

1263 title and abstract

1237 titles and abstracts did
not meet inclusion criteria.

¥

h 4

13 studies excluded:

28 full-text articles screened

e 3 systematic reviews
e 2 mchildren and adults of

h 4

age 18+; results for under 23

¥

not separately presented
o 2 effectiveness/efficacy
e 1 literature review, cost-

synthesis

15 studies included for

effectiveness not assessed
e 1 costcomparizon
e 1 vyoung adult and adults

e 2 doctoral dizsertations, the

therapist-guided interventions, the role of the therapists was
limited to answering general questions, encouraging par-
ticipants, and help troubleshooting either asynchronously
through text messaging or via online and/or telephone calls.
Some of the trials had parallel parent interventions [51, 55,
59] to better support children.

The contents of the interventions were designed as inter-
active modules or chapters using a mix of presentations
including text messages, narration, illustrations and/or vid-
eos. Two of the studies had an intervention with a gaming
aspect [50, 59]. Some of the interventions included exer-
cises and homework needed to be completed to proceed to
successive sessions [47, 48, 51, 54]. One of the interven-
tions [55] had two group exercise modules preceded by 12
weeks of internet CBT. Two interventions provided optional
‘add-on’ [58] or booster [52] sessions. Some of the interven-
tions were delivered at predefined venues such as schools,
health facilities, or community centres while others were
completed at the participant’s home.

In terms of duration and intensity of trial-based inter-
ventions, Wasil et al. [57] had the least number of mod-
ules (three) which was completed in one session in a single

published articles from each
mcluded
e 1 study not mental health

school. Four studies had 5 to 8 modules [52, 54, 56, 58, 59]
and another five had 10 to 14 modules (excluding booster or
follow-up group exercises) [47—49, 51, 55] with one com-
pleted per week. Two studies had tools that could have been
used at any time during the intervention period [50, 53, 60,
61].

One of the studies conducted CEA only [57] whereas six
conducted CUA only [52-54, 58, 60, 61], the rest studies
conducted both CEA and CUA. Effects of the interven-
tions in the CEAs were measured using appropriate clini-
cal measurements, such as the Social Anxiety Scale for
Adolescents (SAS-A) [52] and Patient Health Question-
naire (PHQ) (depression) [53, 58] (Table 2) while QALY
were used to measure effects in the CUAs. Provider [52,
53, 58, 61] societal [51] and multiple perspectives [47-50,
55-57, 59, 60] were used for estimating costs and benefits
in trial-based evaluations. The model-based studies also
used provider [61] and societal perspective [54]. Follow-
up periods varied between 2 weeks [57] and 12 months
[48, 50, 58] for the trial-based studies, while the model-
based evaluations modelled cost-effectiveness over 10
years [54, 61].
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Cost-effectiveness and cost-utility analyses
Trial-based economic evaluations

Societal perspective Jolstedt et al. [51] evaluated the cost-
effectiveness of internet-delivered CBT (ICBT) for anxiety
in children aged 8—12 years in relation to an active compara-
tor called internet-delivered child-directed play (ICDP) in
Sweden from a societal perspective. In the ICDP, parents
were instructed to play with their child in a non-directive
and praising manner 2-3 times a week for about 20 min.
The severity of anxiety reduced, as measured by Clinician
Severity Rating (CSR) by the end of three months in both
groups but more so in the ICBT group. The incremental
cost (95% CI) of ICBT was 695.36 (672.96 to 717.74), the
mean difference in CSR was 0.53 (0.12 to 0.87) and dif-
ference in QALY's was 0.02 (0.02 to 0.02). ICBT was not
cost-effective when QALY was used as a measure of effect,
thus ICUR was not reported. In CEA, ICBT was found to
be cost saving and more effective with ICER (95% uncer-
tainty interval) estimated at -US$ 2,026.36 (—2,106.11 to
—1,946.60) based on remission from anxiety. The probabili-
ties of cost-effectiveness were reported to be 80% and 100%
if the WTP more for an additional effect of ICBT was zero
and US$ 5,369.93, respectively.

Provider perspective Le et al. [53], Wright et al. [58] and
Kling et al. [52] assessed cost-effectiveness of the respec-
tive interventions from provider perspectives. The interven-
tion in one of the studies [53], ‘Link’, was an online mental
health help-seeking tool which guides users to appropriate
sources of mental health information and care. After indicat-
ing the type of mental health challenge experienced, severity,
and preferences for care, users were provided with informa-
tion on service options, costs and online links or directories.
The WTP threshold of US$ 19,755 per QALY gained was
used to judge cost-effectiveness over a 3-month follow-up
time. Based on both ITT and PP analyses, the intervention
was dominant. The probability that ‘Link’ was cost-effec-
tive was 95% for a minimum WTP of US$ 7,047 per QALY
gained compared to the usual web search strategy.

The second study [58] with a provider perspective, assessed
the cost-effectiveness of a computerised CBT (CCBT),
‘Stressbusters’, compared with self-help websites for
depression in adolescents in England over a 12-month
follow-up time. ‘Stressbusters’ was found to be less costly
and more effective resulting in negative ICUR. Based on a
WTP threshold between US$ 28,694 and 43,042 per QALY,
‘Stressbusters’ had just over 65% probability of being cost-
effective. The third study [52] evaluated web-based psy-
chological intervention for psychological distress due to
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difference in facial and physical appearance as compared
to care as usual in Norway. Cost to the control group was
assumed zero due to unavailability of services for the type
of distress under study. The cost for the intervention was
estimated at US$ 37.00 per patient per year. The incremental
effectiveness of the intervention was 0.0039 QALY result-
ing in ICUR of US$ 9,418.12 per QALY. The results showed
that the intervention had an 83% probability of being cost-
effective based on a WTP threshold of US$ 50,400.

Multiple perspectives Nine studies assessed the cost-effec-
tiveness of digital interventions from at least two perspec-
tives [47-50, 55-57, 59, 60]. Andrén et al. [47] and Andrén
et al. [48] evaluated the same DHI at 3 months and 12
months, respectively. The DHI was an internet-delivered
exposure and response prevention (ERP) intervention for
Tourette’s syndrome (TS) and chronic tic disorder (CTD)
compared to a therapist-supported internet-delivered educa-
tion intervention in Sweden which was designed to match
the ERP intervention. At 3 months, the ICER per treatment
response varied between US$ 89 (health facility), and US$
540 (health sector) while the ICUR per QALY were US$
5,496 and US$ 37,596 based on the health facility and
health sector perspectives, respectively. Depending on the
perspective selected (provider, health sector, or societal),
the probability that ERP was cost-effective at 3 months var-
ied between 66% and 76% in relation to a WTP threshold
of US$ 79,000 per QALY for Sweden. At 12 months, the
intervention was dominant from the health sector perspec-
tive both in CEA and CUA and had 65% to 78% probability
of being cost-effective from the health facility or societal
perspective.

Aspvall et al. [49] and Nordh et al. [S5] evaluated two sepa-
rate trials conducted in Sweden to assess cost-effectiveness
of therapist guided ICBT for obsessive compulsive dis-
order (OCD) and social anxiety disorder (SAD), respec-
tively. The therapist-guided ICBT for OCD was evaluated
against in-person CBT from health professional, health
sector, and societal perspectives [49]. The CEA showed
comparable effectiveness of the two therapies in terms of
treatment response, but the guided ICBT was less costly
than in-person CBT from all the three perspectives. When
QALYs were used as a measure of effect, guided ICBT
was less costly and less effective from all the three per-
spectives. The authors concluded that the intervention was
cost-effective compared to the comparator, but ICER/ICUR
and WTP threshold were not provided. In contrast to the
trial on OCD, the trial on SAD had an active comparator,
ISSUPORT, a child and parental online intervention that did
not constitute active CBT [55]. From a societal perspective,
ICBT was more effective and cost saving with ICER (95%
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CI) per remitter status estimated at -US$ 26,324 (28,667 to
—23,981). Using QALYs, ICBT was less effective and less
costly than ISSUPORT. ICUR and WTP threshold were not
provided.

Vargas-Martinez et al. [56] and Deluca et al. [50]
assessed the cost-effectiveness of separate digital interven-
tions aimed at reducing binge drinking (BD) and alcohol
consumption in Spain and England, respectively. The Span-
ish trial was a web-based intervention, that provided infor-
mation on risks of BD, preventive messages, and benefits of
not drinking. The intervention was evaluated against waitlist
control, from the Spanish Health System (NHS) and soci-
etal perspectives. Using a WTP threshold of US$ 32,012 to
36,585 per QALY, the intervention was dominant from the
societal perspective and cost-effective from the NHS per-
spective with ICER and ICUR estimated at US$ 31.64 per
BD occasions and US$ 135.15 per QALY, respectively. A
deterministic sensitivity analysis showed that the interven-
tion could be dominant even in a worst-case scenario from
the societal perspective. The worst-case scenario was deter-
mined by the minimum value of the 95% confidence inter-
vals of BD occasions avoided or number of QALY's gained.
Additional sensitivity analyses demonstrated differences in
cost-effectiveness by gender and age. When BD occasions
averted was used as the measure of effect, the intervention
was dominant for girls from both the NHS and societal per-
spectives but not cost-effective for boys. Similarly, based
on BD occasions averted, the intervention was dominant
for older adolescents (aged 17 or greater) from the NHS
perspective. When QALY was used, the intervention was
dominant for younger participants (aged less than 17) from
the societal perspective.

Deluca et al. [50] conducted a cost-effectiveness analy-
sis comparing two interventions, personalised feedback
plus smartphone (eBI) and personalised feedback and brief
advice (PFBA) with ‘screening only’, in low-risk adoles-
cents attending emergency department (ED) in England.
The two interventions included information on risks of
alcohol consumption and provided personalized feedback,
the difference between the two interventions being an added
gaming aspect in the eBI using smartphone or PC based app.
Considering societal and national health services-personal
social services (NHS-PSS) perspectives, the ¢BI interven-
tion was not cost-effective compared to ‘screening only’
when evaluated against a WTP threshold of US$ 28,777 to
43,165 per QALY. In a probabilistic sensitivity analysis, eBI
had only 9% probability of being cost-effective based on
either perspective.

Creswell et al. [59] evaluated the cost-effectiveness of
an Online Support and Intervention (OSI) supported by
therapist (OSI + TS) compared to treatment as usual in
children with anxiety problems in the UK. The intervention

was a parent-led ‘digitally augmented’ CBT supported by
therapist with optional gaming aspect. Cost-effectiveness
was assessed over 24 weeks from the NHS-PSS perspec-
tive. Based on an ITT, the incremental cost (95% CI) was
-US$ 142.86 (—412.68 to 126.95) and the incremental
QALYs (95% CI) were — 0.007 (—0.015 to 0.002) based
on the UK adult value set and — 0.002 (—0.017 to 0.012)
based on the Australian (AU) adolescent value set. Conse-
quently, ICURs per QALY were estimated at US$ 21,433
and US$ 63,045 based on the UK adult value set and the
AU adolescent value set, respectively. In reference to a
WTP threshold of US$ 25,615 to 38,422, the probabilities of
cost-effectiveness were 30% and 24% (UK adult value set)
and 60% and 53% (AU adolescent value set). Another trial
from the UK assessed a self-help smartphone app (Usual
Care plus Bluelce (UC + BI)) for self-harm compared to
usual care [60]. The incremental costs (95% CI) were -US$
394 (—1,455 to 666) at 12 weeks and -US$ 1,139 (2,807 to
528) at 6 months while the incremental QALYs were 0.003
(—0.005 t0 0.017) and 0.004 (—0.001 to 0.010), respectively.
Net monetary benefit was US$ 520.55 (12-weeks) and US$
1,234.13 (6-months) and the probability of cost-effective-
ness was 75% (12-weeks) and 70% (6-months) with respect
to the WTP threshold of US$ 28,777.

The last study in this group, and the only study from
Africa, examined whether an online single session self-help
intervention for depression was cost-effective relative to an
active comparator focused on study skills in school children
in Kenya [57]. Both interventions were developed spe-
cifically for adolescents in Kenya. School, researcher, and
societal perspectives were considered to compare effective-
ness per cost ratio since costs were assumed to be the same.
The results showed a 0.5 reduction in PHQ-9 per US dollar
spent in the intervention compared to no improvement in
the comparator.

Model based economic evaluations

Two of the studies included in this review assessed cost-
effectiveness of DHIs based on simulation models over a
time horizon of 10 years. Lee et al. [54] used a Markov
model to investigate the cost-effectiveness and return on
investment of an internet-based intervention (MoodGYM)
in comparison to ‘no intervention’ for anxiety from a soci-
etal perspective. MoodGYM included a CBT content and
had been widely introduced across schools in Australia.
The incremental QALYs and costs over 10 years were
estimated at 842 (289 to 1,681) and -US$ 11.28 million
(—38.2 million to —1.51 million), respectively. In reference
to a WTP threshold of US$ 35,261 per QALY, the ICUR
was found to be dominant demonstrating that MoodGYM
had both improved clinical effectiveness and produced net
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cost-savings. The return on investment for US$ 0.89 (Aus$
1) investment was estimated at US$ 16.7 (Aus$ 3.06 in
2016). Univariate sensitivity analyses were conducted using
different scenarios including (but not limited to) modelling
only for younger participants (11-year-olds) or older par-
ticipants (17-year-olds) or changing subscription cost of the
interventions. Overall, the sensitivity analyses showed that
results were robust except for the changes in subscription
from school to students which resulted in the intervention
being no more cost-effective.

In comparison, Natsky et al. [61] used a systems dynam-
ics model to assess cost-effectiveness of nine mental health
interventions in relation to business as usual (BAU) from
a provider perspective in Colombia. Out of these interven-
tions, two were suicide helplines and self-help mental health
services delivered online. The incremental costs (95% CI)
were estimated at -US$ 1,930,912.65 (—2,427,960.63 to
—1,499,286.71) for online mental health services and US$
3,433,515.84 (2,729,607.69 to 4,153,919.45) for suicide
helplines. The incremental QALY's were 10,164 (8,549 to
11,870) and 579 (31 to 1,070), respectively. Using a cost-
effectiveness threshold of US$ 4,890 per QALY, the online
mental health service was dominant, with an incremental net
monetary benefit (INMB) of US$ 55.13 (45.59 to 63.62).
The ICUR for suicide helplines was US$ 5,932 per QALY
indicating that the suicide helpline was not cost-effective
over the 10-year time horizon.

Discussion

The aim of this rapid review was to assess the cost-effec-
tiveness of DHIs for supporting poor mental health in chil-
dren and young people (CYP) up to the age of 25 years.
Most of the evaluated interventions were digital versions of
conventional therapies such as CBT, or they included some
components of CBT. Social skills training and exposure and
response prevention were also among the interventions.
Generally, the synthesis suggests that there is evidence to
support the use of DHIs for child and adolescent mental
health problems, and that DHIs can be cost-effective. The
included studies, except two, reported interventions to be
cost-effective based on, at least, one outcome measure or the
probability of cost-effectiveness was greater than 60%. In
two of trial-based studies [50, 59], the probabilities of cost-
effectiveness were less 60%. The two model-based studies
[54, 61] and three trial-based studies [48, 53, 56] found the
interventions to be dominant from at least one perspective.
While most of the results indicate cost-effectiveness of the
DHIs, this needs to be interpreted with caution due to dif-
ferences in health systems and WTP thresholds across the
countries, measures of effect (e.g. response to treatment or
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QALYs), costing perspective (e.g. provider or societal), and
assumptions of characteristics and number of users of the
technologies.

Differences in health care systems and other local contex-
tual factors where interventions were carried out influences
cost-effectiveness [71, 72]. All the studies included in this
review, were conducted in high-income countries (HICs)
(Australia, Norway, Sweden, Spain and United Kingdom)
except two, which were from Colombia and Kenya [57, 61].
The HICs included in this review share similarities in their
health systems being predominantly publicly funded albeit
with some differences especially between Nordic and other
OECD countries [73]. For instance, per capita health expen-
diture in 2022 PPP US$ was 7,771 (Norway), 6,438 (Swe-
den), 6,372 (Australia), 5,493 (UK), 4,432 (Spain), 1,640
(Colombia) and 94.67 (Kenya — domestic public funding)
[73, 74]. Resource availability is a key factor in policy
makers’ decisions of what services to provide [75]. Cost-
effectiveness analyses are widely used in publicly funded
system to inform decisions of coverage of treatments to
maximise value for money from public resources while
its use is limited in private and mixed health care systems
with less public funding and significant private payments
[76]. Furthermore, cost-effectiveness results can vary within
countries: an intervention which is cost-effective in one con-
text (e.g. urban area) may not necessarily be the same in
another context (e.g. rural area) [72]. Contextual demand-
side (e.g., perceptions of mental illness, healthcare seek-
ing behaviours) and supply-side (e.g., healthcare policies,
structures, and access to care) factors [77] that influence
any health intervention also have a bearing on DHIs includ-
ing perception of usability of digital tools for mental health
therapy [50, 55, 78]. Cost-effectiveness of interventions
also depend on a country’s WTP threshold that represents
the maximum amount of money a payer (country) is willing
to pay per effect [46]. In this review, WTP thresholds in US$
for the study periods varied between US$ 4,890 for Colom-
bia [61] to US$ 79,000 for Sweden [47, 48]. This indicates,
for instance, that an intervention that was found to be cost-
effective the Sweden using US$ 79,000 threshold will not
necessarily be cost-effective in reference to the Columbian
WTP threshold.

Sub-group analysis sheds light on differences in cost-
effectiveness between different sub-groups of participants.
This was shown by sensitivity analyses in two of the
included studies by gender and age [54, 56]. Vargas-Mar-
tinez et al. [56] found that the trial-based intervention that
aimed at reducing binge drinking was more effective in girls
while Lee et al. [54], in model-based evaluation, showed
that the intervention comparably cost-effective in separate
modelling for young (age 11 years) and older (17 years) par-
ticipants [56]. It is important to assess whether cost-effective
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varies across different groups of patients or setting and
make relevant adaptations to improve effectiveness [79].
Most of the studies included in this review did not detail
specific contextual factors in the study settings that might
have affected treatment responses, and in what contexts the
findings would be generalisable. Furthermore, some stud-
ies recruited study participants through online advertising
and social media [49, 51, 53], which introduces selection
bias. While recruitment using social media is efficient and
cost-effective [80], it is not clear if (how) the recruitment
strategies were reflected in the treatment outcomes. For
example, differences in outcomes have been shown between
participants recruited through online strategies or medical
registries for distress related to cancer [81]. It has also been
argued that although some DHIs have been effective, they
have had limited impact on the broader healthcare system
[38]. Therefore, there is a need for a greater implementation
detail of DHIs (e.g., perceptions of users, participation of
users in design of DHIs, level of users’ engagement, level of
therapist involvement, change in relational power between
therapists and users, and regulatory complexities) in future
studies to enable a more comprehensive assessment of the
implementation components that are key to cost-effective-
ness assessments [82—84]. The international Collabora-
tion On Maximising the impact of E-Therapy and Serious
Gaming (COMETS) suggests user-centred design, greater
individualisation, improved adherence, increased intersec-
toral collaboration, and rapid testing and implementation to
increase the effect of DHIs on improving mental health [85].

Short follow-up periods in trial-based studies means
that longer-term implications of these interventions are
unknown. However, the model-based studies comple-
mented the trial-based studies by assessing cost-effective-
ness over 10 years [54, 61] although the two approaches are
not directly comparable. One of the key challenges in lon-
gitudinal studies of digital interventions is that software, or
the operating platforms can become obsolete as technology
advances. The average lifespan of a software application
is 68 years, and mobile apps have an even shorter lifes-
pan due to upgrades of the operating system and hardware.
Mobile apps that are published to a store and not maintained
may require a complete code rewrite every one to three
years. Over a 10-year period, the digital interventions stud-
ied could become obsolete and/or cease to function [86].
Furthermore, DHIs that incorporate Artificial Intelligence
(AD) (e.g. chatbots), which interact with users through dif-
ferent models (e.g. machine learning), have been increas-
ing over recent years making traditional DHI tools and apps
quickly outdated [87, 88].

Definitive conclusions regarding the cost-effectiveness
of DHIs for child and adolescent mental health problems
are further limited by the heterogeneity in the DHIs and

therapeutic approaches that were evaluated by the included
studies. Evaluation of the same therapeutic approach (e.g.
CBT) with different modes of delivery (e.g., face-to-face
versus digital) may confirm whether the mode of delivery
is cost-effective (e.g. Aspvall et al. [49]). Comparing one
therapeutic approach (e.g., CBT) delivered digitally with
another therapeutic approach (e.g., DBT) delivered face-
to-face (or a mix of modalities) does not necessarily indi-
cate whether cost-effectiveness of the intervention is due
to the therapeutic approach itself, or due to the mode of
delivery. Such variation in controls in RCTs of DHIs may
bias treatment outcomes of the interventions [89]. There-
fore, given that various therapeutic approaches were evalu-
ated in the included studies, the cost-effectiveness evidence
of this review needs to be interpreted accordingly. This
also means that ‘head-to-head’ evaluations of digital and
non-digital interventions of the same therapeutic kind are
needed to draw definitive conclusions about the effective-
ness of digital modalities of specific therapeutic approaches.
Considering, the issues discussed above, the conclusions
of cost-effectiveness should be interpreted with care and
take account of methodological choices of studies. More
high-quality evidence with comparable methodological
approaches is needed to inform implementation decision as
discussed above.

Rapid reviews are justified when evidence is needed
quickly [90, 91]. However, rapid reviews have several
limitations. There are several compromises compared with
standard systematic reviews [92]. First, in the context of the
current review, only a few databases were searched, and a
simple broad search strategy was employed. Second, the
review included trial-based, and model-based economic
evaluation which are not directly comparable. Trial-based
economic evaluations are conducted using data from trial
participants while the input parameters for model-based
intervention are gathered from various sources, simulated
for hypothetical participant and valid under certain assump-
tions that are made. Third, the economic evaluations are
conducted under different health systems and results may
not be generalisable. Fourth, one reviewer screened records
and extracted data with a second reviewer screening 10%
of the studies. This may have affected the precision of
study selection [93]. Fifth, by conducting the review in a
short duration of time, publication selection bias may have
occurred. However, review of three published systematic
reviews [20, 35, 36] during the screening stage indicated
that important studies may have not been missed. Sixth,
quality assessment was limited to certain aspects of qual-
ity (Supplementary Material 2) which may have introduced
bias in the assessments. Furthermore, some limitations of the
studies included in the review limit generalisability, includ-
ing small sample sizes, limited assessment of heterogeneity
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in cost-effectiveness, and unclear contextual factors (such as
digital access issues, and local policies). Finally, this rapid
review was not prospectively registered, which might have
resulted in bias pertaining to method of synthesis and/or
duplicate reviews.

This rapid review provides some evidence to suggest that
digital interventions have the potential to expand health-
care coverage for CYP with mental health problems thus
addressing the treatment gap that currently exists. Our
review included both standalone and therapist-guided inter-
ventions; however, it was not always possible to accurately
determine the level of therapist involvement. More robust
and long-term studies, with varying levels of therapist
involvement, are needed to strengthen the evidence base of
the cost-effectiveness of DHI for supporting mental health
of CYP. Determining the minimal level of in-person sup-
port needed without compromising outcomes is crucial,
given the ever-increasing demand for mental health ser-
vices coupled with shortages of professional therapists, and
other access issues. Digital interventions could serve as the
first contact with the health care system for mild to mod-
erate mental health problems, increasing capacity within
clinical services and children and adolescents’ access to
therapies. However, any developments in this regard should
consider individuals who might be excluded (for example,
due to digital poverty), and specifically address the asso-
ciated structural disadvantages. Synthesis of evidence on
cost-effectiveness of DHIs would be effective if studies
follow standardised reporting of outcomes (e.g., effective
ontologies for mental health outcomes in digital mental
health), methods (e.g., co-design, intensity of use, fidel-
ity of intervention implementation), and challenges (e.g.
software updates, technical issues) [94, 95]. Furthermore,
cost-effectiveness must be evaluated alongside ethical con-
siderations, including the implications of shifts in respon-
sibility from clinicians to users, potential task and labour
replacements, and the broader societal impacts. Ensuring
appropriate professional guidance and regulation is there-
fore essential to deliver safe and high-quality, as well as
cost-effective care [89, 96].
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