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Abstract

School-based health interventions can help prevent adolescent substance use, but their success depends on various factors
affecting planning and evaluation. This study examines the factors that facilitate or hinder the success of school-based digital
health interventions. A systematic review was conducted in September-October 2024, following PRISMA guidelines, using
PubMed, Scopus, Web of Science, CINAHL, and PsycINFO databases. From a total of 2530 studies, after removing duplicates
and screening titles and abstracts, 51 full-text articles were assessed and 12 met the inclusion criteria. Data were extracted using
an adapted tool for systematic reviews applying the RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance)
framework. The methodological quality was assessed with Joanna Briggs Institute tools. The studies included clusterrandomized
controlled trials, quasi-experimental designs, and one cross-sectional study, primarily targeting adolescents aged 11.9-174 years,
with sample sizes ranging from 90 to nearly 5000 participants. Most interventions were implemented in schools in the USA,
Europe, and Taiwan, with balanced gender distribution. Many studies reported on reach and effectiveness in reducing substance
use, particularly alcohol. However, adoption and implementation factors influencing school participation were less frequently
addressed, and maintenance was not mentioned. To maximize impact, future efforts should focus on enhancing sustainment and
participation by leveraging emerging technologies for personalization.

Introduction outcomes, such as diagnosis, treatment decisions, dig-
ital therapeutics, and self-care, while also support-
ing healthcare professionals through evidence-based
knowledge and skills [2]. Common digital health tools
include telemedicine, mobile health apps, wearable

Digital health technologies have the potential to trans-
form healthcare delivery by enabling remote monitor-
ing, improving disease management, and personalizing
treatment [1]. These technologies can enhance health
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devices, electronic health records, and artificial intel-
ligence [1, 3].

Digital health interventions (DHIs) are defined as
specific applications of these technologies aimed at
achieving health objectives [4]. These interventions may
facilitate communication, such as reminders and health
promotion messages, to increase service demand and
access to health information [3, 5]. Their use is becom-
ing more prevalent in achieving health goals, especially
for adolescents and young people, with previous stud-
ies highlighting their effectiveness in lifestyle manage-
ment [6-8], mental health improvement [9-12], and
addressing health system issues [13].

Adolescence, defined by the World Health Organi-
zation (WHO) as ages 10-19 years, is a crucial period
for the emergence of behaviours that can impact health
both immediately and later in life [14]. Substance use,
a key unhealthy behaviour, is linked to higher morbid-
ity and mortality, representing a major public health
challenge [14, 15]. In the past decade, substance use
has increased, with 292 million people globally esti-
mated to have used drugs in 2022, a 20% rise from a
decade earlier [16]. A WHO/Europe report [17] shows
that over 50% of 15-year-old adolescents engage in
alcohol use, while 20% use tobacco products, such as
e-cigarettes. This highlights the diminishing gender gap
in substance use and the need for targeted prevention
efforts.

DHIs, including internet-based, computer-tailored,
and mobile approaches, have become popular plat-
forms for promoting health [18]. These interventions
offer personalized feedback based on individual assess-
ments [19] and have proven effective in preventing
substance use among adolescents, including alcohol
[20, 21], tobacco [22], and cannabis [23]. One of the
key lessons learned by planners, evaluators, journal
readers, funders, and policymakers is that DHIs are
not a silver bullet but can effectively complement or
enhance existing approaches [3]. These interventions,
which incorporate policy, environmental, and individ-
ual components, require evaluation methods that are
tailored to their specific settings, goals, and purposes
[24]. In this context, applying a comprehensive eval-
uation framework is essential, and one of the most
widely used frameworks is RE-AIM (Reach, Effective-
ness, Adoption, Implementation, and Maintenance),
which has been implemented across various contexts
[25-28].

RE-AIM focuses on five critical dimensions of both
individual- and setting-level outcomes that help assess
the overall impact and sustainability of interventions
[24]: reach, effectiveness, adoption, implementation,
and maintenance. Reach refers to the absolute num-
ber, proportion, and representativeness of individuals
participating in a programme; effectiveness assesses
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the intervention’s impact on outcomes, including any
negative effects, quality of life, and economic factors;
adoption considers the number and representative-
ness of settings and agents initiating the programme;
implementation examines the fidelity, adaptations,
delivery consistency, cost, and time involved; and main-
tenance evaluates the extent to which a programme
becomes institutionalized in organizational practices
and its long-term individual-level effects >6 months
after the intervention [29, 30]. Recent reviews [23,
28] reported reach as the most frequently mentioned
dimension, followed by effectiveness and implemen-
tation, while adoption and maintenance were rarely
discussed.

RE-AIM is designed to assess the extent to which
evidence-based practices are adopted by institutions.
In the context of adolescent substance use, no reviews
to date have examined the factors influencing the
planning and evaluation of school-based DHIs using
a guiding framework. In this regard, we analysed
DHIs through this lens to identify multilevel contex-
tual factors relevant to programme implementation and
successful adoption, across all stages from planning
to sustainment. This study aims to explore the fac-
tors that influence the success of such interventions in
school settings and to identify key elements for opti-
mizing their design, implementation, and sustainability.
Specifically, we assessed which factors were addressed
and which remained underdeveloped in each interven-
tion, potentially affecting the overall success of the
programmes.

Methods

A systematic review was conducted following the rec-
ommendations of the preferred reporting items for
systematic reviews and meta-analyses (PRISMA) state-
ment [31]. First, the Population/Exposition/Outcomes
question was formulated for an adequate literature
review (Table 1). For this, the following research ques-
tion was developed: ‘What factors, evaluated through
the five dimensions of RE-AIM, can either facilitate or
impede the successful adoption and sustainability of
school-based DHIs for substance use prevention among
adolescents?’ This systematic review has been regis-
tered in PROSPERO, with code CRD42024582753.
Neither humans nor animals were involved in this
investigation; therefore, ethical approval was waived.

Search strategy

The search was conducted between September and
October 2024 in PubMed, Scopus, Web of Science
(WOS), CINAHL, and PsycINFO, which were selected
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Table 1. Research question and search strategy

Population
Exposition
Outcomes
Research question

Search strategy

Adolescents in the school context

Influencing factors according to RE-AIM

Successful adoption and sustainability of school-based DHIs for substance use prevention

What factors, evaluated through the five dimensions of RE-AIM, can either facilitate or impede the
successful adoption and sustainability of school-based DHIs for substance use prevention among
adolescents?

(adolescen* OR minor* OR juvenile* OR teen* OR young* OR youth OR ‘school-age children” OR
highschool* OR college*) AND (factor* OR determinant® OR reason* OR barrier* OR facilitator*)
AND (reach OR participation OR recruit* OR representativeness OR effect® OR efficacy OR impact
OR satisfaction OR ‘process evaluation” OR adopt* OR robustness OR implement* OR adhere* OR
deliver* OR fidelity OR consistency OR maintain®* OR maintenance OR continuation OR sustain*)
AND (‘digital health’ OR ‘digital intervention’ OR e-health OR chealth OR ‘online intervention’ OR
‘internet intervention’ OR ‘web-based intervention’ OR ‘mobile health” OR m-health OR mhealth)
AND (‘substance use’ OR ‘substance abuse’ OR ‘alcohol drinking’ OR ‘alcohol use’ OR ‘alcohol con-
sumption’ OR ‘alcohol intake’ OR ‘binge drinking’ OR ‘binge alcohol consumption’ OR ‘smoking” OR
‘tobacco use” OR ‘tobacco consumption” OR cannabis OR marijuana OR marihuana OR hashish OR

cannabinoids OR cannabidiol OR dronabinol OR THC OR ‘illegal drug’ OR “illicit drug’ OR ‘street

drug’ OR ‘recreational drug’)

Database Results
PubMed 760
Scopus 405
WOS 967
CINAHL 170
PscyINFO 228

for their broad coverage and relevance to the review
topic.

The search strategy was established using the Med-
ical Subject Headings (MeSH) thesaurus and the
Boolean operators ‘AND’ and ‘OR’ (Table 1).

Selection criteria

Inclusion criteria were any studies with quantitative or
qualitative design, which analysed school-based DHIs
for substance use among adolescents, and those focused
on substance use prevention rather than treatment.
DHIs are discrete functionalities of digital and mobile
technologies used to achieve health sector objectives
and support health system needs. According to the
WHO, DHIs primarily target public health audiences
by promoting accessible language and helping health
programme planners articulate the roles of digital
health tools. In the context of this review, DHIs focus
on ‘students’—members of the public who are current
or potential users of digital health services related to
substance use—and include health promotion activities
(3, 4, 32].

Exclusion criteria were articles that did not reach
the cut-off point of methodological quality assessment,
which will be conducted using the Joanna Briggs Insti-
tute (JBI) critical appraisal tools, as described in the
following section. Articles that did not analyse inter-
ventions (e.g. design papers and protocols for interven-
tions), as well as pilot studies, reviews, meta-analyses,
doctoral theses, or conference proceedings, were not

included. The search was conducted without limita-
tions on language or publication year.

Data selection and extraction

Two independent researchers conducted the review fol-
lowing the database search strategy. They performed
an initial screening of articles based on titles and
abstracts, followed by a full-text review of potentially
relevant studies. Disagreements were resolved by a
third researcher.

Zotero [33] was used to collect references and facil-
itate the removal of duplicates during the screening
process.

For a peer-review purpose, a template was created
to collect the main characteristics of each study. The
data were then customized based on (I) the author(s)
name, (I) year of publication, (III) country of origin,
(IV) study objective, (V) methodology and population,
(VI) intervention characteristics and contexts, (VII)
main findings, and (VII) JBI and GRADE (Grading
of Recommendations Assessment, Development, and
Evaluation) score. All relevant data was synthesized
and categorized, and compared to resolve any possible
discrepancies.

The data extraction for factors influencing the suc-
cess of DHIs using the RE-AIM dimensions was per-
formed with an adapted tool designed for system-
atic reviews [28]. The reach dimension was assessed
through 12 indicators, including target population,
inclusion/exclusion criteria, and participation rates.



Figure. 1. PRISMA flow diagram.

Effectiveness was evaluated based on nine criteria such
as mediators, data handling, quality of life outcomes,
and attrition rates. Adoption was analysed at the setting
and staff levels using 10 and 11 indicators, respectively,
focusing on settings involved, recruitment, and repre-
sentativeness. Implementation was examined through
11 indicators, including intervention theory, protocol
fidelity, costs, and completion rates. Maintenance was
assessed with nine factors, focusing on the long-term
impact of the intervention.

Quality assessment of the studies

The methodological quality of the selected studies was
double-checked by two investigators using the critical
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appraisal tools of the JBI for randomized controlled tri-
als (RCTs), quasi-experimental studies, and analytical
cross-sectional studies [34]. These tools were used to
assess the methodological quality of the studies and to
determine the extent to which a study had minimized
the possibility of bias in its design. For this purpose,
a cut-off point was established for scores equal to or
greater than half of their maximum value: RCT, 7 or
more items out of 13 (Supplementary Table 1); quasi-
experimental studies, 5 or more validated items out of 9
(Supplementary Table 2); and analytical cross-sectional
studies, 4 or more validated items out of 8 (Supplemen-
tary Table 3). Articles that scored below these required
thresholds were excluded from the review.
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Certainty and synthesis of data

To further enhance the quality of this study, the
GRADE methodology [35] was employed (Supple-
mentary Table 4). This tool considers the cer-
tainty of the evidence and the strength of the
recommendations, with the aim of supporting health
decision-making [35, 36]. If the evidence supporting
the therapeutic intervention is of high quality and con-
sensus determines that the recommendation should be
strong, this is classified as evidence and recommenda-
tion Al. If high-quality evidence weakly supports the
use of the therapeutic intervention, it is classified as
A2. Moderate-quality evidence supporting a weak rec-
ommendation to the intervention is classified as B2,
and if the quality of the evidence is low, with a weak
recommendation, it is classified as C2.

Flowchart of the study using the PRISMA
methodology

Finally, the flowchart is presented in accordance with
the PRISMA methodology [31], illustrating the search
results and the reasons for the exclusion of discarded
articles (Fig. 1). This review initially identified a total
of #=2530 studies from database searches. A total
of n=1429 were removed as duplicates, and 7=1101
were screened by title and abstract. Of these, n=351
were selected for full-text review, with 7=25 subse-
quently excluded because they did not focus on the
school context or target population, or because the
objectives did not align with the review outcomes
(n=14). Ultimately, 7 = 12 studies were included in this
review [20, 22, 37-46].

Results
Main results

The included studies were conducted in the following
countries: USA [37-40], Netherlands [22, 41, 42], Tai-
wan [43], Switzerland [44, 45], and Spain [20, 46].
These studies were published in the following years:
2013 [44], 2014 [22, 38, 39], 2016 [41, 42], 2017
[45], 2020 [20, 40], 2022 [37], and 2023 [43, 46]. The
study designs included cluster-RCTs [20, 22, 37-42,
46], quasi-experimental longitudinal studies [44, 45],
and one analytical cross-sectional study [43].

The reviewed studies involved adolescent popula-
tions, with sample sizes ranging from 90 [43] to
4979 participants [22]. The average age of participants
across studies ranged from ~11.9 to 17.4 years, with
a general mean of ~15.3 years. The DHIs reviewed
primarily targeted adolescent and young adult popula-
tions, with schools serving as the most common imple-
mentation context. These included secondary schools,
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as well as vocational schools. Regarding gender distri-
bution, the proportions were generally balanced. On
average, ~49% of participants were male and 51%
female, with some variation across individual stud-
ies. For example, Guo et al. [43] reported 67.77%
male participants, while Haug et al. [45] had a female
majority of 58.3%.

Table 2 shows the characteristics of the DHI that
were selected for this review. Most interventions
focused on preventing substance use—mainly alcohol
[20,22,37-42, 44-46] and tobacco [22, 37, 45]—with
some addressing multiple substances, including mari-
juana [37, 45] and prescription or illicit drugs [37, 43].
Reported outcomes included reductions in substance
use and related harms [43], improved health knowl-
edge, strengthened life skills [38-40], and modified
peer-related perceptions and substance-related beliefs.

A variety of digital strategies have been used for sub-
stance use education, from hybrid programmes to vir-
tual reality-based interventions, and interactive games.
A recurring emphasis was placed on educating par-
ticipants about the health and social consequences of
substance use and on developing life skills such as
self-regulation, emotional management [37, 45], social
communication [37, 41, 45], decision-making [37],
and conflict resolution [37]. Alcohol-related interven-
tions often aimed to reshape normative perceptions and
beliefs around drinking through personalized norma-
tive feedback [20, 41, 42, 44, 46].

Delivery methods frequently involved interactive
web-based platforms [22, 38-40, 42, 45], often inte-
grated into school hours with teacher facilitation or
in hybrid formats. Features like immediate, tailored
feedback [22, 38-40, 44], short message service (SMS)
reminders and email follow-ups [20, 41, 42, 44, 45],
gamified content [20, 41-43, 46], and immersive vir-
tual reality experiences [43] were commonly used to
enhance engagement and effectiveness. Intervention
administration varied, with some being researcher-
supervised [41] and others self-guided.

Table 3 shows the outcomes of each of the 12
final articles for this review. Digital interventions have
shown promising results in reducing substance use
among adolescents. Hybrid [37] and web-based pro-
grammes [44, 45] effectively decreased alcohol use,
binge drinking, and related harms, with personalized
tools like eCHECKUP TO GO [38-40] and interac-
tive games showing particular success [20, 41, 42,
46]. The Alerta Alcohol programme proved both effec-
tive and cost-efficient, especially for older teens and
females, although some interventions had limited long-
term impact. For tobacco and e-cigarettes, hybrid
programmes [37] and the Smoke Alert [22] interven-
tion reduced use and initiation, particularly in younger
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teens. Additionally, digital strategies effectively reduced
marijuana use and prescription drug misuse [43], while
immersive virtual reality programmes for illegal drugs
showed high acceptability and engagement, suggesting
strong potential for prevention.

Results according to the RE-AIM framework

A detailed description about the factors influencing the
success of DHIs using the RE-AIM dimensions can be
found in Supplementary Table 5.

Reach

This dimension was reported by seven of the stud-
ies [20, 38, 39, 41, 43-45]. All studies described
consistently the target population, demographic and
behavioural about the target population, the method to
identify the target population, the recruitment strate-
gies, the inclusion/exclusion criteria for individuals,
and the sample size. Other factors such as the indi-
vidual participation rate were described in all studies
except one [43]. Six studies [20, 38, 39, 41, 44, 45]
noted the eligible and invited (exposed to recruitment)
potential participants. Four studies [38, 39, 44, 45]
reported the comparisons between the target popula-
tion and the study sample and also detailed the sta-
tistical comparisons between both. Lastly, the cost of
recruitment was described in only one study [43] and
no studies provided the qualitative methods to measure
reach.

Effectiveness

Of all the RE-AIM dimensions, this was the most thor-
oughly reported on by all the included studies [20, 22,
37-46]. All studies described exhaustively the intent-to-
treat and the percent attrition (at programme comple-
tion). Other factors such as the report of mediators and
moderators were described in most studies but not all
[20, 44, 45]. Eight studies [20, 22, 37, 41, 42, 44—46]
described the imputation procedures and four studies
[37, 42, 43, 46] the unintended consequences mea-
sures/results. The cost-effectiveness was reported in two
studies [42, 46] and the quality-of-life measures only in
one study [46]. Finally, no studies provided qualitative
methods to measure efficacy/effectiveness.

Adoption

Overall, adoption was very poorly reported by all stud-
ies in our review due to only three studies [20, 42, 46]
providing information to assess this dimension. About
the setting level, no studies described factors such as
the comparisons between the targeted and participat-
ing settings, and the statistical comparisons between
both. About the provider/staff level, most factors were
not detailed except in two studies [20, 46] in which
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some of them such as the eligible and invited potential
providers (staff), the number of participating providers
(staff), and the method to identify target providers were
noted. Furthermore, in only one of these studies [20] an
element of the dissemination beyond originally planned
could be inferred.

Implementation

This dimension was reported by nine of the studies [20,
22,37,39-42,44,45]. All studies described thoroughly
the theory-based, the number, timing, and duration of
intervention contacts, the tailoring of intervention, and
the participant attendance/completion rates. Other fac-
tors such as the extent protocol delivered as intended
(fidelity) were noted in all studies except one [42], just
like the consistency of implementation across settings
or providers [40]. Six studies [20, 37, 39, 41, 44,
45] indicated the engagement to inform intervention.
Finally, the measure of intervention cost was described
in only one study [42], and no studies provided the
qualitative methods to measure implementation.

Maintenance

No studies assessed consistently this dimension. Two
studies focused on short-term effects [20, 41], but none
described either the extent to which the DHI becomes
institutionalized or part of the routine organizational
practices and policies at the setting level or its long-
term effects on outcomes after it is completed at the
individual level.

Discussion

Overall, this review yields promising evidence that digi-
tal interventions can be an effective tool for preventing
and reducing substance use in adolescents. However,
results vary depending on the type of intervention, the
target population, and other factors. In this sense, the
evaluation of interventions using the RE-AIM frame-
work provides a complete view of their application in
the real world.

Regarding reach, the participation rate is a sig-
nificant indicator of an intervention’s initial success.
Some studies [44, 45] report substantial reach due to
proactive recruitment and appealing activity designs.
Parental involvement also plays a crucial role; Jander
et al. [41] found that it was associated with lower
binge drinking rates among adolescents. Interventions
involving families, particularly those aimed at strength-
ening family functioning, have shown positive—though
modest—long-term effects in reducing alcohol and
drug use [14, 47, 48]. Other crucial success fac-
tors for achieving strong reach in health interventions
include clearly identifying the target population [20,
38, 39, 41, 43, 45], employing active school-based
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recruitment strategies such as incentives and parental
involvement [20, 38, 39,41, 43-45], providing detailed
demographic and behavioural data [41, 43, 44], and
achieving high initial participation [20, 38, 39, 41,
43-45].

However, challenges remain, such as obtaining con-
sent [39, 40, 43], low retention in follow-ups [20, 38,
39, 44], lack of sample representativeness [20, 38, 39,
41], limited school participation [20, 38, 39, 41-44],
insufficient data on eligible participants [20, 22, 41,
43, 46], and difficulties in generalizing findings due
to specific sample characteristics [20, 22, 38, 40, 44,
45]. Overall, to improve reach, it is essential to address
retention issues, track participation, and use engag-
ing strategies that align with youth preferences, while
ensuring equitable access to technology [49].

Several studies identify key factors influencing inter-
vention effectiveness. While some report mixed or no
significant effects based on individual characteristics
and substance use patterns, most show positive results
in reducing substance use [22, 37, 40, 42, 44-46]. Two
studies [42, 46] found digital interventions more cost-
effective than traditional methods, suggesting that they
may efficiently reach more adolescents. Programmes
based on solid theoretical models, such as life skills
training (LST) [37], motivational enhancement [38],
and social-cognitive theory [45], tend to be more suc-
cessful. Personalizing feedback and adapting content to
individual characteristics enhances outcomes [20, 22,
38, 39, 41, 42, 44-46], while involving stakeholders
like students, teachers, and parents ensures programme
relevance and acceptance [37, 39, 41, 44]. Traditional
methods are valuable for peer interaction and educa-
tor support, but digital interventions provide flexible,
scalable, and engaging alternatives. A hybrid approach
could optimize school-based prevention [49, 50].

Despite this, high dropout rates hinder long-term
impact assessments [20, 22, 41, 42, 46]. Many stud-
ies fail to measure important outcomes, such as quality
of life and cost-effectiveness, complicating intervention
evaluation [20, 37-39, 41, 43-45]. Other challenges,
such as missing data and inconsistent implementation,
affect results [37, 39, 41, 44, 45]. Some studies also
found no significant moderation effects, highlighting
the difficulty of tailoring interventions to specific needs
[22, 37, 39].

The adoption of digital interventions in schools
depends on factors like perceived usefulness and ease of
implementation. Some programmes showed acceptable
adoption rates [20, 42, 46], but only Martinez-Montilla
et al. [20] detailed influencing factors. This gap echoes
findings in other reviews [28, 51]. Clear definitions
of target populations and inclusion criteria improved
adoption, as did effective recruitment combining school
outreach with student-focused strategies [20, 22, 38,
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39, 41, 42, 44-46]. Involving school staff and offer-
ing small incentives also supported engagement [20, 38,
39, 41, 43-46]. Adapting programmes to local school
contexts further boosted participation [20, 39, 46].

However, obstacles like school withdrawal, miss-
ing staff data, and voluntary participation limited
adoption [20, 42, 46]. Addressing these challenges
requires understanding school acceptance, offering
flexible designs, resources, and evidence-based teacher
training [52].

Institutional barriers and practical challenges iden-
tified in the studies could be addressed, especially
during implementation. Hybrid approaches integrating
interactive technology, such as combining digital mod-
ules with face-to-face sessions, have been shown to
enhance implementation [37]. The use of interactive
technologies like games [41, 42] and virtual reality [43]
improves participation and outcomes, making imple-
mentation easier within health promotion curricula
[53].

Implementation was more successful
when grounded in theoretical frameworks, like LST
[37], and when standardized protocols sustained
fidelity across settings. Tailoring interventions to the
target population’s needs improved relevance [22,
38-40, 44]. Challenges included compromised fidelity
due to flexible delivery, lack of adherence measures, and
minimal stakeholder engagement [22, 40, 42]. Practical
issues such as session length and low participation hin-
dered implementation [20, 22, 41]. To improve future
efforts, monitoring adaptations, costs, and alignment
with teaching processes is crucial. Ensuring feasibility,
integrating into school routines, fostering collabora-
tion, and assessing adolescent participation are key to
success [54, 55].

Although the selected studies do not address main-
tenance, it is essential to evaluate whether behavioural
changes are sustained over time. To ensure last-
ing effects, interventions must continuously reinforce
acquired skills, offer ongoing support to prevent
relapse, and be integrated into daily routines with
the necessary resources and involvement of essen-
tial personnel. This requires a long-term approach
that includes periodic evaluations to adapt the pro-
gramme as needed and maintain flexibility to accom-
modate changes in the environment or target pop-
ulation. Strong alliances with the educational com-
munity and relevant stakeholders are also crucial for
ensuring continuity and support [25, 56, 57]. Addi-
tionally, regular strategies to monitor, reinforce, and
support adolescents’ learning should be implemented,
with teacher training playing a vital role in sustain-
ing key messages beyond the researchers’ presence in
both school and community settings. Finally, assess-
ing cost-effectiveness in the short, medium, and long
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term is fundamental to promoting sustainability and
maximizing impact [49, 58].

Limitations

The main limitations of the reviewed studies include
the high heterogeneity in intervention designs, mak-
ing direct comparison of results difficult. While the
RE-AIM framework helped evaluate multiple dimen-
sions, some areas, such as adoption and maintenance,
were insufficiently explored. For example, there is
limited information on factors influencing school par-
ticipation, and most studies inadequately report on
sustainment, highlighting the need to tailor interven-
tions to specific contexts for real-world application
[59, 60]. Although RCTs are considered the gold stan-
dard for assessing intervention efficacy, they also have
limitations, such as being conducted in controlled envi-
ronments that may not fully represent real-world com-
plexity. Regarding intervention content, most focused
on preventing and reducing substance use in the general
population, rather than treating addiction cases. The
substances that were most often addressed were alco-
hol, tobacco, and both illicit and prescription drugs.
Some programmes targeted specific substances, while
others addressed multiple substances simultaneously.
Consequently, the study selection was comprehensive,
covering all these areas.

Insights from health education to enhance the
relevance of the review’s findings in the
school context

The reviewed studies highlighted institutional barriers,
practical challenges, and significant issues during the
implementation of DHIs. These include problems with
participant retention, high dropout rates, and limita-
tions in adoption due to time and resource constraints
in some educational settings. From a health educa-
tion perspective, these findings emphasize the need
for innovative approaches to engage adolescents, espe-
cially in programmes targeting substance abuse [61].
The importance of longitudinal studies to assess the
long-term effectiveness of these interventions is also
noted. Additionally, addressing technological barri-
ers, such as limited access to devices and connectivity,
is essential for improving the impact of digital inter-
ventions [62]. The introduction of Al offers promis-
ing opportunities to personalize interventions, enhance
participation, and increase their effectiveness. Future
research should focus on overcoming implementation
challenges, adapting interventions to various contexts,
and exploring ADl’s potential to create more engaging
and personalized programmes that are accessible and
sustainable.
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Research on behavioural and substance use inter-
ventions requires long-term studies to assess the sus-
tainability of digital solutions and identify success
factors. There is also a need for evaluations of digi-
tal interventions across diverse populations, including
adolescents from different socioeconomic and cultural
backgrounds, to ensure their broad applicability and
effectiveness [59]. Emerging technologies like Al and
mobile apps show promise in personalizing interven-
tions and enhancing their impact [62-64]. However,
more research is needed specifically for adolescents and
young adults. Future intervention programmes must
consider the RE-AIM framework and be designed for
lasting, meaningful impact.

Conclusions

This study highlights the potential of digital interven-
tions in schools to prevent and reduce substance use
among adolescents. Using the RE-AIM framework,
findings show these interventions can be effective—
especially those based on theory and incorporating
interactive elements like virtual reality or educational
games—although they face challenges in implemen-
tation and long-term maintenance. While many pro-
grammes achieved broad reach and positive changes
in mediators like social norms and skills, issues such
as high dropout rates, limited adoption, and lack of
sustained impact remain. To enhance success, future
efforts should focus on developing more adaptable,
integrated, and sustainable interventions, increasing
school and family engagement, and exploring emerging
technologies like artificial intelligence.

Author contributions

Pablo Fernandez-Le6n (Conceptualization [lead], Data
curation [lead], Formal analysis [lead], Funding
acquisition [lead], Investigation [lead], Methodol-
ogy [lead], Project administration [lead], Resources
[lead], Software [lead], Supervision [lead], Valida-
tion [lead], Visualization [lead], Writing—original
draft [lead], Writing—review & editing [lead]), Marta
Lima-Serrano (Conceptualization [lead], Data cura-
tion [lead], Formal analysis [lead], Funding acquisition
[lead], Investigation [lead], Methodology [lead], Project
administration [lead], Resources [lead], Software
[lead], Supervision [lead], Validation [lead], Visualiza-
tion [lead], Writing—original draft [lead], Writing—
review & editing [lead]), Javier Fagundo-Rivera (Con-
ceptualization [equal], Data curation [equal], For-
mal analysis [equal], Investigation [equal], Methodol-
ogy [equal], Project administration [equal], Resources



Digital interventions for adolescent substance use

[equal], Software [equal], Supervision [equal], Valida-
tion [equal], Visualization [equal], Writing—original
draft [equal], Writing—review & editing [equal]),
and Jose Manuel Martinez-Montilla (Conceptualiza-
tion [equal], Data curation [equal], Formal analysis
[equal], Investigation [equal], Methodology [equal],
Project administration [equal], Resources [equal], Soft-
ware [equal], Supervision [equal], Validation [equal],
Visualization [equal], Writing—original draft [equal],
Writing—review & editing [equal]).

Supplementary data
Supplementary data is available at HEAL online.

Conflict of interest: None declared.

Funding

This study is part of the ‘ALERTA ALCOHOL.: coste-
efectividad de una intervencion web basada en la gam-
ificacion vs. textos para la prevencion del consumo
del alcohol por atracon en adolescentes’ project. The
project is financed by a grant from the Delegacién del
Gobierno para el Plan Nacional sobre Drogas, Spain
under contract no. 20181016.

Data availability

The authors confirm that the data supporting the find-
ings of this study are available within the article and its
supplementary materials.

References

1. Mumtaz H, Riaz MH, Wajid H et al. Current challenges
and potential solutions to the use of digital health tech-
nologies in evidence generation: a narrative review. Front
Digit Health 2023;5:1203945.

2. World Health Organization. WHO Guideline: Global
Strategy on Digital Health 2020-2025. Geneva: WHO,
2021

3. World Health Organization. WHO Guideline: Recommen-
dations on Digital Health Interventions for Health System
Strengthening. Geneva: WHO, 2019

4. World Health Organization. Classification of Digital
Health Interventions v1.0. Geneva: World Health Orga-
nization. 2018. 1-20. (WHO/RHR/18.06). https://www.
who.int/publications/i/item/WHO-RHR-18.06 (19 April
20235, date last accessed).

5. World Health Organization. WHO Guideline: Youth-
centred Digital Health Interventions: A Framework
for Planning, Developing and Implementing Solu-
tions with and for Young People. Geneva: WHO,
2020

6. Champion KE, Parmenter B, McGowan C et al. Effec-
tiveness of school-based eHealth interventions to prevent
multiple lifestyle risk behaviours among adolescents: a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

27

systematic review and meta-analysis. Lancet Digit Health
2019;1:e206-21.

Kouvari M, Karipidou M, Tsiampalis T et al. Digital
health interventions for weight management in children
and adolescents: systematic review and meta-analysis. |
Med Internet Res 2022;24:¢30675.

. Rose T, Barker M, Maria Jacob C et al. A systematic review

of digital interventions for improving the diet and phys-
ical activity behaviors of adolescents. | Adolesc Health
2017;61:669-77.

Bantjes J. Digital solutions to promote adolescent men-
tal health: opportunities and challenges for research and
practice. PLoS Med 2022;19:¢1004008.

Bergin AD, Vallejos EP, Davies EB et al. Preventive digital
mental health interventions for children and young people:
a review of the design and reporting of research. NP] Digit
Med 2020;3:133.

Raeside R, Jia SS, Todd A et al. Are digital health inter-
ventions that target lifestyle risk behaviors effective for
improving mental health and wellbeing in adolescents? A
systematic review with meta-analyses. Adolesc Res Rev
2024;9:193-226.

Werner-Seidler A, Huckvale K, Larsen ME et al. A trial
protocol for the effectiveness of digital interventions for
preventing depression in adolescents: The Future Proofing
Study. Trials 2020;21:2.

Kang M, Robards F, Sanci L et al. Access 3: young people
and the health system in the digital age. Final Research
Report. Department of General Practice Westmead, The
University of Sydney and the Australian Centre for Pub-
lic and Population Health Research, The University of
Technology Sydney: Australia. 2018. https://www.uts.edu.
au/globalassets/sites/default/files/2019-04/access-3_young-
people-and-the-health-system-in-the-digital-age.pdf (19
April 2025, date last accessed).

Das JK, Salam RA, Arshad A et al. Interventions for adoles-
cent substance abuse: an overview of systematic reviews. |
Adolesc Health 2016;59:561-S75.

Bowser BP, Word CO, Seddon T. Understanding Drug Use
and Abuse: A Global Perspective. New York: Palgrave
Macmillan, 2014

United Nations Office on Drugs and Crime. World drug
report 2024. New York, NY: United Nations, 2024.
https://www.unodc.org/unodc/data-and-analysis/world-
drug-report-2024.html (19 April 2025, date last accessed).
Charrier L, van Dorsselaer S, Canale N et al. A
focus on adolescent substance use in Europe, cen-
tral Asia and Canada. Health behaviour in school-aged
children international report from the 2021/2022 sur-
vey. Volume 3. Copenhagen: WHO Regional Office for
Europe, 2024. https://www.who.int/europe/publications/i/
item/9789289060936 (19 April 2025, date last accessed).
Krebs P, Prochaska J, Rossi JS. A meta-analysis of
computer-tailored interventions for health behavior
change. Prev Med 2010;51:214-21.

de Vries H, Brug J. Computer-tailored interventions moti-
vating people to adopt health promoting behaviours:
introduction to a new approach. Patient Educ Couns
1999;36:99-105.

Martinez-Montilla JM, Mercken L, de Vries H et al.
A web-based, computer-tailored intervention to reduce


https://academic.oup.com/her/article-lookup/doi/10.1093/her/cyaf021#supplementary-data
https://www.who.int/publications/i/item/WHO-RHR-18.06
https://www.who.int/publications/i/item/WHO-RHR-18.06
https://www.uts.edu.au/globalassets/sites/default/files/2019-04/access-3_young-people-and-the-health-system-in-the-digital-age.pdf
https://www.uts.edu.au/globalassets/sites/default/files/2019-04/access-3_young-people-and-the-health-system-in-the-digital-age.pdf
https://www.uts.edu.au/globalassets/sites/default/files/2019-04/access-3_young-people-and-the-health-system-in-the-digital-age.pdf
https://www.unodc.org/unodc/data-and-analysis/world-drug-report-2024.html
https://www.unodc.org/unodc/data-and-analysis/world-drug-report-2024.html
https://www.who.int/europe/publications/i/item/9789289060936
https://www.who.int/europe/publications/i/item/9789289060936

28

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

alcohol consumption and binge drinking among Spanish
adolescents: cluster randomized controlled trial. ] Med
Internet Res 2020;22:¢15438.

Vargas-Martinez AM, Trapero-Bertran M, Lima-Serrano
M et al. Measuring the effects on quality of life and
alcohol consumption of a program to reduce binge
drinking in Spanish adolescents. Drug Alcohol Depend
2019;205:107597.

de Josselin de Jong S, Candel M, Segaar D et al. Efficacy of
a Web-based computer-tailored smoking prevention inter-
vention for Dutch adolescents: randomized controlled trial.
J Med Internet Res 2014;16:¢82.

Coté J, Tessier S, Gagnon H et al. Efficacy of a web-
based tailored intervention to reduce cannabis use among
young people attending adult education centers in Quebec.
Telemed ] E Health 2018;24:853-60.

Glasgow RE, Vogt TM, Boles SM. Evaluating the pub-
lic health impact of health promotion interventions:
the RE-AIM framework. Am | Public Health 1999;89:
1322-7.

D’Lima D, Soukup T, Hull L. Evaluating the appli-
cation of the re-aim planning and evaluation frame-
work: an updated systematic review and exploration
of pragmatic application. Front Public Health 2022;9:
755738.

Gaglio B, Shoup JA, Glasgow RE. The RE-AIM framework:
a systematic review of use over time. Am | Public Health
2013;103:e38-46.

Glasgow RE, Harden SM, Gaglio B et al. RE-AIM plan-
ning and evaluation framework: adapting to new science
and practice with a 20-year review. Front Public Health
2019;7:64.

Racey M, Markle-Reid M, Fitzpatrick-Lewis D et al. Apply-
ing the RE-AIM implementation framework to evaluate
fall prevention interventions in community dwelling adults
with cognitive impairment: a review and secondary analy-
sis. BMC Geriatr 2021;21:441.

Glasgow RE, Estabrooks PE. Pragmatic applications of re-
aim for health care initiatives in community and clinical
settings. Prev Chronic Dis 2018;15:E02.

Harden SM, Smith ML, Ory MG et al. RE-AIM in clinical,
community, and corporate settings: perspectives, strategies,
and recommendations to enhance public health impact.
Front Public Health 2018;6:71.

Page MJ, McKenzie JE, Bossuyt PM et al. The PRISMA
2020 statement: an updated guideline for reporting system-
atic reviews. BMJ 2021;372:n71.

World Health Organization. WHO Guideline on Health
Policy and System Support to Optimize Community Health
Worker Programmes. Geneva: World Health Organization,
2018

Zotero. Version 7.0.15. Center for history and new media,
George Mason University, 2025. https://www.zotero.org/
(19 April 2025, date last accessed).

Jordan Z, Lockwood C, Munn Z et al. The updated Joanna
Briggs Institute model of evidence-based healthcare. Int |
Evid Based Healthc 2019;17:58-71.

Kirmayr M, Quilodrdn C, Valente B er al. The GRADE
approach, Part 1: how to assess the certainty of the evi-
dence. Medwave 2021;21:2.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Fernandez-Ledn et al.

Onate-Ocafia LE. Sistema GRADE para clasificar nivel de
evidencia y grado de las recomendaciones para la elab-
oraciéon de guias de buena prictica clinica. Cir Ciruj
2009;77:417-9

Griffin KW, Williams C, Botvin CM et al. Effectiveness of a
hybrid digital substance abuse prevention approach com-
bining e-Learning and in-person class sessions. Front Digit
Health 2022;4:931276.

Doumas DM, Hausheer R, Esp S et al. Reducing alco-
hol use among 9th grade students: 6 month outcomes
of a brief, Web-based intervention. | Subst Abuse Treat
2014;47:102-5.

Doumas DM, Esp S, Turrisi R et al. A test of the efficacy of
a brief, web-based personalized feedback intervention to
reduce drinking among 9th grade students. Addict Behav
2014;39:231-8.

Doumas DM, Esp S, Turrisi R et al. Efficacy of the
e¢CHECKUP TO GO for high school seniors: sex differ-
ences in risk factors, protective behavioral strategies, and
alcohol use. J Stud Alcobol Drugs 2020;81:135-43.
Jander A, Crutzen R, Mercken L et al. Effects of a web-
based computer-tailored game to reduce binge drinking
among Dutch adolescents: a cluster randomized controlled
trial. ] Med Internet Res 2016;18:¢29.

Drost RM, Paulus AT, Jander AF et al. A web-based
computer-tailored alcohol prevention program for adoles-
cents: cost-effectiveness and intersectoral costs and bene-
fits. | Med Internet Res 2016;18:€93.

Guo JL, Chang YC, Lin FH et al. User experience evalua-
tion of a 3D virtual reality educational program for illegal
drug use prevention among high school students: applying
the decomposed theory of planned behavior. Digit Health
2023;9:20552076231171237.

Haug S, Schaub MP, Venzin V et al. A pre-post study on
the appropriateness and effectiveness of a Web- and text
messaging-based intervention to reduce problem drink-
ing in emerging adults. | Med Internet Res 2013;15:
el9e.

Haug S, Paz Castro R, Meyer C et al. A mobile phone-based
life skills training program for substance use prevention
among adolescents: pre-post study on the acceptance and
potential effectiveness of the program, ready4life. JMIR
mHealth uHealth 2017;5:¢143.

Vargas-Martinez AM, Lima-Serrano M, Trapero-Bertran
M. Cost-effectiveness and cost-utility analyses of a web-
based computer-tailored intervention for prevention of
binge drinking among Spanish adolescents. Alcobol Clin
Exp Res (Hoboken) 2023;47:319-35.

Newton NC, Champion KE, Slade T et al. A systematic
review of combined student- and parent-based programs
to prevent alcohol and other drug use among adolescents.
Drug Alcohol Rev 2017;36:337-51.

Spoth RL, Redmond C, Shin C. Randomized trial of brief
family interventions for general populations: adolescent
substance use outcomes 4 years following baseline. | Con-
sult Clin Psychol 2001;69:627-42.

Liverpool S, Mota CP, Sales CMD et al. Engaging children
and young people in digital mental health interventions:
systematic review of modes of delivery, facilitators, and
barriers. | Med Internet Res 2020;22:¢16317.


https://www.zotero.org/

Digital interventions for adolescent substance use

50.

S1.

52.

53.

54.

5S.

56.

57.

Whitehead L, Robinson S, Arabiat D et al. The report of
access and engagement with digital health interventions
among children and young people: systematic review. JMIR
Pediatr Parent 2024;7:¢44199.

Gance-Cleveland B, Frenn M, Browne N et al. A scoping
review of the role of policy in mitigating childhood obesity
in underserved populations using the RE-AIM framework.
Worldviews Evid Based Nurs 2024;21:445-53.

Musa M. Assessment of factors influencing students’ par-
ticipation in physical and health education in secondary
schools in the Federal Capital Territory. Int | Res Innov
Soc Sci 2024;8:182-198.

Hodder RK, Freund M, Wolfenden L et al. Systematic
review of universal school-based ‘resilience’ interventions
targeting adolescent tobacco, alcohol or illicit substance
use: a meta-analysis. Prev Med 2017;100:248-68.

King DK, Shoup JA, Raebel MA et al. Planning
for implementation success using RE-AIM and CFIR
frameworks: a qualitative study. Fromt Public Health
2020;8:59.

Graham AK, Lattie EG, Powell B] et al. Implementation
strategies for digital mental health interventions in health
care settings. Am Psychol 2020;75:1080-92.

Kwan BM, McGinnes HL, Ory MG et al. RE-AIM in
the real world: use of the RE-AIM framework for pro-
gram planning and evaluation in clinical and community
settings. Front Public Health 2019;7:345.

Shelton RC, Chambers DA, Glasgow RE. An extension
of RE-AIM to enhance sustainability: addressing dynamic
context and promoting health equity over time. Front
Public Health 2020;8:134.

58.

59.

60.

61.

62.

63.

64.

29

McGoey T, Root Z, Bruner MW et al. Evaluation
of physical activity interventions in children via the
reach, efficacy/effectiveness, adoption, implementation,
and maintenance (RE-AIM) framework: a systematic
review of randomized and non-randomized trials. Prev
Med 2016;82:8-19.

Biggs BK, Rodgers KV, Nayman S] et al. Translation
of a family-based behavioral intervention for adoles-
cent obesity using the RE-AIM framework and common
steps from adaptation frameworks. Transl Behav Med
2023;13:700-9.

Zeiler M, Kuso S, Nacke B et al. Evaluating reach, adop-
tion, implementation and maintenance of Internet-based
interventions to prevent eating disorders in adolescents: a
systematic review. Eur | Public Health 2020;30:179-88.
. Erratum in: Eur J Public Health. 2021;31(Suppl_1):195.
doi: 10.1093/eurpub/ckab109

Lehtimaki S, Martic ], Wahl B et al. Evidence on
digital mental health interventions for adolescents and
young people: systematic overview. JMIR Ment Health
2021;8:€25847.

Giovanelli A, Rowe ], Taylor M et al. Supporting adoles-
cent engagement with artificial intelligence-driven digital
health behavior change interventions. | Med Internet Res
2023;25:e40306.

Kazemi DM, Borsari B, Levine M]J et al. A systematic
review of the mHealth interventions to prevent alcohol and
substance abuse. | Health Commun 2017;22:413-32.
Riggs P. A pragmatic clinical approach to substance
abuse prevention. Psychiatr Clin North Am 2023;46:
741-8.

Health Education Research, 2025, 40(3), cyaf021, DOI: https://doi.org/10.1093/her/cyaf021, Original Article
© The Author(s) 2025. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided
the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints.
All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further
information please contact journals.permissions@oup.com.


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	Planning, implementation, evaluation, and sustainment of digital health interventions for adolescent substance use prevention: a systematic review of influencing factors based on the RE-AIM framework
	 Introduction
	 Methods
	 Search strategy
	 Selection criteria
	 Data selection and extraction
	 Quality assessment of the studies
	 Certainty and synthesis of data
	 Flowchart of the study using the PRISMA methodology

	 Results
	 Main results
	 Results according to the RE-AIM framework
	 Reach
	 Effectiveness
	 Adoption
	 Implementation
	 Maintenance


	 Discussion
	 Limitations
	 Insights from health education to enhance the relevance of the review's findings in the school context

	 Conclusions
	Author contributions
	Supplementary data
	Conflict of interest:
	Funding
	 Data availability
	References


