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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 cluster-randomized 
controlled trials, quasi-experimental designs, and one cross-sectional study, primarily targeting adolescents aged 11.9–17.4 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.
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Introduction
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 

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 
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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 

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 [25, 
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 Adolescents in the school context
Exposition Influencing factors according to RE-AIM
Outcomes Successful adoption and sustainability of school-based DHIs for substance use prevention
Research question 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?

Search strategy (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 ehealth 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, (II) year of publication, (III) country of origin, 
(IV) study objective, (V) methodology and population, 
(VI) intervention characteristics and contexts, (VII) 
main findings, and (VIII) 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. 
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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 

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 A1. 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 n = 2530 studies from database searches. A total 
of n = 1429 were removed as duplicates, and n = 1101 
were screened by title and abstract. Of these, n = 51 
were selected for full-text review, with n = 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, n = 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, 

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 

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 



Digital interventions for adolescent substance use 25

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 Martínez-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, 

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 AI 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 AI’s potential to create more engaging 
and personalized programmes that are accessible and 
sustainable.

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 AI 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.
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