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ARTICLE INFO ABSTRACT

Keywords: Objectives: Smoking continues to be a major preventable contributor to global morbidity and mortality. Con-
Digital health ventional prevention strategies have not fully succeeded in reducing smoking rates among youth. Digital in-
eci'elzlm terventions (DI) present an innovative approach to engage and educate this demographic.

dren

Study design: This systematic review evaluates the effectiveness of digital interventions in preventing smoking
among school-aged children (6-12 years).

Methods: PubMed/MEDLINE, Scopus, and PsycINFO were searched on April 4, 2024, and updated on April 10,
2025. PRISMA 2020 guidelines were followed to conduct the review. Protocol was registered in PROSPERO (CRD
42024534528).

Results: From 3330 identified records, 19 studies were reviewed. These studies utilized DIs, such as mobile ap-
plications, web-based programs, and multimedia campaigns, targeting knowledge enhancement, attitude shifts,
and behavioral changes related to tobacco use. The findings reveal that DIs significantly improve knowledge
about smoking risks and positively influence attitudes, particularly through interactive and gamified approaches.
However, the effectiveness varied depending on factors such as intervention design, participant demographics,
and follow-up duration. Behavioral outcomes, such as reduced smoking intentions and prevalence, showed mixed
results, with sustained engagement being a critical factor for long-term success. Family-based and culturally
tailored interventions demonstrated additional potential for reinforcing preventive behaviors.

Conclusions: Despite methodological diversity and moderate bias risks in some studies, the evidence supports DI
as a scalable and accessible strategy for tobacco prevention among youth, particularly in underserved
populations.

Smoking prevention
Systematic review

1. Introduction

Tobacco use remains one of the leading preventable causes of death
worldwide, posing a significant public health challenge, contributing to
substantial global morbidity and mortality each year.' Despite decades
of prevention efforts, smoking initiation continues to occur at a young
age, with school-aged children (6-12 years) particularly vulnerable due
to social modelling, peer influence and environmental influences, as
targeted media messaging.” Early prevention is critical, as habits formed
during childhood often persist into adolescence and adulthood.” How-
ever, limited data exist on effective tobacco prevention interventions
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tailored to this age group, highlighting a significant research gap.

Health promotion targeting children has the potential to support
their development into healthier, more resilient adults, positively
influencing long-term health outcomes. Effective educational programs
should equip schoolchildren with cognitive and psychological skills that
enable them to cope with life transitions, adopt healthy behaviours, and
resist peer pressure to engage in risky activities.®> Addressing this issue
requires innovative, evidence-based approaches that extend beyond
traditional educational methods.

Over the past two decades, digital interventions (DIs) have emerged
as promising and innovative tools for health promotion, offering
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interactive, flexible, and engaging platforms that can appeal to chil-
dren.*® By integrating educational content with gamified and
multimedia-rich experiences, DIs have the potential to enhance health
literacy, and foster positive behaviours.® A growing body of evidence
supports the use of web-based programs, mobile apps, interactive
games, and multimedia tools in improving health-related knowledge,
attitudes, and behaviors, particularly among adolescents and young
adults.”. These interventions often draw on behavioral theories—such as
the Theory of Planned Behavior or Social Cognitive Theory—and
incorporate gamification, media literacy training, and peer engagement
components to increase relevance and impact.®

Despite their promises, most research on DIs for tobacco prevention
focuses on adolescents, leaving younger children underrepresented, in
both the literature and program development.’ Yet, the preadolescent
period represents a critical window for intervention, as cognitive and
psychosocial skills are still forming, and preventive messaging may have
long-term developmental benefits.'’ Designing age-appropriate in-
terventions for this group poses unique challenges, including ensuring
developmental suitability, sustaining engagement, and involving care-
givers and educators as active participants. Additionally, challenges
such as variability in intervention design, short program durations, and
limited cultural adaptation hinder the ability to draw robust conclusions
about their effectiveness.” Another limitation is the short duration of
many interventions, which restricts the ability to assess long-term
behavioural changes.!! The integration of culturally tailored content
and parental engagement components also remains underexplored,
although evidence suggests these factors can enhance program effi-
cacy.'? Furthermore, limited sample sizes and the absence of standard-
ized evaluation frameworks reduce the generalizability of findings. To
address these gaps, systematic reviews focusing on digital tobacco pre-
vention programs can provide crucial insights by synthesizing existing
evidence, identifying best practices, and guiding future intervention
designs. Such reviews can inform the development of more compre-
hensive, theory-driven, and culturally sensitive digital health
interventions.

This systematic review aims to assess the impact of DIs on smoking
prevention among school-children (6-12 years), evaluating the effec-
tiveness of various digital tools in enhancing tobacco-related knowl-
edge, attitudes, and preventive behaviours. The findings are expected to
inform educators, policymakers, and health professionals on integrating
digital health strategies into school-based prevention programs.

2. Methods

This systematic review and meta-analysis followed established pro-
tocols according to the Cochrane Collaboration guidelines'® and the
results were reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses 2020 (PRISMA-2020).'*. The
study protocol was registered in PROSPERO (registration number: CRD
42024534528).

2.1. Literature search strategy

To comprehensively address the research question, “What is the
effectiveness of digital interventions in preventing smoking initiation
among school-aged children (6-12 years old)?” a systematic search was
conducted in PubMed/MEDLINE, Scopus, and PsycINFO on April 4,
2024, and updated on April 10, 2025. Complete search strings for each
database are documented in Supplementary Table 1. Additional studies
were identified by examining the references of included studies and
consulting subject-matter experts.

2.2. Inclusion and exclusion criteria

The study selection process followed the PI(E)COS framework.
Eligible studies were limited to English-language, original publications
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in peer-reviewed journals. We included studies published in English, as
specified in the protocol. This decision was based on the language pro-
ficiency of the review team and the available resources for accurate data
extraction and interpretation. However, no potential eligible studies
have been excluded due to language. Supplementary Table 2 provides
additional detail on the inclusion and exclusion criteria.

2.3. Study selection and data extraction

Retrieved references were imported in Endnote X9 and then screened
using the Rayyan tool (Rayyan Systems Inc., Cambridge, MA). Study
selection occurred in two stages, as previously performed.'>!°, Dis-
agreements were resolved through discussion or by consulting a senior
researcher (VG). Data extraction used a standardized, pre-piloted
spreadsheet in Excel (Microsoft Excel® for Microsoft 365 MSO, USA,
2019). To improve the quality of data extraction, the spreadsheet was
pre-tested on 5 randomly selected studies.'”. Primary outcomes focused
on smoking knowledge, attitudes, behaviors, and initiation rates, while
secondary outcomes included participant engagement and satisfaction.

2.4. Risk of bias assessment

The risk of bias in each study was assessed using established criteria
suitable for each study type. Randomized clinical trials (RCT) were
evaluated with the Cochrane Risk of Bias (ROB) 2 tool,18 while the Risk
Of Bias In Non-randomized Studies of Interventions (ROBINS-I) was
used for non-randomized studies.'’.

3. Results
3.1. Studies selection

The study initially retrieved 3330 records from PubMed/MEDLINE
(2102), Scopus (1100), and PsycINFO (128). After removing 723 du-
plicates, 2607 unique records were screened based on titles and ab-
stracts, resulting in the exclusion of 2565 records that did not meet
inclusion criteria. Full-text retrieval was attempted for 42 reports, but
one was unavailable,”’ leaving 41 for eligibility assessment. Of these, 22
were excluded due to age range (n = 19),21’38 population (n = 1),33
outcome (n = 1),39 and unsuitable study design (n = 1).%°, No additional
studies were found through citation searching or expert consultation.
Ultimately, 19 studies met the inclusion criteria and were included in
the final review.*' . Studies selection procedure is summarized in
Fig. 1.

3.2. Study period and country

The studies span a range of years and cover diverse geographic re-
gions. In particular, the study periods range from early programs, con-
ducted from 1987 to 1989 in the United States of America (USA),‘W’50 to
more recent initiatives, in Australia, conducted from 2019 to 2023.%“.
Notably, the USA was the country with the highest number of studies (n
=11) (Fig. 2).

3.3. Characteristics of the included population

The studies reviewed encompass a diverse range of participants in
terms of age, gender, and cultural background, offering a broad
perspective on youth tobacco prevention. Sample sizes varied signifi-
cantly, from small cohorts like 42 parent-child pairs,”’ to larger groups
such as 6640 participants.*®. Participants’ ages ranged from childhood
S to pre-adolescence °! (with a median age of 11).°°. Gender repre-
sentation was generally balanced, accounting for potential differences in
intervention responses.***°, The studies also targeted diverse
socio-educational backgrounds, including rural,”” low-income,** and
ethnically diverse communities,”>® ensuring a broad representation of
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Fig. 1. Flow diagram depicting studies selection process.
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Fig. 2. Geographical distribution of the included studies based on country where the studies took place.

socio-demographic contexts in tobacco prevention efforts (Table 1).

3.4. Type of digital tool and intervention

The reviewed studies utilized various digital tools for youth tobacco
prevention, including web-based programs *%*>°1:5%57:58 mobile ap-
plications **»**°° and multimedia educational campaigns that utilize
multiple forms of media—such as videos, cartoons, radio spots, and
emails. Web-based interventions were designed to enhance media lit-
eracy,”” while mobile apps engaged users through gamification and vi-
sual effects.">°°, Some interventions combined web and mobile
components to address multiple health risks.**. Interactive and tailored

programs °*°® provided personalized feedback and skill development.
Multimedia campaigns, including videos, radio, and cartoons, were
widely used in several studies (n = 7, 39 %) 43,47-50,54,59 (Fig. 3).

The majority of interventions (78 %) were conducted in school set-
tings, either alone or integrated with home environments, emphasizing
their role in youth tobacco prevention,*!»4%44-46,48,49,51-54,56,58,59 =
smaller portion (17 %) were implemented at home, offering flexibility
and emphasizing parental involvement.>*”’, Community settings,
including public facilities, were less frequent (6 %) but facilitate data
collection and engagement °° (Fig. 4).

Most studies included comparison groups to evaluate intervention
effectiveness. The most common approach (44 %) involved control
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Table 1

Descriptive characteristics of included studies, in alphabetical order.
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Author name, Study Aim of the study Study Number of Age of Gender of Main population characteristics

year of period design participants participants participants

publication

(Ref)

Andrews, 2011-2013  Evaluate long-term efficacy of RCT 2322: 11681+ 10-12y 50 % F Middle school students from

2014 Click City®: Tobacco, a school- 1154 C Oregon, primarily Caucasians
based tobacco prevention
program

Brinker, 2016"*  NA Use mobile phone technology in  trial 125 mean 12.75 39.2%F German secondary school students
accordance with the theory of y
planned behavior to improve
school-based tobacco prevention
knowledge

Bush, 2005 NA Assess youth attitudes towards RCT 418 10-12y 51%F Families with children in two large
smoking and the effect of health maintenance organizations
parental influence on positive in the USA, but tended to have
attitudes about smoking fewer ethnic minorities and higher

educational levels than the general
U.S. population.
Champion, 2019-2023  Evaluate the efficacy of RCT 36101 vs 3030 C mean 12.7 48.3%F Students in grade 7 from 519
2023* Health4Life eHealth independent, public (government-
intervention on modifying six funded), or Catholic schools
lifestyle risk behaviours in
adolescents

Chen, 2016*° 2011-2012  Examine the effects of a parent-  Cluster 95 total: 37 810y NA Children living with parental
child interactive program on RCT (parent-child I) 38 smokers in Taiwan
reducing exposure to ETS among (parent child C)
school-aged children

Cremers, 2011-2013  Evaluate the effectiveness of Cluster 3213 10-12y 50.58% F Dutch primary school children

2003 computer-tailored feedback RCT transitioning to secondary school.
messages on children’s smoking Western ethnic background 88.27
intentions and behavior %

Curry, 2003" NA Evaluate a family-based smoking ~ RCT 4026 families 10-12y 52%F Families with a dependent child
prevention intervention aged 10-12 were recruited. Most
delivered through managed care parents were white (85 %), 73 %
to reduce susceptibility and were female, 77 % had post-high
initiation of smoking among school education, 80 % were
youth employed full- or part-time. 14 %

of parents reported current
smoking

Di Paco, 2013“°  2006-2009  Assess effectiveness of school- trial 1382 10-12y 49%F Italian secondary school students
based program using media in Livorno and Pisa
figures for smoking prevention

Elder, 1993* 1988 Evaluate the effectiveness of the =~ RCT 2668 mean 12 y Balanced (% are Ethnically diverse junior high
SHOUT program, delivered by not directly students, primarily White/non-
college students, on preventing reported) Hispanic, Hispanic, and Other
tobacco use in junior high ethnicities
students over three years

Flynn, 1997°° 1987-1989  Assess the long-term effects of Q-E 5458 9-12y Balanced (% are Diverse demographic, with a focus
combined mass media and not directly on high-risk youth across four
school smoking prevention reported) metropolitan areas in the USA
interventions on high-risk and
low-risk youth

Hieftje, 2021°" 2017-2018 Assess the effectiveness of aweb-  Q-E 560 mean 11.9 53.6 % F Multi-ethinic adolescents 11-13
based videogame intervention, years
smokeSCREEN, on young
adolescents’ beliefs and
knowledge related to tobacco
and e-cigarette use

Tizuka, 2015°% NA Examine the effects of a tobacco-  Q-E 165 12-13y 41 %F Japanese junior high school
use prevention lecture with a students
pseudo-COPD experience on
adolescents’ attitude toward
smoking

Kolovelonis, NA Examine the effectiveness of 'I Q-E 338 10-12y 143 boys, 176 135 elementary (5th-6th grade)

2016 do not smoke, I exercise’ girls and 203 secondary (7th grade)
program in elementary and students
secondary students

Nixon, 2008°* NA Investigate the effectiveness of RCT 598 children (351 mean 11.57 305 boys, 293 Approximately 96 % of the sample
an antismoking PSA on in the fifth grade y girls, was Caucasian, this percentage
children’s intent to smoke and 247 in the was representative of the total

eighth grade) population in the geographic area

Nyman, 2024°° 2022 To evaluate the effectivenessofa  Cluster 781 (intervention mean: 11.25 F:47.4 % Early adolescents
digital health game intervention = RCT group 387; control y

compared with a no-intervention

group 394)

(continued on next page)
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Table 1 (continued)

Public Health 245 (2025) 105799

Author name, Study Aim of the study Study Number of Age of Gender of Main population characteristics

year of period design participants participants participants

publication

(Ref)
control group on smoking refusal
self-efficacy

Parisod, 2018°° 2016 Determine the short-term RCT 150 (group An = median 11 y group A: 52.2 % Early adolescents
effectiveness of the tobacco- 60; group Bn =47, F; group B =
related mobile health game group C n = 43) 42.6 % F; group
“Fume” and a non-gamified C = 62.8 %F
website

Scull, 2017°7 NA Evaluate the effectiveness of the ~ RCT 42 parent-child 811y 52%F Children from rural areas
Media Detective Family program pairs (n =121
for substance abuse prevention families; n = 22 C
among children families)

Shegog, 2005°% 2002 Evaluate the impact of the trial 2227 Primarily 12 Balanced (% are Sixth-grade students from nine
Headbutt Web-based smoking years old not directly middle schools in Texas, diverse
prevention program on middle reported) ethnic background
school students’ intentions to
smoke

Surani, 2011 °° NA Assess baseline knowledge of Q-E 6269 69y NA Elementary school children from

smoking effects among students
and evaluate the effectiveness of
an antitobacco education
program

Texas school districts (Corpus
Christi, Callalen, Flour Bluff)

C: control group; COPD: chronic obstructive pulmonary disease; ETS: environmental tobacco smoke; F: female; I: intervention group; NA: not available; PSA: public
service announcement; Q-E: quasi-experimental; RCT: randomized control trial; SHOUT: Students Helping Others Understand Tobacco; y: years.

Digital Tool Type
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Fig. 3. Distribution of digital intervention types used in smoking prevention
programs for school-aged children.
groups receiving no intervention or standard education,*!*347-4%51,56
while 22 % compared different intervention types.*>*%°%%_ Addition-
ally, 33 % employed pre- and post-intervention evaluations, *%>1-5%58:59,
Several studies applied varied comparison methods to measure
intervention impact. For instance, some compared digital tools with no-
intervention group,”® or standard health education curriculum,** while
others assessed different levels of exposure to interventions, such as
varying frequencies of anti-smoking public service announcements
(PSAs) °* (Table 2).

3.5. Main results

Results are categorized based on the statistical significance and di-
rection of the association for each outcome and summarized in Table 2.

3.6. Knowledge

Several studies reported significant improvements in tobacco-related
knowledge following digital interventions. For example, Parisod et al.
found significant positive shifts in smoking-related Knowledge through
the mobile health games (p = 0.002), while not significant changes were

found with the web-based intervention.’®. However, other web-based
interventions significantly increased knowledge, particularly about
smoking’s negative consequences.’®, Educational cartoon videos were
also effective, with high immediate recall (82 %) and retention (83 %)
rates over a period of 4-6 weeks.””. Other interventions incorporating
interactive components resulted in significant improvements in knowl-
edge and beliefs (p < 0.0001), although beliefs about smoking harms
remained unchanged in certain cases (p = 0.06).°". However, some in-
terventions showed effectiveness only among older students, high-

lighting age-related differences in knowledge acquisition.”>.

3.7. Attitudes

Digital interventions targeting smoking-related attitudes yielded
significant improvements across multiple studies. Prevention lectures
using interactive tools such as simulation masks were effective in
reducing pro-smoking attitudes (p < 0.05).%”. Positive shifts in smoking
attitudes, subjective norms, and perceived behavioral control were
observed, particularly among younger students.”. Mobile health ap-
plications designed with gamification features also contributed to
favorable attitude changes (p = 0.01) °° and positive effects on sources
of smoking and snus refusal self-efficacy.””. Additionally, perceived

Study Setting

14
12

10

Home

.
0

Community

School School-Home

Fig. 4. Distribution of study setting used for digital interventions in smoking
prevention programs for school-aged children.



Table 2

Main characteristics of digital interventions and main results of included studies reported in alphabetical order.

Author name, Type of digital tool Type of intervention Setting Type of comparison Main results Col  Funds
year of
publication
(Ref)
Andrews, Computer-based interactive program (Click Eight sessions in 5th grade and two booster Elementary and Intervention group (Click Significant reduction in willingness and no yes
2014 City®: Tobacco) sessions in 6th grade targeting middle schools City®) vs. Usual Curriculum intentions to smoke in Click City® group
compared to Usual Curriculum group,
especially among at-risk students.
Brinker, 2016 Mobile phone app (“Smokerface™) Photoaging app used to display future Secondary schools Before-and-after comparison 63.2 % agreement on the intervention’s no yes
appearance effects of smoking through the app projection effectiveness in motivating non-smoking
behavior
Bush, 2005% Families received a mailed smoking- The intervention included a mailed smoking-  Home Baseline vs. follow-up attitudes ~ One-third of the children believed they could NA  yes
prevention packet (parent handbook, prevention packet, outreach telephone over 20 months, using a smoke without becoming addicted, and 8 %—
videotape about youth smoking, comic book, counselor calls to the parent, a newsletter, control and intervention group 10 % believed in the benefits of smoking.
pen, and stickers), outreach telephone and medical record prompts for providers to Children’s positive attitudes about smoking
counselor calls to the parent, a newsletter, deliver smoking-prevention messages to were associated (p = 0.01) with lower family
and medical record prompts for providers to parents and children during routine visits cohesiveness, and parental use of tobacco
deliver smoking-prevention messages to within the 20-month study period was the only significant predictor of
parents and children. children’s positive attitudes about tobacco at
20 months
Champion, Web-based eHealth modules and smartphone  Six online cartoon modules that use co- School Intervention vs. usual health No significant effect on smoking use OR = no yes
2023" app (Health4Life) designed storylines about a group of education mandatory in 1.68 (0.76-3.72)
teenagers and principles of social influence to Australia, based on one week
impart evidence-based information plus class
smartphone app targeting alcohol use,
tobacco use, screen time, physical activity,
diet, and sleep
o Chen, 2016"° Interactive and telephone session Parent-child interactive program consisting of ~ Primary school Comparison between the Significant reduction in children’s no yes
three weekly group sessions and one intervention group (parent- environmental tobacco smoke exposure and
individual telephone counseling session child interactive sessions) and parental smoking in the presence of children
control group (received at 8-week and 20-week follow-ups.
tobacco hazard information by  Intervention group reported 63.6 %
mail) reduction in environmental tobacco smoke
exposure compared to 5.1 % in the control
group, at 8 week follow-up; and a reduction
of 48.4 % and 13.33 %, respectively, at 20-
week follow-up
Cremers, 2003"°  Web-based computer-tailored intervention Web-based, computer-tailored feedback Primary schools Intervention group (with/ No significant effect on smoking intentionsor ~ yes  yes
messages, with or without email/SMS without prompts) compared to  behavior at 12 or 25 months follow-up
prompts control group (no computer-
tailored feedback messages or
prompt messages)
Curry, 2003*7 Videotape -+ other non digital materials Educational Kits: Families received a Managed care Intervention group vs. usual No significant reduction in susceptibility or NA  yes

handbook, a videotape, and a children’s
packet with a comic book and anti-tobacco
items to facilitate discussions on smoking
risks.

Counseling: Follow-up calls encouraged
material usage and addressed challenges,
with additional reminders for those
unreachable.

Ongoing Support: A newsletter and booster
call, sent 14 months post-enrolment,
reinforced the program’s messages and
provided access to an educational website.
Physicians supported the intervention by

organizations with
in-home activities

care group with 20-month
follow-up

smoking initiation, but modest increase in
parent-child tobacco discussions in the
intervention group.

(continued on next page)
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Table 2 (continued)

Author name, Type of digital tool Type of intervention Setting Type of comparison Main results Col  Funds
year of
publication
(Ref)
delivering motivational messages during
routine visits.
Di Paco, 2013 Lecture (with also video), games, theatre, 1-h lecture on smoking hazards with slides, Secondary schools Intervention group vs. control 4 % of the study group and 14 % of the NA NA

Elder, 1993*

Flynn, 1997°°

Hieftje, 2021°"

lizuka, 2015 2

Kolovelonis,
2016

Nixon, 2008 **

media-based elements like TV and soccer stars

Recorded video tape and telephone booster

540 television and 350 radio spots
broadcasted in programs popular with
targeted groups

Web-based, theory- and evidence-informed
videogame

A mask that simulates the effects of having
COPD, visual aids like movie clips and
PowerPoint slides

Website: resource used for the intervention
are downloaded by the website

Antismoking PSA video

videos, leaflets, followed by card games and a
theatre event featuring show business
characters

The leaders’ role plays were videotaped and
showed to the children in class plus school
interventions based on health consequences
of tobacco use, read celebrity endorsements
of nonuse, discussed the antecedents and
social consequences of tobacco use, became
familiar with tobacco products, rehearsed
methods of resisting peer pressure, practiced
decision making, wrote letters to tobacco
companies describing their opinion on youth
tobacco use, and performed a skit for their
classmates in which they were offered
tobacco and refused it

Mass media intervention consisted of brief
messages, or “spots,”” which addressed
explicit educational objectives and school
interventions (three or four lessons per year)

Gameplay over one to 2 h, focused on refusal
skills and knowledge about tobacco and e-
cigarettes

30-min tobacco-use prevention lecture with
slides and movie clips, followed by 15-min
exercise wearing a COPD-simulation mask

Eight weekly sessions promoting exercise as
an alternative to smoking

Classes were randomly assigned to view
varying frequency of PSA exposure (one-time,
monthly, and weekly over 8 weeks). Surveys
were completed after each PSA viewing

School

Community

School

Junior high school

Elementary and
secondary schools

School

group with no intervention
over the same 2-year period

Intervention vs. no
intervention over three years

Media plus school intervention
vs. school-only intervention
(three or four lessons per year)
sharing the same objective but
were not otherwise linked
Pre-post intervention

Pre- and post-lecture
comparison of smoking
attitudes (KTSND scores)

Pre- and post-test comparison
within groups

Comparison across different
frequencies of PSA exposure
without a true control group

control group reported smoking habit after 2
years (p = 0.001)

Statistically significant reduction in tobacco NA NA
use. Prevalence of tobacco use within the last

month: 14.2 % in the intervention group vs

22.5 % among the control group. odds of past

month tobacco use among intervention vs

control group: combined tobacco use OR =

0.71 (p < 0.05), smoking OR = 0.77 (p <

0.05); smokeless tobacco use OR = 0.47 (p <

0.001)

Significant reduction in smoking prevalence NA yes
among high-risk youth (OR = 2.21),

media-school treatment status (OR = 0.72),

and female gender (OR = 1.48)

Significant positive changes in knowledge no yes
and beliefs regarding tobacco use (all p-

values <0.0001). There was no change in the

belief that smoking cigarettes is harmful to

one’s health in pre- and post-survey (p =

0.06). There were differences in the

proportions of correct answers before (pre-

survey) and after (post-survey) the

intervention for all six knowledge questions

(p < 0.0001)

The KTSND scores decreased significantly NA  yes
after the intervention (p < 0.0001), showing

a positive shift in attitudes against smoking.

The simulation mask experience significantly

increased Borg scale scores (indicating

dyspnea) (p < 0.0001).

Elementary students: Significant positive NA  yes
effects on attitudes toward smoking,

intention to smoke, subjective norms, and

smoking knowledge. Secondary students:

Significant effects on perceived behavioral

control and smoking knowledge.

Younger children demonstrated an initial NA  yes
decrease in their intention to smoke after

viewing the PSA, while older children

showed an increase over time.

Younger children (fifth graders): After

viewing the PSA once, their intention to

smoke decreased significantly. There was a

(continued on next page)
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Table 2 (continued)

Author name,
year of
publication

(Ref)

Type of digital tool

Type of intervention

Setting

Type of comparison

Main results

Col

Funds

Nyman, 2024°°

Parisod, 2018°°

Scull, 2017°7

Shegog, 2005°°

Mobile health game (Fume)

Group A: mobile health game, group B: non-
gamified website

Media Campaign (television advertisements)

Web-based intervention called "Headbutt"

Digital game intervention using 'Fume’,
played for 15-30 min at school, followed by a
30-min debriefing session after 2 weeks.

Group A: 20-min guided training session with
the health game Fume at school and two
weeks of free, tracked usage of the game
during free time group B: 20-min guided
training session with the website at school
and two weeks of free, tracked usage of the
website during free time

Exposure to tobacco education
advertisements across multiple waves

The "Headbutt" Single 20-50 min session,
tailored feedback on smoking intentions,
attitudes, and self-efficacy

School

School - home

Community
setting, various
locations in
California
School

No-intervention control group

Group C: no intervention

Comparison of responses
across four data-gathering
waves

Pre-post intervention
comparison

notable reduction in smoking intention from
Time 1 (pretest) to Time 2 (immediately after
the first viewing of the PSA), with a decrease
in the mean score from 1.32 (SE = 0.04) at
Time 1 to 1.24 (SE = 0.03) at Time 2 (p <
0.01). However, this positive effect did not
remain over time, as the scores increased
slightly by Time 3 and Time 4.

Older children (eighth graders): Older
children’s intention to smoke increased over
time, with a significant linear trend. Their
likelihood to smoke increased from 1.78 (SE
=0.07) at Time 1 to 1.83 (SE = 0.07) at Time
3 and remained at 1.83 (SE = 0.08) at Time 4.
This increase was particularly notable for
boys who viewed the PSA weekly compared
to those who viewed it only once.

At-risk younger children: Younger at-risk
children (those with friends who smoked)
showed a significant decrease in smoking
intention over the study period. Their mean
intention to smoke decreased from 1.85 (SE
=0.10) at Time 1 to 1.21 (SE = 0.10) at Time
3 (p < 0.01), and this reduction remained
stable at Time 4 (1.24, SE = 0.11). This
suggests the PSA had a lasting impact on this
subgroup

The intervention showed positive effects on
sources of smoking (p = 0.041 from 2-week
to -month follow-up) and snus refusal (p =
0.004 from baseline to 3-month follow-up)
self-efficacy, especially among 12-year-olds
and those with smoking friends or parents.
Statistically significant favorable changes
found for positive (P = 0.002) and negative
(P = 0.02) smoking outcome expectations
and attitudes towards cigarette smoking (P =
0.01) within the group using Fume. No
statistically significant changes were
detected within the website or control groups
Positive effects on students’ attitude Cohen’s
d = —0.80 (p = 0.029); mixed results for
adult smokers d = 0.22 (not statistically
significant)

The "Headbutt" Significant improvements in
smoking intentions (p < 0.001), attitudes (p
< 0.001), self-efficacy (p < 0.001), and
knowledge (p < 0.001) about smoking risks
among sixth graders. These improvements
were observed immediately after using the
program. Changes in attitudes about the
positive effects of smoking (such as mood
control and social benefits) had the greatest

no

NA

NA

yes

(continued on next page)
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were generally strong and statistically significant across several in-
terventions, reinforcing the value of digital tools in conveying infor-
mation about tobacco risks. Interactive features, such as games and
tailored feedback, enhance engagement and knowledge retention,
particularly in disadvantaged populations.®>®!. In particular, a review
conducted among adolescents, underscore the potential of eHealth in-
terventions in preventing risk behaviors, including smoking, poor diet,
and alcohol use among low socioeconomic and geographically remote
populations.®!. While the primary outcomes in the above-mentioned

a)

Public Health 245 (2025) 105799

review focus on smoking prevention, the effectiveness of eHealth tools
across multiple health behaviors aligns with findings from the existing
literature, which reports significant reductions in poor diet and binge
drinking among disadvantaged adolescents following eHealth in-
terventions.®'. This reinforces the versatility and reach of digital stra-
tegies across various risk behaviors, not just smoking.

Socially engaging digital tools, such as interactive games and
tailored feedback, have been shown to effectively enhance knowledge
retention and engagement, which are crucial for impactful health

Author name, year of | D1 | D2

publication (Ref)

D4 D5 D6 Overall

Andrews, 2014 [41]

Bush, 2005 [43]

Chen, 2016 [45]

Cremers, 2003 [46]

Curry, 2003 [47]

Elder, 1993 [49]

Nixon, 2008 [54]

Nyman, 2024 [55]

Parisod, 2018 [56]

Scull, 2017 [57]

0000000000 -
%]

D: domain; D1: Random Sequence Generation (Selection Bias); D2: Allocation Concealment (Selection Bias): D3:
Blinding of Participants and Personnel (Performance Bias); D4: Blinding of Outcome Assessment (Detection Bias); D5:
Incomplete Outcome Data Addressed (Attrition Bias); D6: Selective Reporting (Reporting Bias)

b)

Author name, year | D1 | D2

of publication (Ref)

D3

D4 D5 D6 D7 overall

Brinker, 2016 [42]

Champion, 2023
[44]

Di Paco, 2013 [48]

Flynn, 1997 [50]

Hieftje, 2021 [51]

lizuka, 2015 [52]

Kolovelonis, 2016
[53]

Shegog, 2005 [58]

Surani, 2011 [59]

D1: Bias due to Confounding; D2: Bias in Selection of Participants into the Study; D3: Bias in Classification of
Interventions; D4: Bias Due to Deviations from Intended Interventions; D5: Bias Due to Missing Data; D6: Bias in
Measurement of Outcomes; D7: Bias in Selection of the Reported Result

Fig. 5. Quality of bias assessment stratified by study design and reported in alphabetical order. Green: low risk, Yellow: moderate risk; Orange: Serious risk; Red:
high risk. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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education,'’ which is critical for impactful health education.’’. The
evidence supports the value of gamification and interactive learning in
health promotion,®? particularly for youth who may face stigma or
barriers to accessing traditional healthcare services.®®. The universal
accessibility of eHealth solutions might in theory offer a promising path
for bridging health equity gaps by providing preventive support in areas
with limited healthcare access. However, despite their potential to
improve care, digital health technologies may also contribute to dis-
parities influenced by factors such as age, socioeconomic status, edu-
cation, and digital literacy.’®. Therefore, its role in perpetuating
inequities warrants further investigation, particularly focusing on so-
cially disadvantaged groups and the interaction of personal and social
factors.®.

However, changes in attitudes were influenced by factors such as
age, perceived social benefits, and familial influences.®>°. Experiential
learning approaches, including simulation tools and behavioral
modeling, have been found to enhance the perceived severity of
smoking-related harms, leading to stronger aversive attitudes.’>",
However, while these interventions may successfully shift attitudes,
they do not always result in sustained behavioral change, particularly
among older adolescents or in environments where social influences are
prevalent.®’.

Behavioral outcomes, including reductions in smoking intentions
and prevalence, showed positive trends but highlighted the need for
sustained engagement and more intensive interventions to ensure long-
term behavior change. The findings emphasize that the effectiveness of
digital interventions depends on factors such as design, duration,
setting, and demographic characteristics.’®. Tailoring interventions to
cultural and developmental needs, especially in high-risk populations,®’
and ensuring long-term engagement are crucial to maximizing their
impact on tobacco prevention efforts.

4.1. Implications for public health policies and future directions

This review highlights the significant public health potential of
digital interventions for youth tobacco prevention at both national and
global levels. Digital tools, particularly those with interactive features
like games and tailored feedback, effectively enhance knowledge, atti-
tudes, and behaviors. Their integration into educational settings offers a
scalable and accessible solution, especially for underserved communities
facing barriers to traditional healthcare.”””!. Investment in integrating
health prevention and promotion into educational settings through
digital platforms holds significant potential. This is particularly advan-
tageous for reaching at-risk groups, such as those in low-income, rural,
or underserved communities who may face barriers to accessing tradi-
tional health services. By leveraging the accessibility of digital plat-
forms, public health initiatives can address gaps in health equity,
offering preventive care that is both scalable and adaptable across
diverse settings.””.

The review identifies challenges in sustaining long-term behavior
change, as many interventions showed immediate improvements in
knowledge and attitudes but inconsistent long-term effects. This un-
derscores the need for sustained engagement strategies, such as booster
sessions or combining digital tools with in-person support’?. Addressing
these challenges is crucial to ensure the effectiveness of tobacco pre-
vention efforts, particularly in high-risk populations. Additionally,
incorporating family-centered approaches within digital interventions
can enhance their impact by reinforcing preventive messages and miti-
gating social influences.”. Public health strategies should adopt
multi-layered approaches to support sustained behavior change and
create supportive environments.

Lastly, this review suggests that digital interventions for tobacco
prevention can be adapted to address other health risks such as poor
diet, alcohol use, and mental health challenges. Multi-behavior eHealth
programs have proven effective in tackling multiple risk factors simul-
taneously, optimizing public health resources and expanding
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intervention impact.**. The findings support the continued use and
refinement of digital tools, emphasizing the need for culturally relevant,
accessible, and engaging interventions tailored to diverse youth pop-
ulations. Adapting these interventions to different socio-economic and
geographical contexts is crucial for maximizing their public health
impact and promoting a healthier, smoke-free future. In this perspective,
future research should optimize digital interventions for youth tobacco
prevention by enhancing content and delivery. A key focus should be on
multi-behavioral approaches addressing tobacco use alongside other
risk factors like diet, alcohol, and mental health to provide compre-
hensive support’*. Efforts should also aim to improve long-term
engagement through booster sessions and gamification.””. Custom-
ization and cultural adaptability are crucial to ensuring relevance across
diverse populations, particularly underserved groups. Lastly, longitu-
dinal studies are needed to evaluate the long-term sustainability and
effectiveness of these interventions in maintaining tobacco abstinence
among youth.

4.2. Limitations and strengths

This systematic review is robust and methodologically sound,
following PRISMA 2020 guidelines and a pre-registered PROSPERO
protocol, ensuring transparency and replicability. Its comprehensive
search strategy and inclusion of diverse study designs enhance the
breadth of findings and relevance to public health, particularly for
school-aged children. However, the heterogeneity in study designs,
outcome measures, and follow-up periods complicates result synthesis
and generalization. The review primarily focuses on short-term out-
comes, with limited insights into long-term impact. Another potential
limitation of this review is the restriction to studies published in English.
However, no potential eligible studies have been excluded to the lan-
guage issue. Despite these limitations, it provides valuable insights into
digital interventions for youth tobacco prevention and highlights the
need for further research and methodological consistency.

4.3. Conclusions

This review highlights the effectiveness of digital interventions in
youth tobacco prevention, improving knowledge and attitudes through
mobile apps and web platforms. Among the RCTs assessed as having a
low risk of bias, the most consistent and promising results were observed
in interventions that included interactive digital tools and mobile health
games, particularly those targeting at-risk youth or involving parental
engagement; these studies reported significant reductions in smoking
intentions, smoking-related attitudes, and exposure to environmental
tobacco smoke. While these tools are accessible and scalable, sustaining
behavior change remains challenging without ongoing reinforcement.
Future efforts should integrate multi-behavioral strategies to enhance
long-term impact and support broader public health goals.
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