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ABSTRACT

Objective: To perform an umbrella review of systematic reviews and meta-analyses of health policy and
health promotion strategies to reduce the tobacco demand in adolescents, youth and young adults.
Methods: Reviewers independently performed an electronic database search, reviewed titles and
abstracts, assessed articles’ eligibility for inclusion and quality, and extracted relevant data. Only sys-
tematic reviews and meta-analyses reporting data on tobacco policies and interventions focusing on
individuals aged <25 years were included. The Framework Convention on Tobacco Control was used to
guide data synthesis.

Results: 13 articles were included. Studies were of mixed quality with five studies ranked as critically low
and seven as high quality. Overall, mixed results were found on the effectiveness for tobacco policies and
interventions. Strategies such as increasing taxes on tobacco products were most promising.
Conclusion: Though data on a variety of measures to reduce smoking is available, conclusions concern-
ing the effectiveness are inconclusive. Tobacco policies and interventions have the potential to reduce
smoking, but conclusions are hampered due to both lack of high-quality trials and numerous biases in
primary studies. Further high-quality research is required to examine the effectiveness of interventions

and policies to reduce the tobacco demand in adolescents, youth and young adults.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

With nearly six million deaths annually worldwide, tobacco
consumption remains one of the biggest threats to public health.
This trend is predicted to become more serious by 2030, causing
eight million deaths per year. Many countries are at different stages
of the tobacco epidemic; while some countries were able to reduce
smoking prevalence rates, others are still experiencing increases in
smoking prevalence [1].

With the introduction of the WHO Framework Convention on
Tobacco Control (FCTC) on 27 February 2005, tobacco control poli-
cies and interventions are being implemented worldwide. The
FCTC is a framework that was developed in response to the glob-
alization of the tobacco epidemic and supports several control
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strategies such as pricing and taxation measures, smoke-free poli-
cies, tobacco product legislation, appropriate labelling of products
(including health warnings), tobacco-related education, control of
illicit tobacco product trade and control of tobacco sale to/by minors
[2]. Subsequently, governments across the world have become
increasingly engaged with the tobacco problem. In 2013, the Ital-
ian government, for instance, introduced a law prohibiting smoking
on school premises; and in 2014 the EU issued a law requiring EU
countries to implement health warnings that must occupy at least
65 percent of both the front and back of cigarette packets [3].
However, despite this large number of interventions, cam-
paigns and policies, thousands of young people start to smoke
cigarettes every year. Of course, this topic has also raised consider-
able interest among researchers, which has led to the production
of many primary studies [4-6] as well as systematic reviews and
meta-analyses regarding the efficacy and effectiveness of tobacco
control approaches. Still, complete overviews focusing particularly
on adolescents and young adults are rare. Lemmens and colleagues
performed a systematic review of reviews on the effectiveness of
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smoking cessation interventions, but their work focused on adults
only and was completed almost 10 years ago [7]. Since then, many
other tobacco control strategies have been implemented. To our
knowledge, no systematic overview of the effectiveness of tobacco
control interventions for adolescents and young adults has been
performed. Thus, the present systematic review aimed to:

A.) provide a complete overview of systematic reviews and meta-
analyses focusing on adolescents and young adults published
since 2010;

B.) identify the most effective health policy and health promo-
tion strategies for reducing the tobacco demand and increasing
smoking cessation in accordance to the FCTC focusing on ado-
lescents, youth and young adults.

2. Materials and methods

The Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) Statement [8] and the guidelines developed by
Aromataris et al. [9] were followed to perform this umbrella review
of systematic reviews and meta-analyses. The study was based on a
previously established protocol reviewed by a research team with
expertise in knowledge synthesis and overview reviews. The study
was not registered with PROSPERO or similar registers.

2.1. Identification of relevant studies

Relevant systematic reviews and meta-analyses that examined
the impact of tobacco control policies, interventions and strategies
in adolescents, youth and young adults were identified through
systematic searches of three electronic databases: PUBMED, Sco-
pus and the Cochrane Library. Articles published between January
2010 and September 2017 were included. This time window for
research was chosen as PRISMA was developed after 2009, mean-
ing that high-quality reviews were expected to be found. Reviews
that did not follow a systematic methodology and other overviews
of systematic reviews were not included. Nevertheless, they were
examined (e.g. check of reference list) to ensure that no relevant
review has been missed. All studies - regardless of the language of
publication were considered for inclusion. Systematic reviews and
meta-analyses of randomized-controlled trials (RCT), controlled
trials (CT), non-randomized controlled trials (n-RCT) and observa-
tional studies were included in the overview. While results of RCTs
are considered more robust and gold standard, well-conducted
quasi-experimental studies may also provide strong evidence. Eli-
gible studies were selected through a multi-step approach (title
reading, abstract and full-text assessment) by three independent
researchers. In addition, the researchers searched the reference
list of included articles and grey literature to ensure that no rele-
vant article had been missed. The following search algorithms were
used:

2.1.1. PUBMED

(Smoke[Title] OR tobacco[Title] OR cigarette[Title]) AND
((polic*| Title/Abstract] OR health policy[Title/Abstract] OR health
promotion|[Title/Abstract] OR health impact[Title/Abstract]) AND
((Review[ptyp] OR systematic[sb] OR Meta-Analysis[ptyp]) AND
(2010/01/01[PDAT] : 2017/09/01[PDAT]) AND English[lang]).

2.1.2. Scopus

(TITLE(Smoke) OR TITLE(Tobacco) OR TITLE (cigarette) AND
TITLE-ABS-KEY (policyOR health policyOR health promotionOR
health impact}) AND DOCTYPE (re) AND PUBYEAR > 2010 AND LAN-
GUAGE(English)

2.1.3. Cochrane

Smokein Title, Abstract, Keywords or fobaccoin Title, Abstract,
Keywords or ¢igarettein Title, Abstract, Keywords and feviewand
policyOnline Publication Date from Jan 2010 to September 2017,
in Cochrane Reviews (Reviews only) (Word variations have been
searched).

2.2. Study selection and eligibility criteria

The first selection was performed by filtering duplicated articles
using a bibliographic software. Three researchers independently
performed title and abstract screening. Each investigator inde-
pendently evaluated full-texts according to the inclusion criteria.
Disagreements between the reviewers were resolved during a
consensus session with a fourth reviewer. Regarding Cochrane
Reviews, only the most recent reviews were included. Furthermore,
this umbrella review was restricted to population-based interven-
tions, and therefore, pharmaco-intervention were excluded. Apart
from that medications such as nicotine replacement and bupro-
pion among adolescents were linked to adverse events [10]. Table 1
shows the inclusion and exclusion criteria.

2.2.1. Indicators of effectiveness

The effectiveness of an intervention or policy was based on sev-
eral outcome measures. The primary outcome of interest was a
change in smoking behavior, e.g. being a smoker at baseline and
becoming an ex-smoker at posttest, a decrease in smoking preva-
lence, a decrease in smoking initiation, and other tobacco-related
outcomes.

2.3. Data extraction and quality assessment

Data were independently extracted by three reviewers, who
then independently rated the quality of each article using the
updated AMSTAR 2 version for systematic reviews and meta-
analyses [11]. Any disagreement was resolved through a consensus
session with a fourth researcher. The following study characteris-
tics were extracted:

- author name;

- publication year;

- study design of included studies in the article;

- primary and secondary outcome;

- population (<25 years old);

- countries of the primary studies included the reviews;
- comparator group;

- risk of bias;

- results of the tobacco control measure.

In addition, since flaws in the design, conduct, analysis, and
reporting of studies can cause the effect of an intervention to be
under or overestimated, reviewers extracted data on the quality of
evidence as well as on the risk of bias of primary studies, includ-
ing selection bias (e.g. sequence generation) and detection bias
(e.g. blinding of outcome assessment). Where possible, the authors
referred to results of the GRADE assessment and/or the Cochrane
Risk of bias tool.

2.4. Data synthesis

To organize the amount of information, the FCTC was used as a
framework for data synthesis. Summaries were performed by sub-
categories corresponding to the articles of the FCTC. In particular,
reference was made to articles 6-14. These articles contain the core
demand reduction provisions and are subdivided into three main
articles: price and tax measures to reduce the demand for tobacco
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Exclude

Table 1
Inclusion and exclusion criteria.
Include
Population Pre-natal, children, adolescents, college students, young < 25. Healthy individuals.
Interventions Interventions and policies to reduce smoking, smoking cessation intervention
policies
Comparators No intervention, any comparators
Outcomes Initiating tobacco use, cessation, consumption, decrease smoking, smoking

Adults, young >25. Patients
Pharmaco-intervention and interventions and
policies against alcohol or other drugs
Pharmaco-interventions

Not listed as an included outcome

initiation prevalence, smoking prevalence and other tobacco related outcomes

Context/setting All settings, geographic
location and culture

Timing Any duration
Study types and designs

Systematic review and meta-analysis of RCT, CT, n-RCT and observational studies

None

Non-systematic reviews, overview, primary
studies, systematic review including
theoretical studies or published opinion

(Art. 6), non-price measures to reduce the demand for tobacco (Art.
7) and demand reduction measures concerning tobacco depen-
dence and cessation (Art. 14). Article 7is divided into further seven
articles (Art. 8-13), namely:

- Protection from exposure to tobacco smoke (Art. 8);

- Regulation of the contents of tobacco products (Art. 9);

- Regulation of tobacco product disclosures (Art. 10);

- Packaging and labelling of tobacco products (Art. 11);

- Education, communication, training and public awareness (Art.
12);

- Tobacco advertising, promotion, and sponsorship (Art. 13).

3. Results

The electronic search initially resulted in 1304 citations of
which 1058 remained after deduplication. Another 835 studies
were excluded after screening the titles and abstracts. About 220
full-text articles were selected and read. Only systematic reviews
and meta-analyses focusing on adolescents or young adults were
included in the analysis. A total of 13 studies were included in this
umbrella review, of which six were systematic reviews [12-17]
and 7 were meta-analyses [18-24]. Most systematic reviews and
meta-analyses included primary studies from a range of countries
(e.g. Australia, Germany, USA, etc.). One review included primary
studies specific to India [17], and another study reviewed studies
that examined the impact of tobacco prices or taxes in countries
of Latin America and the Caribbean [25]. Fig. 1 shows the PRISMA
flowchart and the study selection process. A list of excluded stud-
ies can be found in the supplemental material. Study outcomes are
described narratively because considerable variation in measures
across studies precluded meta-analysis.

3.1. Characteristics of studies

Characteristics of included systematic reviews and meta-
analyses are shown in Table 2. Most articles (n=6) referred to
FCTC Article 12 (Education, communication, training and public
awareness), followed by FCTC Article 8 (n =5, Protection from expo-
sure to tobacco smoke). No systematic reviews or meta-analyses
were found relating to FCTC Article 9 (Regulation of the contents
of tobacco products) and Article 10 (regulation of tobacco product
disclosures).

3.2. Quality of included reviews

Findings of the quality assessment are presented in Table 3.
Seven systematic reviews were judged to be of high quality
[14,15,18,20-22,24], one of low quality [ 16] and five studies of crit-
ically low quality [12,13,23,27,28]. Apart from the study conducted
by Thomas etal. [23], all studies judged as critically low failed to sat-

isfy AMSTAR item 9 (a satisfactory technique for assessing the risk
of bias in individual studies included in the review). The system-
atic review conducted by Allen et al. failed to meet nearly all items,
besides Item 10 (sources of funding of included studies), this, how-
ever, was only partially met [12]. Most of the systematic reviews
and/or meta-analyses judged their studies to be at high or unclear
risk of bias. Table 4 indicates the quality of evidence of included
primary studies in systematic reviews and meta-analyses.

3.3. Summary of findings

Table 5 represents a summary of the strength of evidence to
reduce and prevent smoking. The column evidence of effectiveness
is based on the overall conclusion of the systematic reviews/meta-
analyses, the column quality of review/meta-analysis is based on
the AMSTAR assessment, and the column quality of primary studies
is based on the quality and risk of bias assessment by the authors
of the systematic reviews and meta-analyses.

3.4. Price and tax measures to reduce the demand for tobacco
(Article 6 FCTC)

The one identified systematic review in this category found out
that raising cigarette prices through increased taxes is an effective
tobacco control policy measure for reducing smoking participation
and consumption among youth and young adults. Bader et al. who
focused on youth (<19 years) and young adults, (18-24 years) [13].
showed that people aged below the age of 19 were generally two
to three times more price-responsive than the general population.
Nonetheless, the impact of increased price on youth (<19 years)
smoking initiation, is debatable. Whereas some studies included
in the review found that increasing prices prevents smoking onset
among youth, other studies found no significant effect [13]. Posi-
tive results were also found among young adults. Increased prices
resulted in reductions in smoking in people aged between 18 and
24 years. In addition, the authors found out that price is inversely
related to both smoking participation and consumption. Price has
also been found to have an impact on encouraging cessation, but as
with youth, the impact of price on smoking initiation is somewhat
unclear. According to the AMSTAR 2 assessment, this review was
of critically low quality.

3.5. Non-price measures to reduce the demand for tobacco
(Article 7 FCTC)

3.5.1. Article 8: Protection from exposure to tobacco smoke

Four reviews present research evidence on the effectiveness of
policies and interventions concerning the protection from exposure
to tobacco smoke (Table 2). All of these studies were of mixed qual-
ity varying from high quality to critically low quality [15-17,28].



Table 2
Characteristic of meta-analys.

FCTCarticle  First Review Study design of Tobacco control Studies included in ~ Primary outcome Secondary Participants  Follow-up Effectiveness
author, type included studies in measure the systematic outcome
year the review review
8 Lupton, Meta- RCT, Smoke- free 19 Percentage of College Not stated Support smoke-free policies:
2015 analysis cross-sectional policies students of students students OR=58.94 (95%Cl:
smoke-free policy 52.35 - 65.53) and faculty
OR=68.39 (95%CI: 65.12 -
71.67)
12 Taylor, Meta- RCT, Internet-based 67 Smoking cessation Not specified Adolescents >4 weeks Smoking cessation at 6
2017 analysis quasi-randomized interventions at least 6 months and young months + follow-up (young
CT after the start of adults adults) RR=1.95 (95%Cl: 1.42 -
the intervention 2.69). internet versus active
and longer control: young adults:
RR=1.42 (95%Cl: 0.74 - 2.71),
adolescents: RR=0.44 (95%Cl:
0.14-1.36)
12 Thomas, Meta- RCT Family-based 27 Initiating tobacco 5-18 years >6 months  Family intervention versus
2016 analysis interventions alone use to 29 years nonintervention control group:
and combined with high intensity RR=0.71 (95%CI:
school-based 0.61 - 0.82), medium RR=0.84
interventions (95%CI: 0.67 - 1.03), low
RR=0.61 (95%CI: 0.61 - 0.85).
Total RR=0.76 (95%ClI: 0.68 -
0.84). Evidence of a benefit for
combing family and school
intervention versus school
intervention alone (RR=0.85
(95%CI: 0.75 - 0.96).
14 Macarthur, Meta- RCT Peer-led 17 Tobacco use 11-21years >3 months Lower odds of weekly or
2016 analysis interventions (including to 7 years monthly smoking: peer-led
smokeless tobacco) intervention smoking:
OR=0.78 (95%CI :0.62 - 0.99)
14 Stanton, Meta- RCT, ¢-RCT, CT Pharmacotherapy, 28 Smoking status Adverse events <20 years >6 months  Trans theoretical model of
2013 analysis psychosocial change: RR=1.56 (95%CI: 1.21
interventions and - 2.01); Interventions including
complex programs motivational enhancement
targeting families, compared to brief
schools or interventions: RR=1.6 (95%Cl:
communities 1.28 - 2.01); Anti-tobacco
program “NoT” smoking
cessation in young people:
RR=1.31(95%CI: 1.01 - 1.71)
14 Hefler, Meta- RCT, CT, n-RCT Incentives 8 Initiating tobacco Dose-response of 5-18 years 6 months No statistically significant
2017 analysis (contests, use the amount of to 24 effect:
competitions, incentive months RR=1.00 (95%CI: 0.84 - 1.19);

incentive schemes,
lotteries, raffles,
and contingent
payments to
reward not starting
to smoke, thereby
remaining a
non-smoker)

non-r-CT: RR=0.82 (95%Cl:
0.63 - 1.08)

16¥-08% (6102) £21 £910d Y3|paH / “[D 12 1990ULUDIAl Y
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Table 2 (Continued)
FCTCarticle  First author, Review type  Study design of Tobacco control Studies included in Primary outcome Secondary outcome Participants Follow-up Effectiveness
year included studies in measure the systematic
the review review
12 Thomas, Meta- RCT, c-RCT School smoking 34 Smoking initiation Frequency of 5-12and > 6 months Pure prevention cohorts detected
2013 analysis interventions prevalence smoking, number of 13-18 a significant effect at longest
cigarettes smoked, follow-up, with an average 12%
smoking indices reduction in starting smoking
compared to the control groups,
but no overall effect was at
one-year follow-up (OR=0.94,
95%Cl: 0.85 - 1.05).
Change in smoking behavior
studies showed a small but
statistically significant effect
favoring controls at one year or
less.
6 Bader, 2011 Systematic Not specified Tobacco taxation 67 Reducing smoking initiation, cessation, <19 years Strong evidence that raising
Review and pricing consumption and 19 - 24 cigarette prices through
(quantity smoked by  years increased taxes is effective for
smokers) reducing smoking behavior
among youth and young adults.
8 Galanti, Systematic Any study design anti-tobacco policies 31 smoking initiation smoking prevalence 10-21years Not The evidence of effectiveness of
2014 Review (exposure) such as prevalence specified school tobacco policies is weak
sanctions or and inconclusive.
punishment
8 Coppo, 2014 Systematic cRCT, CT, School tobacco 1 Smoking prevalence Actual tobaccouse Students 1year No significant evidence.
Review interrupted time policies by teachers and (primary &
series, observational school staff, Tobacco  secondary
use of teachers, schools) (10
school staff, and to 18 years
students as old)
perceived by other
students,
Compliance with the
policy by students,
teachers and school
staff, Exposure to
environmental
tobacco smoke
6,8,11,12 McKay, Systematic Cross-sectional All 80 Knowledge about tobacco young Not Tobacco-use outcomes could be
2015 Review tobacco use, consumption people specified improved by
advocacy skills school/community-based and
adult education
interventions, and cessation
assistance.
12 Allen, 2015 Systematic Quantitative studies Mass media 34 Cognitions and effectiveness of <19 years None
Review campaigns behaviour campaign
characteristics
among youth
12 Carson- Systematic cRCT, CT, Media interventions 8 Smoking rates Smoking attitudes, < 25 years 18 months No certainty about the effects of
Chahhoud, Review interrupted time (e.g. television, [tobacco use Intentions to smoke, to 6 years mass media campaigns on
2017 series radio, newspapers, smoking knowledge, smoking behaviour.

billboards, posters,
leaflets or booklets)

self-esteem/self-
efficacy, smoking
perception, process
perception, process
measures,
cost-effectiveness

78y
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Fig. 1. Flow diagram of the literature search results conducted.

Table 3

Quality assessment of included systematic reviews and meta-analyses according to Amstar2.?

Author, year Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 Item 10 Item 11 Item 12 Item 13 Item 14 Item 15 Item 16 Final rating

Allen, 2015 0 0 0 0 0 0 0 0
Bader, 2011 1 0 0 1 1 0 0 2
Carson- 1 1 0 2 1 1 1 1
Chahhoud,
2017
Coppo, 2016 1 1 1 1 1 1 1 1
Hefler, 2017 1 1 1 2 1 1 1 1
MacArthur, 1 1 0 2 1 1 2 1
2017
Lupton, 2015 0 0 0 2 0 0 2 2
Galanti, 2014 1 0 1 2 1 1 0 1
McKay, 2015 1 0 0 1 1 1 1 1
Stanton, 2013 1 1 1 1 1 1 1 1
Taylor, 2017 1 1 1 1 1 1 1 1
Thomas, 2015 1 1 1 2 1 1 0 0
Thomas, 2013 1 1 1 1 1 1 1 1

0
0
1

—_

SN N e N =]

2 NA NA. 0 0 0 0 Critically low
0 NA NA. 0 0 NA 1 Critically low
0 NA NA 1 0 NA 1 High
0 NA NA 1 1 1 1 High
0 1 1 1 1 1 1 High
0 1 1 1 1 1 1 High
0 1 0 0 0 1 1 Critically low
0 NA NA 1 1 NA 1 Critically low
1 1 0 1 0 0 1 Low
0 1 1 1 1 0 1 High
1 1 1 1 1 1 1 High
1 0 0 0 0 1 1 Critically low
1 1 1 1 1 1 1 High

a3 AMSTART 2 Item 2, 4, 7,9, 11, 13, 15 are considered critical domains that are believed to critically affect the validity of a review and its conclusion. Studies were judged
critically low if the review had more than one critical flaw with or without non-critical weaknesses. 0=no, 1=yes, 2=partial yes, NA = not applicable.

3.5.1.1. Smoke-free legislation/policy at universities. Lupton and
Townsend [28] included 19 studies in their systematic review
and meta-analysis and focused on the effectiveness of smoke-free
policies at the university campus. The authors discussed several
studies (cross-sectional and longitudinal) from the US. One study
compared two US universities and their campus-wide smoke-
free policy. While one university implemented a full smoke-free
policy, the other one implemented an outdoor ban only (within
a certain distance of doorways). They found a post-ban reduc-
tion from 16.5% to 12.8% after one year (p<0.001) and 9.5% to
7.0% (p<0.036) after three years at the university with the full
smoke-free campus, whereas the control university’s undergrad-
uate smoking prevalence increased non-significantly from 9.5% to

10.1%[29]. Nevertheless, the quality of this review was rated as crit-
ically low quality. In particular, because Lupton and Townsend did
not use a satisfactory technique for assessing the risk of bias (RoB)
nor did they account for RoB inindividual studies when interpreting
and discussing the results.

3.5.1.2. Smoke-free legislation/policies at school. Three studies
assessed the effectiveness of smoke-free policies at school [15-17].
The authors of a Cochrane Review found no reliable evidence to
support the effectiveness of school tobacco policies aiming to pre-
vent smoking initiation among students [15]. The review authors
considered one c-RCT eligible for inclusion in the review. No signif-
icant differences were found concerning the smoking prevalence
between intervention and control schools. Besides, the study was
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Table 4

Quality of evidence of primary studies.
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Author, Year

Quality assessment

Risk of bias

Reason/Explanation for risk of bias and/or quality rating

Allen, 2015 Not assessed Not assessed
Bader, 2011 Quality ratings for all studies Not assessed
were strong or moderate'
Carson- Very Low® Risks of bias were high across
Chahhoud, all included studies?
2017
Coppo, 2016 Very Low® The one study included was
judged to be at high risk of
bias?
Hefler, 2017 Low for RCTs and Very Low for RCTs unclear risk of bias,
non-RCTs® non-RCTs high risk of bias 3
McArthur, Quality of evidence for each Unclear risk of selection bias,
2017 outcome was considered to be high risk of performance bias.

Lupton, 2015

low? 6

Not further specified

For many studies, due to
insufficient information and/or
poor reporting, difficult to
judge risk of bias?

All 12 studies resulted in a
significant negative publication
bias. No other risk of bias is not
investigated

Galanti, 2014 Low or very low® High risk of bias

McKay, 2015 Well reported for each article Well reported for each article

Stanton, Low?® The majority of studies were
2013 judged to be at high or unclear

risk of bias in at least one
domain?

Taylor, 2017 Moderate® Some of the included studies
were at high risk of bias?
Thomas, Moderate® Most studies have low or
2015 unclear risk of bias
Thomas, Not further specified Low risk of bias
2013

Not further explained
Not further explained

Sequence generation was unclear in three studies, and at high risk in the
remaining five, Allocation concealment was unclear in two studies and at high
risk in the remaining six. All studies were at high risk for blinding of
participants due to the nature of the intervention. No authors mentioned an
attempt to conceal allocation from outcome assessors. Incomplete outcome
reporting of data could not be excluded in any of the seven controlled trials
and we rated all of them at high risk of bias due to a lack of information from
individual study authors.

Selective reporting was unclear in five studies, due to a lack of information
reported in the publications, and at high risk in the remaining three studies.
Three studies failed to address an imbalance in outcome measures at baseline,
three studies were unclear, leaving two studies that adequately addressed this
outcome.

The only study included (Chen 2014), had a small sample size of only 4
schools, a high risk of intraclass correlation, a likely absence of blinding, and
lack of information to assess the presence of selective reporting; we judged
the risk of bias of this study to be very high.

Using GRADE, the authors rated the overall quality of the evidence for our
primary outcome as’ low’ (for RCTs) and’ very low’ (for non-RCTs), because of
imprecision (all studies had wide confidence intervals), and for the risks of
bias identified.

Insufficient information was provided around the methods of random
sequence generation and/or allocation concealment

The risks of bias connected with improper control for confounding when the
exposure is measured at the group level have been highlighted

The risks of bias connected with improper control for confounding when the
exposure is measured at the group level have been highlighted

Not further explained

Seven studies were judged as high risk of selection bias either because groups
or institutions were not randomly allocated or because of the way in which
students within clusters were recruited. Four of the individual studies were
rated at high risk of selection bias because of the method of allocation or
concealment.

Most studies at low risk of bias in most or all domains, we judged a number of
studies to be at high or unclear risk of bias. Over a quarter were at high or
unclear risk of attrition bias, characterized by overall attrition rates greater
than 50%, or more than 20% difference in attrition rates between trial arms.
Several studies were at unclear risk, as there was insufficient detail to assess
risks of bias for random sequence generation or allocation concealment or
both.

Absence of specific statements by authors.

Not further explained

1: Effective Public Health Practice Project Quality Assessment Tool, 2: EPOC quality criteria, 3: Cochrane Risk of biasissessment tool, 4: QATSDD scores, 5: Newcastle-Ottawa
Quality Assessment Scale, 6: GRADE Working Group grades of evidence.

judged to be at high risk of bias. In addition, when authors consid-
ered another 24 observational studies for hypothesis generation,
no differences in smoking prevalence between intervention and
control groups were detected [15]. Likewise, Galanti et al. [16]
examined 31 cross-sectional studies focusing on a student pop-
ulation aged between 10 to 21 years. The authors state that due
to the heterogeneity of the study, methodological limitations, the
very low quality and a high risk of bias, evidence concerning the
effectiveness of school policies cannot be made. The authors stress
that the evidence is weak and conclusions about the effectiveness
of an anti-tobacco policy could not be drawn. The included stud-
ies examined were classified as Very low qualitywith a high risk
of bias. McKay and colleagues [17] studied which tobacco control
approaches have been successful in India. The authors reviewed
five cross-sectional studies and conclude that secondhand smoke

(SHS) exposure declined among young people between 2003 and
2006 from 36.4% to 26.6% at home and from 48.7% to 40.3% in pub-
lic places, after the introduction of a smoking ban on the college
campus.

3.5.2. Article 12: Education, communication, training and public
awareness

Six reviews focused on education, communication, training, and
public awareness (Table 1), of which two were of critically low
quality [12,23], one of low quality [17] and three of high quality
[14,22,24]. Of those reviews, all but one found that education or
media campaigns are effective to either reduce tobacco use. The
reviews also indicate that knowledge about the harmful effects of
tobacco use significantly increased.
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Summary of strength of evidence on strategies to reduce and prevent smoking.
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Intervention

Evidence of
effectiveness

Quality of
review/meta-analysis

Quality of primary
studies

Quantity of primary
studies

Overall conclusion

Price and tax Mixed results for Critically low Moderate to strong 86 Price and tax measures might be an
measures to young people (<19 effective policy tool for reducing
reduce the years). smoking participation and
demand for Effective For young consumption among, young adults.
tobacco adults (>19 years)

Smoke-free Mixed results Critically low Not assessed 19 There is only weak evidence about the
legislation and or effectiveness of smoke-free university
policy at campuses, therefore no appropriate
universities conclusions about the effectiveness

can be drawn.

Smoke-free Not effective Critically low to high Low 12 No conclusion about the effectiveness
legislation and or of School tobacco policies can be
policy at school drawn.

School education Mixed results High Moderate 54 School-based education can be
effective. Particularly, programs that
use a social competence approach and
those that combine a social
competence with a social influence
approach.

Mass-Media Mixed results Critically low to high Very low 42 Appropriate conclusion cannot be

Campaigns drawn.

Internet-based Not effective High Moderate to low 4 Appropriate conclusion cannot be
interventions drawn.

Family-based Effective High Moderate 27 There is moderate quality evidence
interventions that family-based interventions can

prevent children and adolescents from
starting to smoke.

Peer-led Mixed results High Low 45 Appropriate conclusion cannot be
interventions drawn.

Incentives Not effective High Very low to low 8 Not effective.

3.5.2.1. School education. Thomas et al. [24] aimed to determine
whether school smoking interventions prevent youth from start-
ing smoking. Based on the type of outcome, the authors placed
studies into three groups: 1. Pure Prevention cohorts (Group 1),
2. Change in Smoking Behavior over time (Group 2) and 3. Point
Prevalence of Smoking (Group 3). Group 1 included studies in which
never-smokers were followed. Group 2 included studies in which
an individual’s smoking behavior was measured as change over
time, and group 3 included studies that reported smoking preva-
lence at baseline and follow-ups. Thomas et al. found no overall
effect for pure prevention cohorts at one year or less (OR=0.94; 95%
CI: 0.85-1.05), but a significant effect at longest follow-up, with an
average 12% reduction in starting smoking compared to the control
groups. The subgroup analysis demonstrated a statistically signif-
icant effect preventing the onset of smoking (OR=0.49; 95%Cl:
0.28-0.87) for interventions combining social competence and
social influences. Programs involving information only (OR=0.12;
95%Cl: 0.00-14.87, one study), social influences only (OR=1.00;
95%CI: 0.88-1.13), or multimodal interventions (OR=0.89; 95%CI:
0.73-1.08) were ineffective. Group 2 included studies in which
the smoking behavior was measured as change over time. Stud-
ies reporting change in smoking behavior over time did not show
an overall effect. In fact, pooling data found a small but statistically
significant effect favoring controls ((standardized mean difference
(SMD) 0.04, 95% CI 0.02-0.06)) at one year or less. For follow-up
longer than one year a statistically nonsignificant effect was found
(SMD 0.02, 95% CI —0.00-0.02).

McKay et al. [17] reviewed the extent of tobacco control mea-
sures and the outcomes of associated trialed interventions in India.
The author argued that school-based education and cessation assis-
tance interventions demonstrated a positive impact on knowledge,
advocacy skills as well as on tobacco use.

3.5.2.2. Mass-media campaigns. Two studies examined the effec-
tiveness of mass-media campaigns [12,14]. Of the identified

studies, one study [12] detected that mass-media campaigns are
effective in reducing tobacco-use across young people, while the
other study expressed uncertainty towards their effectiveness [14].
The quality of these reviews varied from critically low [12] to high
[14]. Allen et al. [12], in particular, stress the positive effects of
mass-media campaigns to reduce tobacco across young people and
racial and ethnic populations. The researchers further highlight that
the magnitude of the campaign effect can differ by race and ethnic-
ity. Young people were particularly sensitive to advertising that
included personal testimonials, intense images, and a surprising
narrative and as well as sound and editing. On the contrary, Carson-
Chahhoud [14] conclude that a reliable conclusion could not be
drawn due to inconsistency between study design and results, as
well as methodological issues and hence the high risk of bias of
included studies.

3.5.2.3. Internet-based interventions. One meta-analysis focused on
determining the effectiveness of internet-based interventions [22].
The meta-analysis was judged as high quality. The authors included
67 RCTs in their review of which only four RCTs emphasized ado-
lescents and young adults and were subsequently included for a
meta-analysis. In all four trials, web-based interventions are com-
pared to control groups receiving another kind of intervention:
internet intervention, a non-internet intervention or no interven-
tion. For example, in one included RCT university students were
randomized to one of two intervention groups. One intervention
group “websmoke” was a tailored and interactive internet inter-
vention, in which students were asked to create a video message
about smoking to be included on the website. Participants also had
access to the website that included interactive components such as
a smoking cost calculator and quizzes. In the other intervention
arm, participants had access to a similar webpage, but interac-
tive features were not available. Although the analysis found a
favoring effect for the intervention group, the results were not sig-
nificant(RR=1.42; 95%CI: 0.74-2.71) [31]. Another research team
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compared the effect of home-based internet-delivered treatment
with in-person (individual) counselling sessions, among univer-
sity students. Again, the confidence interval crossed the null and
no significant differences between internet versus in-person coun-
selling were found (RR=0.44; 95%CI: 0.14-1.36) [30]. Overall, the
authors conclude that the effectiveness of internet interventions in
adolescents or young adults is unknown.

3.5.2.4. Family-based interventions. One research team investi-
gated whether family interventions can influence children and
adolescents’ smoking behavior. Thomas et al. [23] suggest that
family-based interventions can have a positive effect on prevent-
ing children and adolescents from initiating smoking compared to
no-intervention controls or as an add-on to a school intervention.
Family-based intervention were interventions including compo-
nents to change parenting behavior, parental or sibling smoking
behavior, or family communication and interaction. Meta-analyzed
data detected a significant reduction in smoking behavior in the
intervention arms with a RR of 0.76, (95%CI: 0.68 - 0.84). There is
also evidence that combining family-based intervention and school
interventions may be effective (RR=0.85; 95%Cl: 0.75 - 0.96) [23].
The study was judged as high quality.

3.6. Demand reduction measures concerning tobacco dependence
and cessation (Article 14 FCTC)

Three articles related to demand reduction measures using
peer-led interventions or incentives. All articles were rated as high
quality [18,20,21].

3.6.1. Peer-led interventions

Two high-quality meta-analyses summarized data on the
effectiveness of peer-led interventions. MacArthur et al. [20] meta-
analyzed 10 studies and found overall positive results. Young
people who received peer-led interventions had lower odds of
smoking compared with those who did not (OR=0.78; 95%Cl: 0.62
to 0.99).

Stanton and Grimshaw [21] included 28 trials and around 6000
young people. Their analysis found out that complex approaches
(interventions including more than one approach, e.g. quit kit
and tailored telephone counselling), showed the most promis-
ing results, specifically those incorporating elements sensitive to
stage of change and using motivational enhancement and CBT.
Interventions using the trans-theoretical model (TTM) achieved
moderate long-term success at 1 year (RR=1.56; 95%Cl: 1.21-2.01)
and intervention incorporating motivational enhancement gave an
estimated RR of 1.60 (95%CI: 1.28-2.01). However, the authors
emphasize that the majority of studies included in their analysis
were rated at high or unclear risk of bias.

3.6.2. Incentives

Hefler et al. [18] aimed to assess the effect of incentives on
preventing children and adolescents (aged 5 to 18 years) from up-
taking smoking, taking data from eight trials (three eligible RCTs
and five CTs). Incentives were defined as “any tangible benefit
externally provided with the explicit intention of preventing smok-
ing”. These included contests, competitions, incentive schemes,
lotteries, raffles, and contingent payments to reward not starting to
smoke, thereby remaining a non-smoker as well as rewards to third
parties (e.g. to schools, healthcare providers or family members), as
well as interventions that directly rewarded children and adoles-
cents. The authors did not find statistically significant results for the
use of incentives to prevent smoking. However, the review authors
stress that only relatively few published studies are currently avail-

able, and these are of variable quality. As a result, conclusions
regarding effectiveness cannot be drawn.

4. Discussion

The purpose of this paper was to summarize and compre-
hensively review systematic reviews and meta-analyses on the
effectiveness and efficacy of tobacco control policies and interven-
tions in adolescents, youth and young adults. This review found
unclear evidence on the effectiveness and impact of single poli-
cies, interventions, and other tobacco reductions programs, but
highlights several promising strategies. It is important to note that
a rigorous evaluation of policies and complex population-based
interventions was methodologically challenging, because of the dif-
ficulty of controlling for all possible biases in a real-world setting.
The fact that many primary studies are deemed ‘low quality’ or ‘at
high risk of bias’ reflects these methodological challenges.

Despite these difficulties some strategies have been proven
more effective than others. Among those an increase in cigarette
prices has been proven effective in reducing smoking participa-
tion and consumption, especially among young adults [13,34]. The
effects of price on smoking behavior, however may depend on age,
gender, income, peer and family influences as well as the broader
context (e.g., school-status). Previous authors have argued that
young people generally are more sensitive to changes in cigarette
prices than adults. This may be due to numerous reasons. First,
researchers, propose that given the addictive nature of cigarette
smoking, younger persons, who had been smoking for arather short
time, are more likely to adjust faster to changes in price compared to
adult smokers, who had been smoking for a longer time and there-
fore are likely to be more addicted [35,36]. Second, a young person’s
disposable income, for example, is much smaller than that of an
adult [37]. In fact, adolescents’ personal income has been positively
related to smoking behavior independent of family socioeconomic
status. One explanation is that adolescents with a higher income
have more means to purchase cigarettes. Adolescents with lower
personal income, on the other hand, have little or no money at all,
which can be a powerful barrier against smoking [37]. Third, young
people are more likely to feel influenced by their peers. Researchers
found out that anincrease in cigarette price directly reduces a given
youth’s smoking by indirectly reducing peer smoking. Peer smok-
ing has a much greater impact on teenage smoking than it does on
adult smoking [34,38].

Apart from price increases, somewhat positive results were
found for warning young people about the dangers of tobacco
through mass-media campaigns. But again, it was very difficult
to disentangle their true effect due to inconsistency between
studies in both design and results, and due to methodological
flaws amongst primary studies included [14]. However, previ-
ous research has shown that well-planned mass-media campaigns
can strengthen health literacy, raise awareness and consciousness
about the consequences of smoking among adults [39,40]. In addi-
tion, mass-media campaigns may have a particular ability to change
attitudes and perceived social environments of young people and
might be especially appropriate for those young people that are at
an increased risk of becoming smokers, particularly because these
are also often the heaviest media users [41,42]. Other promising
strategies included education, communication, training, and public
awareness such as complex family-based interventions, and com-
plex school educational programs combining social competence
and social influence approaches. Although reviews indicated that
education, communication, training, and public awareness signifi-
cantly increased knowledge it is important to note that knowledge
and attitude change does not necessarily translate into behavior
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change, and that the effects of interventions aimed at changing
knowledge and behavior tend to recede quickly.

Evidence-based judgement varied regarding the effectiveness
of smoke-free policies in the school setting. While Lupton and
Townsend [28] argued that smoke-free campuses are able to reduce
the smoking behavior, change students’ attitudes and second-hand
smoke exposure; other review authors concluded that the evidence
concerning the effectiveness that school policy alone in prevent-
ing youth tobacco use is weak and inconclusive [15,16]. This was
due to great heterogeneity in the definitions of exposure to school
anti-tobacco policy and of tobacco use, adjustment for potential
confounders and bias, but also a general lack of primary evidence
[15,16]. In fact, Coppo and colleagues were able to include only one
study in their analysis.

In addition, no appropriate conclusions regarding the effective-
ness of incentives could be drawn. This was due to the 'absence of
evidence’ (e.g. there are no/few high-quality primary studies). After
all, if the quality of the primary studies is low and risk of bias high,
then how can one be sure than non-significant results are correct.
It is possible that there is a true effect that was not detectable due
to bias.

The effectiveness of internet-based interventions in younger
people is unclear. Reviews highlighted the fact that only little
primary evidence was available making it difficult to determine
their effectiveness [22]. Nevertheless, we believe, that in general,
internet-based interventions can be a more effective means of
reaching young people than the more traditional approaches. This
is especially important because internet use by adolescents, youth
and young adults has grown exponentially over the years and it
can be accessed in young people’s homes, on their smartphones, in
public spaces and is usually available all day every day [22]. Besides,
internet-based intervention hold promise since they are able to tar-
get a great span of adolescents, youth and young adults of any kind
of background and socio-economic status and at any time of the day,
and since they do not rely on school classroom time or resources
[32,33].

We could not find evidence concerning the effectiveness of
regulating the contents of tobacco products. However, research
indicated that menthol cigarettes can lead to increased smoking
initiation among youth and young adults, greater addiction and
decreased success in quitting smoking. According to a systematic
review conducted by Huang et al. [27] banning non-menthol flavors
from tobacco products could help to protect the health of young
people. The review demonstrated that non-menthols flavors play
a key role in the initiation, progress, and continuation of smoking
among young individuals [27]. The European Union and the U.S.
Food and Drug Administration, for instance, have already imple-
mented laws banning cigarettes containing characterizing flavors
such as vanilla or candy [3,43]. A recent study from 2017 that used
data from middle and high schoolers supports this and demon-
strated that such a ban indeed had positive effects on tobacco use
among adolescents [44].

Furthermore, despite our best efforts, we could not find system-
atic reviews and/or meta-analyses on age restrictions on tobacco
sales. However, this has been a key policy strategy for preventing
smoking uptake in adolescents. Several primary studies have been
published on this topic suggesting a favorable impact of tobacco
access laws on adolescent smoking [45-47]. Di Franza and col-
leagues, for instance, found that state compliance with tobacco
sales laws was associated with a decreased risk of current daily
smoking among adolescents. Similar results were found by Schnei-
der et al. who compared youth smoking trends in a US City that
had raised the minimum purchase age with those of surrounding
communities. The authors detected a significant decrease in 30-
day smoking in the city with higher purchase age compared to the
communities with lower purchase age.

No systematic reviews or meta-analyses on the effectiveness
of point-of-sale (POS) marketing restrictions were found. How-
ever, previous studies have found consistent evidence of a positive
association between exposure to POS tobacco promotion and
increased smoking and smoking susceptibility among young peo-
ple [26,48]. Robertson et al. summarized in their meta-analysis
(n=13 studies included) that children and adolescents who are fre-
quently exposed to POS tobacco promotion are about 60% more
likely to have tried smoking (OR=1.61; 95%CI: 1.33-1.96) and
are around 30% more vulnerable to future smoking (OR=1.32;
95%Cl: 1.09-1.61) compared with those less frequently exposed.
Therefore, policies banning tobacco POS promotion may effectively
reduce smoking among children and adolescents.

Although we are unable to explicitly declare which intervention
is most effective, studies included in this review indicate tobacco
control measures such as a cigarette price increase and measures
combing several tobacco control approaches may be effective in
preventing and reducing tobacco consumption among adolescents,
youth and young adults. More favorable long-term results, for
instance, may be attained when school interventions are combined
with other channels of influence such as the media and smoke-free
policies [49,50].

In summary, many of the individual tobacco control interven-
tions and policies assessed may help to reduce tobacco smoking
uptake and support cessation, but their effectiveness is unclear
due to a lack of reliable evidence from primary research studies.
Yet, when making conclusions about the effectiveness of tobacco
control measures, it is important to consider the context of each
intervention. Clearer evidence was found to support increasing
the price of tobacco products than to support other more visible
interventions such as health warnings and school interventions.
However, we believe various measures are likely to have syner-
gistic effects and a comprehensive approach, including more than
just one measure, is likely to be most effective. This is particularly
relevant because adolescents, young people, and smokers are often
exposed to a plethora of policies and interventions. Therefore, it can
be difficult to detangle the effectiveness of a single measure. Each
intervention and policy may be complemented by another [51].

5. Strengths and limitations

This overview has several strengths and limitations that should
be acknowledged. This overview of systematic reviews and meta-
analyses used rigorous and transparent methods throughout the
entire process. It was guided by a protocol reviewed by a research
team with expertise in knowledge synthesis and overview reviews.
Therefore, the main strength of this review includes the use of
a comprehensive and rigorous methodology including a broad
search strategy, extraction of data and risk of bias and quality by
three independent reviewers. Another strength is that many of the
reviews (n="7)included in our study were Cochrane Reviews, which
are considered to be methodologically rigorous and of high quality
[52]. Furthermore, prioritizing systematic reviews allowed a large
amount of research evidence to be synthesized covering a wide
variety of strategies, while at the same time narrowing it down
to a particular focus group. Nevertheless, this umbrella review
has some limitations. First, searches were restricted to the three
databases and some (unpublished) systematic reviews and meta-
analyses may have been missed. Second, the validity of our results
depends on the quality of primary studies included in the system-
atic review. There are undoubtedly limitations in the evidence base
of primary studies, and most review authors report on the low qual-
ity and high risk of bias in primary studies. If the raw material is
flawed, then the conclusions of a systematic review cannot be fully
trusted [53]. Many systematic reviews and meta-analyses relied
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on RCTs and non-RCTs, which were often judged to be at unclear or
even high risk of bias. Some authors, for instance, highlighted that
studies were at risk of multiple biases such as attrition bias or selec-
tion bias [18,22]. Therefore, the results should be interpreted with
caution since less rigorous studies might be biased towards over-
estimating or underestimating true intervention effects [54]. Third,
an inherent limitation of the 'review of reviews’ approach is that
the most recent primary studies are not included. Fourth, an over-
all challenge in dealing with a diverse public health evidence base
is the need to incorporate considerable heterogeneity in interven-
tion, study design, and appropriateness of that design, study quality
and study outcomes [55]. Fifth, there was only insufficient data to
compare the impact of interventions in different risk groups (e.g.
certain ethnicities). However, it is possible that the effectiveness
of policies and interventions differs among particular risk groups.
Therefore, further research evaluating the effectiveness of tobacco
control interventions and policies among varying populations from
different socioeconomic and ethnic backgrounds is required.

6. Conclusions

This overview of systematic reviews and meta-analyses pro-
vides a summary of current research evidence on the effectiveness
of tobacco control measures in adolescents and young people.
The quality of systematic reviews and meta-analyses varied from
critically low to high, which makes the judgement about the
effectiveness of health promotion strategies and policies difficult.
Promising strategies to prevent or reduce the tobacco demand
include price increases, complex family-based interventions, and
complex school educational programs combining social compe-
tence and social influence approaches. However, further and
methodologically rigorous studies investigating the effect of smok-
ing policies, strategies and interventions are needed in order to
resolve remaining uncertainties. A combination of more than just
one approach might be most effective. Finally, it is a key responsibil-
ity of all stakeholders to work together, to protect young individuals
from tobacco smoke and tobacco consumption and to protect them
against threats to their fundamental right - the right to the highest
attainable standard of health.
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